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INSTRUCTIONS FOR PERFORMING 
RADIO-TV EXPERIMENTS 31 TO 40 

ÍN ANY radio or TV receiver, the power supply must furnish not 
only the operating filament voltage 
for every tube in the receiver, but 
also de voltages, either directly or 
indirectly, for the tube electrodes. 
The electrodes of some tubes get 

their operating voltages directly from 
the power supply, while other tubes, 
such as the diode detector, operate on 
the signal voltages. A receiver stage 
of this type is indirectly dependent 
upon the power supply, because if a 
power supply defect interrupts the 
operation of the preceding stages that 
supply the signal to the diode detec¬ 
tor, the detector will not get the signal 
it needs. 

Thus, if the power supply is defec¬ 
tive, the entire receiver may be in¬ 
operative. Diagnosing the trouble in 
a completely dead receiver (when no 
section or stage is working), there¬ 
fore, is relatively simple. You know 
that it is probably a power supply 
failure, and a few tests will usually 
disclose the defective part or parts. 

Common power supply defects are: 
failure to furnish voltages, furnishing 
too much or too little voltage, and 
poor filtering of the de, allowing ac 
to be mixed with it. Tn this kit you 
will learn how components in a power 
supply fail, how to identify such fail¬ 
ures by simple measurements, and 
how to check the suspected parts. 
Many radio and TV receivers re-

quire higher voltages than rectifica¬ 
tion of the power line voltage will 

give. Rectifiers can be arranged to 
double the voltage. You will build 
and analyze voltage doublers in this 
kit. 

HOW TO AVOID ELECTRICAL 
SHOCKS 

As you get farther along in your 
Practical Demonstration Course, it 
becomes more and more important to 
take precautions to avoid electrical 
shocks. 

An electrical shock is the result of 
current flowing through a part of your 
body. The stronger the current, the 
more severe the shock will be. 
Current will flow through your 

body only when your body completes 
an electrical circuit. Remember, in 
any circuit there must be a source 
of voltage, electrical connections, and 
a load. If you touch both terminals 
of the source voltage, either at the 
source or at the load, you will be 
shocked. If a connecting wire is open, 
and you touch its broken ends, the 
circuit is completed through your 
body. Also, if you touch both ends 
of a resistor in a voltage divider, the 
current divides, part going through 
your body and part through the re¬ 
sistor. The important thing to remem¬ 
ber is not to touch both sides of a 
circuit nor to bridge yourself across 
an open in an otherwise complete 
circuit. 

One side of almost every power line 
is grounded. When you stand on the 
earth, you are at the same potential 
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as everything else in contact with the 
earth, including the grounded side of 
the power line. So if you touch the 
other side of the power line, your 
body will complete the circuit to 
ground. If you are insulated from 
the earth, you can touch the other side 
of a power line and not get shocked. 
However, you should not touch a 
water pipe, a radiator, or a concrete 
floor at the same time, because they 
are at ground potential with respect 
to the high side of the line. 
You have undoubtedly noticed 

birds perching on high-voltage power 
lines. They are not shocked, because 
they are touching only one side of the 
line. If the bird is big enough to 
touch both sides of a power line, how¬ 
ever, it will be electrocuted immedi¬ 
ately. 

In many ac receivers that contain 
a power transformer, one side of the 
power line is connected to the re¬ 
ceiver chassis through a capacitor. 
If you stand on ground and touch the 
chassis of such a receiver and if the 
capacitor is connected to the un¬ 
grounded side of the line, you can 
be shocked. 

In ac-dc receivers, which operate 
on either ac or de power line voltages, 
the ungrounded side of the power line 
connects to the receiver circuits, and 
in some cases directly to the chassis. 
Here a ground must not be fastened 
to the chassis. The power cord plug 
may be inserted into the wall outlet 
so that the chassis is connected to 
the high side of the power line. A 
ground wire connected to the chassis, 
therefore, would short-circuit the 
power line and cause a house fuse to 
blow out. 

You must not touch the chassis of 
an ac-dc set unless you are insulated 
from the ground. If you are not insu--
lated, the effect is the same as s+lmd--
ing on ground and touching the un¬ 
grounded side of the power hire 
Usually such shocks are not fatal; . 
since there is enough resistance be¬ 
tween your feet, shoes, and ground to 
limit the current flow. However, 
shocks of this sort can be very un¬ 
pleasant. 

A power line is not the only source 
of electrical shocks. The B supply in 
a receiver may be even more danger¬ 
ous, since in ac sets there may be 
several hundred volts between B-4-
and the chassis. You must observe' 
the same precautions in working with’ 
the B supply as with a power line. 
Touch only one thing at a time. If 
you must touch a terminal that is 
connected to B+, make sure that 
your body is not in contact with a 
ground or with the chassis. Better 
still, do not touch any terminals or 
uninsulated parts while power is 
applied to the receiver. When there 
is a reason for you to touch parts 
directly with your hand or with a 
metal tool such as a pair of pliers or 
side cutters, turn off the set. 

Just turning off a set, however, is-
no guarantee that you will not be' 
shocked. The filter capacitor in the 
receiver may retain a charge for a few 
minutes after the receiver is turned 
off. If you don’t want to wait while 
these capacitors discharge, you can 
short their positive and negative leads 
either with a piece of wire or with a 
screwdriver. 

Make your work space safe. If you 
have provisions for an antenna and 
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FIG. 1. The paris for this kit are pictured above, and described in the list below. 

Part No. 

4CII31 

4BR8 

4CR1 

4SO4 

4SO14 

4LU5 

4SRI 

4ST18 

4ST17 

4SC1 

4NU1 

4SC5 

4SC6 

4NU5 

4LP1 

4RE103 

4CN6I 

4KN2 

Description 

Metal chassis 

Chassis support bracket 

%" rubber grommet 

Pilot lamp socket with grommet 

Miniature 7-pin tube socket 

Solder lug |l 

Selenium rectifier 

1-lug terminal strip 

7-Iug terminal strip 

6-32, machine screw 

6-32 hex nut 

6-32, 1" machine screw 

4-40, 14 w machine screw 

4-40 hex nut 

Pilot lamp 

27-ohm, 14-watt resistor 

20-mfd, 150-voIt capacitor 

Round knob 

NOTICE 

You may receive either of 
two types of selenium recti¬ 
fiers. One type has a mount¬ 
ing stud attached to it. If you 
receive that type, you will 
not receive the two 1-inch, 
6-32 screws, part 4SC5, and 
you will receive 18 instead of 
20, 6-32 hex nuts. 
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ground at your bench, the ground 
should be out of the way where you 
will not accidentally touch it. If watei 
pipes are nearby, cover them with 
asbestos shields so you cannot acci¬ 
dentally hold on to one while working 
with a chassis. If the floor is concrete, 
provide a platform of dry boards, 
without nails going through the 
boards to the concrete. Do not use a 
stool with metal legs on the concrete 
floor without putting glass casters 
under each leg. 

Don’t probe around a live receiver 
unless you know what you are doing; 
and even then, keep one hand in your 
pocket out of harm’s way. Discharge 
filter capacitors before touching cir¬ 
cuits with your hands or metal tools. 
When using your vtvm as a volt¬ 
meter, do not let your fingers touch 
the tip of the probe. Keep your hand 
on the plastic probe handle. If the 
ground clip of the vtvm is to be con¬ 
nected to any point in the receiver 
except the chassis, turn off the set 
while attaching the ground clip. 

Do not touch the metal chassis of 
the vtvm and the receiver chassis or 
circuits at the same time. Actually 
there is no danger of shock when 
doing this with the Model W, because 
the chassis is not connected to its 
circuits or to the vtvm ground clip. 

However, you may use another vtvm 
or other test equipment that does not 
have this safety feature, so you 
should make it a habit not to touch 
both at once. 

Do not be afraid of electricity, but 
respect it. Beginners almost never 
get shocked. Only when you grow 
over-confident and disobey safety 
rules, is there a real danger of your 
being shocked. Keep alive your re¬ 
spect for electricity and its effects, 
and you will have nothing to worry 
about. 

CONTENTS OF THIS KIT 

The contents of this Kit are illus¬ 
trated in Fig. 1 and are listed in the 
caption below it. Check the parts you 
received against this list to be sure 
you have all of them. Do not discard 
any of these parts, or the parts from 
previous kits, until you have finished 
your NRI course; you will use them 
over and over again in later experi¬ 
ments. 
IMPORTANT: If any part of this 

kit is missing, look for a substitute 
part. If any part is obviously defec¬ 
tive or has been damaged in shipment, 
return it immediately to NRI as di¬ 
rected on the packing slip accom¬ 
panying this kit. 
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Assembling A Basic Power Supply 
Before you begin the experiments, 

you are to mount a number of parts 
on the chassis. Then you are to wire 
a simple rectifier circuit for use in 
the first experiment. 

Gather the parts listed below from 
the parts sent you with this kit, and 
from those left over from other kits. 

One Metal chassis. 
Four Chassis support brackets. 
Four %" rubber grommets. 
One Pilot lamp socket with grommet. 
One Power transformer. 
One 7-pin tube socket. 
One 500K-ohm potentiometer with 

On-Off switch. 
Two Solder lugs. 
One Iron-core choke coil. 

Two Selenium rectifiers. 
Three 1-lug terminal strips. 
One 7-lug terminal strip. 
One Round knob. 
Fourteen 6-32 x tá* screws. 
Two 1", 6-32 screws. 
Twenty 6-32 hex nuts. 
Two 4-40 x tá* screws. 
Two 4-40 hex nuts. 
One 20-20 mid 150-voIt electrolytic 

capacitor. 
The power transformer and the 

iron-core choke coil are the ones you 
used in the last kit. Fig. 2 shows the 
chassis with all the holes identified 
that will be used in the experiments 
in this kit. Refer to Fig. 2 to identify 
the holes as you mount the various 
parts. 

FIG. 2. This is your chassis with all the holes identified. Have it in this position 
Io carry out the experiments. 
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First you are to mount the four 
chassis support brackets (right-angled 
pieces). These will be used to hold 
the chassis level when you turn it 
upside down to perform the experi¬ 
ments. Each support has four holes 
punched in one end. Fasten the 
brackets to the four corners of your 
chassis using holes A, B, E, F, AR, 
AS, AX, and AY, as shown in Fig. 3. 
Notice that each bracket fits around 
the corner and projects considerably 

on each side of the chassis, and the 
chassis fits into the groove in the 
grommet at all points. 
Mount the pilot lamp socket in 

chassis hole D as shown in Fig. 4. 
First remove the large rubber grom¬ 
met from the socket, and install it in 
the chassis hole in exactly the same 
way you installed the other grom¬ 
mets. Be sure the chassis does not cut 
through the rubber insulation in the 
groove of the grommet, because the 

FIG. 3. Fasten the chassis support 
brackets to the four corners of the 
chassis as shown here. Although there 
are four holes punched at one end of 
each bracket, only one pair of holes is 
used to fasten each one to the chassis. 
As shown above, the support brackets 

project above the top of the chassis. 

above the top surface of the chassis. 
Use two 6-32 screws and nuts to 
fasten each bracket in place. Tighten 
the nuts securely. 

Now turn the chassis upside down, 
and in the position shown in Fig. 2. 
Insert rubber grommets in holes H, I, 
L, and N. To do this, squeeze the 
grommet into an oval shape with the 
thumb and forefinger of one hand, 
then place it in the hole so that the 
chassis will fit into the groove in the 
grommet. Push the grommet into the 
chassis hole until half the grommet is 

purpose of this grommet is to insulate 
the pilot lamp socket completely from 
the chassis. Grasp the pilot lamp 
socket near its terminal lugs, and 
push the threaded part gently into the 
grommet from the bottom of the 
chassis as far as it will go without 
forcing. Then screw or rotate the 
socket in a clockwise direction until 
one of the lugs touches the grommet. 
Rotate the socket a bit more, if neces¬ 
sary, to bring the lugs into the posi¬ 
tion shown in Fig. 4. 
Now mount the power transformer 
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HG. 4. This is the chassis with the preliminary parts mounted, and the terminals 
identified by number. 

on top of the chassis. Place the trans¬ 
former with its mounting feet over 
holes C and P so that the black, red, 
and red-yellow leads come through 
hole H, and the green and green¬ 
yellow leads come through hole I, as 
shown in Fig. 4. Use 6-32 screws and 

nuts. Pass the screws through the 
transformer and chassis from the top 
of the chassis. Draw the nuts up tight 
to fasten the power transformer se¬ 
curely in place. 
Next, mount the 7-pin miniature 

socket in hole U. Be sure to place it 
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so that the space between pins 1 and 
7 is toward hole V, as shown in Fig. 
4. Use 4-40 machine screws and nuts 
to hold the socket in place. 

Insert one screw in hole V from the 
top of the chassis, and place a 4-40 
hex nut on the screw. Do not tighten 
it yet. Before you put the screw in 
hole T, put a solder lug (the lug that 
you received in this kit) between the 
socket and the chassis, and position 
it as shown in Fig. 4. Bend the lug 
up away from the chassis so that you 
can make connections to it. Insert 
the screw through the chassis, the 
solder lug and the socket. Put a nut 
on the screw, and tighten both nuts. 
Gently bend the tube socket pins out¬ 
ward until they are approximately 
parallel to the chassis. 
Mount the potentiometer with the 

on-off switch in hole G from inside 
the chassis with the shaft projecting 
out. The lugs should point upward as 
shown in Fig. 4. Place the nut on 
the threaded part of the shaft and 
draw it up tight. 

To mount the knob on the potenti¬ 
ometer shaft, you will need a screw¬ 
driver with a small blade. Insert the 
screwdriver blade into the small hole 
in the side of the knob, and loosen 
the set screw, but do not remove it. 
Then, put the knob on the potenti¬ 
ometer shaft so that the set screw, 
when it is tightened will touch the 
flat side of the shaft. Tighten the set 
screw. 

Mount the iron-core choke on top 
of the chassis over holes R and S, with 
its leads through hole L. First, pass 
a %", 6-32 screw through the mount¬ 
ing hole in the choke and through 
hole R. Before you put on the nut, 

put a one-lug terminal strip over the 
screw, and position the terminal strip 
as shown in Fig. 4, then put on a 
6-32 hex nut. Hole S is to be used to 
mount one of the selenium rectifiers 
under the chassis as well as the choke 
on top of the chassis. You may have 
received either of two types of seleni¬ 
um rectifiers. One type has a built-in 
mounting stud bolt, the other type 
does not. If you received the type that 
does have a mounting stud, put a 6-32 
nut on it, and screw it all the way up. 
Then put the stud through hole S 
from underneath the chassis, and 
through the mounting ear of the 
choke, with the terminals pointing as 
in Fig. 4. Put another 6-32 nut on it, 
and tighten it, without forcing it. 

If you received the type of selenium 
rectifier without a built-in mounting 
stud, put a 1-inch 6-32 screw through 
the other mounting foot of the choke 
from the top and through hole S. Put 
a 6-32 nut on the screw and tighten it. 
Then put another 6-32 nut on the 
screw, and run it part way down. 

Then put the selenium rectifier on the 
screw, with the side marked + away 
from the chassis, and with the lugs 
pointing toward the center of the 
chassis as shown in Fig. 4. Put a 
third nut on the screw. Run the second 
nut far enough down so there is room 
for the third nut above the rectifier. 
Mount the second selenium recti¬ 

fier in the same way in hole M. 
If it has no mounting stud, run 
a 1", 6-32 screw through hole M, 
put a nut on the screw to hold it in 
place, and tighten the nut. Run a 
second nut part way down on the 
screw, mount the rectifier, and then 
put on the third nut. Be sure the 
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positive side of the rectifier is away 
from the chassis and that the lugs are 
pointing toward the center of the 
chassis as shown in Fig. 4. The nuts 
holding the rectifier should be drawn 
up tight, but do not force them. 
Now mount a 7-lug terminal strip 

over holes 0 and Q, using 6-32 screws 
and nuts. Mount a 1-lug terminal 
strip over hole B. You already have 
a screw and nut in this hole to hold 
the support bracket; remove the nut, 
and add the terminal strip . Then put 
the nut back on. 

Now mount the 20-20 mfd, 150-volt 
electrolytic capacitor with the hole 
in the mounting strap over hole K in \ 
the chassis. Put the larger solder lug 
between the chassis and the mounting 
strap, and bend the lug up and away 
from the chassis. Put a 1-lug termi¬ 
nal strip over the strap as shown in 
Fig. 4. Insert a 6-32 screw in hole 
K, and pass it through the solder 
lug, through the hole in the capacitor 
mounting strap and through the 1-
lug terminal strip over hole K. You 
should have three parts mounted on 
this screw: The solder lug, the capaci¬ 
tor, and the 1-lug strip. After you 
have the parts positioned as shown 
in Fig. 4, put a 6-32 nut on the screw 
and tighten it. Be sure the capacitor 
is placed as shown, with the blue and 
black leads at the end toward the 
power transformer, and the red and 
green leads toward the pilot lamp. 
This completes the preliminary 

mounting of the parts. Check the po¬ 
sitions of all your parts carefully 
against Fig. 4. See that the heads of 
all mounting screws are on the out¬ 
side of the chassis; this gives your 
work a more professional appearance. 

Identify each of the terminals as 
shown in Fig. 4. Use a sharp lead 
pencil, your metal-marking crayon, or 
marked pieces of adhesive tape, and 
place the terminal numbers near the 
corresponding lugs. Keep the num¬ 
bers small, clearly legible and close to 
the terminals. Check your work care¬ 
fully to be sure that you have num¬ 
bered all the terminals correctly. 

The first circuit you will build is 
a simple half-wave rectifier. Before 
you wire this rectifier circuit, how¬ 
ever, let us learn something about the 
power transformer and tube. 

THE POWER TRANSFORMER 

The power transformer you re¬ 
ceived in Kit 3 is known as a “com¬ 
bination” transformer, because it fur¬ 
nishes both high and low ac voltages 
from a given ac line voltage. The 
symbol used to represent this trans¬ 
former in schematic diagrams is 
shown in Fig. 5. 
As the diagram shows, there are 

three separate windings on this trans¬ 
former. The primary winding, which 
is wound for 115-volt, 60-cycle ac 
power, is terminated in the two black 
leads. Under no circumstances should 
you connect the primary of this trans¬ 
former to a de power line or to an ac 

FIG. 5. The schematic symbol of your 
power transformer. 
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power line having a frequency of 25 
or 40 cycles. The low-voltage wind¬ 
ing is the one with green leads. It is 
center-tapped with a green-yellow 
lead. Each section, between either of 
the green leads and the center tap, 
supplies approximately 6 volts; the 
voltage between the two green leads 
is approximately 12 volts. 

The third winding, having the leads 
colored red, is also center-tapped. 
This winding, which is commonly 
called the high-voltage secondary 
winding, supplies the high ac voltage 
needed for the plates of the rectifier 
tube. It is designed to have a no-load 
output of approximately 130 volts be¬ 
tween the red leads. Variations in 
line voltage, however, may make the 
actual no-load output of your trans¬ 
former anywhere between 100 and 140 
volts. The center tap is brought out 
to the red-yellow lead. 

THE RECTIFIER TUBE 

The rectifier tube we will use in 
the first experiment is the 6X4 tube 
that is now in your vtvm. This tube 
contains two plates and two cathodes. 
The plates are independent of each 

FIG. 6. A schematic diagram of the tube 
showing the internal connections of the 
electrodes to the tube pins as shown 
at A. The symbol used to represent a 
selenium rectifier is shown at A. The bar 
represents the cathode, and the arrow 

the plate. 

other and are brought out to separate 
pins. There is only one cathode pin, 
however, since the two cathode sec¬ 
tions are connected internally. The 
filament requires approximately 6.3 
volts at .6 ampere for normal opera¬ 
tion. 
The 6X4 tube fits a standard 7-pin 

miniature socket. Pins 1, 3, 4, 6, and 
7 on the base of the tube are con¬ 
nected to elements within the tube. 
Pins 2 and 5, although they are on the 
tube base, are not connected to any¬ 
thing. In factory-made radio and 
television receivers, the lugs on the 
tube socket that correspond to these 
blank pins are frequently used instead 
of terminal strips as tie points. 
The schematic symbol for a 6X4 

rectifier tube is shown in Fig. 6A. 
This diagram shows the elements 
within the tube, and indicates the pins 
to which they are connected. It 
identifies the terminals as they appear 
when you are looking at the bottom 
of the socket or the base of the tube. 
The symbol used for a selenium 

rectifier, which you will also use in 
these experiments, is shown in Fig 
6B. The selenium rectifier has no 
filament, but it does have sections 
that operate similarly to the cathode 
and plate of a vacuum tube. In fact, 
they have the same names. In Fig. 
6B, the arrow is the plate, and the 
bar is the cathode, the cathode is the 
side of the rectifier that is marked 
with a 4- sign. Use this -J- sign as a 
means of identifying the cathode, but 
remember that before current will flow 
through a selenium rectifier, the volt¬ 
age applied to the plate must be posi¬ 
tive and greater in amplitude than the 
voltage on the cathode. 

10 



WIRING A HALF-WAVE 
RECTIFIER CIRCUIT 

To wire the half-wave rectifier cir¬ 
cuit shown schematically in Fig. 7, 
you need the following parts: 

One 5' power cord. 
One roll hookup wire. 
One 100K-ohm, %-watt resistor. 

In building this circuit and in doing 
the experiments in this kit, do not cut 
the leads on any of the parts. You will 
use them again in later kits. If the 
leads are too long, simply bend them 
out of the way. 
Plug in your soldering iron, and 

' clean and retin the tip if necessary. 
Proceed as follows: 
Step 1: Wire the primary circuit. 

'Connect the power cord, the on-off 
switch, and the primary winding of 
the power transformer in series. To 
do this, push the power cord through 
the rubber grommet in hole N in from 
the outside of the chassis. Pull enough 
of the cord through to reach the 
switch terminal 4 on the potenti¬ 
ometer in hole G. Then, tie a knot in 
the cord on the inside of the chassis 
to prevent it from being pulled back 
through the grommet, and to prevent 
strain on the terminals to which the 
¡power cord is soldered. Position the 
power cord as shown in Fig. 8. Your 
wiring will be neater if you push the 
power cord under the capacitor. Then, 
split the cord back far enough so that 
you can connect one side to terminal 
4 on the switch, and the other to 
terminal 6. The ends of the power 
cord are already cut and tinned. In¬ 
sert the end of one lead in switch 
terminal 4 and solder the connection. 

Run the other power cord lead to 
terminal 6, as shown in Fig. 8, make 

a hook in the bare wire, and insert 
it in the terminal. Do not solder 
this connection yet. One of the pri¬ 
mary leads from the transformer is 
also to be connected to this terminal. 
Now, to connect the transformer 

primary winding into the circuit, at¬ 
tach one of the black leads of the 
power transformer to terminal 6. 
Solder the connection. Connect the 
other black lead to terminal 5 on the 
on-off switch, and solder the connec¬ 
tion. 

Step 2: Wire the pilot lamp circuit, 
and rectifier filament circuit as shown 
in Figs. 7 and 8. Note that the pilot 

FIG. 7. This is the half-wave rectifier 
circuit you are to wire first. 

lamp and the filament of the 6X4 are 
in parallel. Since the filament of this 
tube requires 6 volts, you will use 
only half of the low-voltage filament 
winding. As shown in Fig. 5, you can 
obtain the correct voltage by using 
the green and yellow transformer lead, 
and one of the green leads. It does not 
matter which green lead you use. 

Connect the green-yellow lead of 
the power transformer to pin 4 of the 
tube socket, and the green lead to pin 
3 of the tube socket. Do not cut 
the leads, and do not solder the con¬ 
nections yet. Now run a length of 
hookup wire between terminal 22 on 
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FIG. 8. This is how your chassis will look for the circuit in Fig. 7. 

the pilot lamp socket and tube pin 4, 
and another length of hookup wire 
between terminal 23 of the pilot lamp 
socket and tube pin 3. Position the 
wires as shown in Fig. 8. Solder all 
four connections. 

Step S: To wire the rectifier circuit. 
Solder either of the red leads of the 

power transformer to pin 1 of the 
tube socket, and connect the red-
yellow lead to ground terminal 7 on 
the terminal strip. Solder socket pin 
1, but do not solder terminal 7 of the 
terminal strip yet. (Remember not 
to cut the transformer leads.) 
Now, connect pin 7 on the tube 
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socket to terminal 10 on the terminal 
strip with a piece of hookup wire, and 
connect the 100,000-ohm resistor be¬ 
tween terminal 10 and terminal 7 on 
the terminal strip. Solder all connec¬ 
tions, and check the soldered joints. 
The circuit is now completely wired. 

Check your work carefully against 
Figs. 7 and 8 to make sure the parts 
are connected electrically as shown. 
There are two unused leads on the 
power transformer. Tape the ends of 
these leads so that they cannot short 
to the chassis or to any terminal lugs. 

Finally, dress down the leads to 
give your chassis a neat appearance. 
Push the transformer leads back 
through the grommets so that the ex¬ 
cess lengths are on the top of the 
chassis where they will be out of the 
way. 

TESTING THE HALF-WAVE 
RECTIFIER CIRCUIT 

Radio-TV parts may look perfectly 
all right and yet be defective. An 
important part of every assembly 
procedure is to make resistance tests 
to be sure that there are no shorts 
or opens. If the results of these tests 
are satisfactory, then it is safe to 
apply power and make voltage meas¬ 
urements. 

Continuity Tests. For a power 
supply like the one you have wired, 
you should check the continuity of 
the circuits and be on the lookout for 
a short between the cathode terminal 
of the rectifier tube and thte chassis. 
A short of this type could not only 
ruin the tube, but it could also dam¬ 
age the power transformer. 
You will use the ohmmeter section 

of your vtvm to carry out the con¬ 

tinuity tests. Therefore, plug the line 
cord of the vtvm into the wall outlet, 
and turn the Function switch to 
Ohms. Do not plug in the line cord 
of the half-wave rectifier circuit until 
you are instructed to do so. 

First, turn off the switch on the 
power supply. To do this, turn the 
knob on the 500K-ohm potentiometer 
shaft all the way in the counter¬ 
clockwise direction until you hear a 
click. If the switch is already in 
the Off position, proceed with the 
continuity tests. 

To test the line cord, switch, and 
primary transformer winding, turn 
the Range Selector switch to the R x 
10K position, and connect the ohm¬ 
meter probes to the prongs of the 
power cord plug. You should get no 
reading on the ohmmeter, indicating 
that no continuity exists in the cir¬ 
cuit. Now with the ohmmeter test 
probes still connected to the prongs, 
turn the power supply switch on. Im¬ 
mediately the meter pointer should 
drop over to the zero position and 
remain there until you turn the Range 
Selector switch of the ohmmeter to 
the R x 1 position. When you do this, 
the meter should indicate between 20 
and 40 ohms, the resistance of the pri¬ 
mary power transformer winding. 

Next, connect your ohmmeter leads 
to pins 3 and 4 of the tube socket. 
With the Range Selector switch still 
in the R x 1 position, you will meas¬ 
ure about .6 ohm. This indicates 
continuity in the circuit. Now, turn 
the Range Selector switch to the 
highest range, R x IM. and check be¬ 
tween the chassis and pin 3 or pin 4 
of the tube socket. You should not 
get a reading. 
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To measure the resistance of half 
of the high-voltage winding of the 
power transformer, connect the ohm¬ 
meter probe to tube socket pin 1, and 
the ground clip to the chassis. With 
the Range Selector switch in the 
R X 1 position, your reading should 
be approximately 50 ohms. Next, 
measure the resistance from tube 
socket pin 7 to the chassis. Here you 
should get a reading of approximately 
100,000 ohms, measured on the R x 
10K ohmmeter range. A very low 
reading indicates a short. Look for 
solder that may have dripped down 
and shorted to the chassis, or for 
improper wiring. 

J oltage Tests. If the results of 
the continuity tests are satisfactory, 
you can now check the voltages of 
the power supply. Plug the supply 
into a 115-volt, 60-cycle wall outlet, 
and be sure the on-off switch is still 
in the ON position. Set your volt¬ 
meter up for ac measurements, and 
turn the Range switch to the 120-volt 
position. Measure the voltage between 
the chassis and pin 1 of the miniature 
socket. Since you are measuring half 
of the high-voltage winding of the 
power transformer, you should get a 
reading of approximately 65 volts. 

Now set the Range switch to the 
12-volt position and measure the 
voltage between pins 3 and 4 of the 
tube socket. Then measure the volt¬ 
age between terminals 22 and 23 of 
the pilot lamp socket. You should get 
a reading between 6 and 7 volts in 
both cases. When the tube and the 
pilot lamp are put into their sockets 
later, the voltage will drop somewhat. 

To measure the line voltage, remove 
the line cord plug from the wall out¬ 
let, and connect the vtvm test probes 
between terminal 6 of the 1-lug termi¬ 
nal strip and terminal 4 on the on-off 
switch. Turn the Range Selector 
switch to the 300-volt range, and plug 
the line cord back into the wall out¬ 
let. You will get a reading of approxi¬ 
mately 120 volts, although it may 
vary from 105 volts to 130 volts. 
When you have finished making 

these measurements and found that 
the continuity of the supply and the 
ac voltages are correct, you are ready 
to go ahead with the experiments. If 
any readings were not correct, be sure 
to find out what is wrong before pro¬ 
ceeding with the experiments. If you 
need help, write us giving the results 
of all your measurements. Turn off 
the power supply, and unplug it from 
the wall outlet. 
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Instructions for Performing the 
Experiments 

Here are some general instructions 
that you are to follow in performing 
all of the experiments in this kit and 
in future ones. 

1. Follow these steps for each ex¬ 
periment: 

(a) Read the entire experiment, 
paying particular attention to the dis¬ 
cussion. 

(b) Perform each step of the ex¬ 
periment, and record your results. 

(c) Study the discussion carefully, 
then analyze your results. 

(d) Answer the Statement in the 
manual and on the Report Sheet. 
2. If, when you read through an 

experiment, you think you won’t have 
enough time to finish it, spend one 
work period doing any preliminary 
construction and wiring work. Leave 
the actual measurements, circuit 
changes, etc., until you have time to 
do them all at once. 
3. If you do not get acceptable 

results from any experiment, stop 
right there' and find the trouble be¬ 
fore going any further. Do the very 
best you can to solve the problem 
yourself, because doing so helps you 
to develop the troubleshooting tech¬ 
niques you’ll need later on. Check 
over the wiring instructions, test every 
connection, and, if necessary, test 
each part if effect-to-cause reasoning 
fails to lead you to the trouble. Be 
sure to check the circuit against the 
schematic. If all these procedures 
fail, write to us on the special Kit 
Consultation Blank provided, and tell 

us which experiment and step you’re 
working on. Give us a complete de¬ 
scription of the symptoms that indi¬ 
cate trouble, and list the results of your 
tests. Go ahead with your regular les¬ 
sons while waiting for our answer. 

4. One object of these practical ex¬ 
periments is to develop your ability 
to wire a circuit with only a schematic 
diagram as your guide, just as an 
experienced serviceman does. Begin 
now to think in terms of tube and 
circuit elements rather than specific 
terminal numbers. For example, in¬ 
stead of thinking of the 100,000-ohm 
resistor as being between terminals 7 
and 10 on the 7-lug terminal strip, 
think of it as being between the 
cathode of the rectifier tube and the 
center-tap of the high-voltage wind¬ 
ing of the power transformer. This 
will soon teach you to visualize cir¬ 
cuits so that you can work from a 
schematic diagram with ease. Because 
we want to encourage you to develop 
this ability, there will be few pictorial 
sketches in this manual. 

5. As in the previous kit, we have 
omitted the color code listing for the 
resistors. If you have not yet learned 
the RETMA color code, we urge you 
to do so immediately. Knowing the 
code thoroughly is a big time saver 
in your assembly work, and it helps 
reduce errors in wiring. If you are in 
doubt as to the value of a particular 
resistor, or if you forget the color 
code, look it up in the chart in your 
first kit. 

II 



6. From now on, we shall not indi¬ 
cate what tools you need to wire cir¬ 
cuits. You know that you have to 
use hookup wire, pliers, screwdrivers, 
etc. If there is any soldering or un¬ 
soldering to be done, you know that 
you will have to heat your soldering 
iron and must use ROSIN-CORE 
solder. Therefore, in any experiment 
in which you are to make circuit 
changes, get out the tools you will 
need, and heat your soldering iron be¬ 
fore beginning the assembly or dis¬ 
assembly of that experiment. 

7. From now on, there will be very 
little said about how to use your 
vtvm. Remember to check its calibra¬ 
tion occasionally, and to turn it off 
after each work period. A complete 
summary of the calibrating and oper¬ 
ating instructions is in Data Sheet B 
that you received in Kit 2. If you for¬ 
get any detail of how to use the in¬ 
strument, refer to these instructions. 
You are going to make all kinds of 
measurements, resistance as well as ac 
and de voltages. You must use your 
vtvm properly to get the correct re¬ 
sults. 
8. When you are taking measure¬ 

ments with your vtvm, turn the experi¬ 
mental chassis on-off switch off while 
connecting and disconnecting the test 
leads. When making wiring changes, 
turn the switch off and unplug it from 
the wall outlet. Be sure to remember 
to do this every time, because we may 
not always mention it specifically. 

EXPERIMENT 31 

Purpose: To show that when an 
ac voltage is applied to a rectifier 
and a resistor in series, a de voltage 
will he produced across the re¬ 

sistor; and to show that the po¬ 
larity of the voltage drop across 
the resistor depends on how the 
rectifier is connected into the cir¬ 
cuit; and 

To show that the voltage across 
the load resistor in a full-wave 
rectifier is approximately twice 
that measured across the load re¬ 
sistor in a half-wave rectifier. 

Introductory Discussion: The cir¬ 
cuit you will use to show that there 
is a de voltage across the load when 
an ac voltage source, a rectifier, and 
a load (in this instance, a 100,000-
ohm resistor) are connected in series, 
is shown in Fig. 31-1. This circuit 
is similar to the one that you have 
built, except that we have used a 
selenium rectifier in place of the 6X4 
tube. To simplify the discussion, we 

FIG. 31-1. Half-wave rectifier circuit for 
Experiment 3E 

will consider the power transformer 
to be the ac source. Actually, of 
course, power is drawn from the 
power line to excite the primary wind¬ 
ing of the power transformer. 
To show that the voltage drop 

across the 100,000-ohm load resistor 
is a de voltage, you will make use of 
the fact that under ordinary condi¬ 
tions, your vtvm will not respond to 
any ac voltage when the Function 
switch is in the de position. 
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You will also use the Function 
switch of your vtvm as a polarity in¬ 
dicating device. When the meter 
pointer deflects to the right, the polar¬ 
ity of the terminal to which the probe 
is being touched is the same as that 
shown on the Function switch. 

Experimental Procedure: The 
parts needed for this experiment, be¬ 
sides the power supply assembly you 
have constructed and the vtvm. are: 

One 27-ohm resistor. 
One Pilot lamp. 
One 6X4 tube. 

Wire the selenium rectifier into the 
circuit. To do this, connect the 27-
ohm resistor between terminal 20 of 
the selenium rectifier in hole S and 
terminal 17 on the 1-lug terminal strip 
in hole R. Since you will not disconnect 
this resistor later on, place it between 
the terminals and cut the leads to the 
correct length. Do not cut any other 
leads unless you are instructed to do so. 
This resistor is used to protect the 
selenium rectifier from high current 
surges when the supply is turned on 
or off. 

Connect a piece of hookup wire be¬ 
tween terminal 17 and tube socket 
pin 1. Connect another piece of hook¬ 
up wire between terminal 21 of the 
selenium rectifier and tube socket pin 
7. Since there is no tube in the socket 
at present, we are simply using the 
tube socket pins as “tie” points, and 
the circuit is wired as shown sche¬ 
matically in Fig. 31-1. This is a half¬ 
wave selenium rectifier circuit. 
With the power supply chassis 

turned upside down, clip the ground 
lead of your vtvm to the chassis. This 
is the same as clipping it to the 100,-
000-ohm resistor lead that goes to 

terminal 7 of the terminal strip, since 
terminal 7 is grounded. 

Insert the power cord of the vtvm 
into the wall outlet, and set the Func¬ 
tion switch to the ¿-DC position. You 
are now ready to proceed with the 
first step. 
Step 1: To prove that there is a 

de voltage across the load resistor 
when it is in series with a selenium 
rectifier and an ac source. Insert the 
plug of the power supply cord into 
your 60-cycle ac wall outlet, and turn 
ON the on-off switch. Now touch the 
positive probe of your vtvm to the 
end of the 100,000-ohm resistor that 
is connected to terminal 10. Remem¬ 
ber, you are measuring de voltage 
here, so set the Function switch on 
the vtvm accordingly. Adjust the 

STEP CIRCUIT 
VOLTAGE 
ACROSS 

LOAD RESISTOR 

1 HALF- WAVE 
SELENIUM RECTIFIER 3^ 

2 HALF - WAVE 
TUBE RECTIFIER /oo 

3 CONNECTIONS REVERSED 
ON TUBE RECTIFIER y 

4 FULL- WAVE 
RECTIFIER ? 

FIG. 31-2. Enter your readings for Ex¬ 
periment 31 here. 

Range switch to the 30V range, and 
record your reading in the first line 
of the table in Fig. 31-2. Turn off the 
power supply. 
Step 2: To show that a vacuum 

tube rectifier will give essentially the 
same results as a selenium rectifier. 
First, unsolder and remove the leads 
connecting terminals 17 and 21 to the 
miniature tube socket. Do not, how¬ 
ever, disturb the other leads on tube 



socket terminals 1 and 7, and do not 
remove the 27-ohm resistor from the 
circuit. 
Now remove the 6X4 tube from 

your vtvm. Grasp the tube with a 
handkerchief if it is hot, and insert 
it in the socket on your experimental 

FIG. 31-3. Half-wave rectifier circuit 
with plate and cathode connections re¬ 

versed. 

chassis. Also insert the pilot lamp in 
its socket, and screw it up tight. Your 
circuit is now like Fig. 7. Again turn 
the power supply upside down, and 
turn on the power supply switch. The 
pilot lamp and the filament of the 
6X4 rectifier tube should glow. In¬ 
cidentally, this tube can be operated 
in any position, so it does no harm to 
turn the chassis upside down. 
The ground lead of your vtvm 

should still be clipped to the chassis. 
Measure the de voltage across the 
load resistor by touching the positive 
probe to terminal 10 on the terminal 
strip. Read the meter carefully, and 
record your reading in the second 
space in Fig. 31-2. Turn off the power 
supply. 

Step 3: To show that the polarity 
of the voltage drop across the load 
resistor depends on how the rectifier 
is connected in the circuit. Set up 

the circuit shown in Fig. 31-3, in 
which the plate and cathode connec¬ 
tions are the reverse of those in the 
circuit you just used. Unsolder the 
leads from socket terminals 1 and 7. 
Connect the red transformer lead that 
was on terminal 1 to terminal 7, and 
solder the connection. Then, solder 
the lead that was on pin 7 to pin 1. 
The circuit will now be like Fig. 31-3. 
To show that the polarity of the 

voltage drop across the load resistor 
has changed, turn on the supply, con¬ 
nect the ground clip of the vtvm to 
the power supply chassis, and touch 
the positive probe to terminal 10 on 
the terminal strip. Note that with 
the Function switch in the -|-DC po¬ 
sition you will get a downscale read¬ 
ing. 
Turn the Function switch to the 

—DC position. Now you should get 
an up-scale reading. This indicates 
that the point to which the probe is 
touched is negative with respect to 
the point to which the ground lead is 
clipped. The reading you get should 
be just about the same as the one you 
got in Step 2, since the only difference 
between the circuits is that the con¬ 
nections to the rectifier are reversed. 
Record your reading on th# third line 
of Fig. 31-2 as a minus (—) value, 
and turn off the power supply. 
Step 4- To convert the half-wave 

rectifier circuit to a full-wave rectifier 
circuit. Wire the circuit as shown in 
Fig. 31-4. Disconnect the leads to 
pins 7 and 1 of the tube socket, and 
change them back to the way they 
were in Fig. 7. Turn on the equipment 
and check the load voltage to see that 
the change has been made correctly, 
and that the voltage you measure is 
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approximately the same as you 
measured before for this half-wave 
rectifier. 

Turn off the power supply switch, 
and remove the line cord to the 
experimental chassis from the wall 
outlet. Remove the tape from the 
other red power transformer lead, and 
solder this lead to tube socket pin 6. 
The circuit is now wired for full-wave 
rectification as shown in Fig. 31-4. 
When plate 1 is positive and con¬ 
ducts, plate 6 will be negative, and 
there will be no current flow from the 
cathode to this plate. On the next half 
cycle, plate 1 is negative and does not 

a rectifier in one direction than in the 
other. 

In a rectifier tube, current can flow 
only from the cathode to the plate. 
Electrons cannot flow from the plate 
to the cathode. In a selenium rectifier, 
the terminal at which electrons enter 
is also called the cathode, and the 
one from which they leave is called 
the plate. When electrons are flowing 
from the cathode to the plate, they 
meet very little resistance. But when 
they attempt to flow from the plate 
to the cathode, the resistance is ex¬ 
tremely high. Although some current 
flows in a selenium rectifier in the 

FIG. 31-4. Full-wave rectifier circuit. 

conduct, but plate 6 is positive, and 
does conduct. Thus, regardless of the 
polarity of ac voltage applied, we 
have current flowing in the same di¬ 
rection through the load resistor. 

Now turn the Range Selector switch 
to the 120V position, check the volt¬ 
age across the load resistor, and rec¬ 
ord your reading for Step 4 in Fig. 
31-2. 

Discussion: The fact that a direct 
current flows through the load in the 
circuits you have set up is based on a 
fundamental property of a rectifier— 
current will flow more easily through 

opposite direction, it can be ignored 
because it is small as compared to 
the current flow from the cathode to 
the plate. 

In each of the circuits you set up 
in this experiment, the plate is alter¬ 
nately positive and negative during 
each ac cycle, and current flows 
through the rectifier and load as a 
series of pulses. Since the voltage 
drop across the load is in direct pro¬ 
portion to the current flowing through 
it, the load voltage is also a series of 
pulses. If you were to connect a 
cathode ray oscilloscope across the 
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load, you would get a pattern some¬ 
what like that shown in Fig. 31-5. 

As you can see, each voltage pulse 
extends in the same direction from the 
zero reference line. Therefore, the 
series of pulses contains a de compo¬ 
nent that we can measure. 

The rectifier circuit you used in the 
first part of this experiment is known 

PLATE POSITIVE WITH 

BY HALF-WAVE RECTIFICATION 

FIG. 31-5. The heavy line indicates the 
shape of the voltage across the load of 

the half-wave rectifier circuit. 

as a half-wave rectifier because it 
passes current during only half of the 
ac cycle. When there is no filter 
capacitor in the circuit (the effect of 
a filter will be shown later), the de 
component that the meter indicates 
is much less than the peak value of 
the voltage pulses. The pulses reach 
a peak nearly equal to the peak value 
of the ac source voltage, but the vtvm 
is capable of measuring only the aver¬ 
age of the positive pulses, which is 
about one-third of the peak value. 
The value of the ac voltage devel¬ 

oped across each half of the high-
voltage secondary winding is fixed by 
the design of the transformer. With 
half of the high-voltage secondary of 
this particular transformer connected 
in a half-wave rectifier circuit, the 
maximum no-load de output voltage 

we can measure is approximately 
30 volts. The voltage you measured 
in the experiment should not be 
much lower than this value, because 
of the high value load resistor used 
in the circuit. We can compute the 
no-load output voltage of this half¬ 
wave circuit by remembering that the 
peak value of a sine-wave voltage is 
1.4 times the rms value. Since the 
rated rms output of half of the high-
voltage winding on this transformer 
is about 65 volts, the peak output 
must be about 90 volts. One-third of 
90 volts is about 30 volts. 

If your ac source does not produce 
a true sine wave, the de output you 
measure may be somewhat higher or 
lower than these values, depending on 
the exact shape of your ac voltage. 
When you connected the circuit as 

a full-wave rectifier, you should have 
noticed an increase in the output 

mm 
VOLTAGE INDICATED 
BY DC VOLTMETER 

PARTS OF AC 
CYCLE PASSED 
BY NO. I DIODE 

PARTS OF AC CYCLE 
PASSED BY NO 2 DIODE 

FIG. 31-6. In a full-wave rectifier, the 
two diodes conduct on alternate halves 
of the ac cycle, so the spaces between the 
half-wave rectified pulses are filled in 

as shown here. 

voltage. With full-wave rectification, 
the spaces between the half-wave 
rectified pulses are filled in, as shown 
in Fig. 31-6. The two diodes conduct 
on alternate halves of the ac cycle. 
Thus, at all times there is some de 
voltage across the load resistor, and 
we measure approximately twice as 
high a voltage with a full-wave recti-
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fier as with a half-wave recti¬ 
fier. Actually, the strength or magni¬ 
tude of the voltage has not increased. 
The peak values in both cases are 
the same. 
Several important radio and TV 

servicing principles are shown by this 
experiment. First, as you know, you 
must set the Function switch of your 
vtvm to the proper polarity to make 
the instrument indicate voltages cor¬ 
rectly. By the term “proper polar¬ 
ity” we mean that the Function 
switch must be set so that the positive 
probe will connect to the point in the 
circuit under test having the same 
polarity as that indicated by the 
Function switch setting. 

If the meter pointer moves to the 
right when you make a voltage meas¬ 
urement, you know that the probe 
polarity is the same as that of the 
Function switch. The opposite is also 
true, of course. If the meter pointer 
moves to the left, the Function switch 
polarity must be incorrect for the volt¬ 
age source being measured. 

In any device in a circuit, except 
the source, the terminal at which the 
electrons enter is the negative one. 
This fact lets you find the direction 
of electron flow by examining the 
diagram. If there are tubes i" the 
circuit, electrons always flox. .rom 
the cathode to the plate, and this 
establishes the direction of electron 
flow through any parts in series with 
the tubes. Knowing the direction of 
electron flow, you can determine the 
polarity of the voltage drops across 
the parts. 

Instructions for Statement No. 
31: For your Report on this experi¬ 
ment, you will change your full-wave 

rectifier circuit back to a half-wave 
circuit, and put the load between the 
plate of the rectifier and the un¬ 
grounded side of the high-voltage 
winding. The circuit is shown in Fig. 
31-7. You are to measure the de volt¬ 
age drop across the load, and com¬ 
pare it to the voltage drops you 
measured in Steps 2 and 3 of the ex¬ 
periment. 

To change the circuit, proceed as 
follows: First, disconnect the red 
transformer lead from tube socket 
terminal 6, and again tape the end to 
prevent shorts. Unsolder the 100,000-
ohm resistor from the terminal strip. 
Then, disconnect from terminal 10 of 

FIG. 31-7. This is the circuit you will 
use in answering Statement No. 31. 

the terminal strip the lead that goes 
to terminal 7 on the tube socket. 
Move this lead to terminal 7 on the 
terminal strip, and solder the con¬ 
nection. 

To connect the 100,000-ohm resis¬ 
tor in series with the plate of the 
rectifier tube, disconnect the red 
transformer lead from tube socket pin 
1, and move it to terminal 10. Then, 
connect the resistor between terminal 
10 of the terminal strip and tube 
socket pin 1. Solder both connections. 
Your circuit should now be like Fig. 
31-7. 
Connect the ground lead of your 

vtvm to tube socket pin 1, plug the 
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power supply into the wall outlet, and 
turn it on. Then carefully consider 
the direction of electron flow through 
the load resistor, and set your Func¬ 
tion switch to give an upscale read¬ 
ing. Touch the positive probe of your 
vtvm to the junction of the red lead 
from the power transformer and the 
100,000-ohm resistor. Make a note of 
your reading. You now have sufficient 
information to complete the State¬ 
ment. 

Statement No. 31 : When I meas¬ 
ured the de voltage across the 100,-
000-ohm resistor, I found that it was: 

(1) much lower than 
(2) considerably higher than 

essentially the same as 
the de voltage I measured in Steps 2 
andS. -jOI 

EXPERIMENT 32 

Purpose: To show that a capaci¬ 
tor can he charged to approxi¬ 
mately the peak ac voltage with 
both a full-wave and a half-wave 
rectifier; and to show that the volt¬ 
age stored in the capacitor can be 
used to send current through a 
load. ” 0^ 

Introductory Discussion: There 
are two disadvantages to the rectifier 
circuits used in the last experiment. 
One is that the de voltage at the out¬ 
put is not constant; pulsating voltage 
of this type would not be suitable for 
any electrical circuit requiring a rela¬ 
tively pure de supply. The other dis¬ 
advantage is that the circuits are very 
inefficient; the load voltage is not 
nearly as high as the ac voltage 
applied to the rectifier. 
There are two ways in which the 

de load voltage can be increased. One 
way is to increase the ac supply volt¬ 
age by using a transformer with more 
secondary turns. This method may 
not be practical, however, because of 
limitations on the physical size or the 
cost of the power transformer. Of 
course, the output voltage will still be 
pulsating de rather than pure de. 

Another way to increase the output 
voltage is to use the rectifier to charge 
a capacitor. By using this method, 
we can then get a de voltage that is 
approximately equal to the peak of 
the ac voltage. The voltage stored in 
the capacitor is applied to the load 
resistor between the pulses of the 
rectified voltage. This removes most 
of the pulsating components, so that 
an almost pure de appears across the 
load. 
As you will prove, the capacitor 

may hold a charge for some time after 
the power has been turned off. For 
this reason it is important not to 
touch a capacitor until it has had 
time to discharge, or you may be 
shocked. You can discharge the ca¬ 
pacitor with a screwdriver blade, as 
you learned in the last kit, to remove 
this danger. 

Experimental Procedufe: In ad¬ 
dition to the parts mounted on the 

FIG. 32-1. Half-wave rectifier circuit for 
Experiment 32. 
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power supply and your vtvm, you will 
need for this experiment: 

One .25-mfd capacitor. 
One .1-mfd capacitor. 

We will use the half-wave rectifier 
circuit shown in Fig. 32-1. It is the 
same as that shown in Figs. 7 and 8, 
except that you install a .25-mfd ca¬ 
pacitor in place of the 100K-ohm 
resistor. 
To build this circuit, check the 

schematic in Fig. 32-1 carefully 
against your circuit, and make any 
changes necessary to make your cir¬ 
cuit agree with it. It is a good idea 
to do this systematically. 

For example, let us start with the 
power cord. We see from the sche¬ 
matic that one side is connected to 
one black transformer lead at termi¬ 
nal 6, and the other side of the power 
cord is connected to terminal 4 on 
the on-off switch. The other black 
transformer lead is connected to ter¬ 
minal 5. These connections are the 
same as before, and should already be 
made on your chassis. 

Next let us check the filament sup¬ 
ply circuit. The green-yellow lead is 
connected to tube socket pin 4 and 
pilot lamp terminal 22. One of the 
green leads is connected to tube socket 
pin 3, and pilot lamp terminal 23. 
The unused green lead should still be 
taped. 
The red-yellow center tap of 

the high-voltage secondary winding 
should be grounded to terminal 7, and 
one of the red transformer leads 
should be taped. These connections 
are also the same as before. 
Now let’s check the tube socket. 

Here you will have to make some 
changes. The other red transformer 

FIG 32-2. Fill in your readings for 
Experiment 32 here. 

STEP MEASUREMENT VALUE 

1 
DC VOLTAGE ACROSS 

CAPACITOR IN 
HALF-WAVE RECTIFIER 

2 
DC VOLTAGE ACROSS 

CAPACITOR IN 
FULL-WAVE RECTIFIER y & 

3 DISCHARGE TIME 

4 PEAK OF AC VOLTAGE /¿>o O 

lead is to be connected to socket pin 
1 of the 6X4 tube. So take out the 
100K-ohm resistor, and move the red 
lead from terminal 10 to tube pin 1. 
The cathode terminal, tube socket pin 
7, is to be connected to terminal 10, 
so move the wire connecting it to 
terminal 7 to terminal 10. Finally, 
connect the .25-mfd capacitor between 
terminals 10 and 7. Your circuit 
should now be like Fig. 32-1. 
After making the changes, check 

the circuit. You are now ready to 
proceed. Slip the alligator clip over 
the tip of the vtvm probe so you can 
make connections with both leads, 
and still have your hands free if 
necessary. Turn the Function switch 
to 4-DC and the Range switch to 
120V, and let the vtvm warm up. 

Step 1: To measure the voltage 
across the .25-mfd capacitor in a 
half-wave rectifier. Connect the 
ground clip of the vtvm to the chassis 
of the power supply, and clip the 
positive probe to a point in electrical 
contact with the cathode of the recti¬ 
fier. This may be directly at tube 
socket pin 7 or any place on the lead 
of the .25-mfd capacitor connected to 
terminal 10. Insert the plug of the 
power supply chassis into a wall out¬ 
let, and turn on the power supply. 
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Carefully read the voltage, and record 
it in Fig. 32-2. 
Step 2: To measure the voltage 

across the ,25-mfd capacitor in a full¬ 
wave rectifier. With the power supply 
turned off, and the line cord removed 
from the wall outlet, remove the piece 
of tape from the end of the unused 
red transformer lead. Solder the bare 
end to socket pin 6. The circuit is 
now arranged for full-wave rectifica¬ 
tion. Using the same setup as before, 
plug in the power-supply line cord, 
turn the switch on, and measure the 
de voltage across the .25-mfd capaci¬ 
tor. Record your reading in Fig. 32-2. 
Step S: To show that the charge 

stored in the capacitor will continue 
to send current through a circuit after 
the rectifier is turned off. Without 
changing the circuit or the voltmeter 
connections in any way, again meas¬ 
ure the de voltage across the ,25-mfd 
capacitor. Leave your voltmeter con¬ 
nected, and turn the power supply off. 
Note that the meter pointer moves 
slowly toward zero. This shows that 
the capacitor is discharging through 
the meter resistance. This is a very 
high resistance, and does not require 
much current. Now estimate how long 
it takes for your maximum voltage to 
drop to 20 volts. At the instant you 
turn off the switch, start counting 
each second at a steady rate, one 
hundred and one, one hundred and 
two, etc. Put down the number of 
seconds it takes for the capacitor 
voltage to drop from its maximum to 
20 volts. Record your results in the 
space provided in Fig. 32-2. 

Step 4: To show that the capacitor 
charged up to the peak value of the ac. 
Remove the 6X4 tube from your power 

supply chassis, and put it back into 
your vtvm. Recalibrate the instru¬ 
ment if necessary, and set the switches 
to measure the maximum of 120 volts 
ac. Clip the ground lead onto the 
power supply chassis, turn on the 
power supply, and touch the probe to 
either plate of the rectifier. The voltage 
measured here is the ac voltage that 
was rectified. Make a note of this 
value. The peak value of an rms volt¬ 
age is the rms value multiplied by 1.4, 
so multiply the voltage you just meas¬ 
ured by 1.4 and enter this value in Fig. 
32-2. Turn off the power supply. 

Discussion: Compare the voltage 
you just entered in Fig. 32-2 with the 
values you measured in Steps 1 and 
2. You will find that the capacitor 
did charge up to approximately the 
peak ac voltage. You should also 
have found that the voltage was the 
same for both half-wave and full¬ 
wave rectification. The only difference 
is that the full-wave rectifier charges 
the capacitor a little more rapidly. 

Because there is no load resistor at 
the output of the power supply, the 
de voltage across the capacitor is a 
pure de like that obtained from a bat¬ 
tery. However, if the capacitor is 
leaky, that is, if it has sonie internal 
resistance between its plates, it will 
discharge through the internal resis¬ 
tance path. The rectifier, of course, 
recharges the capacitor, but the dis¬ 
charging and recharging of the ca¬ 
pacitor causes the voltage to vary. 
Thus, if the capacitor is leaky, the 
output voltage is not a pure de. 
Although a capacitor can hold a 

charge even when the power supply 
has been turned off, it cannot be used 
like a battery. It discharges very 
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quickly when a load is placed across 
its terminals. However, if the ca¬ 
pacitor is constantly recharged, only 
a small variation occurs in its voltage, 
so it can be used to deliver voltage 
to a load requiring de. The next few 
experiments will show how this is 
done, and the troubles which are 
sometimes encountered because of de¬ 
fects in the capacitors or in other 
parts. 

Instructions for Statement No. 

32: In Step 3 you saw how long it 
took for the .25-mfd capacitor to dis¬ 
charge to a point where there was 
approximately 20 volts across it. 
For this Statement you will see 

how increasing the capacity affects 
the discharge time. To do this, solder 
the .1-mfd capacitor in parallel with 
the .25-mfd capacitor by connecting 
one lead of the .1-mfd capacitor to 
terminal 10, and the other lead to 
ground terminal 7 on the terminal 
strip. Now, remove the 6X4 tube 
from the vtvm and put it back into 
the socket on the experimental chas¬ 
sis. Turn on the power supply, and 
measure the de voltage across both 
capacitors. The value should be the 
same as that for Steps 1 and 2 of the 
experiment. 
Connect the ground clip to the 

chassis, and touch the positive probe 
to the capacitor lead at terminal 10 
or to tube socket pin 7. Turn the 
power supply off, and count as you 
did before to see how long it takes 
the voltage across the capacitors to 
drop to 20 volts. Jot your answer 
down in the page margin near Fig. 
32-2. Answer the Statement below 
and on the Report Sheet. 

Statement No. 32: 1 found that 
when the capacity was increased, the 
time it took for the capacitor voltage 
to drop to 20 volts after the power 
supply was turned off was: 
tthe same as 

longer than 
shorter than 

the discharge time in Step 3. 

EXPERIMENT 33 

Purpose: To show that the out¬ 
put of a full-wave rectifier is higher 
than that of a half-wave rectifier 
with the same value of load re¬ 
sistance; and 

To show that for a given load 
resistance, increasing the shunt ca¬ 
pacity increases the de load volt¬ 
age. 

Introductory DiscussiontWe have 
frequently used the terms “load” and 
“loading.” These terms can be rather 
confusing, so you should get a clear 
understanding of what they mean. 
Load and loading are used inter¬ 
changeably to mean the amount of 
current drawn from a supply, and also 
to mean any device connected across a 
voltage source that draws current from 
it. In an electric circuit, the more you 
have connected across the line, the 
heavier the load, that is, the more cur¬ 
rent that will be drawn. 
Let us consider as an example an 

electric light bulb. When you apply 
power to the bulb to light it, the bulb 
is a load on the power line. If you 
connect a second bulb across the line, 
it also is a load; now the total load 
on the power line is greater than be¬ 
fore; you have two light bulbs. If 
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you plug a toaster into the line, you 
have added still more load. From this 
you can see that the load is made up 
of the devices connected across the 
power line. The devices are connected 
in parallel across the line, so as each 
one is added, the total resistance de¬ 
creases, and the current increases. 

In a radio or TV receiver, the load 
on the power supply consists of the 
tubes connected across the power sup¬ 
ply output. 

The term load is also applied to the 
part or parts connected in the plate 
circuit of the individual tubes in a 

source. If we say the load is increased, 
we mean that the current drawn from 
the voltage source is increased. How¬ 
ever, when we say the load resistance 
is increased, we mean the current is 
decreased. You know that increasing 
the resistance will reduce the current, 
and therefore, the load, or loading is 
actually decreased. 

The ideas of load and loading are 
important. Make sure you understand 
them before you leave this section. 

In the preceding experiment, you 
saw that a charged capacitor could 
act as a voltage source for a short 

FIG. 33-1. Half-wave rectifier circuit for 
Experiment 33. 

receiver. Remember that each tube 
acts like an ac generator. The ac 
output voltage from the tube is de¬ 
veloped across a resistor, a coil, or a 
transformer connected in the plate 
circuit. The part in the plate 
circuit is called the load. Changing 
the value of the part in the plate cir¬ 
cuit changes the load on the tube just 
as changing the number of electric 
bulbs connected across a power line 
changes the load on the power line. 

Some confusion is created because 
the terms are applied either to the 
parts connected across the source or 
to the current drawn from the voltage 

time, even when not being constantly 
recharged by a rectifier. When you 
measured the de voltage with the 
power supply turned on, you found 
that the voltage across the capacitor 
was almost equal to the peak of the 
ac supply voltage. This was possible 
because no load resistor was con¬ 
nected across the capacitor, and the 
input resistance of the vtvm is so 
high that it did not load the power 
supply. 

In this experiment, we will see what 
happens to the voltage when a small 
load resistance is used. You will find 
that the voltage will drop, because 

26 



the rectifier cannot work fast enough, 
even on full-wave rectification, to 
keep the capacitor charged to its peak 
value. However, you will see that the 
voltage will be higher with a full¬ 
wave rectifier than with a half-wave 
rectifier, because it recharges the ca¬ 
pacitor twice as often as the half¬ 
wave rectifier does. 

You will also see that if we can 
store more energy in the capacitor, 
the load voltage will increase. The 
load will not have time to drain the 
capacitor of as much voltage as when 
the capacity was smaller. 

tor that is in parallel with the .25-mfd 
capacitor. 

Before you attach the load resistor, 
make certain the rectifier is still func¬ 
tioning normally. To do this, proceed 
as follows: 
Step 1: To measure the voltage 

across the .25-mfd capacitor. Connect 
your de voltmeter across the .25-mfd 
capacitor, and turn on the power sup¬ 
ply. When we tell you to use your 
de voltmeter, we mean to set your 
vtvm for de measurements. If we say 
use your ac voltmeter, it means to set 
it for ac measurement, and if we say 

FIG. 33-2. Record your readings for 
Experiment 33 here. 

Experimental Procedure: In ad¬ 
dition to the parts mounted on the 
power supply chassis, you will need: 

One 100K-ohm resistor. 
Two 22K-ohm resistors. 

Again we will start the experiment 
with a half-wave vacuum-tube recti¬ 
fier circuit. The circuit we will use 
is shown in Fig. 33-1. Your power 
supply is now wired as a full-wave 
rectifier. Change it to a half-wave 
rectifier by unsoldering the lead going 
to plate terminal 6 of the rectifier 
tube socket. Tape the bare end of the 
lead. Also, remove the .1-mfd capaci-

use your ohmmeter, it means to set 
the vtvm for resistance measurements. 
Measure the voltage, and record it in 
the space provided for Step 1 in Fig. 
33-2. 

Step 2: To measure the load volt¬ 
age with no shunt capacity. Connect 
a 100,000-ohm resistor between termi¬ 
nal 10 and terminal 7 on the terminal 
strip. Disconnect one end of the .25-
mfd capacitor so that it is no longer 
electrically in the circuit. Now meas¬ 
ure the voltage across the 100K-ohm 
resistor, record it in Fig. 33-2, and 
turn off the power supply. 
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Step S: To measure the load volt¬ 
age in a half-wave rectifier circuit 
using a 100,000-ohm load resistor and 
a .25-mfd shunt capacitor. Connect 
the .25-mfd capacitor in parallel with 
the 100K-ohm resistor. Connect your 
voltmeter to measure the voltage 
across the combination, and turn on 
the power supply. Carefully read the 
meter, and record your reading in the 
space provided in Fig. 33-2. Turn off 
the power supply after taking the 
measurement. 
Step 4: To show that more load 

voltage is obtained with full-wave 
rectification than with half-wave rec¬ 
tification with the same value of load 
resistance. With the power supply 
turned off, remove the tape from the 
end of the red transformer lead and 
solder this lead to the unused plate 
pin 6 of the rectifier socket. Then, 
connect your de voltmeter between 
the chassis and the cathode of the 
rectifier. This is pin 7 or any point 
in direct electrical contact with pin 7. 
Turn on the power supply, and record 
the voltage you measure in Fig. 33-2. 
Then, turn the supply off. 

Notice that in both cases loading 
the capacitor with a 100,000-ohm re¬ 
sistor has caused a decrease from the 
no-load value. With the load con¬ 
nected, you should find that you ob¬ 
tained more voltage with full-wave 
rectification than with half-wave 
rectification. 
Step 5: To show that increasing 

the shunt capacity results in greater 
load voltage for a given value of load 
resistance. With the power supply 
turned off, shunt the .25-mfd capaci¬ 
tor and the 100,000-ohm resistor with 
a .1-mfd capacitor. Solder the con¬ 

nection. If you solder the leads of the 
.1-mfd capacitor to those of the .25-
mfd capacitor, you will not disturb 
the present connections at terminals 
7 and 10. 

When the capacitor is securely sol¬ 
dered, connect your voltmeter from 
the chassis to the cathode of the recti¬ 
fier. Turn on the power supply, and 
after the capacitors have been fully 
charged, measure the voltage. Record 
the reading in Fig. 33-2. 

Turn the power supply off, and re¬ 
move the .1-mfd capacitor and the 
100,000-ohm resistor from the circuit. 
Leave the .25-mfd capacitor con¬ 
nected between the cathode of the 
rectifier and the chassis. 

Discussion: Now look over the 
voltages you recorded in Fig. 33-2. 
The voltage value for Step 1 should 
be the highest, followed by Step 5, 
Step 4, Step 3, and finally Step 2. 
The voltage in Step 2 should be the 
smallest. 

These voltages definitely show that 
when the capacitor is loaded, the load 
voltage is considerably less than the 
no-load voltage. It also shows that 
with full-wave rectification, the volt¬ 
age does not decrease as much be¬ 
cause the rectifier is charging the 
capacitor twice as often as when half¬ 
wave rectification is used. Step 5 
showed that increasing the capacity 
increased the load voltage. 

In radio and TV receivers, small¬ 
capacity paper capacitors are not 
used in the B-supply circuit because 
they will not store enough energy. 
Furthermore, because they cannot be 
kept fully charged, there will be a 
considerable variation in the de volt¬ 
age across them. In most cases we 
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STEADY DC VOLTAGE 
ACROSS CAPACITOR 

FIG. 33-3. Voltage waveforms at the out¬ 
put of a half-wave rectifier. A, a capaci¬ 
tor alone is used; B, a resistor alone is 
used; C, the resistor is shunted by the 

capacitor. 

want the de supplied to the receiver 
circuit to be as pure as possible. Thus, 
large value capacitors are used in 
power supply circuits. We will use 
capacitors of this type later in this 
kit. 

The actions you have observed may 
be more easily understood by study¬ 
ing the waveforms of the rectified 
voltage for various load conditions. 
In each sketch in Fig. 33-3, the in¬ 
stantaneous voltage across the load is 
plotted against time. 
When a capacitor alone was con¬ 

nected across the output of the recti¬ 
fier, as in Step 1, the capacitor 

charged up in a short time to a value 
equal to the peak value of the ac 
supply voltage. This is shown in 
sketch A. After the capacitor was 
fully charged, no further current 
flowed through the rectifier because 
the voltage stored in the capacitor is 
always equal to or greater than that 
applied to the rectifier plate. Thus, 
there is no difference in potential be¬ 
tween the plate and the cathode, and 
no current can flow. 

The waveform in sketch B of Fig. 
33-3 illustrates the output voltage 
you measured across the load resistor 
of a half-wave rectifier in Step 2. 
Notice that it is similar to that illus¬ 
trated and discussed in an earlier 
experiment. Remember that we said 
that the de voltage indicated by the 
meter is the average, or one-third of 
the peak value of the pulses. 

If a capacitor is placed across the 
load resistor, as in Step 3, conditions 
change radically. This is shown in 
sketch C of Fig. 33-3. The shaded 
areas T, U, and V represent the out¬ 
put of a half-wave rectifier. On each 
of these pulses, the capacitor charges 
to a voltage equal to the peak value 
of the pulses. Between the pulses, 
when the capacitor is not receiving 
energy from the rectifier tube, it dis¬ 
charges through the load resistance. 

The amount the capacitor can dis¬ 
charge before it is recharged by an¬ 
other pulse from the tube, depends on 
its capacity and the resistance of the 
load. If the load resistance is small, 
causing more current to be drawn 
from the capacitor, the voltage across 
the capacitor drops lower before re¬ 
charging takes place. On the other 
hand, if the capacity is higher, the 



voltage does not decrease as much, 
and there is not as much variation in 
the voltage across the capacitor. 

Instructions for Statement No. 

33: In this experiment we have indi¬ 
cated that the value of the load re¬ 
sistance will affect the de output 
voltage. For the Statement, you will 
install a 44,000-ohm load resistance 
across a half-wave rectifier circuit, 
and see what the effect will be. 
Remove the red transformer lead 

from pin 6, and tape the end. Now 
you should have the half-wave recti¬ 
fier circuit with only the .25-mfd 
capacitor connected from the cathode 
of the rectifier to the chassis. 

Connect the two 22,000-ohm resis¬ 

tors in series, and connect one end 
of this combination to the cathode of 
the rectifier, and the other end to the 
chassis. Any grounded lug will be 
satisfactory. Connect your de volt¬ 
meter from the cathode to the chassis, 
and turn on the power supply. Note 
the reading and jot it down beside the 
reading for Step 3 in Fig. 33-2. 
Answer the Statement below and on 
the Report Sheet. 

Statement No. 33: When I de¬ 
creased the load resistance from 100,-
000 ohms to 44,000 ohms, I found that 
the load voltage was: 

less than half that for Step 3. 
(2) half that for Step 3. 
(3) more than half that for Step 3. 

Testing and Using Electrolytic 
Capacitors 

You have studied electrolytic ca¬ 
pacitors in your regular lessons and 
may remember a great deal about 
them. Let us review them now. 

As you will recall, electrolytic ca¬ 
pacitors have polarity. This means 
that the capacitor must be used only 
on de. If ac is present, the de must 
be greater at all times than the ac. 
The capacitor must be wired into the 
circuit so that its positive lead con¬ 
nects to the positive side of the cir¬ 
cuit and its negative lead to the nega¬ 
tive side of the circuit. If this polar¬ 
ity is not observed, the dielectric of 
the capacitor will break down, and it 
may become shorted. 
When electrolytic capacitors are 

made, a voltage of the correct polar¬ 

ity and equal to the capacitor working 
voltage is applied across the capacitor 
terminals to polarize the dielectric 
film. If a capacitor lies on a dealer’s 
shelf for several months, it may de¬ 
teriorate slightly; but when it is in¬ 
stalled in the receiver, the voltage 
from the set applied to it soon brings 
the dielectric film back to normal. 

Servicemen usually check electro¬ 
lytics for leakage with their ohm¬ 
meters before installing them. Test 
your dual electrolytic capacitor now. 
This is the large capacitor mounted 
in hole K. Turn on your vtvm, set 
the Function switch to the Ohms posi¬ 
tion, and the Range switch to the 
R X 10K position. Since your ohm¬ 
meter uses a battery, its leads have a 
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small voltage across them. This volt¬ 
age should be applied to an electro¬ 
lytic with the correct polarity. 
The ground clip is the negative 

lead of your ohmmeter, and it should 
be connected to the negative terminal 
of the capacitor. The black lead is 
the negative terminal of one section 
of your capacitor, and the blue lead 
is the negative terminal of the other 
section. Connect the ground clip of 
the vtvm to the blue capacitor lead. 
Touch the positive probe to the green 
capacitor lead. It is the positive lead 
of that capacitor section. When you 
first make connection, the meter 

When you are certain that this sec¬ 
tion of the capacitor is good, connect 
the ground clip to the bare end of the 
black lead, and touch the positive 
probe to the bare end of the red lead. 
The action should be the same as for 
the first section. 

This leakage test does not indicate 
deterioration of the dielectric film, 
which may occur if the capacitor is out 
of use for any length of time. However, 
even if it has deteriorated, the dielec¬ 
tric of a capacitor soon reforms when 
operating voltage is applied to the 
capacitor sections. It would be a good 
idea to reform the dielectric of your 

FIG. 9. Circuit to use to reform the 
dielectric of the electrolytic capacitor. 

pointer will swing all the way over 
to the left, indicating zero ohms. Then 
it will climb slowly to the right as the 
capacitor charges. 

If the electrolytic capacitor has a 
measured resistance of greater than 
100,000 ohms, it can be considered to 
be in good condition as far as leakage 
is concerned. A leakage resistance of 
less than 100,000 ohms indicates that 
the capacitor is in doubtful condition, 
and it would be best to replace it. Be 
sure you hold the positive probe in 
contact with the bare end of the green 
lead for several minutes when you 
make this test. Your ohmmeter will 
probably indicate well over 200,000 
ohms. 

capacitor now, following the instruc¬ 
tions below. 
Because we are going to make ac 

measurements in the next experiment, 
we will need the 6X4 in the vtvm. 
Return it to your vtvm now. Discon¬ 
nect the .25-mfd capacitor and the 
two 22K-ohm resistors that were in 
the circuit in the last experiment, and 
remove the red lead of the power 
transformer from the plate pin 1 of 
the rectifier. 
You are to use the circuit shown 

in Fig. 9. Connect the red transformer 
lead to terminal 16, and connect a 
27-ohm resistor between terminal 16 
on the 1-lug strip and terminal 18 on 
one of the selenium rectifiers. This re-
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FIG. 10. Chassis layout for the circuit shown schematically in Fig. 9. 

sistor will stay in the circuit; so place 
it between terminals 16 and 18, cut the 
leads to the correct length, and solder 
the connections. Remember—cut leads 
only when told to do so. Connect a wire 
between terminals 19 and 21 of the two 
seleniums. You will not use the second 
selenium rectifier now, but you will 
need this wire later. 

Now, connect the black and blue 
leads of your dual electrolytic capaci¬ 
tor to solder lug 15, and solder them 
in place. Solder the red and green 
leads of the capacitor to terminal 
19 of the selenium rectifier in hole M. 
Your chassis should now look like 
Fig. 10. 
Set your voltmeter to measure 
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positive de voltages ou the 120-volt 
range, clip the ground lead of the 
vtvm to the power supply chassis, and 
clip the positive probe to selenium 
rectifier terminal 19. Turn on the 
power supply. Note that the voltage 
measured is rather low, but that it 
slowly increases. 
Leave the power supply and the 

vtvm connected together and turned 
on while you carefully study the ma¬ 
terial in Experiment 34. When you 
have completed this pre-study of the 
experiment, your capacitor should 
have formed sufficiently so that it 
will not change while you are per¬ 
forming the experiments. After you 
have read through Experiment 34, 
turn off the power supply. Discharge 
the capacitors by touching a screw¬ 
driver blade between terminal 19 and 
the chassis. Disconnect the green and 
red leads of the electrolytic from se¬ 
lenium rectifier terminal 19, but leave 
the black and blue leads connected to 
the solder lug. Also leave the red 
transformer lead on terminal 16 of 
the 1-lug strip. You will then be ready 
to start the experiment. 

EXPERIMENT 34 

Purpose: To show that there is 
a ripple voltage across the capaci¬ 
tor shunting the load at the recti¬ 
fier output; and, to show that this 
ripple can be filtered out with a 
choke and a capacitor, leaving al¬ 
most pure de. 

Introductory Discussion: So far 
we have considered only the pure de 
across the load. However, if you con¬ 
nect an ac voltmeter across the load, 
you will find that there is also an ac 
voltage. This voltage is the ac com¬ 

ponent of the pulsating de output of 
the rectifier. That is, it is not an ac 
voltage in the sense that its polarity 
is alternately positive and negative 
with respect to the zero reference 
level, but it is a rise and fall in the 
de voltage value. For all practical 
purposes, however, it acts like any 
other ac voltage. 

A capacitor connected across the 
load will have a definite effect on the 
ac component, which is called the 
“ripple voltage.” In this experiment 
you will measure the ripple voltage 
and see how it can be reduced to a 
very small value so it will not affect 
the operation of the load. 
Since we are going to make ac 

measurements, we will need the 6X4 
tube in the voltmeter. We will use a 
selenium rectifier for our experimental 
circuit. The circuit you will use first 
is shown in Fig. 34-1A 

Experimental Procedure: In ad¬ 
dition to your vtvm and the parts 
mounted on your power supply, you 
will need the following parts: 

One .25-nif<l paper capacitor. 
Two 22K-ohm resistors. 

Heat your soldering iron, and care¬ 
fully examine its tip. Clean and retin 
it if necessary. Plug in your vtvm, 
allow it to warm up and check the 
calibration. 

To wire the circuit in Fig. 34-1A, 
first run a lead from selenium recti¬ 
fier terminal 19 to lug 10 on the termi¬ 
nal strip. Do not solder yet. 

Connect the two 22K-ohm resistors 
in series. Then, connect one lead of 
the 44K-ohm combination to terminal 
10 and the other lead of the series 
group to terminal 13. Do not solder 
either connection until you have in-
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FIG. 34-1. Circuits for Experiment 34. 

stalled the ,25-mfd capacitor between 
terminals 10 and 13. After making 
this final connection, solder terminals 
10 and 13, and you are ready to take 
measurements. 
Step 1: To measure the ac ripple 

voltage and the de voltage across the 
load resistor shunted by the .25-mjd 
capacitor. Set the Function switch 
of your vtvm to AC, and the Range 
switch to the 120-volt position. Clip 
the ground lead of the vtvm to the 
power supply chassis. Turn on the 
power supply, and touch the positive 
probe to terminal 10 of the terminal 
strip. If your reading is less than 
30 volts, set the Range switch to 
the 30-volt range. Observe the read¬ 
ing carefully, and record it in Fig. 
34-2. 

Now set your vtvm to measure the 
de voltage across the load resistor, 
make this measurement, and record 
your value in Fig. 34-2. Turn off the 
power supply. 

You will probably notice that the 
de voltage is less with the selenium 

rectifier than it was with a vacuum 
tube rectifier. This is normal. 
Step 2: To measure the ac ripple 

voltage and the de voltage across the 
load shunted by an electrolytic ca¬ 
pacitor. The change to make in the 
circuit is shown in Fig. 34-1B. It is 
only necessary to connect the green 
lead of the 20-mfd electrolytic capaci¬ 
tor to terminal 10. The blue lead of 
the electrolytic capacitor, which is 
the negative lead, should be connected 
to solder lug 15 on the chassis. 
You are now ready to make your 

voltage measurements. Turn the pow¬ 
er supply on, and measure the ac 
ripple voltage across the load resistor. 
Record your reading in Fig. 34-2. No¬ 
tice that the ac ripple voltage is ex¬ 
tremely small compared to that ob¬ 
tained in Step 1, showing that the use 
of a larger capacitor at this point re¬ 
duces the ripple. 
When you are measuring ac volt¬ 

ages on the 3V range, you may notice 
that the meter pointer moves upscale, 
even when the probe is disconnected 
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from the circuit. This is normal. It is 
due to stray voltage pickup. If the 
meter reads zero when the ground clip 
is shorted to the positive probe, the 
meter will read accurately when it is 
connected into a circuit. 
Now set your vtvm to measure the 

de voltage across the load, make this 
measurement, and record your result 
in Fig. 34-2. Turn off the power sup¬ 
ply. Notice again the change between 
the readings in Step 1 and Step 2. 
Obviously, the large capacitor in the 
circuit caused the increase in the de 
voltage. 
Step S: To show how the ripple 

voltage at the output of the rectifier 
can be reduced by a filter so that 
almost pure de is applied to the load 
resistor. The changes to be made are 
shown in Fig. 34-1C. Disconnect the 
load resistor from terminal 10, and 
connect it to terminal 11 on the termi¬ 
nal strip. Connect the red lead of the 
electrolytic capacitor to terminal 11 
and, also one of the leads of the 
choke. These are the leads that are 
coming through hole L. Solder this 
connection. Use either lead, as the 
choke has no polarity. Solder the 
other choke lead to lug 10 on the 
terminal strip. The green lead of the 
electrolytic should already be sol¬ 
dered to this terminal. You are now 
ready to make your measurements. 

Set up your voltmeter for ac meas¬ 
urements, and measure the ac ripple 
voltage across the load resistor, at 
terminal 11. If you cannot measure 
any ripple voltage, simply make a 
dash in the space provided. Now re¬ 
set your vtvm, and measure the de 
voltage across the load resistor, re¬ 
cording your results in Fig. 34-2. Turn 

off the power supply switch. 
Discussion: Now, look over the 

readings you have recorded. Note that 
the de voltage in Step 3 is not a 
great deal more than in Step 2. How¬ 
ever, the ac ripple voltage is far less 
than the ac voltage in Step 1 or Step 
2. Let us see why this is so. 

As you have learned, the voltage 
in a circuit divides between the loads 
in accordance with the resistance of 
the devices making up the loads. 
Also, we have two voltages in this 
circuit as you proved when you meas¬ 
ured the ac ripple voltage from the 
positive terminal of the selenium 
rectifier to the chassis, and when you 
measured the de voltage between 
these points. 

The load in this circuit consists of 
the choke and the parallel combina¬ 
tion of RI and C3. For de, the choke 
has little resistance, so most of the 
voltage is dropped across the parallel 
combination of RI and C3. In a 
capacitor, the only path for de is 
through the leakage resistance. Since 
the leakage resistance of C3 is high, 
we can consider the resistance of the 

FIG. 34-2. Record your readings for 
Experiment 34 here. 

STEP CIRCUIT 

VOLTAGE 
MEASURED 

AC DC 

1 44K LOAD SHUNTED 
BY .25 MFD 

2 44K LOAD AND .25MFD 
SHUNTED BY 20MFD .ol/ ri' 

3 CHOKE AND 20-20 
MFD FILTER 

.. 

combination to be practically the 
same as the resistance of RI. 

On the other hand, the choke offers 
a very high impedance to the ac volt-
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age in the circuit, while capacitor C3 
offers an extremely low impedance. 
This means that most of the ac will 
be dropped across the choke, and very 
little of it will appear across the 
parallel combination of the capacitor 
and the resistor. Therefore, the volt¬ 
age across the load is almost pure de. 

In Step 3, we used a choke and ca¬ 
pacitor combination to filter the 
power supply voltage. In a circuit 
such as this, the capacitor section 
that is connected to the cathode of 
the rectifier is called the input filter 
capacitor, and the second section, 
connected across the load, is called 
the output filter capacitor. 

switch to the 120-volt position. Meas¬ 
ure the ac ripple voltage at selenium 
rectifier terminal 19. If necessary, 
you can reduce the setting of the 
Range switch to a lower range. Now 
measure the output ripple voltage 
across the load by touching the posi¬ 
tive probe of the vtvm to terminal 11 
on the terminal strip. Reduce the 
setting of the Range selector switch 
as necessary to get a reading. Now, 
divide the output ripple voltage into 
the input ripple voltage. The number 
you get as the answer is the ripple 
reduction factor. Turn off the power 
supply, and answer the Statement be¬ 
low and on the Report Sheet. 

FIG. 34-3. Circuit to use in completing 
Statement No. 34. 

Instructions for Statement No. 

34: For this Statement, we are going 
to determine the ripple reduction fac¬ 
tor of the filter. To do this, we divide 
the amount of ripple voltage across 
the input filter capacitor by the 
amount of ripple voltage across the 
output filter capacitor. For example, 
if you had 3 volts at the input and 
.1 volt at the output, you would 
divide 3 by .1, and obtain a ripple 
reduction factor of 30. 

The circuit we will use is shown in 
Fig. 34-3. The ,25-mfd capacitor is 
used as the input filter capacitor, so 
disconnect the green lead of the elec¬ 
trolytic from terminal 10. 
Set up your vtvm for ac voltage 

measurements, and turn the Range 

Statement No. 34: The ripple re¬ 
duction factor I figured, was: 

(1) approximately 10. 
(2) more than 100. 
(Í3)' between SO and 80. 

EXPERIMENT 35 

Purpose: To show that the 120-
cycle ripple produced by full-wave 
rectification can he more efficiently 
filtered out than the 60-cycle ripple 
produced by half-wave rectifica¬ 
tion. 

Introductory Discussion: As you 
have demonstrated, there is a ripple 
voltage across the input filter capaci¬ 
tor in a power supply. The input 
filter capacitor will discharge through 
any load placed across the output of 
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FIG. 35-1. Half-wave rectifier circuit for Experiment 35. 

the power supply. When the rectifier 
is conducting, it supplies current di¬ 
rectly to the load, and at the same 
time recharges the input capacitor. In 
a half-wave rectifier, recharging oc¬ 
curs sixty times a second, if the 
power-line frequency is 60 cycles. In 
a full-wave rectifier, one rectifier con¬ 
ducts on the negative pulses, and the 
other conducts on the positive pulses. 
Thus, with full-wave rectification, 
the input capacitor is charged twice 
as often as with a half-wave rectifier. 
The ac ripple voltage has a frequency 
of 120 cycles instead of 60 cycles per 
second. 

In this experiment, you will demon¬ 
strate that the same filter parts are 
more effective in eliminating the rip¬ 
ple from a full-wave rectifier output 
than from a half-wave rectifier out¬ 
put. In order to be able to measure 
the ac ripple voltage at the output 
of the filter, we must use a smaller 
capacity than 20 mfd. To do this, we 
will use the two sections of the elec¬ 
trolytic in series. The circuit you 
will use for half-wave rectification is 
shown in Fig. 35-1. 

Experimental Procedure: For the 
experiment, you will need your vtvm, 
the power supply chassis, and: 

One ,1-mM capacitor. 
One .25-mfd capacitor. 

First we will wire the two 20-mfd 

electrolytic capacitors in series. The 
blue lead, which is the negative lead 
of one section, is already connected 
to the chassis at solder lug 15. The 
red lead, which is the positive lead of 
the other section, is already connected 
to terminal 11. Therefore, all you 
have to do is unsolder the black lead 
from terminal 15, and connect it to 
the green lead. Solder the connection, 
and tape it to prevent shorts. Push 
the leads out of the way where they 
will not interfere with the rest of the 
circuit. 

The two capacitors are now in 
series and have a combined capacity 
of approximately 10 mfd. The 44K-
ohm load resistance and the .25-mfd 
capacitor are already in place. You 
are now ready to start the experiment. 
Step 1: To measure the ac ripple 

voltage from a half-wave rectifier at 
the input of the filter. Set your 
vacuum tube voltmeter up for ac 
measurements with the Range switch 
in the 120-volt position. Connect the 
ground clip of the vtvm to the chassis 
of the power supply, and turn on the 
power supply. Touch the positive probe 
to terminal 10. If necessary, turn the 
Range switch to a lower range to get a 
usable reading. Record the reading in 
Fig. 35-2. 
Step 2: To measure the ac ripple 

voltage at the output of the filter. 
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FIG. 35-2. Record your readings for 
Experiment 35 here. 

CIRCUIT 

VOLTAGE MEASURED 

AC 
INPUT 

AC 
OUTPUT 

DC 
OUTPUT 

HALF-WAVE 
RECTIFIER U y / / 47 / 
FULL-WAVE 
RECTIFIER .07 / 

Place the positive probe on terminal 
11. Reduce the setting of the Range 
switch on the vtvm until you can get a 
definite reading. Record your reading 
in Fig. 35-2. 
Step S: To measure the de output 

voltage for a half-wave rectifier. 
Change the Function switch of your 
vtvm to +DC, and set the Range 
switch to the 120-volt position. 
With the ground clip still connected 
to the chassis of the power supply, 
touch the positive probe to terminal 
11 of the terminal strip. Turn off the 
power supply, and record the de out¬ 
put voltage in Fig. 35-2. 

Step 4: To measure the ac ripple 
voltage from a full-wave rectifier at 
the input of the filter. Change your 
circuit for full-wave rectification. 
Remove the tape from the unused 
red lead of the high-voltage secondary 
winding of the power transformer. 
Carefully solder this lead to termi¬ 
nal 17 of the 1-lug strip. You now 
have a full-wave rectifier. 

Since the object of this experiment 
is to compare the effect of a filter 
on a 120-cycle ripple with the effect 
of this same filter on a 60-cycle ripple, 
we will have to change the circuit so 
that the 120-cycle ripple voltage will 
be approximately the same amplitude 
as the 60-cycle ripple voltage we have 
measured. To do this, we will change 
the input filter capacitor from .25 
mfd to .1 mfd. Remove the .25-mfd 
input filter capacitor, and in its place 
install the ,1-mfd capacitor. You now 
have the circuit shown in Fig. 35-3. 
Again turn on the power supply, 

and measure the ac input filter volt¬ 
age between the chassis of the power 
supply and terminal 10. It should be 
approximately the same as the volt¬ 
age you measured in Step 1. Record 
it in Fig. 35-2. 

Step 5: To measure the output rip¬ 
ple voltage for a full-wave rectifier. 
Turn the Range switch to a lower 
range, and measure the ac output 
voltage between the power supply 
chassis and lug 11 on the terminal 
strip. Record the reading in Fig. 35-2. 
If the voltage is so low that it cannot 
be measured, just place a dash in the 
space provided. 
Step 6: To measure the de output 

voltage for a full-wave rectifier. Set 
the Function switch of the vtvm to 
measure positive de voltage, and place 

HG. 35-3. Full-wave rectifier circuit for Experiment 35. 
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the Range switch in the 120-volt posi¬ 
tion. Measure the voltage between the 
power supply chassis and terminal 
11. Record the reading in Fig. 35-2, 
and turn the power supply off. 

Discussion: The ripple voltage at 
the output of a half-wave rectifier is 
60 cycles, and of a full-wave rectifier 
is 120 cycles. As you learned in the 
last experiment a filter circuit acts 
as a voltage divider. For ac, the 
choke has a high reactance and the 
capacitor a low reactance; almost all 
of the ripple voltage is dropped 
across the choke, and very little is 
dropped across the capacitor and the 
load it shunts. 

Doubling the ac ripple frequency 
by going from half-wave to full-wave 
rectification, doubles the choke re¬ 
actance and halves the capacitor re¬ 
actance. Even more of the ripple 
voltage is dropped across the choke 
and less across the capacitor and load 
resistor. Thus, an ordinary choke¬ 
capacitor filter is more efficient for 
full-wave rectification than for half¬ 
wave rectification. This means that 
smaller and less expensive filter parts 
can be used with a full-wave rectifier 
to achieve the same degree of filtering 
that more expensive parts give in a 
half-wave rectifier. 

Instructions for Statement No. 
35: The ac ripple voltage division in 
the filter circuit depends entirely 
upon the impedances of the various 
components in the circuit. If we in¬ 
crease the impedance in one part of 
the filter circuit, there will be less 
voltage dropped across another part. 
On the other hand, if we reduce the 
impedance of one part, the voltage 
drop across the other parts in the 

circuit will increase. r

For this Statement, we will connect 
a ,5-mfd capacitor across the choke 
coil, and see what happens to the 
voltage across the load. To show this, 
we will return to the half-wave recti¬ 
fier circuit shown in Fig. 35-1, but we 
will use the ,1-mfd capacitor as the 
input filter. This capacitor is already 
in the circuit, so it is only necessary 
to disconnect the red transformer lead 
from terminal 17 of the 1-lug strip. 
Tape up the end of the lead to insu¬ 
late it. 
After you have made this change, 

measure the ac ripple voltage from 
terminal strip lug 11 to the chassis. 
Now turn the power supply off, and 
solder two .25-mfd capacitors in par¬ 
allel between lugs 10 and 11 of the 
terminal strip. Turn on the power 
supply, and again measure the ac rip¬ 
ple voltage from terminal 11 to the 
chassis. Answer the Statement here 
and on the Report Sheet. Be sure you 
turn the supply off when you have 
completed the Statement. 

Statement No. 35: When I con¬ 
nected the capacitors across the filter 
choke, I found that the ripple voltage 
at the output of the filter: 

(1) increased, 
decreased. 

(3) remained the same. 

EXPERIMENT 36 

Purpose: To show that a re¬ 
sistor can be used in a filter net¬ 
work in place of a filter choke. 

Introductory Discussion: In this 
experiment you will see that a filter 
resistor can be used in place of the 
choke to give equal filtering action, 
but that the resultant de output volt-
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FIG. 36-2. Half-wave rectifier circuit with the full voltage of the high-voltage 
secondary winding of the transformer applied to it. 

age will be less than when a choke 
is used. 

To see why this is so, let us look 
at the circuit shown in Fig. 36-1. 
Notice that at the power-line fre¬ 
quency of 60 cycles per second, the 
reactance of the 20-mfd filter capaci¬ 
tor is only 100 ohms, but the re¬ 
actance of the choke is approximately 
3000 ohms.* This means that when an 
ac ripple voltage is applied across the 
filter network, there will be approxi¬ 
mately thirty times as much ripple 
voltage across the choke as across the 
capacitor. 

If we replace the choke with a re¬ 
sistor having a value of 3000 ohms, 

3OOO - OHM 
/'reactance at 

-  60 CYCLES 

-HRRH-

I00-0HM 
REACTANCE 
AT 60 CYCLES 

FIG. 36-1. In this filter, at 60 cycles, the 
reactance of the coil is 3000 ohms, and 
the reactance of the capacitor is only 

100 ohms. 

•You may remember that in Kit 3W we 
found that the inductance of the choke was 
about 11 henrys. This value was measured 
with only ac flowing through the coil. When 
de as well as ac is flowing through the coil, 
the de has the effect of lowering the in¬ 
ductance of the coil. In this circuit its in¬ 
ductance is about 8 henrys and its re¬ 
actance is about 3000 ohms. 

the division of the ripple voltage be¬ 
tween the resistor and the capacitor 
will be the same as for the choke and 
the capacitor. Therefore, we will get 
just as good filtering. However, the 
de resistance of the choke is only 400 
ohms. This means that when the de 
voltage divides between the choke 
and the load resistance, only a very 
small de voltage drop appears across 
the choke as compared to the de volt¬ 
age across the load resistor. If we 
install a 3000-ohm resistor in place 
of the choke, then considerably more 
de voltage will be dropped across it 
than was dropped across the choke. 
The resistor offers the same opposi¬ 
tion to ac as it does to de. 
In many circuits, the lower de 

voltage from the supply does not mat¬ 
ter. It is possible to eliminate the 
costly filter choke and to substitute 
an inexpensive resistor in its place. 
For this experiment we must have 

a higher voltage than we have used 
previously. We can readily achieve 
this by connecting the supply as a 
half-wave rectifier, and using the full 
voltage of the high-voltage secondary 
winding. The first circuit you are 
to use is shown in Fig. 36-2. 

Experimental Procedure: In con¬ 
ducting this experiment, you will of 
course use the power supply chassis 
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STEP 
FILTER 
USED 

VOLTAGE 
MEASURED 

READING 

1 CHOKE 
DC OUTPUT 

AC OUTPUT 

2 
500 - OHM 
RESISTOR 

DC OUTPUT 

AC OUTPUT ï -
3 

3000- OHM 
RESISTOR 

DC OUTPUT 

AC OUTPUT 

FIG. 36-3. Record your readings for 
Experiment 36 here. 

and your vtvm. You will also need: 
Two 1000-ohin resistors. 
One 3K-ohm resistor. 
To prepare for the experiment, re¬ 

move the two .25-mfd capacitors 
which shunted the filter choke, and 
the two 22K-ohm resistors. Also dis¬ 
connect the .1-mfd capacitor from 
terminals 10 and 13 of the terminal 
strip. Unsolder the red-yellow center¬ 
tap lead of the high-voltage second¬ 
ary winding from terminal 7. Tape 
the end of the wire to insulate it. 
Remove the tape from the unused 

red lead, and solder the bare end of 
this lead is lug 7. 

Remove the tape covering the joint 
of the black and green leads of the 
filter capacitor. Unsolder this con¬ 
nection, and solder the black lead to 
lug 15 on the power supply chassis. 
Solder the green lead to lug 10 on 
the terminal strip. The green lead is 
now the positive terminal of the input 
filter capacitor. 

Connect the two 22K-ohm resistors 
in parallel, and place the HK-ohm 
combination between terminal lugs 11 
and 13. You now have the half-wave 
rectifier circuit shown in Fig. 36-2, 
and are ready to proceed. 
Step 1: To measure the de and ac 

output voltages when a filter choke 
is used. First, measure the de volt¬ 

age across the HK-ohm load resistor. 
Record your value in the space pro¬ 
vided in Fig. 36-3. Now measure the 
ac ripple voltage across the HK-ohm 
load resistor. If you measure no 
voltage, put a dash in the space. Now, 
'urn off the supply. 
Step 2: To show that substituting 

a resistor having the same ohmic 
value as the de resistance of the choke 
will result in the same de output volt¬ 
age but increased ripple. To make this 
change, disconnect the choke coil lead 
from lug 10 on the terminal strip. The 
filter choke is now out of the circuit. 
The choke coil lead connected to ter¬ 
minal 11 will not affect the circuit 
operation. Just make sure the free 
lead that was connected to terminal 
10 docs not short to the chassis. 

Connect the two 1000-ohm resistors 
in parallel between terminal 11 on the 
terminal strip and terminal 10. This 
gives a resistance of 500 ohms. This 
is slightly higher than the de resis¬ 
tance value of the choke. However, 
it is close enough for our purpose in 
this experiment. The circuit is now 
wired as shown in Fig. 36-4. 

Now measure the de voltage across 
the HK-ohm load resistor (the two 
22K-ohm resistors in parallel), and 
record your reading in the space pro¬ 
vided in Fig. 36-3. Also measure any 
ac ripple voltage across the HK-ohm 

IOOO 

FIG. 36-4. Substituting a 500-ohm re¬ 
sistance for the filter choke. 
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resistor, and record this in the space 
provided in Fig. 36-3. 
Step S: To show that a resistor 

having approximately the same value 
as the choke reactance will filter the 
ripple satisfactorily, but the de out¬ 
put voltage will be reduced. To make 
this change, remove the two 1000-ohm 
resistors, and in their place solder the 
3000-ohm resistor to terminal 10 and 
terminal 11. Be sure the power sup¬ 
ply is turned off when you change 
the circuit. You now have the circuit 
shown in Fig. 36-5. 

Measure and record in Fig. 36-3, 
the de voltage across the llK-ohm 
load resistor. Also measure the ac 

A resistor cannot be used in place 
of a filter choke in some receivers, 
because the lower voltage at the out¬ 
put of the supply would be insufficient 
to operate the various stages. One 
way we can get around this is to 
divide the load. The part of the load 
where hum can be tolerated, such as 
the plate circuit of a pentode output 
tube, is put ahead of the filter resis¬ 
tor, and the part where pure de is 
needed is put after the filter resistor. 
This arrangement is often used in ac-
dc receivers. Reducing the de through 
the filter resistor causes a decrease in 
the voltage drop across it. Thus, there 
is a higher voltage at the output to 

FIG. 36-5. Substituting a 3000-ohm re¬ 
sistance for the filter ehoke. 

ripple voltage and record its value, 
if you obtain a definite reading. If 
the reading is too small to be read 
with any accuracy, make a dash in 
the space provided for the reading. 
Turn off the supply. 

Discussion: Now let us look over 
the readings you have made. You 
should have found that the de output 
voltages in Step 1 and Step 2 were 
practically identical, but that there 
was a perceptible ripple voltage in 
Step 2. 

In Step 1 and Stop 3 you probably 
were not able to measure any ripple 
voltage, but in Step 3, the de output 
should have been lower than in Steps 
1 and 2. 

operate the other stages in the re¬ 
ceiver. 

Instructions for Statement No. 
36: For this Statement, you will 
demonstrate what happens when the 
load is split. 

The power supply is now wired as 
shown in Fig. 36-5 with a load con¬ 
sisting of two 22K-ohm resistors in 
parallel. Disconnect one of the 22K-
ohm resistors from terminal 11, and 
solder the free lead of this resistor 
to lug 10. The load still consists of 
the two 22K-ohm resistors. However, 
one is supplied ahead of the filter 
where there is some ac ripple, and the 
other is supplied at the output of the 
filter. 
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Set up your vtvm for ac measure¬ 
ments and measure the ripple voltage 
across the 22K-ohm load resistor con¬ 
nected from lug 11 of the terminal 
strip to the chassis. Then measure 
the de voltage across this resistor. 
CAUTION: Do not leave your 

power supply turned on any longer 
than necessary to measure the volt¬ 
age, because the 22K-ohm resistor 
connected across the input filter ca¬ 
pacitor will get quite warm. Compare 
your ac and de measurements to those 
you measured in Step 3. You are now 
ready to answer the Statement here 
and on the Report Sheet. 

Statement No. 36: When I split 
the load, by connecting part of it 
ahead of the filter resistor and part 
at the output of the filter resistor, I 
found that the de voltage at the out¬ 
put compared to the voltage in Step 
3: 

(1) increased, 
(27) decreased, 
(3) remained the same, 

and the ac ripple voltage: 
(1) increased, 
(2) decreased, 
(37) remained the same. 

EXPERIMENT 37 

Purpose: To show that the filter 
choke or filter resistor can be 
placed in either the positive or the 
negative side of the circuit, and the 
filtering action will be the same. 

Introductory Discussion; In a fil¬ 
ter circuit, the ac ripple voltage di¬ 
vides between the filter resistor or 
filter choke and the load. In this ex¬ 
periment, you are going to demon¬ 
strate that this voltage division oc¬ 
curs whether the voltage-dropping 

leg (the choke or resistor) of the filter 
is in the positive or in the negative 
side of the filter circuit. 

First you will put the choke in the 
positive side, and measure the ac rip¬ 
ple across the choke and across the 
load. Then, you will put the choke 
in the other side of the circuit, and 
repeat the measurement. 

In all of the power supplies you 
have constructed in this kit, one side 
of the high-voltage winding on the 
power transformer and the negative 
leads of both filter capacitors were 
connected directly to the chassis. To 
put the voltage-dropping leg of the 
filter in the negative side of the cir-

FIG. 37-1. Half-wave rectifier with filter 
in positive side of circuit. 

cuit, we must unground the negative 
lead of the input capacitor and the 
high-voltage secondary lead, and con¬ 
nect them to the ungrounded side of 
the filter choke or resistor. The other 
side of the resistor or choke is con¬ 
nected to the chassis. The first circuit 
you will use is similar to the ones 
you have used in the previous experi¬ 
ments, with the filter in the positive 
side of the circuit. It is shown in 
Fig. 37-1. 

Experimental Procedure: In this 
experiment, in addition to your vtvm 
and the parts mounted on the power 
supply chassis, you will need: 

One 1-megohm resistor. 
One ,25-mfd capacitor. 
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First disconnect the 22K-ohm re¬ 
sistor from terminal 10 of the termi¬ 
nal strip, and the 3000-ohm resistor 
from between terminals 10 and 11. 
Solder the free lead of the 22K-ohm 
resistor to lug 11, so that the two 
22K-ohm resistors are again in par¬ 
allel. Finally, connect the free lead 
of the choke coil back to terminal 10. 
The circuit is now wired as shown in 
Fig. 37-1, and you are ready to take 
measurements to show the ac ripple 
voltage division in the circuit. 

STEP CIRCUIT 

AC VOLTAGE 
ACROSS 
FILTER 
CHOKE 

AC VOLTAGE 
ACROSS 
LOAD 

1 
FILTER 
CHOKE 

IN + SIDE 2 
2 

FILTER 
CHOKE 
IN - SIDE 

———w 

3 
FILTER 

RESISTOR 
IN-SIDE 

— --

FIG. 37-2. Record your readings for 
Experiment 37 here. 

Step 1: To measure the ac voltage 
drop across the filter choke. Set up 
your vtvm for ac voltage measure¬ 
ments, clip the ground lead to the 
power supply chassis, turn on the 
power supply, and measure the ac 
ripple voltage across the input filter 
capacitor. Make a note of the voltage 
in the margin of the page. 

Now turn off the power supply, con¬ 
nect the ground clip of the vtvm to 
terminal 11, turn on the power supply, 
and touch the hot probe to terminal 
19 of the selenium rectifier. You are 
now measuring the ac ripple voltage 
across the filter choke. Record it in 
Fig. 37-2. You will see that it is 
essentially the same as the ripple 
voltage across the input filter capaci¬ 

tor, proving that the ripple voltage 
is dropped across the filter choke, and 
that practically none appears across 
the load resistor. 

Check this by measuring the ac rip¬ 
ple voltage across the load resistor 
(between the power supply chassis 
and lug 11 on the terminal strip). 
Turn off the supply before you change 
the meter connections. Record the 
value in Fig. 37-2. You may not get 
a readable voltage when you take this 
measurement. If the voltage value is 
too small, make a dash in the space 
provided in Fig. 37-2. 
Step 2: To measure the ac voltage 

with the filter in the negative side of 
the circuit. Rewire the circuit as 
shown in Fig. 37-3. To make the 
change, proceed as follows: Unsolder 
the red lead connected to terminal 7. 
Then, disconnect the choke leads from 
terminals 10 and 11. Remove the lead 
from terminal 10 that comes from se¬ 
lenium rectifier terminal 19, and con¬ 
nect this lead to terminal 11. Un¬ 
solder the green capacitor lead from 
terminal 10. and connect it to termi¬ 
nal 11 also. 

FIG. 37-3. Half-wave rectifier with filter 
in negative side of circuit. 

Unsolder the blue lead of the filter 
capacitor from solder lug 15, but 
leave the black lead soldered to this 
lug. Three leads are to be connected 
to terminal 10 of the 7-lug strip. 
These are the red transformer lead, 
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one lead of the choke coil, and the 
blue lead of the filter capacitor. After 
you have made these connections, 
solder the remaining choke lead to 
terminal 15, and the circuit will be 
wired as shown in Fig. 37-3. 

After making the changes, carefully 
examine your work. Look at both 
sides of the terminal strip to make 
certain that solder has not dripped 
down and shorted a terminal to the 
chassis. If it has, remove the excess 
solder with your soldering iron. If the 
connections are all right, connect the 
ground clip of your vtvm to the power 
supply chassis, turn on the power sup¬ 
ply, and measure the ripple voltage 

of the clip. If the readings you obtain 
this time are closer to those you ob¬ 
tained in Step 1, enter them in Fig. 
37-2. Take the ripple voltage measure¬ 
ments with the meter connections that 
give you the most accurate readings 
in the remaining steps of this experi¬ 
ment. Your readings still may not 
match exactly, but they should be 
close. 

Step 3: To measure the ac voltages 
in a circuit with a filter resistor in the 
negative side. The circuit you will 
use is shown in Fig. 37-4. To make 
the necessary changes, unsolder the 
filter choke lead from terminal 10, 
and connect the 3000-ohm resistor be-

FIG. 37-4. Filter resistor in negative 
side of circuit. 

across the load and across the filter 
choke. To measure the voltage across 
the choke, touch the positive probe 
to lug 10 on the terminal strip. Then, 
to measure the ripple voltage across 
the load, touch your positive probe to 
terminal 11 on the terminal strip. 

The ac ripple voltage that you are 
measuring does not have a true sine 
wave shape. Therefore, you may no¬ 
tice that these ripple voltage values 
are not exactly the same as those you 
obtained in Step 1. Reverse the test 
leads—that is, connect the positive 
probe to the chassis and touch the 
ground clip first to terminal 10 and 
then to terminal 11—and repeat the 
measurements. You must hold the 
ground clip by the black plastic part 

tween terminals 10 and 13 of the ter¬ 
minal strip. 

Connect the ground clip of your 
vtvm to the power supply chassis, 
turn on the power supply, and meas¬ 
ure the ripple voltage across the resis¬ 
tor by touching the positive probe to 
lug 10 of the terminal strip. Reverse 
the test leads if necessary. Record 
your reading in Fig. 37-2. Now touch 
your positive probe to lug 11 on the 
terminal strip and see if any ripple 
voltage is present across the load re¬ 
sistor. Again record the value you 
measure in Fig. 37-2. If there is no 
ripple voltage, indicate this by a 
dash in the space. 

Step 4- To measure the de voltages 
in the circuit shown in Fig. 37-4-
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Connect the ground clip of your vtvm 
to the power supply chassis, turn on 
the power supply and set the Function 
switch of the vtvm to the +DC posi¬ 
tion. Set the Range switch to an ap¬ 
propriate range, and measure the de 
voltage between the chassis and ter¬ 
minal 11. Remember, you are to re¬ 
verse the probe and ground clip only 
when taking ac ripple voltage meas¬ 
urements, not for de measurements. 
Connect the ground clip to the chassis, 
and touch the probe to terminal 11. 
Now measure the de voltage be¬ 

tween the chassis and terminal 10. To 
get an upscale reading you must set 
the switch in the —DC position. This 

capacitor between terminals 9 and 7. 
Now measure the de voltage between 
terminal 9 and the chassis, and the 
ac voltage between terminal 9 and the 
chassis. Write your readings in the 
margin of this page. 

Discussion: Now look at Fig. 37-2 
and compare your readings. Your 
readings in Steps 1 and 2 should have 
been quite close. This shows that the 
filtering is the same, whether the filter 
choke is in the negative or the posi¬ 
tive side of the circuit. In Step 3 you 
substituted a filter resistor for the 
choke. As in Experiment 36, the fil¬ 
tering action was the same, since the 
3000-ohm resistor equaled the ac re-

1'IG. 37-5. Circuit to use to filter the 
de voltage across the filter resistor to get 

pure negative de. 

shows that the voltage is negative 
with respect to the chassis. A nega¬ 
tive de voltage can be used to bias a 
tube, but there is also ac ripple be¬ 
tween the chassis and terminal 10. 
Thus, this negative voltage must also 
be filtered before it can be applied to 
the grid of a tube. We can obtain 
a pure de voltage by using the simple 
filter circuit shown in Fig. 37-5. 

Step 5: To show that the de voltage 
across the filter resistor can be filtered 
so that pure negative de can be ob¬ 
tained. The circuit is shown in Fig. 
37-5. Connect a 1-megohm resistor 
between terminals 10 and 9 on the 
terminal strip. Connect a .25-mfd 

actance of the choke. However, more 
de was dropped across the resistor 
than was dropped across the choke, 
because the de resistance of the choke 
is only 400 ohms. 

In Step 5 you showed how a pure 
de voltage can be obtained from the 
filter resistor by using a second filter. 
This de voltage is negative with re¬ 
spect to the chassis and could be 
used to bias a tube. 

When the choke or resistor is in 
the negative side of the circuit, the 
positive leads, rather than the nega¬ 
tive leads, of the electrolytic capaci¬ 
tor are connected together. There¬ 
fore, when replacing filter capacitors 
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in a receiver »sing such a circuit, you 
must get capacitors with separate 
negative leads, or else use two sepa¬ 
rate capacitors. Always examine the 
circuit to determine the lead arrange¬ 
ment necessary on the replacement 
capacitors. 

Instructions for Statement No. 
37: For this Statement you will dis¬ 
connect the lead of the .25-mfd ca¬ 
pacitor from terminal 7 and note the 
effect on the voltage between terminal 
9 and the chassis. Do this now. Be 
sure the lead does not short to the 
chassis. Measure the de voltage be¬ 
tween terminal 9 and the chassis, and 
check to see if there is any ac volt¬ 
age between 9 and the chassis. If 
necessary, use the 3-volt range of the 
vtvm. Compare this reading with the 
reading you made in Step 5, and then 
answer the Statement below and on 
the Report Sheet. 

Statement No. 37: When I opened 
one lead of the .25-mfd capacitor, I 
found that the ac voltage between ter¬ 
minal 9 and the chassis, as compared 
to that in Step 5: 

Í(1 V increased. 
(2) decreased. 
(3) remained the same. 

EXPERIMENT 38 

Purpose: To show the effect of 
high power factor in the filter ca¬ 
pacitors on the ac ripple voltage 
and the de voltage at the output 
of a filter, and to show how service¬ 
men check a capacitor for high 
power factor. 

Introductory Discussion: Electro¬ 
lytic capacitors are used almost exclu¬ 
sively in radio and TV power sup¬ 
plies. An electrolytic capacitor, like 

all other capacitors, has two purposes. 
It acts as a high resistance for de 
and like a low resistance for ac. 

As you have learned from your reg¬ 
ular lessons, a perfect capacitor acts 
as an open, or offers an infinite resis¬ 
tance to the flow of de. Also, in a 
perfect capacitor there is no loss dur¬ 
ing charge and discharge when ac is 

FIG. 38-1. Leakage in a capacitor has 
tlie effect of a resistor shunted across 
the capacitor as shown at A. Power 
loss has the effect of a resistor in series 

with the capacitor as at B. 

applied. In practice, these desirable 
results cannot be obtained. All ca¬ 
pacitors have some leakage, and 
there is always some power loss. 

A practical capacitor can be pic¬ 
tured as shown in Fig. 38-1. Fig. 38-
1A shows the effect of leakage, and 
Fig. 38-1B shows the effect of power 
loss. In practical circuits, some leak¬ 
age or some power loss can be toler¬ 
ated. However, if the resistance of the 
leakage path becomes too small, cir¬ 
cuit operation is affected, and we say 
that the capacitor is leaky or entirely 
shorted. 

If the series resistance in Fig. 38-
1B becomes too large, circuit opera¬ 
tion is affected, and we say that the 
capacitor has developed a high power 
factor or has lost capacity. A high 
power factor is the result of an in¬ 
crease in the resistance between the 
capacitor plates themselves, or of 
drying out of the dielectric. 

We will use the circuit shown in 
Fig. 38-2 to demonstrate the effects 
of high power factor in both the in¬ 
put and output filter capacitors. 
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Experimental Procedures In ad¬ 
dition to your vtvm and the parts 
mounted on the power supply, you 
will need: 

One 20-mfd, 150-volt electrolytic 
capacitor. 

Proceed as follows. First, remove 
the 3000-ohm resistor, the 1-megohm 
resistor, and the .25-mfd capacitor 
from the terminal strip. Then discon¬ 
nect the red transformer lead and the 

FIG. 38-2. Circuit for Experiment 38. 

blue capacitor lead from lug 10 of 
the terminal strip, and connect the 
transformer lead to terminal 7, and 
the capacitor lead to terminal 15. 
Disconnect the lead from terminal 11 
that goes to terminal 19 of the se¬ 
lenium rectifier. Connect this lead and 
the free choke lead to terminal 10. 
Remove the green capacitor lead from 
terminal 11 and connect it to terminal 
10. Finally, remove the choke lead 
from terminal 15 and connect it to 
terminal 11. Solder the connections. 
Your circuit should now be wired 

as shown in Fig. 38-2. Check it over 
carefully, comparing it to Fig. 38-2. 
Examine both sides of the terminal 

the power supply chassis, and touch 
the positive probe to selenium rectifier 
terminal 19. The capacitors will 
slowly charge up and should eventu¬ 
ally give a reading of 11,000 ohms. 
This is the resistance of the load com¬ 
posed of the two 22K-ohm resistors 
in parallel. If the resistance is con¬ 
siderably less than this, there is a 
short or incorrect wiring, which you 
should find and correct before going 

A 
I Step 1: To measure the normal de 
and ac output voltages in the circuit 
shown in Fig. 38-2. Set your Function 
switch to -]-DC and the Range 
switch to the 300-volt position. Clip 
the ground clip to the power supply 
chassis, turn on the power supply 
and touch the positive probe to termi¬ 
nal 11. Record the reading as the de 

STEP CIRCUIT 
CONDITIONS 

OUTPUT 
VOLTAGE 

DC AC 

1 NORMAL r/ --
2 

HIGH POWER 
FACTOR IN 

INPUT CAPACITOR J 
3 

DEFECTIVE INPUT 
CAPACITOR SHUNTED 
BY GOOD CAPACITOR 

4 
HIGH POWER 
FACTOR IN 

OUTPUT CAPACITOR If' 1 
FIG. 38-3. Record your readings for 

Experiment 38 here. 

output voltage for Step 1 in Fig. 38-3. 
strip to make certain that solder has 
not dripped down and shorted to the 
chassis. 

Also, check for a short in the B 
supply with your ohmmeter, before 
applying power. To do this, set your 
vtvm for ohmmeter measurements 
with the Range switch in the R x 
IK position. Put the ground lead on 

Now set up your vtvm for ac meas¬ 
urements, and measure the ac voltage 
between terminal 11 and the chassis. 
If no perceptible voltage is present 
even on the 3-volt range, make a dash 
in the space provided, or record any 
reading you obtain. Turn off the 
supply. 

Step 2: To determine the effect of 
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a high power factor in the input filter 
capacitor on the de output voltage 
and the ac ripple voltage. To simu¬ 
late a high power factor in the input 
filter capacitor, disconnect the green 
capacitor lead from terminal 10. Sol¬ 
der one end of the 3000-ohm resistor 
to terminal 10, and then solder the 
green capacitor lead to the other end 
of the 3000-ohm resistor. Arrange 
these two leads so that they will not 
touch the chassis. You can now 
imagine that the resistor is actually 
inside the capacitor, in series with 
the green lead and the capacitor 
plates. You can consider the end of 
the 3000-ohm resistor connected to 
terminal 10 as the capacitor lead. 
Now we will measure the de and ac 
output voltages with a defective in¬ 
put capacitor to see what has hap¬ 
pened. 
Set up your vtvm to measure de 

voltages as you did before, with the 
switch in the 300-volt position. Meas¬ 
ure the de voltage between terminal 
11 and the chassis. Reduce the Range 
switch setting if necessary to a lower 
range, and record the reading for the 
de output voltage in Step 2. 
Now measure the ac output voltage 

between the chassis and terminal 11. 
If there is no perceptible reading, 
indicate this by a dash ; but if you do 
get a reading, show the value in the 
space for ac output voltage in Step 2 
in Fig. 38-3. Turn off the supply. 

You should find that the de output 
voltage has dropped considerably, and 
you should have been able to measure 
an ac output voltage, showing that the 
ripple voltage at the input of the fil¬ 
ter has increased considerably. 
Now let us see how a serviceman 

would test a defective capacitor by 
using a good one of the same size. 

Step 3: To determine the effect of 
shunting a suspected capacitor with 
one of approximately the same size 
known to be in good condition. Con¬ 
nect your de voltmeter between the 
chassis and terminal 11, using the 
slip-on alligator clip over the positive 
probe. Turn the power supply on, 
and note the voltage reading. Then 
pick up your 20-mfd, 150-volt elec¬ 
trolytic capacitor, holding it by the 
case. Note carefully the positive and 
negative markings. Hold the capaci¬ 
tor with the negative lead touching 
the chassis and move the capacitor 
around until its positive lead touches 
selenium rectifier terminal 19. You 
may notice a snap or spark when the 
connection is made. Hold the capaci¬ 
tor firmly in place, keeping your 
fingers off the hot lead. Notice the 
effect on the output voltage. It should 
increase almost to its original value. 
Record this value in Fig. 38-3 as the 
de output voltage for Step 3. 
Then, still holding the capacitor 

carefully by its case, lift it up and 
touch both leads to the power supply 
chassis. The capacitor will discharge 
with a sharp snap and spark. Always 
discharge a capacitor, because if you 
don’t, you might get an unpleasant 
shock later. There is no danger as 
long as you hold the capacitor by its 
cardboard case. 

Leave your voltmeter connected to 
the output of the power supply, turn 
off the power supply, and set up the 
voltmeter switches for ac measure¬ 
ments. Turn the power supply back 
on, and note that you still get the 
same reading as in Step 2 for the ac 
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output voltage. Now, again hold the 
negative lead of the 20-mfd capacitor 
against the chassis, and allow the 
positive lead to touch lug 19 of the 
selenium rectifier. Notice that when 
the capacitor makes contact across 
the defective capacitor, the ac output 
voltage drops to the same value as 
in Step 1 for ac output voltage. Re¬ 
cord this in Fig. 38-3. 
Thus, you have seen what happens 

when an input capacitor develops a 
high power factor, and you have seen 
that you can check the capacitor by 
shunting it with a good one of about 
the same size. In a test like this, you 
must be sure to use the proper polar¬ 
ity. If you were to reverse the polarity 
on the test capacitor, you would prob¬ 
ably ruin the capacitor. Even if it 
did not damage the part, the test 
would be worthless with the capacitor 
connected in this manner. 

While your equipment is still set 
up to measure the ac voltage at the 
output of the supply, make one more 
test. Turn the equipment on again, 
and note the ac reading. Now hold 
your test capacitor so that its nega¬ 
tive lead touches the chassis and so 
that its positive lead touches terminal 
10. Notice that the effect is exactly 
the same as when you hold the posi¬ 
tive lead of the test capacitor to ter¬ 
minal 19. This shows that the test 
capacitor does not have to be con¬ 
nected to the same physical points 
as the one under test. For example, 
points 21, 19, and 10 are all at the 
same potential electrically, and you 
can make the connection to any one 
of these points. The negative lead of 
the test capacitor can be in contact 
with any point on the chassis rather 

than with the particular point to 
which the negative lead of the capaci¬ 
tor being tested is connected. 
You have now finished the tests 

with the input filter capacitor; so 
remove the 3000-ohm resistor from 
the circuit, and unsolder the green 
lead of the input capacitor from the 
resistor lead. Resolder the green lead 
to terminal 10. The circuit is now 
the same as in Fig. 38-2. 
Step 4- To shoio the effect of a 

high power factor in the output filter 
capacitor. Disconnect the red lead of 
the electrolytic capacitor from ter¬ 
minal 11. Solder one lead of the 3000-
ohm resistor to lug 11. Then, solder 
the red capacitor lead to the free re¬ 
sistor lead. Place the two leads so 
they cannot touch the chassis. 
Connect the ground clip of the 

vtvm to the chassis of the power sup¬ 
ply, and connect the positive probe to 
lug 11 on the terminal strip. Set your 
vtvm to measure the de voltage across 
the load resistor, and turn the Range 
switch to the 300-volt position. Turn 
on the power supply, and record the 
reading in the space for de output volt¬ 
age for Step 4 in Fig. 38-3. 

The voltage should be the same as 
that in Step 1 in Fig. 38-3. This 
shows that a high power factor in the 
output filter capacitor has no effect 
on the de output voltage. Now turn 
off the power supply. 
Set your Function switch to AC, 

and turn on the power supply. Re¬ 
duce the Range switch setting a step 
at a time until you get an easily 
read ac output voltage. Record this 
voltage in the space provided for ac 
output voltage in Step 4 of Fig. 38-3. 
Note that this voltage is considerably 
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higher than in Step 2, showing that 
the filter action has definitely been 
affected. 
Now, with the equipment still 

turned on and your meter indicating 
the ac output voltage, take your 20-
mfd test capacitor, touch the negative 
terminal to the chassis, and the posi¬ 
tive terminal to terminal 11 or to any 
point in electrical contact with lug 11. 
Good contact is necessary. The ac 
output voltage should drop to zero. 
Discharge your capacitor by touching 
both of its leads to the chassis of the 
power supply, and turn off the supply. 

Discussion: From the tests you 
have made, you have learned that a 
defect in the input capacitor does not 
affect the circuit in the same way as 
one in the output capacitor. You have 
learned the following facts: 

(1) A high power factor in an in¬ 
put filter capacitor decreases the de 
voltage and increases the ac ripple 
voltage at the output. 

(2) A high power factor in the out¬ 
put filter capacitor has no effect on 
the de operating voltages but in¬ 
creases the ac ripple voltage across 
the load considerably. 

In both cases, the capacitor can be 
easily tested by shunting it with a 
good one of about the same size. If 
the symptoms clear up, the one being 
tested is definitely bad, and should 
be replaced. The test capacitor does 
not need to have exactly the same 
capacitor, I found that the ac voltage 
voltage at least equal to that of the 
one under test. Also remember that 
you must observe the proper polarity 
when making these tests. Immedi¬ 
ately after making the test, discharge 
the test capacitor by touching its two 

leads to the chassis. 
Instructions for Statement No. 

38: You have seen the effect of a 
high power factor in both the input 
and the output filter capacitors. The 
lead connecting to the foil inside the 
case may break, thus opening the ca¬ 
pacitor. We are going to simulate 
this by disconnecting one of the ca¬ 
pacitor leads and checking the rippit 
voltage. You are to find out the re¬ 
sults of an actual open in the output 
filter capacitor compared to the re¬ 
sults of a high power factor that you 
simulated by using the 3000-ohm 
series resistor. 

Disconnect the red capacitor lead 
from the 3000-ohm resistor, remove 
the 3000-ohm resistor from the cir¬ 
cuit, and arrange the red capacitor 
lead so that it cannot short to the 
chassis. Clip your vtvm to the chassis 
and to terminal 11. Set your vtvm 
for ac measurements, turn on the 
power supply, and note the reading. 
You will then be able to answer the 
Statement. 

Statement No. 38: When I simu¬ 
lated an open in the output filter 
capacity, but should have a working 
across the load resistor was: 

(1) Zess than 
more than 

(3) the same as 
the ac output voltage for Step 4. 

EXPERIMENT 39 

Purpose: To show the effect on 
the de supply voltage of leakage in 
the input and output filter capaci-
tors; and to show how the leakage 
can be found by analyzing voltage 
and resistance measurements. 

Introductory Discussion: Shorted 
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and leaky filter capacitors in radio 
and TV receiver power supplies are 
very common. You saw in the previ¬ 
ous experiment that the symptoms of 
high power factor in input and output 
filter capacitors were quite different. 
In this experiment, we will show how 
leakage in an electrolytic capacitor 
affects the operation of the supply. 
You will see that the symptoms of 
leaky input and output filter capaci¬ 
tors also differ. The exact symptoms 
depend upon the amount of leakage. 
A complete short, for example, may 
ruin several parts. A small amount 
of leakage, on the other hand, may 
not cause any trouble. 

Leakage is a progressive defect. 
Once an electrolytic capacitor starts 
to become excessively leaky, the de 
resistance of the capacitor will de¬ 
crease until symptoms become notice¬ 
able in the operation of the receiver. 
If the de resistance drops to zero, the 
capacitor is said to be shorted. 

In this experiment, we are going to 
take an average example, in which 
the capacitor has developed a leakage 
resistance of 10,000 ohms. 

Before introducing excessive leak¬ 
age, you will measure the normal 
power supply voltages and the normal 
point-to-point resistance values. Then 
you will shunt the filter capacitors, 
one at a time, with a 10K-ohm resis¬ 
tor and measure the voltages and re¬ 
sistances again. 
These measurements will not only 

show you what to expect when you 
check the voltage and resistance 
values in equipment having leaky 
capacitors, but they will also give 
you practice in locating the defective 
parts. In the discussion of this ex¬ 

periment, you will see how the results 
of your measurements can be ana¬ 
lyzed to point out the leakage path. 

Experimental Procedures The 
power supply to be used in this ex¬ 
periment is shown in Fig. 39-1. In 
addition to your vtvm and the parts 
mounted on the power supply, you 
will need: 

One 10K-ohm resistor. 
, One 3K-ohm resistor. 

/ First, disconnect the leads of the 
choke from terminals 10 and 11, and 
connect the 3000-ohm resistor be-

EIG. 39-1. Circuit for Experiment 39. 

tween 10 and 11. Connect the red 
lead of the electrolytic capacitor to 
terminal 11. Disconnect the red 
transformer lead from lug 7 of the 
terminal strip, and tape up the end 
to insulate it. Remove the tape from 
the end of the red-yellow lead, and 
connect it to terminal 7. Connect the 
two 22K-ohm resistors in series be¬ 
tween terminals 11 and 13 of the 
terminal strip. Your power supply 
should now be wired as shown in Fig. 
39-1, and you are ready to make 
measurements. 
Step 1: To measure the normal de 

operating voltages and point-to-point 
resistance values. Turn on your power 
supply, and measure the de voltage 
across input filter capacitor Cl, by 
measuring between the chassis and 
selenium rectifier terminal 19. Record 
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the reading in Fig. 39-2. Now measure 
the de voltage across filter capacitor 
C2, which shunts the load resistor. 
This measurement should be made 
between the chassis and terminal 11. 
Again record the value in Fig. 39-2. 

Now, turn off the power supply and 
disconnect it from the wall outlet so 
you can make point-to-point resist¬ 
ance measurements. Wait a minute 
or so for the electrolytic capacitors to 
discharge, or short them to the chassis 
with a screwdriver blade. 

Set up your vtvm for resistance 
measurements, and check the resist¬ 
ance between the chassis and termi¬ 
nal 11. Wait long enough for the 
electrolytic capacitors to charge, and 
record your final reading in Fig. 39-2. 
Now measure the resistance between 
the chassis and lug 19. Record the 
value in Fig. 39-2. 

Step 2: To show the effect on de 
operating voltages and point-to-point 
resistance values when the input filter 
capacitor is leaky. Let us suppose 
that capacitor Cl has become leaky, 
and that the leakage resistance is 
approximately 10,000 ohms. We can 

FIG. 39-2. Record your readings for 
Experiment 39 here. 

STEP CIRCUIT 
CONDITION 

DC VOLTAGE RESISTANCE 
ACROSS 

Cl 
ACROSS 

C2 
II TO 
GND 

19 TO 
GND 

1 NORMAL 7 tv lb 
2 Cl LEAKY W IK 
3 C2 LEAKY 

simulate this condition by soldering a 
10K-ohm resistor in parallel with Cl. 
Connect the resistor between terminal 
10 and any convenient ground point 
on the chassis. Terminal 7 is prob¬ 
ably the easiest one to use. Before 

plugging the power supply back into 
the wall outlet, check the leakage re¬ 
sistance values. Measure the leakage 
resistance between lug 11 and the 
chassis. Record the reading in the 
correct space in Fig. 39-2. Now 
measure the resistance between lug 19 
and the chassis. Record this reading 
in Fig. 39-2. 
Now, set up your vtvm for -|-DC 

voltage measurements, plug the 
power supply into the wall outlet, 
and turn it on. Measure the de volt¬ 
age across capacitor Cl between ter¬ 
minal 10 or 19 and the chassis, and 
record the value in Fig. 39-2. Meas¬ 
ure the de voltage across capacitor 
C2, between lug 11 and the chassis, 
and again record your reading in the 
correct space. Turn off the power 
supply, and unplug it. 

Step 3: To show the effect on de 
operating voltages and point-to-point 
resistance values when the output 
filter capacitor is leaky. Disconnect 
the lead of the 10K-ohm resistor from 
terminal 10, and solder it to terminal 
11. Leave the other end grounded. 
The resistor is now in parallel with 
C2. 

Now, while the power supply is dis¬ 
connected from the line, measure the 
resistance values from terminal 19 to 
the chassis and from terminal 11 to 
the chassis, being sure to discharge 
the capacitors before making the 
measurements. Wait long enough to 
get a steady reading on your ohm¬ 
meter. Record the two readings in the 
correct spaces in Fig. 39-2. 

Set up your voltmeter for measur¬ 
ing -f-DC voltages, plug the power 
supply into the power line, and turn 
it on. Measure the de voltage across 
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input filter capacitor Cl, and then 
across output filter capacitor C2. Re¬ 
cord the measurements in Fig. 39-2. 
Turn off the supply. 

Discussion: Let us analyze the 
voltages and then the resistances you 
measured. In Step 2 you should have 
found that the voltage drops across 
the input and output filter capacitors 
were less than those you measured in 
Step 1. There is a decrease in the 
voltage across the input capacitor be¬ 
cause the rectifier cannot keep the 
capacitor charged as much as it did 
before. This causes an increased 
voltage drop in the rectifier and in 
the windings of the power transformer 
because of the increased current flow. 
The drop across the 3000-ohm resis¬ 
tor, which is the difference between 
the voltage across Cl and the voltage 
across C2, is the same as in Step 1. 

Now look at the resistance meas¬ 
urements. You should have found a 
large change in resistance between 
Steps 1 and 2. Looking at Fig. 39-1, 
you can see that the resistance nor¬ 
mally between terminal 11 and the 
chassis is composed of the load re¬ 
sistance, which should be about 44,000 
ohms (the actual value depends upon 
the tolerance of your parts). The 
resistance between terminal 19 and 
the chassis consists of the load in 
series with the 3000-ohm resistor. 
Therefore, the resistance you meas¬ 
ured at this point should be about 
3000 ohms more than you measured 
between 11 and the chassis. 
When we connected a 10K-ohm re¬ 

sistor across capacitor Cl, the resist¬ 
ance between point 11 and the 
chassis became higher than between 
point 19 and the chassis. 

Now examine the values recorded 
in Step 3 of Fig. 39-2. The voltage 
across the input filter capacitor should 
be slightly higher than in Step 2, be¬ 
cause the short across C2 is isolated 
from Cl by the 3000-ohm filter resis¬ 
tor. Thus, the rectifier can recharge 
the capacitor to a higher value than 
if the short were directly across Cl. 
The voltage across C2 has dropped 
considerably, to a value much lower 
than in Step 2, because the short has 
caused extra current to flow through 
the 3000-ohm resistor. This increases 
the voltage drop across the resistor 
and leaves less voltage for the output 
capacitor and the load. 

The resistance you measured be¬ 
tween terminal 11 and the chassis 
(across the load and the output filter 
capacitor) should be considerably less 
than the resistance across the input 
capacitor. This is a very important 
fact. When two points such as 19 and 
11 arc isolated from each other by 
means of a resistor, such as the 3000-
ohm resistor in Fig. 39-1, you can 
easily locate the approximate position 
of a short or a leakage path with an 
ohmmeter. The end of a filter resistor 
that shows the lowest resistance is 
connected to the short. Thus, if the 
resistance between 19 and the chassis 
is lower than between 11 and the 
chassis, you know that the short is 
in some part connected between the 
resistor and the rectifier. On the 
other hand, if the resistance between 
terminal 11 and the chassis is lower, 
you know that the short is on the 
load side of the 3000-ohm resistor, 
and you would check the parts in 
that side of the circuit. 

Ordinarily, a good electrolytic ca-
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pacitor has a leakage resistance of 
at least 100,000 ohms; it is usually 
considerably higher. An electrolytic 
capacitor with a leakage resistance 
of only 10,000 ohms is definitely de¬ 
fective. 
The resistance may become even 

lower, in which case so much current 
will flow through the capacitor that it 
will become noticeably hot to the 
touch. If you find such a capacitor 
in a receiver, turn the set off at once 
to prevent damage to other parts. A 
capacitor that feels hot may break 
down and short completely at any 
time. Generally, excessive heat is 
more readily apparent in metal-clad 
electrolytics than in the cardboard 
ones. 
Let us see what happens if a ca¬ 

pacitor shorts completely (has zero 
or only a few ohms resistance be¬ 
tween its terminals). 

Suppose capacitor C2 in Fig. 39-1 
were shorted. All of the voltage would 
be dropped across the 3000-ohm filter 
resistor, and there would be none 
across the load. The 3000-ohm resis¬ 
tor would become quite hot, its colors 
might burn off, its body might crack, 
and it could burn out. The 3000-ohm 
resistor would limit the current drawn 
from the rectifier and power trans¬ 
former so they probably would not 
be damaged. 
If capacitor Cl became shorted, 

there would be no voltage across the 
capacitor; all of it would be dropped 
in the selenium rectifier. This would 
overheat the rectifier and ruin it if 
the equipment is turned on for any 
length of time. 
An overheated selenium rectifier 

has an odor like sulphur or bad eggs. 

If you notice such a smell in a re¬ 
ceiver, look for a shorted filter ca¬ 
pacitor before trying a new rectifier. 

If the input filter capacitor breaks 
down in a circuit using a vacuum tube 
rectifier, so much current will flow 
that the rectifier plates may become 
red hot. Material may be torn off the 
cathode and fly over to the plates. 
This looks like bright sparks flying 
around inside the tube. After the 
rectifier tube has lost its emission, 
it is worthless. 

Instructions for Statement No. 

39: Disconnect the power supply 
from the wall outlet, and do not 
plug it in until you have completed 
all work on the Statement. 

Remove the 10K-ohm resistor, and 
the 3000-ohm resistor from the cir¬ 
cuit. Wire the leads of the filter choke 
to terminals 10 and 11 of the terminal 
strip, and solder a short piece of hook¬ 
up wire between terminals 7 and 10. 
You are ready to take the necessary o 
measurements for the Statement. 

First, measure the resistance be¬ 
tween terminal 11 and the chassis. 
Then, measure the resistance between 
lug 19 and the chassis. Make a note 
of your readings. Now, remove the 
piece of wire from terminals 7 and 10. 

From the information we gave you 
in this experiment, you should be 
able to answer the Statement. Make 
sure you enter your choice on the 
Report Sheet also. 

Statement No. 39: The tests I 
made show’ that: 

the short was on the rectifier 
side of the filter choke. 

(2) the short was on the load side 
of the filter choke. 

(3) there was no short. 
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EXPERIMENT 40 

Purpose: To show bow two recti¬ 
fiers can be connected to a voltage 
source to give twice the voltage that 
can be obtained from a single 
rectifier; and to show how they can 
be used for either half-wave or 
full-wave rectification. 

Introductory Discussion: Tubes 
used in ac-dc receivers today are de¬ 
signed to operate on power supply 
voltages of 90 to 100 volts de. A half¬ 
wave rectifier that is capable of sup-

WHEN 
LOADED 

MG. 40-1. A half-wave rectifier circuit 
that can supply 90 volts. 

plying this voltage is shown in Fig. 
40-1. It is the type of rectifier circuit 
that is usually found in ac-dc re¬ 
ceivers. The tubes used in early ac-dc 
receivers required 180 volts de or 
more. Therefore, vacuum tube recti¬ 
fier circuits that could double the line 
voltage were used in these receivers. 
They are not often found in today’s 
inexpensive ac-dc sets, except where 
the audio output tubes must deliver 
high power to the loudspeaker, as in 
many radio-phono combinations. 
Voltage doublers, however, are 

widely used in TV sets, where elimi¬ 
nating the power transformer gives a 
much greater saving than in a radio 
receiver. You are likely to have to 
work on one at some time in your 
servicing career. For this reason, the 

study of how the voltage-doubler 
power supply operates is important 
to you. 

The voltage-doubler power supplies 
are divided into two types—the full¬ 
wave and the half-wave. The full¬ 
wave doubler is generally used in sup¬ 
plies where the current demands are 
heavy. Its output voltage has a fre¬ 
quency of 120 cycles. Therefore, it 
can be more easily filtered than the 
output voltage of a half-wave voltage 
doubler, which has an output ripple 
of 60 cycles per second. 

The half-wave voltage doubler is 
most often used in TV high-voltage 
supplies because in the high-voltage 
supply the current demands are very 
low. Hence, filtering is not a problem. 
In fact, a 1-megohm resistor can be 
used as the filter without dropping the 
voltage appreciably. 

Instead of using the power line di¬ 
rectly as a source of voltage in this 
experiment, we will use half of the 
high-voltage winding of the power 
transformer. This gives protection 
from the power line, and permits us 
to experiment with somewhat lower 
voltages. Regardless of the source 

FIG. 40-2. Before you begin Experiment 
40, take off all the wiring except the 

wiring shown here. 

voltage used, the basic principles are 
the same. 

Experimental Procedure: In ad¬ 
dition to your vacuum tube voltmeter 
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and the power supply parts, you will 
need: 

One 20-mfd, 150-volt electrolytic 
capacitor. 

One .25-mfd capacitor. 
Examine your soldering iron tip to be 

sure it is clean and well tinned. 
You must first partially dismantle 

your power supply. Remove the two 
22K-ohm resistors from terminals 11 
and 13. Unsolder the two choke leads, 
and the red-yellow transformer lead 
from terminal 7. Remove the lead 
between selenium rectifier terminals 
19 and 21, and between terminal 19 
and terminal 10 on the terminal strip. 
Unsolder all four electrolytic capaci-

FIG. 40-3. A, how a rectifier can be con¬ 
nected to produce a positive rectified 
voltage; B, how it can be connected to 

produce a negative rectified voltage. 

tor leads. Remove any excess solder 
on the terminal strip, and make cer¬ 
tain that no solder has bridged from 
the lugs to the chassis. 

When cleaning lugs on the terminal 
strip, turn the chassis on its end so 
the terminal strip is farthest from the 
table top. Then the solder will come 
off easily. Work from the bottom 
lug, 13, toward the top. Also examine 
the selenium rectifiers to see if any 
solder has spattered between the 
plates. Such solder can ordinarily be 
removed with a sharp knife, but be 

careful not to scar the plates. If such 
solder will not come out easily, the 
rectifier should be dismounted and 
re-installed after the job is done. Your 
circuit should now be like Fig. 40-2. 
Check your wiring against this figure. 
Fig. 40-3A shows how a rectifier 

can be connected to an ac voltage 
source to produce a rectified voltage 
that is positive with respect to the 
red-yellow side of the voltage source. 
Fig. 40-3B shows a rectifier connected 
to produce a rectified voltage that is 
negative with respect to the red-
yellow side of the voltage source. XX e 
will combine these two circuits to 
make a full-wave voltage doubler. 
The circuit is shown in Fig. 40-4. 

Connect a red transformer lead to 
terminal 16, then connect a bare wire 
between terminals 16 and 21 and solder 
the connections. Solder a piece of 
hookup wire to terminal 17, and con¬ 
nect the other end to terminal 12 of the 
terminal strip. Connect the blue ca¬ 
pacitor lead to 12, and then solder the 
connection. 
Solder the red capacitor lead to 

terminal 19. Then, connect the red-
yellow transformer lead, the green 
capacitor lead and the black capaci¬ 
tor lead to terminal 9, and solder the 
connections. 

FIG. 40-4. A full-wave voltage doubler. 

Check the connections carefully, 
because when more than two leads 
are soldered to a single terminal, it is 
very easy for one of the leads, usu-
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ally the one on the bottom, to come 
loose. The circuit is now wired as 
shown in Fig. 40-4, and you can pro¬ 
ceed with the experiment. 
Step 1: To show that the circuit 

m 40-4 gives twice the voltage 
that a single rectifier would. Measure 
the ac source voltage between termi¬ 
nals 9 and 16. Record your measure¬ 
ment in Fig. 40-5. Turn off the supply 
after each measurement. 

Now measure the de output voltage 
of selenium rectifier 1, by measuring 
across capacitor Cl. Connect the 

FIG. 40-5. Record your readings for 
Step 1 here. 

VOLTAGE MEASURED READING 

AC SOURCE 

DC OUTPUT OF SRI 

DC OUTPUT OF SR 2 7»/ 
DC OUTPUT WITHOUT LOAD 1 uoV 
DC OUTPUT UNDER LOAD 

ground clip of the vtvm to terminal 
9, and the probe to terminal 19. Note 
the polarity marked on the electro¬ 
lytic capacitor in Fig. 40-4 so you 
will know how to set the Function 
switch on the vtvm. Record your 
reading in Fig. 40-5. 

Aieasure the de voltage developed 
by selenium rectifier 2 by measuring 
the voltage across C2. Leave the 
ground clip of the vtvm on lug 9, note 
the polarity of the voltage to be 
measured as shown on the electrolytic 
capacitor in Fig. 40-4, and set your 
Function switch accordingly. Touch 
the positive probe to terminal 12, and 
record the voltage you measure in 
Fig. 40-5. 
As you can uee from Fig. 40-4, 

capacitors Cl and C2 are in series, 

so that the voltages across them add. 

Aieasure this voltage by clipping the 
ground lead of the vtvm to terminal 
12, note the polarity so you can set 
the Function switch properly, and put 
the Range switch in the 300-volt posi¬ 
tion. Touch the probe to terminal 19, 
and record your voltage in Fig. 40-5 
as the de output without load. You 
should get approximately twice the 
voltage that you got across either Cl 
or C2. Notice that the de voltage is 
much higher than the peak of the 
rectified ac source voltage. Turn off 
the power supply. As a final meas¬ 
urement in this Stop, let us see how 
much the voltage drops between ter¬ 
minals 12 and 19 when a load is 
applied. Connect the two 22K-ohm 
resistors in series, and connect the 
outside leads of the 44K-ohm resis¬ 
tor between terminal 12 of the termi¬ 
nal strip and terminal 19 of the 
selenium rectifier. Solder the connec¬ 
tions. Now measure the de voltage 
between terminals 12 and 19, and 
record the value in the space provided 
in Fig. 40-5. Note that the voltage 
dropped when the load was applied 
just as you have observed in the 
various rectifier circuits with which 
you previously experimented. 

Before starting to disassemble this 
circuit, you should discharge the filter 
capacitors. To discharge the capaci¬ 
tors, strip a quarter of an inch or 
so of insulation from both ends of a 
6-inch piece of hookup wire. Unplug 
the power supply chassis from the 
power line, and holding the wire by 
the insulation, short terminal 19 to 
terminal 9. You may see a spark as 
the capacitor discharges. Do this sev¬ 
eral times. Now discharge capacitor 
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C2, by touching the ends of the hook¬ 
up wire to terminals 9 and 12. When 
the capacitors have been discharged, 
it will be safe to touch the circuits 
without danger of shock. 

Step 2: To show that in a half-wave 
voltage doubler, the rectified voltage 
stored, in one capacitor is added to 
the line voltage so the sum of the two 
voltages acts as the source for the 
second rectifier. The circuit that you 
will use is shown in Fig. 40-6. First, 
remove the 44K-ohm load resistor 
(the two 22K-ohm resistors in series) 
from terminals 12 and 19. Then, un-

FIG. 40-6. Circuit for Step 2 of Experi¬ 
ment 40. 

solder the red and yellow transformer 
lead from terminal 9, and solder it to 
terminal 12. 

Unsolder the red transformer lead 
from terminal 16 of the 1-lug strip, 
and connect it to terminal 10 of the 
7-lug strip. Finally, solder the — 
(negative) lead of the separate 20-
mfd, 150-volt electrolytic capacitor to 
terminal 10, and the + (positive) 
lead of this capacitor to terminal 16. 
You are now ready to make measure¬ 
ments to prove that the voltage has 
doubled. 

To measure the ac source voltage, 
set up your vtvm for ac voltage meas¬ 
urements, and connect the ground clip 
to terminal 10. Turn on the power 
supply, and touch the positive probe 

to terminal 12. Record the ac voltage 
measured in Fig. 40-7. 

Now, set your vtvm for positive de 
voltage measurements. With the 
ground lead connected to terminal 10. 
touch the positive probe to terminal 
21. The voltage you measure is that 
developed across C3, the separate 20-
mfd, 150-volt capacitor in Fig. 40-6. 
Record the value in Fig. 40-7. 

To measure the voltage at the out¬ 
put of selenium rectifier SRI, turn off 
the power supply, connect the ground 
lead of the vtvm to terminal 12, set 
the Range switch to the 300-volt range, 
turn on the power supply, and touch 
the probe to terminal 19. Record the 
voltage you measure in Fig. 40-7. 
Note that it is approximately the 
same as the de output voltage in Step 
1 of Fig. 40-5. 

Discussion: In Fig. 40-4 the se¬ 
lenium rectifiers function on alternate 
cycles of the power line, so the ripple 
voltage developed in the circuit be¬ 
tween terminals 12 and 19 is 120 
cycles. 

When the red transformer lead is 
positive with respect to the red-yellow 
lead in Fig. 40-4, we have current flow 
through rectifier SRI, which charges 
capacitor Cl with the polarity shown. 
(Remember that the side marked + on 
the rectifier is actually the cathode). 
When the ac across the power trans¬ 
former has this particular polarity, 
rectifier SR2 will not conduct. On the 

FIG. 40-7. Record your readings for 
Step 2 here. 

VOLTAGE MEASURED READING 

AC SOURCE 

VOLTAGE ACROSS C3 

VOLTAGE OUTPUT 
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next half cycle, the red-yellow lead is 
positive with respect to the red lead. 
Then rectifier SRI will not conduct. 
However, rectifier SR2 conducts, and 
in doing so, charges capacitor C2 with 
the polarity shown. The two capaci¬ 
tors of course retain their charges, 
and since they are in series with the 
correct polarity, the voltage between 
terminals 19 and 12 is twice that of 
either capacitor. 

In the half-wave voltage doubler 
in Fig. 40-6, there is a 60-cycle ripple 
between terminals 19 and 12. When 
the red lead in Fig. 40-6 is negative 
with respect to the red-yellow lead, 
selenium rectifier SR2 will conduct, 
charging up capacitor C3 to the polar¬ 
ity shown. This time selenium recti¬ 
fier SRI will not conduct. On the next 
half cycle, the red lead becomes posi¬ 
tive with respect to the red-yellow 
lead and the voltage across C3 is 
added to the transformer voltage. The 
polarity is incorrect for conduction 
through SR2, but SRI will conduct, 
and its output capacitor will charge 
up to the peak of this voltage. As 
you have seen, it is roughly equal to 
the output voltage of the full-wave 
rectifier. 

Voltage doubler circuits, such as 
those in Figs. 40-4 and 40-6, are able 
to double the source voltage only 
when operated on ac voltage. They 
will not act as doublers if the line 
voltage is de. This is of little im¬ 
portance because there are few areas 
today where de power line voltage is 
available. 

Voltage doublers have the same dif¬ 
ficulties as ordinary power supplies. 
The filter capacitors become leaky or 
develop a high power factor and the 
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rectifiers may fail. Where a high 
power factor is suspected, the capaci¬ 
tors can be checked by shunting them 
with others of about the same size 
known to be in good condition. Where 
you suspect leakage, the capacitors 
are checked with an ohmmeter. 

Instructions for Statement No. 
40: In the high-voltage supplies of 
TV receivers, voltage tripiers are 
often used. You will build such a 
system to get the information to 
answer the Statement. 

Remove the 6X4 rectifier tube from 
your vtvm, and insert it in the socket 
on the power supply. Disconnect the 
power supply from the ac line. Run a 
lead from pin 7 of the 6X4 socket to 
terminal 10 and solder both connec¬ 
tions. Make certain that the con¬ 
nections already on terminal 10 do 
not come loose. 

Connect a .25-mfd capacitor from 
socket pin 1 of the 6X4 tube to termi¬ 
nal 12, again taking care that the 
leads already connected to terminal 
12 do not come loose, and solder does 
not drip down and short to the chassis. 
The circuit should now be wired like 
that shown in Fig. 40-8. 

FIG. 40-8. Circuit for Statement No. 40 

Connect the ground clip of your 
vtvm to the .25-mfd capacitor lead 
that goes to pin 1 of the 6X4 tube. 
Clip the positive probe of the vtvm 



to terminal 19. Plug the power sup¬ 
ply in, and turn it on. Note that the 
voltage goes up to approximately 170 
volts, and then drops down as the 
.25-mfd capacitor slowly discharges. 
As the 6X4 tube heats up, the voltage 
will start to rise rather rapidly, and 
will soon come to a stop. Carefully 
record the voltage you measure on the 
margin of this page. You are now 
ready to answer the Statement. 

Statement No. 40: The voltage I 
measured between pin 1 of the 6X4 
rectifier and terminal 19 was approxi¬ 
mately: 

(1) twice 
three times 

(3) the same as 
that across C3 in Step 2. 

LOOKING AHEAD 

This completes your experimental 
work on power supplies. After you 
have answered all the Statements on 
the Report Sheet, send it in for grad¬ 
ing. While waiting for your next kit, 
remove the circuits you used here. 

Remove the 6X4 tube and reinstall 
it in your vtvm. Disconnect the leads 
from the + terminals of the selenium 
rectifiers. Now, disconnect all the 
leads from the 7-lug terminal strip, 
and the piece of hookup wire and the 
20-mfd capacitor lead from terminal 
16. Disconnect the lead from tube 
socket terminal 7, and the .25-mfd 
capacitor lead from tube socket ter¬ 

minal 1. Finally, remove the piece of 
hookup wire from terminal 17 of the 
1-lug strip. 
Clean up all lugs and make sure 

that there is no excess solder remain¬ 
ing on them. Examine the selenium 
rectifiers and clean up any pieces of 
solder that have spattered between 
the plates. Clean up your solder iron 
and retin the tip so you will be ready 
for your experiments in Kit 5. The 
parts left over are listed in Table I. 
Be sure to save them for future use. 

TABLE I 

2 Flashlight cells 
1 .1-nifd paper capacitor 
2 .25-mfd paper capacitors 
3 120-ohm, 14-watt resistors 
1 220-ohm, 14-watt resistor 
3 IK-ohm, 14-watt resistors 
1 3K-ohin, 14-watt resistor 
1 10K-ohm, 14-watt resistor 
1 18K-ohm, 14-watt resistor 
2 22K-ohm, 14-watt resistors 
1 47K-ohm, 14-watt resistor 
1 lOOK-ohm, 14-watt resistor 
1 220K-ohm, 14-watt resistor 
1 470K-ohm, 14-watt resistor 
1 1-megohm, 14-watt resistor 
1 1.8-megohm, 14-watt resistor 
1 10-megohm, 14-watt resistor 
1 4-lug terminal strip 
1 IK-ohm potentiometer 
1 20-mfd, 150-volt capacitor 
1 Potentiometer mounting bracket 

Assorted hookup wire 



SOFT SPOTS 
Just as a soft spot in an apple or a melon makes 

it unfit for sale, so a soft spot in a man’s character 
makes it difficult for him to sell himself. An em¬ 
ployer, looking for men to promote, to take over his 
work when he is ready to retire, looks for sound men 
—men without any spots in their characters. 

How about us—do we have any soft spots that 
might interfere with our success? 

This soft spot may be a streak of laziness, a tend¬ 
ency to shirk responsibility, to pass the buck, to pity 
ourselves, to put off until tomorrow what should 
be done today, to put pleasure before work—to name 
but a few. 

Be honest with yourself. Don’t blind yourself to 
your “soft spot.” It is no disgrace to have had a 
soft spot, the disgrace comes only when the soft spot 
is allowed to grow, only when you make no attempt 
to eradicate it. 
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QERVICEMEN today must know 
frequency modulation and the 

circuits used in FM receivers. You 
will work on FM not only in FM 
and combination FM-AM radios, but 
also in TV sets, because the sound 
part of the TV program is frequency-
modulated. 

In this lesson, you will study the 
FM signal and learn how it differs 
from the AM signal. Then, you will 
learn that all the stages in an FM 
set except the FM detector, operate 
in much the same way as the corre¬ 
sponding stages in an AM set. You 
will not have to learn a lot of new 
circuits. What you already know 
about rf amplifiers, converters, and 
i-f and audio amplifiers can be ap¬ 
plied to the stages in an FM receiver. 
However, the operation of an FM 

detector is considerably different 
from that of an AM detector. There¬ 
fore, we will give a detailed descrip¬ 
tion of the three types of FM de¬ 
tectors most often used in FM and 
TV receivers. Some FM detectors 

must be preceded by an additional 
stage, called a limiter, to remove 
noise and other interference that may 
be on the signal. You will also study 
limiters. 
Much of what you learn in this 

lesson about FM receiver operation, 
especially FM limiters and detectors, 
also applies to the sound part of a 
TV set, although the sound in a TV 
set is amplified in the TV tuner and 
i-f amplifiers along with the picture 
information. A defect in any of these 
stages will affect both the sound and 
the picture. A defect between the 
loudspeaker and the point at which 
the sound signal is separated from 
the picture signal will affect only the 
sound. You will learn trouble-shoot¬ 
ing in a TV set in a later lesson. 

ADVANTAGES AND 
DISADVANTAGES OF FM 

FM broadcast stations cover the 
full audio frequency range up to 15 
kc. The upper audio frequency limit 
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on AM stations is from 5 kc to 8 kc. 
Thus, FM gives more faithful sound 
reproduction than AM. It would be 
possible for an AM station to cover 
as wide a range; if its band width 
were increased from its usual 10 kc 
to 30 kc, that station would be able 
to broadcast audio signals up to 15 
kc, and the reproduced sound would 
be just as faithful as that from an 
FM station. AM broadcast stations 
can get permission to do this if they 
have the facilities to handle the wide 
audio frequency range and there are 
no stations nearby with which they 
can interfere, but the usual AM band 
width is 10 kc. 

One of the most important advan¬ 
tages of frequency modulation broad¬ 
casting is its low noise level compared 
to that of AM broadcasting. The 
sound from an FM set is usually 
clear and noise-free even during an 
electrical storm, when the sound from 
an AM set would probably be almost 
useless. Thus, FM is used where com¬ 
munication must be reliable. 

Many police forces, utility compa¬ 
nies, and large industries use FM in 
their mobile and point-to-point com¬ 
munications. This is a profitable field 
that you may want to get into as a 
source of extra money, or even as a 
full-time business. 
Tn AM broadcasting, the audio 

level must be kept within limits to 
prevent over-modulation and distor¬ 
tion. Loud passages in music and 
other similar loud sounds must be 
suppressed at the transmitter, and 

the soft sounds must be increased to 
get them above the noise level. As a 
result, the very loud and very soft 
audio signals are not in true propor¬ 
tion to each other. This is not so in 
FM broadcasting. The reproduced 
sound is more lifelike—we say the 
sound has a fuller “dynamic range.” 
Still another advantage of FM is 

that a strong FM station can domi¬ 
nate a weak one. If two FM stations 
are received, and one signal is only 
three or four times as strong as the 
other (in a well designed system even 
twice as strong is enough), the 
stronger station will entirely obscure 
the weaker one. In AM, the weak 
station would still be heard in the 
background. 
FM has some disadvantages, how¬ 

ever. Because FM broadcast stations 
are in the vhf band, their signals are 
not reflected from the ionized layers 
in the sky, and long-distance recep¬ 
tion is not possible, except under very 
unusual conditions. Another disad¬ 
vantage is the much wider frequency 
band required for FM stations than 
for AM stations. The channels in the 
FM band are 200 kc wide; those in 
the AM band, only 10 kc. The AM 
broadcast band is from 550 kc to 1700 
kc. As you can see, it would be pos¬ 
sible to have only five FM stations 
in this band, but there can be over a 
hundred AM stations in it. 
Now that we have seen some of 

the advantages and disadvantages of 
FM. let us learn how the FM signal 
is formed. 
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How Signals Are Modulated 
Although in this lesson we are deal¬ 

ing mainly with frequency modula¬ 
tion, you will understand it better, if 
we compare AM and FM signals. 
This will not only help you to under¬ 
stand AM and FM, but it will also 
help you understand the more com¬ 
plex color television signal when you 
study it later in the course. 

As you have learned in your study 
of AM, an audio signal alone cannot 
be transmitted over any distance; it 
soon becomes too weak to be heard. 
The audio signal must be combined 
with a higher frequency signal called 
a “carrier” before it can be sent from 
the transmitter to the receiving an¬ 
tenna. The method of combining the 
audio and rf carrier signals is called 
“modulation.” The unmodulated rf 
carrier signal is a continuous stream 
of high-frequency sine waves having 
a constant amplitude. The way in 
which these sine waves are changed, 
or “modulated” by the audio signal 
is the difference between AM and 
FM. 

Fig. 1 shows the basic differences 
between the two types of modulation. 
Fig. 1A shows the audio signal and 
the rf carrier that are to be combined. 
Fig. IB shows how they are combined 
in AM, where the amplitude of the rf 
carrier signal varies according to the 
amplitude of the audio signal. 
Fig. 1C shows how they are com¬ 

bined in FM, where the frequency is 
Varied according to the amplitude of 
the audio signal. As you can see in 
Fig. 1, the carrier in an AM wave 
has a constant frequency but a vary¬ 
ing amplitude; the carrier in an FM 

wave has a constant amplitude but 
a varying frequency. 

Let us now look more closely at an 
AM signal and study its characteris¬ 
tics. Then we will discuss the FM 
signal later in this section, and com¬ 
pare the two methods of modulation, 
so you can see the differences. 

FORMING AN AM SIGNAL 

When an audio signal amplitude-
modulates an rf carrier, as in Fig. 2, 
the amplitude of the rf carrier in¬ 
creases and decreases on both sides 
of the center line (the zero axis) ac¬ 
cording to the strength or amplitude 
of the audio signal. 

In Fig. 2A, the peak amplitude of 
the audio modulating signal is one-

FIG 1. The audio signal waveform and 
the rf carrier to be modulated are shown 
at A; B shows the two combined by 
amplitude modulation; C shows how the 
two are combined by frequency modu¬ 

lation. 
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-NO — - -- LOW PERCENTAGE OF MODULATION 
MODULATION _ . - . . _ (50 %) 

- NO — HIGH PERCENTAGE OF MODULATION 
MODULATION (100%) 

- NO - - COMPLEX MODULATION 
MODULATION (LESS THAN 100%) 

FIG. 2. Example of amplitude-modu¬ 
lated signals. 

half the peak amplitude of the rf car¬ 
rier signal, and we have 50% modu¬ 
lation. In Fig. 2B the peak amplitude 
of the audio modulating signal is 
equal to the peak amplitude of the rf 
carrier signal, and we have 100% 
modulation. This is the modulation 
percentage that can be used on an 
AM wave without distorting the au¬ 
dio signal. 

If the frequency of the modulat¬ 
ing audio signal increases, as shown 
in Fig. 2C, the rate at which the rf 
carrier rises and falls increases. This 
is still 100% modulation. Therefore, 
you can see that in amplitude modu¬ 

lation, the amplitude of the modu¬ 
lated carrier signal is determined by 
the strength or amplitude of the 
audio signal, and the rate at which 
the rf carrier amplitude varies is de¬ 
termined by the frequency of the 
audio signal. 

The audio signal fed to the trans¬ 
mitter is seldom a pure sine wave 
signal. It usually has a very complex 
waveform and results in an rf signal 
such as the one in Fig. 2D. Although 
this waveform varies considerably, it 
is formed the same way as wave¬ 
forms A, B, and C in Fig. 2. 
The envelope of an AM signal (the 

broken line drawn through the peaks) 
is a combination of a number of 
modulating components. When an rf 
carrier signal is amplitude-modu¬ 
lated by a single fixed-frequency sine 
wave, the modulated signal is made 
up of three separate frequencies. One 
is the constant amplitude rf carrier, 
and the other two are the sideband 
frequencies which are above and be¬ 
low the carrier frequency an amount 
equal to the audio frequency. 

For example, if the audio frequency 
is 5000 cycles and the carrier fre¬ 
quency is 1000 kc, the rf signals 
after modulation will be 1000 kc, 
995 kc, and 1005 kc. In other words, 
the audio information appears 5000 
cycles above and below the carrier 
frequency as the upper and lower 
sidebands. 

When a complex audio signal, hav¬ 
ing many frequencies in the range 
from 100 cycles to 5000 cycles, is 
used to modulate the rf carrier, the 
transmitted modulated carrier will 
contain the 1000-kc rf carrier and 
two sidebands for each of the many, 
many frequencies that make up the 
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voice or music information. The rf 
and i-f systems in the AM receiver 
must be able to amplify this entire 
frequency range uniformly, so that 
the carrier and the side frequencies 
will be applied to the second detector. 

FORMING THE FM SIGNAL 

A frequency-modulated signal is 
also made up of the rf carrier and 
upper and lower sidebands. The fre¬ 
quency-modulated signal as you saw 
in Fig. 1C has a constant amplitude; 
the audio signal causes the frequency 
of the carrier to vary. 
The carrier frequency of the FM 

signal, called the “center” or “rest¬ 
ing” frequency, is the frequency of 
the carrier when no audio modulation 
is being applied, as shown in Fig. 3. 
When an audio signal is applied, the 
frequency of the carrier increases and 
decreases as shown in Fig. 3A. This 
frequency variation is called devia¬ 
tion. When the audio signal crosses 
the center line, corresponding to zero 
audio voltage, the center carrier fre¬ 
quency is transmitted. 

In the illustration we show, the 
frequency of the carrier increases on 
the positive peaks of the audio sig¬ 
nal (larger number of cycles in the 
FM signal) and decreases on the 
negative peaks (fewer cycles). FM 
transmitters can be designed either 
this way or so that the frequency 
decreases on the positive peaks. 
When a higher amplitude audio 

frequency (a loud sound) is used to 
modulate the FM carrier, the fre¬ 
quency of the FM carrier increases 
and decreases more. This is shown in 
Fig. 3B. Notice that the modulated 
carrier frequency at the positive 

FIG. 3. Examples of frequency-modu¬ 
lated signals. 

peaks of the audio wave contains a 
larger number of cycles than for the 
lower amplitude audio peaks in Fig. 
3A. 



When the frequency of the modu¬ 
lating audio signal increases (higher 
pitched sound), the rate at which 
the FM wave deviates above and be¬ 
low the center frequency increases. 
This is illustrated in Fig. 3C. Thus, 
the amplitude of the audio signal 
controls the amount of frequency de¬ 
viation in the FM carrier signal, and 
the frequency of the audio signal 
controls the rate of frequency devia¬ 
tion. The amplitude of the FM sig¬ 
nal always remains constant. 

FM Band Width. The FM band 
is in the vhf range between television 
channels 6 and 7, and extends from 
88 me to 108 me. This band of fre¬ 
quencies is divided into channels 200 
kc wide. In the center of each chan¬ 
nel is the carrier frequency for that 
channel. 

The FM broadcast station is not 
permitted to use the entire 200-kc 
channel. According to the FCC regu¬ 
lations, the highest amplitude audio 
signal that may be applied as modu-
iation to the FM transmitter is one 
that causes a frequency deviation of 
75 kc on each side of the resting fre¬ 
quency—a total of 150 kc. The 75-kc 
limit corresponds to 100% modula¬ 
tion limit in AM broadcasting. The 
extra 25 kc on each side acts as a 
guard band to prevent interference 
between stations. 

In the sound portion of the tele¬ 
vision signal, the maximum deviation 
permitted is only 25 kc on each side 
of the FM resting frequency. Thus, 
the deviation is less for FM sound 
transmission in television than it is 
for the FM broadcast band. 

Sidebands. Like the AM signal, 
the FM signal is made up of the car¬ 
rier frequency and a number of side¬ 

bands. In AM, when a single-fre¬ 
quency audio tone is transmitted, two 
sidebands, one above and one below 
the carrier frequency, are formed. 
The amplitude of these sidebands 
changes when the audio level 
changes, but regardless of the ampli¬ 
tude there are always two, and only 
two, sidebands. The center carrier 
amplitude never changes with modu¬ 
lation. 

When a carrier is frequency-modu¬ 
lated there will be at least two, and 
usually there will be more than two 
sidebands. The sidebands are always 
in pairs. One sideband of each pair 
is at a frequency higher than that 
of the carrier, and the other sideband 
is at a frequency lower than that of 
the carrier. The amplitude of each 
pair of sidebands and the number of 
sidebands changes when the audio 
level changes. The number of side¬ 
band pairs increases as the audio 
level increases. The number of side¬ 
band pairs also changes when the 
audio frequency changes. There are 
more sidebands for a low audio fre¬ 
quency than for a higher frequency 
of the same amplitude. 

An increase in audio level will in¬ 
crease the amount of power in the 
sidebands, and decrease the ampli¬ 
tude of the center carrier; the car¬ 
rier even disappears at some audio 
levels then reappears at higher lev¬ 
els. The different sideband pairs also 
change in amplitude and even disap¬ 
pear at some amplitudes. The total 
power, however, contained in the car¬ 
rier and all of the sidebands never 
changes, no matter what the audio 
level or modulating frequency. 

Here then is a major difference be¬ 
tween an AM signal and an FM sig-
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nal. Amplitude modulation changes 
the total power of the signal, with 
the additional power going into the 
sidebands. Changing the audio level 
changes the amount of power added 
to the signal. Frequency modulation, 
on the other hand, does not change 
the total power. Therefore, the power 

I BLOWER _L_ 8 UPPER I 
SIDEBANDS T SIDEBANDS *1 

f-240KC BANDWIDTH-d 

FIG. 4. An FM band, showing the car¬ 
rier or center frequency and the side¬ 
bands for a 15-kc audio modulating 

frequency. 

that appears in the sidebands must 
come from the carrier. Frequency 
modulation causes the available 
power to divide between the carrier 
and the sidebands. Changing the 
audio level changes the way in which 
this power is divided. 

The illustration in Fig. 4 shows 
the number, positions, and ampli¬ 
tudes of the sideband pairs that 
might be produced when the FM car¬ 
rier is modulated by a very loud, 
15-kc audio signal. This is the high¬ 
est frequency audio signal that is 
used in FM broadcasting. 

In Fig. 4, the FM carrier is devi¬ 
ating 75 kc above and below the 

center or resting frequency of 103.5 
me. At the audio modulating fre¬ 
quency of 15 kc, there are eight up¬ 
per and eight lower usable sidebands 
spaced 15 kc apart. The amplitudes 
of the sidebands are indicated by the 
lengths of the lines. There are actu¬ 
ally more than eight sideband pairs 
above and below the carrier, but the 
sidebands beyond these eight usable 
ones have such low amplitudes that 
they contain very little information. 
To find the band width needed to 

transmit these usable sideband pairs, 
multiply the number of sideband 
pairs by the audio modulating fre¬ 
quency. In this case, 8 x 15 kc = 120 
kc on each side of the resting fre¬ 
quency. This is a total band width 
of 240 kc. A 5-kc audio signal, of the 
same amplitude, will produce nine¬ 
teen usable sideband pairs. In this 
case, the signal band width will be 
190 kc (19 x 5 kc = 95 kc above and 
below the carrier frequency). Thus, 
the lowest frequency sound requires 
the smallest band width but contains 
the most sideband pairs. 

If the amplitude of the modulating 
signal is reduced, the amplitudes of 
the sidebands will also be reduced. 
In fact, if the signal amplitude is 
very low, the sideband pairs at the 
extreme ends may disappear, or drop 
to a very low value. The fewer the 
sideband pairs, the narrower the 
band width. However, the signal that 
is broadcast will contain all the in¬ 
formation that is needed to produce 
good fidelity sound. 

In Fig. 4, we show that the band 
width of a 15-kc audio signal is 240 
kc. Actually the FCC restricts the 
band width of FM stations to 200 kc. 
Sideband components beyond the 200 
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kc limit are not broadcast. The i-f 
amplifier section of the FM receiver 
should have a band pass of at least 
200 kc. A narrower band pass will 
produce frequency distortion in the 
audio output signal because some of 
the usable sidebands contained in 
this signal will be cut off. 

From the preceding discussion, you 
can see that the number of usable 
sidebands contained in the frequency-

lower frequencies by changing the 
value of the inductance or the capac¬ 
ity. If the frequency change of the 
oscillator is not great, it is not likely 
to affect the amplitude of oscillation. 
A condenser microphone is con¬ 

nected across the resonant circuit. 
Sound waves striking the movable 
diaphragm of the microphone cause 
its capacity to vary. These changes 
in the capacity of the microphone 

FIG. 5. A simple modulator having a 
condenser microphone across the tank 
circuit of a tuned-grid rf oscillator. 

modulated signal depends on the fre¬ 
quency and amplitude of the audio 
signal used to modulate the carrier. 
The lower the audio modulating sig¬ 
nal, the larger the number of side¬ 
band pairs. Also, the number of us¬ 
able sideband pairs will decrease 
when the amplitude or strength of 
the audio signal decreases. 

A BASIC FM MODULATOR 

We can demonstrate how an FM 
signal can be produced by studying 
the basic FM modulator circuit 
shown in Fig. 5. 
The modulator is made up of a 

Hartley oscillator and a condenser 
microphone. The frequency of this 
oscillator is determined largely by 
the values of coil L and capacitor C 
in the oscillator resonant circuit. Of 
course, it can be tuned to higher or 

vary the effective capacity in the 
resonant circuit, which raises and 
lowers the frequency of the oscillator, 
forming a frequency-modulated sig¬ 
nal. A louder sound will cause a 
greater movement of the diaphragm, 
which will cause a wider frequency 
deviation; a softer sound will cause 
a smaller movement and a smaller 
deviation. 
This is a crude and impractical 

method of frequency modulation, but 
it does demonstrate the principle of 
producing an FM signal. 

SUMMARY 

In this section of the lesson, you 
learned that in an FM system, the 
audio modulating signal causes the 
frequency of the carrier to vary, and 
the greater the audio amplitude the 
greater the variation. This is in con-
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trast to an AM system in which the 
audio signal causes the amplitude of 
the rf carrier to vary. 
When the modulating audio fre¬ 

quency increases in an FM system, 
the rate at which the frequency var¬ 
ies or deviates increases. In AM, an 
audio frequency increase causes the 
rate at which the rf carrier signal 
amplitude changes to increase. There¬ 
fore, the chief difference between AM 

and FM is that the FM signal has 
a constant amplitude but a varying 
frequency, while an AM signal has a 
constant frequency but a varying 
amplitude. 

Noise rejection is an important 
feature of the FM system of broad¬ 
casting. Therefore, in the following 
section of this lesson, you will learn 
how noise is removed from the FM 
signal. 

Eliminating Noise And Interference 
The FM signal picked up by the 

FM receiving antenna usually con¬ 
tains some amplitude modulation in 
the form of noise or interfering sig¬ 
nals. If the signal containing the 
amplitude variations were fed di¬ 
rectly to certain types of FM de¬ 
modulators, the noise would be re¬ 
produced in the loudspeaker just as 
in an AM set. These amplitude varia¬ 
tions must be removed before the 
signal is demodulated. This is done 
by a circuit called a “limiter.” 

Fig. 6 shows the block diagram of 
an AM receiver at A, and of two FM 
receivers at B and C. In Fig. 6B, the 
limiter precedes the FM demodula¬ 

tor. It, in effect, clips off the positive 
and negative peaks of the FM signal 
so that the limiter output signal is 
constant in amplitude but varying in 
frequency. The receiver shown in Fig. 
6C uses a ratio detector. The limiting 
operation is done in this detector 
without the use of a separate limiter 
circuit. 
Except for the limiter and de¬ 

modulator, the FM receiver is simi¬ 
lar in many ways to an ordinary AM 
receiver. Both the AM and the FM 
receivers are superheterodynes; they 
each have a mixer-oscillator, i-f am¬ 
plifiers, and audio amplifiers. The 
FM receiver often uses an rf ampli-

FIG 6. Block diagrams of (A) an AM receiver, and (B) and (C) two FM receivers. 
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fier in the pre-selector. The AM re¬ 
ceiver does not need this. 

There are some differences between 
AM and FM sets besides the differ¬ 
ences in the sections used to convert 
the modulated signal to the audio 
signal. For one thing, the intermedi¬ 
ate frequency used in an FM set is 
much higher than that used in the 
AM set. It is usually 10.7 me com¬ 
pared to 456 kc in AM. Also, the i-f 
amplifiers must have a band pass of 

the picture information in the i-f 
stages of the set. The FM sound sig¬ 
nal is removed from the output of 
the i-f amplifier section and fed to 
the sound section. Here the FM sig¬ 
nal is amplified and detected in the 
same type of circuits as in an FM 
receiver. 
Now let us see how a limiter is 

used to eliminate the amplitude vari¬ 
ation in an FM signal, caused by 
noise such as from atmospheric dis-

FROM LAST 
I-F STAGE 

TO FM 
DEMODULATOR 

FIG. 7. A single-stage limiter circuit. 

at least 200 kc; the band pass of an 
AM set is usually 10 kc. Also, the 
preselector in an FM set operates at 
a much higher frequency—from 88 
me to 108 me, compared with 550 
kc to 1700 kc in an AM set. 
The operation of FM and AM re¬ 

ceivers is essentially the same until 
the FM signal reaches the demodu¬ 
lator. The FM demodulator must 
change the frequency deviation of 
the rf carrier back into the amplitude 
variation of the original audio sig¬ 
nal. After the signal has been filtered, 
it is fed to the audio amplifier and 
then to the loudspeaker. 
In a TV set, the FM sound part 

of the signal is amplified along with 

turbances, electrical appliances, and 
auto ignition systems. If these were 
not removed, the FM detector would 
reproduce them just as an AM de¬ 
tector would. 

FM LIMITERS 

The desired information in an FM 
signal is in the frequency variations 
rather than in the amplitude varia¬ 
tions. Therefore, if we get rid of the 
amplitude variations by clipping off 
the positive and negative peaks, we 
will eliminate the interfering noise. 
This operation is called amplitude 
limiting. 

The limiter stage removes the in¬ 
terference signals without destroying 
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FIG. 8. (A) normal operation of an 
amplifier; (B) operation of a limiter. 

the desired intelligence in the FM 
signal by removing the positive and 
negative peaks of the FM signal so 
that the output signal is again con¬ 
stant in amplitude but varying in 
frequency. 
Let us study some typical limiter 

circuits used with an FM detector 
like that shown in Fig. 6B, and find 
out how they are able to eliminate 
interference signals on the frequency-
modulated signal. We will discuss 
limiter action in a ratio detector 
when we study that circuit later in 
this lesson. 

Limiter Operation. The most 
common form of a limiter is shown 
in Fig. 7. At first glance, the circuit 
seems the same as any other i-f am¬ 
plifier except for the addition of RI 
and Cl in the grid return circuit. 
However, the values of resistors R2 
and R3 are much larger than would 
be expected, and the plate and screen 
voltages are low. 

Parts values and voltages are not 
given in Fig. 7, since they will depend 

upon the tube type, the B-f- supply 
voltage, and the signal level at the 
input to the stage. In average sets, 
the plate voltage is between 50 and 
110 volts, and the screen voltage may 
be as low as 10 volts. 

The operating curve of grid voltage 
and plate current for a typical i-f 
amplifier tube at normal plate and 
screen voltage is shown in Fig. 8A. 
The negative alternation of the in¬ 
coming signal can cause the grid to 
be as much as 10 volts negative with 
respect to the cathode before clipping 
will take place. Fig. 8B shows the 
operating characteristics of the same 
tube with reduced plate and screen 
voltages. Now the negative alterna¬ 
tion of any signal that drives the 
grid 3 volts negative with respect to 
the cathode will cut off the plate 
current. 
The positive alternations are 

clipped in the grid circuit. Fig. 9 
shows the equivalent grid circuit of 
the limiter. The grid and cathode 
form a diode with the grid acting as 
the diode plate. 

A signal voltage appears across the 
secondary of the i-f transformer. 
This voltage divides between the di¬ 
ode and RI. When the grid (plate of 
the diode) is negative with respect to 
the cathode, no current flows through 
the circuit. There is no voltage drop 

FIG. 9. Equivalent grid circuit of a 
limiter. 
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across Rl and the entire signal volt¬ 
age appears across the grid and cath¬ 
ode of the tube. When the positive 
alternation of the incoming signal 
causes the grid to become positive 
with respect to the cathode, the grid 
will conduct. The current flowing 
through the grid-cathode circuit also 
flows through Rl. The voltage drop 
across Rl reduces the voltage be¬ 
tween grid and cathode. Capacitor 
Cl charges to the voltage across Rl 
and sets the bias on the tube. 

When a diode conducts, its internal 
resistance goes down as the voltage 
across it increases. Therefore, the 
current increases more rapidly than 
the applied voltage, and the voltage 
drop across Rl increases more rap¬ 
idly than the voltage between grid 
and cathode of the tube. In this way 
the grid-cathode voltage is held con¬ 
stant at a slightly positive voltage 
during the entire positive alternation. 
Fig. 10 shows how this grid clipping 
removes noise and amplitude varia¬ 
tions from the positive alternations 
of the signal. 

The RC circuit should have a fast 
time constant to permit a fast change 
in average bias when strong impulse 
noises are received. If a strong noise 

FIG. 10. Wave shape of signal across 
(A) tuned circuit; (B) grid-cathode 

circuit of a limiter. 

signal is applied to the limiter grid, 
the voltage across the capacitor 
changes quickly so that a high nega¬ 
tive bias is applied to the grid, and 
the impulse noise does not appear in 
the plate circuit. This fast time con¬ 
stant also permits a rapid recovery 
of the limiter circuit to normal opera¬ 
tion at the end of the noise pulse. 
However, too fast a time constant (a 
time constant equal to the time of 
one cycle of the rf wave) is not de¬ 
sirable because the capacitor voltage 
will follow the individual rf cycles 
and grid limiting will not take place. 

The grid may be acting as a diode 
plate in the grid-cathode circuit, but 
it still controls the current in the 
plate-cathode circuit of the tube. The 
plate current still follows the grid¬ 
cathode voltage. However, the low 
cut-off bias clips the positive alterna¬ 
tions of the signal and results in the 
pulse output shown in Fig. 11. As 
you can see, all amplitude variations 
and noise are removed from the sig¬ 
nal by these two types of clipping 
action. These pulses pass through a 
tuned output circuit which converts 
them to sine waves of a constant 
amplitude. 

For full limiter action, the signal 
from the preceding amplifier stages 
must be high enough to drive the 
limiter into grid current and plate 
current cut-off. In Fig. 8B the signal 
applied to the limiter must swing 
more than 3 volts peak-to-peak. In 
a practical circuit, the limiting levels 
may be reached with a 4- or 5-volt 
signal. The circuit is designed usu¬ 
ally so that the applied signal will 
be 10 to 20 volts. This makes sure 
that noise will not get through to the 
discriminator. 
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When a very weak signal is re¬ 
ceived, we cannot get full amplitude 
limiting, and the amount of back¬ 
ground noise will increase. It is pos¬ 
sible to bias and design the limiter to 
move the limiting levels nearer to 
each other to accommodate a weaker 
applied signal. However, if we make 
the limiting levels too low, the out¬ 
put will not be high enough to oper¬ 
ate the following FM demodulator. 

A defect in the set can also cause 
the noise to increase. For example, 
a defect causing higher than normal 
voltage on the limiter plate and 
screen grid will cause the limiting 
levels to move further apart. The 
background and impulse noise signals 
from auto ignitions, motors, etc., will 
be heard in the output. When servic¬ 
ing an FM set having this complaint, 
check the limiter plate and screen 
grid voltages. If the voltages are 
higher than normal, you will have to 
check the B+ circuit and find out 
what caused the voltage to increase. 
An open in capacitor Cl in the 

grid-leak circuit (R1-C1 in Fig. 9), 
will also cause the noise from the 
receiver to increase. In this case, 
grid limiting will not take place and 

OUTPUT 
SIGNAL 

FIG. 11. Clipping of negative alterna¬ 
tions by plate current cut-off. 

FIG. 12. Two ways of getting avc volt¬ 
age from a limiter stage. 

the positive alternation of the in¬ 
coming signal will be amplified by 
this stage. 

Cascade Limiters. Some FM re¬ 
ceivers use two limiter stages in cas¬ 
cade. On the negative alternation of 
the incoming signal, the first limiter 
grid is driven to plate current cut¬ 
off. The signal phase is reversed 180 
degrees in the tube so that the posi¬ 
tive alternation of the original signal 
now drives the second tube to plate 
current cut-off. Thus, both alterna¬ 
tions are clipped in the cascade lim¬ 
iter circuits by cut-off action alone. 
Neither tube need be driven into grid 
current to have good limiting action. 
Also, the action of the two stages to¬ 
gether permits more effective limiting 
of a weak signal that may be present 
at the output of the i-f amplifier 
section. 

Obtaining AVC Voltage from 
the Limiter. It is possible to use 
the limiter circuit as a source of avc 
voltage. In the practical circuit in 
Fig. 12A, capacitor Cl and resistors 
RI and R2 serve as the limiter time 
constant network like RI and Cl in 
Fig. 9. Using low capacity and resis¬ 
tance values gives the proper fast 
time constant. Part of the de voltage 
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developed across the limiting resistor 
R2, after being filtered by resistor 
R3 and C2, is used for avc. 

It is possible to have dual RC lim¬ 
iter time-constant networks as shown 
in Fig. 12B. In this circuit, resistor 
RI and capacitor Cl can have a fast 
time constant (not much longer than 
the time required to transmit a few 
rf cycles). The fast time constant 
provides a rapidly changing bias for 
fast limiter action and suppression of 
noise surges that occur at a rapid 
rate. The network made up of re¬ 
sistor R2 and capacitor C2 has a 
longer time constant and shifts the 
limiter bias voltage in accordance 
with the average strength of the in¬ 
coming signal. This network takes 
care of the large changes in signal 
amplitude when the receiver is tuned 
from a weak FM station to a strong 
one. Because it has a longer time 
constant, it is a better source of avc 
voltage because the avc system must 
handle slow changes in bias. 
Limiting is not the only method 

used to reduce the effects of noise on 
the FM signal. Circuits are used in 
both the FM transmitter and the re¬ 
ceiver to change the frequency re¬ 
sponse in the audio frequency range 
where the noise is the most pro¬ 
nounced. Let us find out how chang¬ 
ing the frequency response can re¬ 
duce the noise on the FM signal. 

PRE EMPHASIS AND 
DEEMPHASIS 

The noises you have just studied 
cause amplitude variations that can 
be removed in the limiter. There are 
also noises that cause frequency de¬ 
viation just as the desired signal 

does. These cannot be removed by 
the limiter. 

These are chiefly high-frequency 
noises added in the transmitter and 
receiver vacuum tube circuits. There¬ 
fore, they can be minimized by em¬ 
phasizing the high frequencies of the 
desired signal before these noises are 
added so that they will be stronger 
than the noise. 

PRE-EMPHASIS DE-EMPHASIS 

FIG. 13. Circuit used for (A) pre-
emphasis of high frequencies at trans¬ 
mitter; (B) de-emphasis of highs at 

receiver. 

Emphasizing the highs also im¬ 
proves the over-all frequency re¬ 
sponse because the high-frequency 
components of the program material 
are most likely to be distorted be¬ 
cause their amplitude is lower. 

Pre-emphasis. The circuit used to 
emphasize the higher audio frequen¬ 
cies at the transmitter has character¬ 
istics similar to those of the equalizer 
circuits you studied in an earlier les¬ 
son. A typical pre-emphasis network 
is shown in Fig. 13A. It consists of 
a series capacitor and a shunt re¬ 
sistor. The value of capacitor Cl is 
rather small, so its reactance is high 
at the low audio frequencies. Thus, 
the amplitude of the lows is reduced, 
and they do not appear at full level 
across RI at the input of the modu¬ 
lator. The capacitive reactance pre¬ 
sented to the high frequencies is 
much lower, and they appear almost 
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at full amplitude at the input of the 
odulator. 
De-emphasis. At the output of 

the demodulator stage in the receiver, 
of course, the highs and lows are not 
in true proportion. The highs must 
be de-emphasized to put them back 
in the proper proportion with respect 
to the lows. This is done by a de-em¬ 
phasis network like that shown in 
Fig. 13B. Notice that in this case, the 
resistor is in series and the capacitor 
is in parallel with the demodulator 
output. The low reactance of capaci¬ 
tor C2 on the high audio frequencies 
has a shunting effect on the highs, 
but its much higher reactance to the 
lows prevents them from being 
shunted. 
Now let us see how pre-emphasis 

can improve the signal-to-noise ratio. 
The high frequency noise signals are 
added to the FM signal after the de¬ 
sired audio signal has passed through 
the pre-emphasis network. These 
noise signals, therefore, will cause a 
much smaller frequency deviation in 
the FM signal than will the desired 
high frequency audio signal. The de¬ 

emphasis network is located at the 
output of the FM discriminator. 
When the audio signal passes through 
this RC circuit, all the high frequen¬ 
cies will be decreased in amplitude. 
Since the noise signals have much 
smaller amplitudes than the desired 
high frequency audio, the noise will 
be reduced to a very low value by the 
de-emphasis circuit. 
If the product of Cl-Rl equals 

that of C2-R2, the response of the 
two networks is equal but opposite. 
That is, the rate of high frequency 
pre-emphasis at the transmitter will 
be the same as the rate of high-fre¬ 
quency de-emphasis at the receiver. 
Thus, exact compensation occurs. 
The product of R and C is referred 
to as the “time constant”, and when 
we equalize the time constant of two 
opposite networks, the over-all fre¬ 
quency response becomes linear. 

Now let us study the demodulator 
or detector, itself. First we will take 
up those that require a separate 
limiter stage, and then we will take 
up those that do not require a sepa¬ 
rate limiter. 
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FM Demodulators Used With 
Limiters 

The purpose of the FM demodu¬ 
lator or detector is to convert the 
frequency deviations in the signal 
back into the original audio varia¬ 
tions. In this section, we will discuss 
the basic types of FM detectors. 
The type we will discuss first is 

called the “slope” detector. Although 
they are no longer used in commer¬ 
cial receivers, they do demonstate 
the method of frequency demodula¬ 
tion. 

THE SLOPE DETECTOR 

The slope detector is a true FM 
demodulator because the audio vari¬ 
ations in its output are a direct re¬ 
sult of the frequency deviation in 
the FM signal applied to its input. 
Some of the FM detectors we will 
discuss later respond to phase varia¬ 
tions rather than frequency devia¬ 
tions to produce the audio output 
signal. However, the diode circuits 
in both types of FM detector oper¬ 
ate in the same¡ way. A discussion of 
slope detector operation here will 

FIG. 14. Basic FM demodulator using 
a slope-tuned resonant circuit and a 

diode detector. 

help you understand how the more 
complicated and practical circuits 
work. 

The basic slope detector circuit is 
shown in Fig. 14. In this simple cir¬ 
cuit, the frequency deviations in the 
i-f signal from the limiter are first 
changed to amplitude variations by 
the resonant circuit Ll-Cl. Then, 
the amplitude variations are de¬ 
modulated by the diode detector. 
The resonant circuit, instead of being 
peaked at the center frequency of the 
i-f signal, is tuned so that the center 
frequency is at some point on the 
slope of the resonant response curve 
—hence the name “slope detector”. 

Fig. 15 shows the response curve 
of the Ll-Cl resonant circuit. The 
10.7-mc i-f is at point A, and the 
slope is wide enough to permit a fre¬ 
quency deviation of 75 kc on either 
side of the i-f from point A to B and 
A to C. 

As the frequency of the incoming 
i-f signal increases, the i-f signal 
moves further up on the response 
curve toward point B. As you have 
learned, the voltage across an L-C 
circuit is highest at the resonant fre¬ 
quency (the peak of the curve). 
Since the frequency at point B is 
nearer the resonant frequency of the 
Ll-Cl circuit than that at point A, 
a higher signal voltage will be ap¬ 
plied to the diode. 
A frequency decrease places the 

operating point further down on the 
response curve toward point C, and a 
lower voltage will be applied to the 
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FIG. 15. Demodulation with a slope detector. 

diode. In this way, the signal be¬ 
tween the cathode and plate of the 
diode is amplitude-modulated in¬ 
stead of frequency-modulated. This 
signal merely has to be demodulated 
and filtered as in a conventional AM 
receiver to get the original audio 
signal. 
The slope detector, although it 

clearly demonstrates the process of 
frequency demodulation, is not a 
good detector for commercial use. 
The amount of deviation is limited 
because the response curve of a 
simple resonant circuit does not have 
truly linear sides. The peaks of the 
audio signal produced when the FM 
signal swings into the non-linear por¬ 
tion will be distorted. Also, the slope 
detector is as sensitive to amplitude 
variations as it is to frequency varia¬ 
tions. Therefore, it does not bring 
out one of the chief advantages of 
frequency modulation—keeping am¬ 
plitude-modulated noises from inter¬ 
fering with recepiton. 

THE TRAVIS DISCRIMINATOR 

A more practical FM detector cir¬ 
cuit, called the Travis discriminator, 
is shown in Fig. 16. It is really a 
balanced slope detector. The bal¬ 
anced arrangement gives a more 
linear reproduction of the original 
audio information than the simple 
slope detector just discussed. 

Instead of a single resonant circuit 
feeding a diode amplitude detector, 
the signal from the Ll-Cl resonant 
circuit is fed to two resonant cir¬ 
cuits and detectors. The L2-C2 reso¬ 
nant circuit is tuned below the center 

FM DISCRIMINATOR 

FIG. 16. A Travis FM discriminator. 
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frequency of the primary circuit and 
the L3-C3 resonant circuit is tuned 
above the center frequency. 

The dashed curves in Fig. 17 show 
the response curves for the two reso¬ 
nant circuits. When the two curves 

RESULTANT S-CURVE 

BOTTOM SECONDARY 

RESONANT FREQUENCY 
OF TOP SECONDARY 

are added algebraically, they pro¬ 
duce the solid S curve. Notice that 
the central 
linear. 

portion is essentially 

response curve of 
die secondary resonant circuits of the 

Travis discriminator. 

LINEAR DEVIATION 
RANGE 

FIG. 17. Over-all 

The diodes in Fig. 16 are con¬ 
nected so that the polarities of the 
output currents through resistors RI 
and R2 oppose each other. At the 
center frequency, the current through 
RI equals the current through R2; 
and because they have opposite po¬ 
larities, the total current through the 
resistors is zero. 

When the incoming i-f signal de¬ 
viates below the center or resting 
frequency, the current drawn by the 
upper diode is higher than the cur¬ 
rent drawn by the lower diode, and 
a positive alternation appears at the 
audio output. When the frequency of 
the i-f signal deviates above the 
center frequency, the current drawn 

by the lower diode and resonant cir-
< uii is higher than the current drawn 
by the upper diode. Now the output 
of the detector swings negative, 
forming the negative alternation of 
the original audio information. Ca¬ 
pacitors C4 and C5 connected across 
the diode load resistors act as filters 
to remove the rf signal components 
before the demodulated audio signal 
is fed to the audio amplifier. 

Notice that although the individ¬ 
ual response of each resonant circuit 
and diode is non-linear, the resultant 
response of the two sections working 
together is essentially flat. Linearity 
can often be obtained in electronic 
circuits in this way; by properly 
using non-linear responses that are 
equal but opposite in polarity. 

The balanced slope detector is no 
longer used in commercial receivers 
because it is hard to align and the 
transformer design is critical. We 
will now discuss the various FM de¬ 
tectors that are used today. The 
most popular types are the Foster¬ 
Seeley discriminator and the ratio 
detector. We will discuss the Foster¬ 
Seeley discriminator which requires 
a limiter, first. Then we will take up 
the ratio detector, and other types 
that have been used by FM and TV 
receiver manufacturers that do not 
require limiters. 

THE FOSTER-SEELEY 
DISCRIMINATOR 

The Foster-Seeley discriminator, 
instead of converting frequency 
changes into amplitude changes as 
the slope detector does, converts 
phase changes into amplitude 
changes. As with slope detectors, a 
limiter must be used ahead of this 
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FM detector because it is as sensitive 
to amplitude changes in the incoming 
signal as it is to frequency changes. 

A diagram of the discriminator is 
shown in Fig. 18. Notice that in some 
ways this circuit resembles the bal¬ 
anced slope detector shown in Fig. 16. 
The biggest difference is that the 
Foster-Seeley discriminator uses a 
single-tuned, center-tapped second¬ 
ary winding in the transformer in¬ 
stead of the double-tuned type. In 
both circuits two diodes and two load 
resistors are used and the polarities 
of the voltage drops across these re¬ 
sistors in Figs. 16 and 18 are the 
same. Also, the over-all response 
curves of the two FM detectors have 
the same characteristic S shape. 

There is a considerable difference 
in the operation of the two circuits, 
however. The primary and secondary 
resonant circuits Ll-Cl and L2-C2 
in Fig. 18 are both tuned to the i-f 
resting frequency. This frequency is 
usually 10.7 me in an FM broadcast 
set, and 4.5 me in a TV set. The i-f 
signal voltage, EP, at the output of 
the limiter stage is applied to the 
secondary of the resonant circuit in 
two ways. It is applied inductively 

by magnetic lines of force produced 
by the current flowing through wind¬ 
ing LI, and capacitively through 
capacitor C3 to the center tap of the 
transformer secondary winding. 

The voltage induced in the second¬ 
ary causes a current flow, which in 
turn develops a voltage drop EO 
across the resonant circuit. This volt¬ 
age divides between the center tap 
and either outside terminal to pro¬ 
duce voltages El and E2. Notice that 
there is also a voltage drop E3 across 
coil L3 which is connected to the 
center tap of the secondary winding. 
Capacitors C3, C5, and C6 have 
practically no reactance at the fre¬ 
quency of the incoming signal. If 
you trace the circuit from the plate 
of the limiter, through C3, L3, and 
C5, to ground, and then through C6 
and LI back to the limiter plate, you 
will find that coils LI and L3 are 
connected in parallel as far as the rf 
signal voltage is concerned. There¬ 
fore, voltage E3 across eoil L3 is the 
same as the input voltage EP. 

Let us now trace the individual 
diode circuits. The signal circuit of 
the upper diode DI is from the plate, 
through the upper part of the trans¬ 
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former secondary winding to the 
center tap, through coil L3 and ca¬ 
pacitor C4 to the cathode. The lower 
diode signal circuit (D2) is from the 
plate, through the lower half of the 
transformer secondary to the center 
tap, through coil L3 and capacitor 
C5 to the cathode. Resistors R4 and 
R3 provide de return paths for DI 
and D2. 
Coil L3, therefore, is common to 

both diode circuits, as is the voltage 

The diagram in Fig. 19A shows the 
phase relationships between the cir¬ 
cuit voltages and currents when the 
incoming signal is at the resting fre¬ 
quency (at resonance), Fig. 19B 
when the incoming signal is below 
the resting frequency, and Fig. 19C 
when the incoming signal is above 
the resting frequency. Let us take up 
each condition. 

Incoming Signal at Resonant 
Frequency. As we said before, reso-

AT 
RESONANCE 

BELOW 
RESONANCE 

ABOVE 
RESONANCE 

El EDI El EDI El EDI 

FIG. 19. Vector diagram for Foster¬ 
Seeley discriminator. 

drop E3 across it. Thus, voltages El 
and E3 operate diode DI and volt¬ 
ages E2 and E3 operate diode D2. 
These operating voltages are shown 
as EDI and ED2 in the diagram. 
The rectified signals produce voltage 
drops across resistors R3 and R4 
with the polarities shown. 

When the voltage drops across the 
diode load resistors are equal in 
value, the net output voltage between 
points A and B is zero. As in the 
balanced slope detector, this occurs 
when the i-f resting frequency is fed 
to the discriminator input. 
We can understand how the 

Foster-Seeley discriminator demodu¬ 
lates the FM signal by studying the 
vector diagrams in Fig. 19 for each 
of the three operating conditions. 

nant circuits Cl-Ll and C2-L2 in 
Fig. 18 are tuned to the i-f resting 
frequency. When this frequency is 
fed to the discriminator input, the 
circuit is said to be at resonance, and 
the various circuit voltages will have 
the phases shown in Fig. 19A. 

Voltage E3 across coil L3 is the 
same as the input voltage, so E3 is 
in phase with EP. The voltage in¬ 
duced in the secondary winding 
(Eind) will be 180 degrees out of 
phase with the voltage E3 because of 
the transformer action. These phase 
relationships are shown in Fig. 19A. 
We can use them as the reference 
vectors because their values and 
phases will not change regardless of 
the amount of frequency deviation. 
Now that we have established our 
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reference vectors, let us study the 
phase relationships between the other 
circuit voltages and currents. At 
resonance, a series resonant circuit 
acts like a resistance. (L2-C2 is a 
series resonant circuit because the 
voltage is induced in the coil.) The 
voltage and current in a purely re¬ 
sistive circuit always have the same 
phase. This is shown in Fig. 19A 
where the secondary current IS is in 
phase with the induced voltage Eind. 
The center-tapped secondary 

winding operates the diodes in push-
pull. The voltage drops, El and E2, 
across the individual sections from 
the center tap to either outside trans¬ 
former terminal are equal in ampli¬ 
tude and 180 degrees out of phase 
with each other, and 90 degrees out 
of phase with the induced current. 
Voltage El lags the induced current 
IS by 90 degrees, and voltage E2 
leads the induced current by 90 de¬ 
grees. These phase relationships be¬ 
tween El, E2, and IS remain the 
same regardless of the frequency 
deviation. 
Voltages El and E3 operate the 

upper diode DI, while voltages E2 
and E3 operate the lower diode D2. 
We can find the voltages that oper¬ 
ate each of the diodes by getting the 
vector sum of voltages E1-E3 and 
E2-E3. These are shown as the 
vectors EDI and ED2. The vectors 
EDI and ED2 are equal in length. 
This indicates that the voltages on 
the two diodes are equal, and the 
voltage drops across the diode load 
resistors R3 and R4 are equal in 
value but opposite in polarity. The 
output voltage between points A and 
B at resonance, therefore, will be 
zero. 

Incoming Signal Below Reso¬ 
nant Frequency. When the incom¬ 
ing FM signal deviates below the 
resonant frequency of the discrimi¬ 
nator, the series resonant circuit L2-
C2 becomes capacitive. The induced 
current and induced voltage are no 
longer in phase, as shown in Fig. 
19B. The induced current IS will 
lead the induced voltage Eind a cer¬ 
tain amount, depending on the 
amount of frequency deviation. 

We said previously that the ampli¬ 
tude and phase relationships between 
El, E2, and IS always remain the 
same. Thus, when the phase of cur¬ 
rent IS changes, the phases of volt¬ 
ages El and E2 also change, and 
the vector sums of E1-E3 and E2-
E3 are no longer equal. Since vector 
ED2 is longer than EDI, you know 
that the voltage applied to diode D2 
is higher than that applied to diode 
DI, which will produce unequal 
voltage drops across resistors R3 and 
R4 The difference between the volt¬ 
age drops across the resistors will 
appear between points A and B. Tn 
this case, the output voltage will be 
negative because the voltage across 
R4 is greater than that across R3. 
Incoming Signal Above Reso¬ 

nant Frequency. The vector dia¬ 
gram in Fig. 19C shows the phase 
relationships between the circuit 
voltages and currents when the in¬ 
coming signal is above the resonant 
frequency of the series circuit L2-
C2. The circuit impedance is now 
largely inductive, so the induced cur¬ 
rent lags the induced voltage. Again 
the phase difference between IS and 
Eind will depend on the amount of 
frequency deviation from the resting 
frequency. 
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The vector sum of voltages El and 
E3 is greater than the sum of volt¬ 
ages E2 and E3 (EDI is longer than 
ED2). Therefore, diode DI conducts 
more than diode D2, and the positive 
voltage drop across R3 is greater 
than the negative voltage drop across 
R4. The net voltage between A and 
B, then, will be positive. 

In summary, as the FM signal fre¬ 
quency deviates above and below the 
resting frequency, the vector sums 
of the voltages applied to the diodes 
(voltages EDI and ED2) will vary 
accordingly. Since the amplitude of 
the audio modulating signal deter¬ 
mines the amount of deviation and 
the frequency of the audio signal 
determines the rate of change of the 
FM deviation, the difference in the 
voltage drops across the two diode 
load resistors will be the audio signal 
varying in frequency and amplitude 
with the original audio signal. 

The output of the discriminator is 
coupled through a de-emphasis net¬ 
work, resistor RI and capacitor C8, 
which de-accents the high-frequency 
components of the audio signal the 
proper amount to compensate exactly 
for the pre-emphasis of the highs with 
respect to the lows at the transmitter. 

In addition to the audio informa¬ 
tion at the output of the discrimina¬ 
tor, there is a de component of the 
voltage developed between points A 
and B which keeps the resonant fre¬ 
quency of the discriminator tuned 
circuit and the center frequency of 

the incoming FM signal in the proper 
relationship to each other. Any 
change in the frequency relationship 
between the center and resonant fre¬ 
quencies of the discriminator circuit 
causes the de component of the out¬ 
put voltage to change. This de com¬ 
ponent can be used to control afc 
action in the FM receiver. 
Other methods can and have been 

used in the FM discriminator like 
that in Fig. 18 to get the proper 
phase relationships between the vari¬ 
ous voltages. Basically, however, all 
the circuits operate in the same way. 

Now let us look at the discrimina¬ 
tor from a servicing viewpoint. Sup¬ 
pose the output sound is distorted. 
The first thing you would check is 
the i-f alignment. You will study 
alignment in a later lesson. Next, 
check the emission of each section of 
the duo-diode tube. Low emission in 
one diode section can cause distor¬ 
tion, but this is unlikely to happen 
because both sections are contained 
in the same tube envelope. Low 
emission in both sections will cause 
poor sensitivity (low output) rather 
than distortion. 

A defect in the limiter stage will 
allow the interference and noise sig¬ 
nals to come through. Since the 
Foster-Seeley discriminator, like the 
Travis discriminator, is as sensitive 
to amplitude variations as it is to 
frequency variations, the noise will 
be demodulated and will appear in 
the output. 
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FM Demodulators Not Requiring 
Limiters 

Some types of demodulators act as 
limiters as well as detectors and 
therefore do not require a separate 
limiter stage. Let us study them now. 

HIE RATIO DETECTOR 

The ratio detector is perhaps the 
most common type of FM demodula¬ 
tor used in FM and TV sets today. 
It not only acts as an effective de¬ 
modulator but also as a limiter, thus 
permitting the last i-f stage to oper¬ 
ate as a high-gain amplifier stage in¬ 
stead of a low-gain limiter stage. The 
ratio detector also has a lower noise 
level than a discriminator when no 
signal is being received and is more 
sensitive to weak signals because of 
its self-limiting abilities. Some re¬ 
ceiver manufacturers use a limiter 
ahead of the ratio detector to get 
even better noise-free reception. 

In appearance, the ratio detector 
circuit in Fig. 20 is similar to the 
conventional discriminator, except 
that the diodes are connected in 

series instead of in parallel. This is 
one way that you can tell from a 
schematic diagram whether the FM 
detector is a discriminator or a ratio 
detector. Other differences are in the 
RC stabilizing circuit (resistors RI, 
R2, and capacitor C3) at tiie output, 
and the point at which the audio 
signal is taken off. Notice that the 
audio signal is taken off between 
capacitor Cl and C2 rather than be¬ 
tween points A and B. 
The primary and secondary tuned 

circuits are resonant at the i-f resting 
frequency, and the input circuit and 
voltages El, E2, and E3 have the 
same relationships with respect to 
each other as in the conventional dis¬ 
criminator. The diodes are excited in 
the same way by the El and E3 volt¬ 
ages applied to the top diode, and E2 
and E3 voltages to the lower diode. 
Therefore, the vector diagrams in 
Fig. 19 hold for the three operating 
conditions in the ratio detector the 
same as in the discriminator. 

DI 

FIG. 20. Katio-detector 
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Since the diodes are connected in 
series aiding, direct current will flow 
in only one direction through the cir¬ 
cuit. Beginning at the plate of diode 
DI, the de path through the circuit 
is through resistors RI and R2 to 
the cathode of diode D2, and from 
the plate of D2 through the trans¬ 
former secondary winding to the 
cathode of DI. The polarity of point 
A, therefore, is always negative with 
respect to point B. 
The ac path for DI is from the 

plate, through capacitor Cl, through 
coil L3 and the upper half of coil L2 
to the cathode. Similarly, the ac path 
for diode D2 is from the plate, 
through the lower half of L2, through 
coil L3 and capacitor C2 to the 
cathode. 

The ac flow through the capacitors 
produces voltage Ex across capacitor 
Cl and voltage Ey across capacitor 
C2 with the polarities shown in the 
diagram. Since the voltages are in 
series aiding, the ac voltage measured 
between points A and B will always 
be the sum of voltages Ex and Ey. 
Remember that the voltage measured 
across the output of the discrimina¬ 
tor was the difference between the 
voltage drops across the diode load 
resistors. 

Now, let us find out the purpose 
of the electrolytic capacitor C3. Re¬ 
sistors RI and R2 plus capacitor C3 
form an RC stabilizing circuit across 
the detector output. The values of 
RI, R2, and C3 are chosen to provide 
a long time constant at frequencies 
above the lowest audio frequency to 
be reproduced. The current flow 
through the circuit will charge ca¬ 
pacitor C3 to the average level of 
the incoming signal. Any undesired 

amplitude variations or impulse noise 
above this average value will have 
no effect on the audio output because 
the voltage on capacitor C3 cannot 
change fast enough to follow the 
voltage variation. Thus, the circuit 
acts as its own limiter. 

When the i-f signal fed to the ratio 
detector input is at the resting fre¬ 
quency, capacitors Cl and C2 will 
be charged to the same value so that 
voltage Ex is equal to Ey. If the 
average voltage between points A 
and B is 10 volts, the voltage across 
each of the capacitors Cl and C2 
will be 5 volts. 

When the incoming signal deviates 
above the resting frequency, the 
circuit reactance will change so that 
the top diode will conduct more 
than the bottom diode. Therefore, 
there will be a greater voltage drop 
across Cl than across C2—Ex will 
be greater than Ey. The voltage at 
the audio take-off point between ca¬ 
pacitors Cl and C2 will be positive. 
This voltage, however, instead of 
being the difference between Ex and 
Ey as in the discriminator, will be 
the ratio between them. In other 
words, if voltage Ex is 8 volts and 
voltage Ey is 2 volts, the positive 
voltage at the audio take-off point 
will be 4 volts (8¿-2=4). 

Likewise, when the incoming sig¬ 
nal deviates below the resting fre¬ 
quency, diode D2 will conduct more 
than DI, and a negative voltage will 
appear at the audio take-off point. 
This time voltage Ey will be greater 
than Ex, and the voltage at the audio 
take-off point again will be the ratio 
of the two voltage drops. Voltage 
ratios containing the positive and 
negative alternations of the audio 
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signal are fed through the de-em-
phasis network, R3 and C4, to the 
audio amplifier. 
The foregoing explanation shows 

one of the disadvantages of the ratio 
detector over the discriminator. Be¬ 
cause the audio output voltage is the 
ratio of the two voltage drops rather 
than the difference between them, 
the audio voltage at the output of 
the ratio detector is less than that of 
a discriminator. The chief advantage 
of the ratio detector is that a limiter 
stage is not needed to eliminate the 
noise and interference signals. 

The R-C time constant of the Rl-
R2-C3 output circuit holds the volt¬ 
age between points A and B constant 
at the average level of the incoming 
signal. Tf the carrier level of the 
incoming signal decreases, the volt¬ 
age between points A and B will de¬ 
crease accordingly. Of course, the 
carriers of different FM stations, 
either local or distant, do not have 
the same strength. The RC stabiliz¬ 
ing circuit, therefore, will automati¬ 
cally adjust to the average level of 
the incoming signal. 

Tf the electrolytic capacitor be¬ 
comes open, limiting action will not 
occur, and the noise on the incoming 
signal will be reproduced in the out¬ 
put. This is a point to look for when 
servicing a receiver using a ratio de¬ 
tector with the complaint of noisy 
reception. 

Since the voltage between points A 
and B varies only with the carrier 
level of the incoming signal and 
point A is negative with respect to 
point B, the voltage at point A can 
be used for avc purposes. When a 
strong signal is received, the higher 
avc voltage from point A places a 

higher negative bias on the grids of 
the i-f stages. This, of course, lowers 
their gain and prevents them from 
being overloaded. 

As with the discriminator circuits, 
there are many variations in the de¬ 
sign of ratio detector circuits. How¬ 
ever, all of them operate in essen¬ 
tially the same way as that in Fig. 
20. 

THE GATED-BEAM 
DEMODULATOR 

The gated-beam tube and its asso¬ 
ciated circuit can also be used as an 
FM demodulator, serving as both a 
limiter and an FM detector. Its oper¬ 
ating principle is different from the 
circuits we have discussed previously. 

A diagram of the electrodes of the 
gated-beam tube is shown in Fig. 21. 
In addition to the cathode and the 
plate, there are two electrodes called 
the “signal” or “limiter” grid and the 
“quadrature” grid that control the 
electron flow between the cathode 
and the plate. Notice also that there 
are various shields surrounding the 
electrodes. The accelerator is oper¬ 
ated at a positive potential, and the 
shields surrounding the plate, the 

PLATE 
PIN 7 

FIG. 21. A gated-beam tube, tthe 6BN6. 
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quadrature grid, the signal grid, and 
the cathode are operated at cathode 
potential. 

Now let us see the effects of the 
control electrodes on the electron 
flow between the cathode and the 
plate. The electrons from the cathode 
must flow through the openings in 
the accelerator and past the signal 
and quadrature grids to reach the 
plate. The positive potential on the 

and plate current saturation, the 
electrons will pass through the first 
and second accelerator openings and 
pass on toward the quadrature grid. 

The quadrature grid can also cut 
off the electron flow to the plate 
when it is driven a few volts nega¬ 
tive. Again the electrons will be 
forced to return to the accelerator. 
Therefore, each grid can be con¬ 
sidered as a gate to control the flow 

QUADRATURE GRID 

FREQUENCY 

FIG. 22. The gated-beam FM detector. 

accelerator electrode attracts the 
electrons away from the cathode, 
and the first opening in the accelera¬ 
tor concentrates the electrons into a 
narrow, vertical beam. 

Fig. 22 shows the circuit in w'hich 
this tube is used. 

The bias on the signal and quadra¬ 
ture grids is adjusted by potenti¬ 
ometer R3 so that a very small sig¬ 
nal voltage will drive either grid be¬ 
tween cut-off and plate current 
saturation. Thus, if the signal grid 
is more than a few volts negative, 
the beam will not pass through the 
accelerator, but will be reflected back 
to the accelerator itself. On the other 
hand, if the signal grid bias is some¬ 
where between plate current cut-off 

of electrons between the cathode and 
the plate, because only a small volt¬ 
age change on either grid can change 
the plate current from cut-off to 
saturation. 

When the gated-beam tube is con¬ 
nected as a demodulator, as shown 
in Fig. 22, it acts as both a limiter 
and a detector. Since only a very 
small signal voltage variation, usu¬ 
ally about 1.25 volts, is needed to 
drive the tube between cut-off and 
saturation, amplitude variations on 
the positive and negative peaks of 
the incoming signal will be removed. 
A constant amplitude signal appears 
at the output. 
Now let us see how the FM signal 

is demodulated in the gated-beam de-
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FIG. 23. 
on the i 
resting 

BELOW 

Phase relationship between the incoming signal and the square-wave pulse 
quadrature grid of the gated-beam tube when the input signal is at the 
frequency (A); above the resting frequency (B); below the resting 

frequency (C). 

tector. The resonant circuit LI-Cl in 
the signal grid is tuned to the center 
frequency of the incoming i-f signal. 
The sharp cut-off characteristics of 
the signal grid cause the plate cur¬ 
rent of the tube to vary from cut-off 
to full current and back once each rf 
cycle. The plate current then is in 
the form of pulses. These current 
pulses passing through the tube 
shock-excite the circuit L2-C2. This 
circuit is also tuned to the center 
frequency of the i-f signal. Because 
of the method of exciting this circuit, 
the voltage across capacitor C2 is 90 
degrees out of phase with the cur¬ 
rent passing through the tube. The 
voltage in this tuned circuit lags the 
current in the tube and hence the 
voltage on the signal grid. It is be¬ 
cause of this 90-degree phase differ¬ 
ence between the voltage signals on 
the two grids that the second grid 
is called a quadrature grid. The 
quadrature grid also has a very 
sharp cut-off characteristic. 
Both the signal grid and the 

quadrature grid are capable of swing¬ 
ing the tube between cut-off and 

saturation on each rf cycle. There¬ 
fore, no current can pass from the 
cathode to the plate of this tube 
unless both the signal and the quad¬ 
rature grids are positive at the same 
time. 
The waveforms in Fig. 23A show 

the phase relationships between the 
incoming signal and the square-wave 
pulse on the quadrature grid (shown 
in dashed lines) when the input sig¬ 
nal is at the resting frequency. 
Notice that the quadrature grid pulse 
lags the incoming signal by 90 de¬ 
grees. This means that the signal on 
the quadrature grid goes through a 
part of its positive alternation dur¬ 
ing the interval that the current pulse 
is arriving from the signal grid and 
the accelerator. Therefore, it is pos¬ 
sible to get a current flow to the plate 
during only half of each positive 
cycle of the incoming signal, shown 
by the shaded area in Fig. 23A. The 
bursts of electrons flowing to the 
plate cause a specific average plate 
current flow in the output circuit of 
the gated-beam tube. 
When the FM signal deviates 
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above the center frequency, the 
quadrature resonant circuit becomes 
reactive, and the signal in the quad¬ 
rature grid lags the input signal by 
less than 90 degrees, as shown in 
Fig. 23B. Plate current will flow for 
less than half of the quadrature 
square-wave pulse. The higher the 
signal deviates above the center fre¬ 
quency, the less the plate current 
flow in the output circuit. 
When the FM signal deviates be¬ 

low the center frequency as in Fig. 
23C, the phase difference between the 
signals on the signal and quadrature 
grids is more than 90 degrees, and 
plate current will flow for more than 
half the square-wave pulse. 

Let us see how the audio signal is 
produced in the plate circuit. The 
plate current pulses across the plate 
load resistor R2 charge capacitor C3 
to the average of the pulse peaks, 
and the average voltage varies ac¬ 
cording to the frequency deviations 
in the incoming signal. The average 
of the plate current pulses at the 
resonant frequency is used as the 
zero audio signal. Deviations above 
the center frequency produce shorter 
plate current pulses, and therefore, 
the voltage at the output is less than 
at the center frequency. This pro¬ 
duces the negative alternation of the 
original audio signal. The FM devia¬ 
tion below the center frequency pro¬ 
duces a longer plate current pulse. 
This develops the positive voltage 
alteration of the audio information. 

Capacitor C3 in the output circuit 
also serves as the rf filter capacitor. 

and this capacitor together with 
resistor RI provides proper de¬ 
emphasis. 

SUMMARY 

The Foster-Seeley discriminator, 
the ratio detector, and the gated-
beam demodulator are the three most 
common FM detectors used in FM 
and TV receivers today. There arc 
other types of FM demodulator cir¬ 
cuits that have been used and de¬ 
veloped by the various receiver 
manufacturers. Examples of these 
are the locked-oscillator demodulator 
used in some of the older Philco re¬ 
ceivers and the Fremodyne demodu¬ 
lator. The locked-oscillator demodu¬ 
lator uses the frequency deviations 
in the incoming FM signal to pro¬ 
duce variations in the frequency of 
an oscillator circuit. Some of its 
operations are similar to the gated-
beam detector discussed in this les¬ 
son. The Fremodyne is a type of 
super-regenerative demodulator. The 
signal circuits are detuned slightly in 
receivers using this detector in such 
a way that the frequency distortions 
are converted to amplitude varia¬ 
tions. 

Demodulators of these types have 
not been used much in either FM or 
TV receivers, but you may find them 
used in some of the sets you service. 
If you do service a receiver using an 
FM demodulator other than those 
discussed in this lesson, get the 
manufacturer’s service information 
on the set and follow the instructions 
in the service sheet. 

2* 



Lesson Questions 

Be sure to number your Answer Sheet 34B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time, or you may run out of lessons before new ones can 
reach you. 

1. What is the basic difference between a frequency-modulated signal and 
an amplitude-modulated signal? a 

ft rhe. »e we. 
^<1 -rj,* /s r. rhe 

2. What are the limits of the frequency range used by FM broadcast stations. 
o ki. 

3. Which type of noise, tube noises in the transmitter or atmospheric noises, 
is removed from an FM signal by the limiter? 

#7¡vozfhesic' . 
4. What effect will an increase in the plate and screen voltages on the 

limiter stage in Fig. 7 have on the sound from the loudspeaker? 

5. What is the purpose of the FM demodulator in an FM receiver? 
¿»emerr r*, t" 'y i nr rh* 7 a

£ c- f iff 3 01 / * 
6. Why must a limiter stage be used with a Foster-Seeley discriminator? 

• r i$ xfj ,r¡P t T° “ de-> e~ rhe ■■•'C'-" 
T '! 77^^ & 7° rrt eju c.hr>^ffí ' 

7. In aligning a JB oster-Seeley discriminator what frequency would be used 
in aligning the Cl-Ll and C2-L2 resonant circuits? 

/O. ~7 o. 

8. How does the output voltage between points A and B in Fig. 18 differ 
from that between points A and B in Fig. 20? m /a

rht. 7^^- rhe d/ode. X
9. Suppose you are servicing a receiver using a ratio detector like thai, in 

Fig. 20, and the complaint is noisy reception. Which part would you 
suspect is defective and what is wrong with it? -

10. Why is it possible to use the de voltage at the output of the ratio detecta 
for ave purposes? be'^e. rk » C. A,-

U, An CAr, ie ■' ¿.r f c 
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SHALL I CHANGE JOBS? 

First, though, be sure you 

SJÍii 

f -ft 

are prepared for 
a better job. Be sure your training is complete, and 
be sure you are able to apply it. 

Before you can answer this question, you must 
set your goal in life. With a goal in mind, apply 
these three questions to your present job: 1. Does 
it give reasonable pay for the present ? 2. Does it 
give knowledge, training or experience which will 
be worth money to you in the future? 3. Does it 
give you prestige, or bring you in touch with men 
who can help you to attain your goal ? 

Judge each new job opportunity also by these 
three questions. Hold each job only long enough 
to learn what is needed for the next job. Then, if a 
vacancy up ahead is unlikely, you are justified in 
changing to a corresponding job somewhere else. 

The important thing is to keep going ahead. 
Learn something every day. When you reach the 
point where you are no longer learning, no longer 
progressing ahead, then you are already moving 
backward, and it’s time for you to change jobs. 
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MAGNETIC TAPE 

'Á << VW > 

AND WIRE RECORDERS _ 

RECENTLY, inexpensive and even 
. semi-professional tape recorders 

have become very popular in the 
home, office, and shop. Tape recorders 
can be useful as well as entertaining. 
Many professional men and business 
men find them indispensable in their 
work. 

A good tape recorder is also a part 
of many high-fidelity installations. It 
can be used to tape special programs 
or recordings, family concerts, recita¬ 
tions, etc. These can then be played 
back on the high-fidelity system. Pre¬ 
recorded high-fidelity tapes can also 
be purchased and played through the 
system. 

Many of the tape recorders now on 
the market are very versatile. Some 
have inputs for taping directly from 
a microphone or from the output of a 
tuner; others can be used as public 
address amplifiers. These recorders 
have an external speaker jack for 
attaching a remote speaker on play¬ 
back position. The taped information 
can be interrupted at any time and a 
microphone can be switched in to 
make special announcements. Such an 
arrangement is ideal for talks in small 

halls and auditoriums not equipped 
with public-address systems. 
Tape recorders come in various 

shapes and sizes from the very small 
battery-operated portables to the 
elaborate recorders used for transcrib¬ 
ing high-fidelity tapes. Small steno¬ 
graphic tape recorders are also avail¬ 
able as well as small, almost pocket-
size wire recorders. 

Most of this lesson will be devoted 
to tape recorders because they are 
now more popular than wire recorders. 
The wire recorder has many disadvan¬ 
tages. Some of its main drawbacks are 
that the wire will break easily when 
kinked, it is difficult to edit, and its 
frequency response is poor compared 
to the tape recorder. To edit tape, all 
you have to do is cut out the section 
you don’t want with a pair of scissors, 
and connect the two free ends together 
with cellophane tape. When wire is 
edited, a square knot must be used 
to tie the ends of the wire together. 

Another disadvantage is that when 
the magnetized wires are wound on 
the spool, magnetism will be induced 
in the surrounding wires, producing 
noise and echoes in the reproduced 
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sound. This is not found in tape re¬ 
cordings because the magnetized areas 
are isolated from one another. How¬ 
ever, you may have to service a wire 
recorder at some time, so we will give 
enough information so that you will 
know how they work. 

In the following section of this les¬ 
son, you will learn how the audio fre¬ 
quency information is recorded on 
tape, how it is played back, and how 
all the information is removed so that 
the tape can be used again. Then, you 
will study the various types of tape¬ 
transport mechanisms—the mechani¬ 
cal section of the recorder. 

As with all electronic devices, the 
recorder must contain an amplifier 
and a control system; you will study 
several types. Finally, you will find 
out how to adjust the electrical and 

mechanical sections of typical re¬ 
corders, and how to trouble-shoot the 
mechanical failures that may occur 
in them. 
The number of tape recorders in 

use has increased tremendously in the 
past several years, and you will un¬ 
doubtedly be called on at some time 
to repair or adjust these units. Your 
service work need not be devoted ex¬ 
clusively to radio and television re¬ 
ceiver repair, although most of your 
work will probably be in this line. 
If you know how to repair tape and 
wire recorders, you will be able to add 
to your income. This also applies to 
maintaining and repairing high-
fidelity systems, record players, PA 
systems, and many other subjects that 
are taken up in your Radio-TV 
Servicing course. 

How Manoetic Record inns Are Made 
The three major operations per¬ 

formed by a tape recorder are to 
record, to play back, and to erase. We 
will discuss each of these operations 
in this section. 
A block diagram of a typical tape 

recorder is shown in Fig. 1. Notice 

that a single head is used for both 
recording and playback operations. 

Separate record and playback heads 
are found in some semi-professional 
and higher-priced recorders. The erase 
operation, which removes the mag¬ 
netic information from the tape, is 

FIG. 1. Basic tape-recorder system. 
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performed by a permanent magnet in 
the recorder in Fig. 1. In higher priced 
recorders, a separate head, similar to 
the record-playback head, performs 
this operation. 

Notice in the block diagram that 
the signal from a microphone is fed 
into the playback and record ampli¬ 
fier. When the recorder is in the record 
position, the signal at the output of 
the amplifier is fed into the record¬ 
playback head. During playback, the 
magnetic head feeds the signal that 
has been recorded on the tape to the 
input of the amplifier, and the sound 
is reproduced in the loudspeaker. Two 
cylindrical pieces called the capstan 
and the pressure roller pull the tape 
at a uniform speed past the record¬ 
playback head. More will be said 
about the mechanical operation of the 
recorder in a later section. 

The magnetic tape used in the re¬ 
corder is made of either plastic or 
paper. Most of the tapes today are 
plastic, because it is more durable. 
One side of the tape contains a coat¬ 
ing of very fine particles of iron oxide. 
Each particle acts as a tiny magnet 
that can be easily magnetized and de¬ 
magnetized when exposed to a mag¬ 
netic field. The oxide coating on some 
magnetic tapes extends over the en¬ 
tire surface, as shown in Fig. 2A. This 
tape is called single track. Another 
magnetic tape, shown in Fig. 2B, con¬ 
tains two tracks, each of which can be 
recorded separately. A dual-track tape 
can be used to record twice as much 
information as a single-track tape. 
In the dual-track tape, the tracks are 
separated by a non-conducting area. 
The width of each tape is only one-
quarter of an inch. 
When information is recorded on 

the tape, the tape is not changed 
physically in any way. In disc record¬ 
ing, as you know, small grooves must 
be cut in the disc by the recording 

stylus, and the recorded information 
is obtained by passing a playback 
stylus through these grooves. In re¬ 
cording on tape, however, the iron 
oxide coating is magnetized in accord¬ 
ance with the varying magnetic field 
produced by the audio signal varia¬ 
tions in the record head. In the play¬ 
back process, the varying magnetism 
on the tape produces a varying voltage 
in the playback head, which is then 
fed to the amplifier system. 
Let us see how the tape is mag¬ 

netized by the record head. 

0 DUAL TRACK 
FIG. 2. Recording tape may have one track 

or two as shown above. 

MAGNETIZING THE TAPE 
A diagram of a record-playback 

head used in tape recorders is shown 
in Fig. 3. The audio signal is fed into 
a coil of wire that is wound around 
a ring. The ring is made of a metal 
that can be easily magnetized and 
demagnetized. When the audio signal 
passes through the coil of wire, it pro¬ 
duces a varying magnetic field be¬ 
tween the pole pieces. As the tape 
passes the pole pieces, the magnetic 
flux produced by the current flow 
through the coil magnetizes the oxide 
coating on the tape. 

A very strong magnetic field is pro¬ 
duced between the pole pieces because 
of the small spacing between them. 
The iron oxide coating on the tape 
offers a low reluctance path for the 
magnetic field to flow from one pole 
to the other. (Reluctance is the over¬ 
all opposition offered by a material 
to magnetic flux lines.) The iron oxide 
offers less opposition to the magnetic 
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flux than air does. The direction in 
which the coating is magnetized, of 
course, depends on the direction of the 
flow of the magnetic lines produced by 
the varying audio current flow through 
the coil of wire in the record head; 
the amount that the tape coating is 
magnetized depends on the density of 

FIG. 3. Record-playback head. 

the flux lines. The stronger the mag¬ 
netic field, the more magnetized the 
tape coating becomes as it passes the 
pole pieces. 

Fig. 4 shows how the magnetic field 
magnetizes the oxide coating. The 
arrows indicate the directions in which 
the various small magnetic areas on 
the oxide coating are polarized. In Fig. 
4A, the arrows are pointing in all 
directions; we can say that the tape 
is completely demagnetized. The mag¬ 
netic tape must be demagnetized in 
this way before it passes in front of 
the recording head; otherwise, the 
sound produced by the loudspeaker 
will be noisy. 

If the signal applied to the record¬ 
ing head is weak, a few of the mag¬ 
netic areas in the oxide coating will 
be lined up in the direction of the 
applied field, as in Fig. 4B. When a 

stronger field is applied, more of the 
magnetic areas will be lined up, as 
shown by the arrows in Fig. 4C. A 
strip of tape completely saturated 
by an intense erase field is shown in 
Fig. 4D. The way in which the tape 
is erased will be explained in more 
detail in a later section. 

Of course, the magnetic areas on 
the tape are much smaller than the 
arrows used in Fig. 4 to indicate the 
direction of magnetization. However, 
the important thing to note is that 
each small area acts as a tiny magnet 
having a north and a south pole. 
When a magnetic tape passes through 
the changing magnetic field between 
pole pieces, the tiny magnets in the 
iron-oxide coating align themselves 
in accordance with the direction and 
strength of the magnetic field. As the 
field varies at an audio rate, the audio 
information is transcribed on the tape. 
Later, the same tape can be passed 
in front of the playback head, and the 
small magnetic fields produced by the 
magnetized areas on the tape will 
induce a voltage in the playback 

DIRECTION OF FIELD 

0 NEUTRAL 0 INFLUENCE OF 
WEAK MGNTC FIELD 

0 STRONGER FIELD Q INTENSE ERASE 
FIELD-SATURATION 

FIG. 4. How oxide coating on tape is 
magnetized by magnetic fields. 

head. In this way, we can get the audio 
information out again. 

To understand how an audio signal 
can be recorded on tape, refer to 
Fig. 5. In this illustration, we are 
assuming that a sine wave signal is 
being applied to the record head. 
When the sine wave shown in Fig. 

5B is passing through zero at point 1, 
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the record head for that moment is not 
magnetized, and there are no flux lines 
extending across the tape between the 
pole pieces, as shown in the first 
illustration of Fig. 5A. Thus, at that 
instant, the tape coating is not mag¬ 
netized. 

When the ac signal voltage applied 
to the record head swings positive to 

FIG. 5. Recording a sine-wave audio sig¬ 
nal. A shows the effect on the magnetic 
field in the head; B shows the sine-wave 
signal; C shows the effect on the tape, 
which is like bar magnets placed end 

to end. 

point 2, the core becomes magnetized 
and the lines of force flow from the 
south magnetic pole, through the tape, 
to the north magnetic pole. The tiny 
areas in the magnetic coating align 
themselves parallel with the flux lines 
between the pole pieces. The number 
of areas that are aligned depends on 
the strength of the magnetic field. 

Thus, as the voltage between point 
1 and point 2 in the sine wave rises 
higher and higher in the record coil, 
the magnetic lines between the pole 
pieces and through the tape become 
stronger. More of the magnetic areas 
are pulled into alignment with the 
magnetic lines, and magnetization of 
the tape becomes higher. Since the 
tape is moving past the pole pieces at 
a constant speed, the amount that the 
individual segments of the tape are 

magnetized depends on the strength of 
the flux lines at the particular moment 
the tape spans the gap. 

After the magnetic field reaches the 
positive peak of the sine wave, it 
declines to zero at point 3, and begins 
the positive alternation. On the nega¬ 
tive alternation, the flux lines reverse 
their direction of flow between the pole 
pieces of the record head. They pass 
through the tape in the opposite direc¬ 
tion from those indicated on the posi¬ 
tive alternation, and therefore align 
the magnetic areas on the tape in the 
opposite direction. The more negative 
the applied sine wave voltage, the 
stronger the magnetic field becomes. 
The manner in which the tape is 

magnetized can also be represented as 
a group of bar magnets placed end-to-
end, as shown in Fig. 5C. Each magnet 
represents the polarity of the mag¬ 
netized areas on the tape. The two 
north poles represent the crest of the 
positive alternation, and the two 
south poles the crest of the negative 
alternation. The zero axis of the sine 
wave occurs at the mid-point of a bar 
magnet when there is zero flux. 

AC BIASING 

Tape recording is not just a simple 
matter of applying a varying magnetic 
field to the iron oxide coating on a 
piece of tape. The magnetization of 
the tape and the ease with which the 
areas can be magnetized is not linear 
with respect to the amplitude of the 
magnetizing force. The oxide coating 
on the tape, as with all magnetic ma¬ 
terials, will resist a force tending to 
magnetize it. Also, if the coating is 
magnetized, it will oppose any de¬ 
magnetizing force. This opposition to 
change in the magnetization is called 
hysteresis. You can easily see the 
opposition by studying the shape of 
the curve in Fig. 6. 



The curve shows the amount of 
magnetism (magnetic flux) that will 
be induced in the oxide coating for 
different values of the applied mag¬ 
netizing force between the recording 
head pole pieces. Beginning at the in¬ 
tersection of the horizontal and verti¬ 
cal lines, which we will call the origin, 

FIG. 6. Magnetization curve. 

notice that the curve rises slowly to 
form what is called the “instep” of the 
magnetization curve. This shows that 
a large amount of magnetizing force 
is required for just a small increase 
in the magnetism (flux density) in the 
tape surface. In other words, the oxide 
coating opposes the magnetizing force 
over this part of the range. 

Above the instep, the curve becomes 
linear; the tape surface becomes mag¬ 
netized in direct proportion to the 
applied magnetic force. It is in this 
portion of the curve that the magnetic 
recording must be made. If the ampli¬ 
tude of the flux lines becomes too 
great, the tape coating will become 
saturated and, as shown by the curve, 
the response will again level off and 
become non-linear. If a tape is re¬ 
corded so that a part of the signal 
extends down into the instep region 
or into the saturation region of the 
curve, the reproduced signal will be 
distorted. Therefore, a bias voltage or 
signal must be applied to the record 
head to raise the audio signal into the 

linear portion of the curve to prevent 
amplitude distortion. This is similar 
to biasing a vacuum tube on the linear 
portion of its transfer characteristic 
curve. 

There are two methods that can be 
used to bias a record head. It can be 
biased by applying a high-frequency 
ac signal to the head along with the 
audio signal, or it can be biased by 
applying a constant de voltage. DC 
bias, which was used in early tape 
recorders, magnetizes the tape at a 
specific constant level so that the ac 
signal is recorded on the linear por¬ 
tion of the magnetization curve. How¬ 
ever, the constant magnetization re¬ 
sults in a high noise level that is not 
present when the ac bias method is 
used. As a result, the ac bias system 
is now used almost universally. 
The ac bias method uses a super¬ 

sonic bias signal having a frequency 
somewhere between 30 kc and 150 kc. 
As shown in Fig. 7, the ac bias signal 
from an oscillator and the audio signal 
from the amplifier are both fed into 
the record head. Fig. 8 shows how the 
bias signal raises the magnetizing 
level of the audio signal into the 

FIG. 7. AC bias method. 

linear portion of the magnetization 
curve. Notice that the audio signal, in 
fact, modulates the bias signal. 
The amount of bias required de¬ 

pends upon the characteristics of the 
tape and of the recorder. If the bias 
is too low, distortion and reduced 
signal output result. If the bias is too 
high, peaks of the audio signal will be 
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recorded in the saturation region, 
again increasing distortion and reduc¬ 
ing signal output. Inexpensive record¬ 
ers use a fixed bias level that is set 
for a particular recording head and 
type of tape to be used with the 
recorder. In more expensive models, 
the bias level can be adjusted to com-

MAGNETIZATION 

AC BIAS SIGNAL 

FIG. 8. How the bias signal raises the 
magnetization level of the audio signal 

to the linear part of the curve. 

pensate for variations in tape char¬ 
acteristics. 

The bias component in the diagram 
in Fig. 7 is supplied through an ad¬ 
justable trimmer capacitor so that the 
ac bias signal can be set to the proper 
level. Generally this amounts to set¬ 
ting the trimmer to obtain maximum 
output when a specific ac signal is 
applied to the input of the recorder. 

The high-frequency bias signal has 
almost an erasure effect because with 
no audio signal applied, and just the 
ac bias signal, the tape is demag¬ 
netized almost completely as it leaves 
the recording head. This increases the 
signal-to-noise ratio. The bias signal 
must be a pure sine wave. If it is not, 
the unbalanced wave form will pro¬ 
duce a de component of magnetization 
which will cause a decrease in the 
signal-to-noise ratio. 

The demagnetizing effect occurs be¬ 
cause of the high frequency of the 
supersonic bias compared to the speed 

at which the tape travels between the 
two poles of the recording head. In 
the time required for a segment of the 
tape to pass from one pole to the 
second pole, the ac bias signal has 
passed through a number of complete 
cycles. As it does so, the magnetized 
areas on the tape return to their 
original random polarity positions. 
Notice also in Fig. 7 that the output 
of the bias oscillator can be fed to 
the erase head to completely demag¬ 
netize the tape. The primary function 
of the high-frequency signal, however, 
is to supply bias signal to the record 
head. How the signal is used for erase 
purposes will be discussed in more 
detail later in this lesson. 

In the next section, we will find out 
what effect the width of the recording 
head gap and the tape speed have 
on the quality of the tape mag¬ 
netization. 

FREQUENCY RESPONSE 

There are a number of factors that 
influence the frequency response of a 
record and playback tape system. Fig. 

FIG. 9. Response of record-playback head. 

standard tape speeds—15 inches per 
second, and 7.5 inches per second. 
Notice that the slower moving tape 
has a poorer high-frequency response 
than the fast tape. 
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Recording Process. One cause of 
high-frequency recording losses is de¬ 
magnetization. As you saw in Fig. 5C, 
a sine-wave modulating signal on the 
tape can be considered to be a number 
of individual bar magnets, with each 
magnet representing a half wave¬ 
length of the frequency. With the tape 
moving at a constant speed past the 
record head, the higher the frequency 
of the modulating signal, the shorter 
the individual magnetic bars become. 
Thus, there is a shorter distance be¬ 
tween the north and south pole of each 
magnetized segment on the tape. This 
causes a cancelling effect between the 
opposite poles, that reduces the actual 
magnetism induced in the tape. Thus, 
the higher the frequency, for a given 
input signal amplitude to the record 
head, the weaker the magnetic field 
induced in the tape. 

When the tape speed is increased, 
the high-frequency signal components 
develop a larger magnetized area or 
bar, because in the time taken by one 
complete cycle, more tape has passed 
between the two poles. Thus, as shown 
in Fig. 9, the high-frequency response 
is better with a tape speed of 15 
inches per second than with a tape 
speed of 7.5 inches per second. Of 
course, the higher the tape speed, the 
more tape required for a given record¬ 
ing time. 
Most tape recorders have two or 

more individual speed settings. When 
a high-fidelity tape is to be made, 
the fastest tape speed should be used. 
For voice recordings and other re¬ 
cordings of limited frequency re¬ 
sponse, the slower tape speeds can be 
used and more information can be 
transcribed on a given tape. The 
speeds and durations for dual-track 
tapes of various lengths are given in 
Table I. 
A second cause of high-frequency 

loss is bias erase. As mentioned pre¬ 

viously, the bias signal erases itself 
as it leaves the recording field. It 
also has some erasure effect on any 
magnetic fields that have been induced 
in the tape, particularly the smaller 
wavelength fields of the high audio 
frequencies. Consequently, the highs 
are affected more than the lows. 

The record head itself has a fre¬ 
quency-discriminating effect. The rec-

TABLE I. Running time for tapes of 
different lengths at different speeds. 

Tape 
Length 

Speed in Inches per Second 
u 31 71 15 

150' 

600' 

900' 

1200' 

1800' 

30 min. 

2 hr. 

3 hr. 

4 hr. 

6 hr. 

15 min. 

1 hr. 

1| hr. 

2 hr. 

3 hr. 

7.5 min. 

30 min. 

45 min. 

1 hr. 

11 hr. 

31 min. 

15 min. 

221 min. 

30 min. 

45 min. 

ord amplifier and the recording head 
must be matched to obtain the proper 
frequency characteristic. Because the 
record head is largely inductive, its 
impedance, or opposition to ac current 
flow, increases with frequency. As a 
result, the coil current and the 
strength of the magnetic field between 
the pole pieces decreases at high fre¬ 
quencies. However, this effect is over¬ 
come with proper equalization in the 
record head and proper match between 
the plate circuit of the recording 
amplifier output stage and the record¬ 
ing head. With proper design, a nearly 
constant current can be made to flow 
through the head regardless of the fre¬ 
quency of the applied signal at the 
input of the recording amplifier. 
Playback Process. In the record¬ 

ing process, a magnetic field is induced 
in the tape. In the playback opera¬ 
tion, this magnetic field on the tape 
induces a signal voltage in the coil 
of the playback head. Thus, the play-
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back process is the reverse of the 
record process. However, an under¬ 
standing of the playback operation 
again depends upon a knowledge of 
the principles of magnetic induction. 
In the playback process, the voltage 
induced in a coil depends on the rate 
of change of the magnetic flux lines 
as the tape passes in front of the play¬ 
back head. When we associate this 
principle with frequency, we can un¬ 
derstand the frequency response char¬ 
acteristic of the playback process. 

The speed of the tape as it passes 
between the poles of the playback 
head must be constant, regardless of 
the frequency of the induced audio 
signal. However, a high-frequency 
tone of a given amplitude occupies 
a shorter length of tape than a lower-
frequency tone of the same amplitude. 
Thus, as the tape travels between 
the pole pieces, the change of flux 
lines at a high frequency is at a faster 
rate than at a low frequency. 

The playback head is said to have 
a “constant velocity” characteristic. 
In other words, the voltage induced 
in the playback coil varies with the 
rate of change (or velocity) of the 
flux lines. Since the rate of flux change 
is greater at the higher frequencies, 
a greater voltage is induced in the 
playback coil per given flux density 
at a high frequency than at a low 
frequency. Thus, as shown in the 
curve of Fig. 9, the output is greater 
as the frequency becomes higher, until 
we reach a high-frequency range at 
which the over-all response begins to 
decline. This decline is due to the 
high-frequency losses in the record¬ 
playback head and at other points. 
To get a linear frequency response 
in a tape recorder system, there 
must be equalizing and frequency¬ 
compensating networks in the ampli¬ 
fier systems. These will be discussed in 
the following section. 

Still another consideration in the 
playback head is the width of the gap 
between the pole jiieces. The wider the 
gap, the poorer the high-frequency re¬ 
sponse. Therefore, the high frequen¬ 
cies are attenuated not only at the 
recording head, but also at the play¬ 
back head. 

You can see how the gap width and 
the flux density between the pole 
pieces influence the frequency re¬ 
sponse of the playback head by re¬ 
ferring to Fig. 10. Notice in Fig. 10A 
and 10B that the difference in the flux 
density in the gap depends on the 
wavelength (frequency) of the signal 
on the tape, the lower-frequency sig¬ 
nal having a greater wavelength occu-

MAGNETIC GAP 

MAGNETIC 
POTENTIAL 
DIFFERENCE 

GREATER 
DIFFERENCE 

MAXIMUM 
DIFFERENCE 

LESS 
DIFFERENCE 

FIG. 10. Influence of frequency on mag¬ 
netic potential. A shows the effect with 
a low-frequency having a long wave¬ 
length; B shows a somewhat higher fre¬ 
quency; C shows maximum magnetic 
potential when gap width equals '/z-
wavelength; D shows that a higher fre¬ 
quency decreases the difference again. 

pies a greater length of tape than the 
higher frequency signal. Thus with a 
gap of a specific fixed width, the 
actual difference in flux density be¬ 
tween the gap edges is always less 
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for the longer wavelength (the lower 
frequency). 
J The magnetic gap width is always 
somewhat greater than the actual 
physical gap width because it is not 
possible to machine a gap with abso¬ 
lutely sharp edges. However, at the 
frequency where the magnetic gap is 
exactly one-half wavelength as in Fig. 
IOC, there is the greatest difference 
in flux density between the gap edges. 
Therefore, the response at this fre¬ 
quency is maximum. At a frequency 
higher than this limit, the response 
begins to decline again (Fig. 10D) 
because the actual flux density be¬ 
tween gap edges begins to fall off. 

Thus, the high-frequency limit de¬ 
pends on both the gap width and the 
tape speed. When the gap width is re¬ 
duced, the frequency corresponding to 
a one-half wavelength dimension must 
be higher. If the width of the gap is 
made smaller, the difference in the 
flux density between the gap edges is 
less for the low frequency signal as 
it goes through its cycle, and the low-
frequency response decreases accord¬ 
ingly. The gap width, therefore, must 
be a compromise to obtain an ade¬ 
quate response at both low and high 
frequencies. Generally, the gap for 
the combination record-playback head 
is 0.0005 inch or less. If a separate 
record head is used with ac bias, the 
gap of the record head can be nearly 
0.001 inch wide. 
Equalization. To obtain a flat 

response curve, circuits called equaliz¬ 
ing circuits are used. The subject of 

equalization is very important in tape 
recorder systems. The curves of Fig. 
9 indicate that to obtain a flat fre¬ 
quency response, we must increase the 
amplitudes of the frequencies at both 
the high and low ends of the audio 
range. So much correction is required 
that there are usually two equalizing 
circuits; the high frequencies are usu¬ 
ally compensated for in the record 
amplifier, while the lows are boosted 
in the playback amplifier, as shown 
in Fig. 11. 

As you have learned, the highs are 
attenuated by the demagnetizing 
effect of the bias signal, when they 
are recorded on the tape. Thus, we can 
obtain better results if we emphasize 
the higher frequencies before they are 
applied to the recording head. This 
step makes certain that the highs are 
emphasized above tape noise and hiss. 
Without pre-emphasis, the signal-to-
noise ratio at the high audio fre¬ 
quencies would be poor. 

The weak highs could be boosted in 
the playback amplifier, but tape noise 
and hiss would also be boosted and 
result in a much poorer signal-to-noise 
ratio than with high-frequency pre¬ 
emphasis. 
Many tape recorders use a two-

stage recording amplifier with high-
frequency pre-emphasis circuits in 
both stages. In other recorders, the 
highs are also boosted a small amount 
in the playback amplifier. 

Low-frequency boost is taken care 
of largely in the playback amplifier, 
and is referred to as post-emphasis 

HIGHS EMPHASIZED LOWS EMPHASIZED 

TAPE PRE-EMPHASIS POST-EMPHASIS 

FIG. 11. Equalization method in a tape-recorder. 
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because it occurs after the audio in¬ 
formation has been transcribed on the 
tape. The lows cannot be boosted in 
the recording amplifier, because the 
high energy content of the pre¬ 
emphasized lows in the record head 
will drive the magnetic induction into 
the distorted regions near saturation. 
If the recording level is reduced to 
prevent overdriving on lows, the highs 
will then be at such a low level that 
they will be obscured by tape noise 
and hiss. It is best, therefore, to boost 
the lows in the playback amplifiers. 

The post-emphasis of lows presents 
a problem because of the sensitivity of 
the input of the playback amplifier to 
hum pick-up. Any hum that enters 
the playback amplifier is further em¬ 
phasized by the bass boost system. 
For this reason, all hum fields from 
the motors and transformers used in 
the tape recorder must be properly 
shielded. The record and playback 
heads also are shielded, except for 
the small area around the gap. 

To reduce hum pickup further, 
many tape recorders introduce a con¬ 
trolled amount of pre-emphasis of the 
“very lows” in the record amplifier. 
In this arrangement, the record pre¬ 
emphasis curve tapers off in the 60 to 
120-cycle range to introduce stronger 
signal components of this frequency 
to the record heads. Signal amplitudes 

are not as great in this very low fre¬ 
quency range as they are in the peak 
energy range around 400 cycles. As 
a result the very low frequencies 
enter the playback amplifier at a 
higher level, and ride above the hum 
components. In addition, no emphasis 
or just a small amount of post¬ 
emphasis has to be introduced by the 
playback amplifier over this range. 
Hence, any hum components in the 
amplifier are not increased by the net¬ 
work. 

Three typical record pre-emphasis 
circuits are shown in Fig. 12. In Fig. 
12A, capacitor C2 is in series with the 
recording head across the output 
of the amplifier tube. Because the 
reactance of capacitor C2 decreases 
as the frequency increases, a high-
frequency signal will produce a higher 
current flow in the coil of the record¬ 
ing head than a low-frequency one 
will. At low frequencies, the coil cur¬ 
rent is limited by the increasing 
reactance of capacitor C2. 
A frequency-discriminating feed¬ 

back amplifier can also be used to 
pre-emphasize the highs. In the feed¬ 
back arrangement in Fig. 12B, the low 
and the middle ranges of frequencies 
are fed back to the input through the 
cathode feedback link. However, at 
high frequencies, the low reactance 
of the cathode capacitor provides an 
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efficient high-frequency filter, and 
therefore there is no feedback. The 
high-frequency gain of the stage is 
maximum, and the highs are empha¬ 
sized over the middle and low ranges. 

Another method of getting a cor¬ 
rectly shaped pre-emphasis curve is 
to use a series resonant circuit in the 
cathode of one of the pre-amplifier 
stages, as shown in Fig. 12C. At low 
frequencies, a degenerative voltage is 
developed across resistor RI, which 
feeds back an out-of-phase signal to 
the grid of the amplifier. At higher 
frequencies, coil LI and capacitor Cl 
(or Cl and C2 in parallel) have an 
increasing shunting effect on resistor 
RI, which decreases the amount of 
feedback. At high frequencies, coil 
LI and capacitor Cl place a very low-
impedance shunt across resistor RI 
and there is no feedback. Again full 
amplification is given to the highs; 
the gain decreases with lower and 
lower frequencies. Since the frequency 
response also depends on the tape 
speed, proper compensation is made 
by switching capacitors Cl and C2. 
The capacitors are connected in paral¬ 
lel at high tape speeds, but Cl is used 
alone, by opening the switch, at lower 
speeds. 

Two typical post-emphasis circuits 
are shown in Fig. 13. In the circuit 
in Fig. 13A, the bass response is 
boosted by the series network con¬ 
sisting of capacitor C2 and resistors 
R2 and R3. The reactance of capacitor 
C2 is so high at low frequencies that 
the series network of C2 and R2 has 
no shunting effect, permitting the lows 
to pass unattenuated to the grid of 
the next stage. As the frequency in¬ 
creases, the shunting effect of the two 
components also increases. Thus, a 
higher and higher percentage of the 
high-frequency signal appears across 
resistor R3 instead of at the grid of 
the next stage. The taper of this 

response is the opposite of the con¬ 
stant velocity response of the play¬ 
back head. 

The resistor-capacitor network also 
provides some high-frequency peak¬ 
ing in the form of an adjustable treble 
control, capacitor C3. The reactance 
of this capacitor becomes low at very 
high frequencies and, therefore, shunts 
some of the highs around resistor R3 
and directly to the grid of the next 
stage. This control is adjustable to 
correct for the very high-frequency 
losses in a tape recorder system. 
The feedback arrangement of Fig. 

13B can also be used in the playback 
amplifier to boost the low-frequency 
response. In this -circuit the middle 
range of frequencies is fed back to 
the input circuit through resistor RI 
and capacitor Cl. There is no feed¬ 
back of lows because of the rising 
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reactance of capacitor Cl. Again the 
parts values are chosen so that the 
gain of the amplifier stage decreases 
with increases in frequency to counter¬ 
balance the high-frequency boost of 
the playback head. 

The values of resistor R2 and ca¬ 
pacitor C2 in the cathode circuit can 
also be chosen to provide a small 
amount of boost at the very high fre¬ 
quencies. If the value of capacitor C2 
is small, its low reactance at very high 
frequencies prevents cathode feedback 
and increases the high-frequency gain. 
Capacitor C2 can be made adjustable 
to obtain the proper amount of addi¬ 
tional treble boost sometimes used in 
the playback amplifier system. 

In lower-priced tape recorders, par¬ 
ticularly those using the same head 
for record and playback, the same 
amplifier is used for both operations. 
In changing between record and play¬ 
back, equalization networks and com¬ 
ponents are also switched in the 
amplifier stages. For the record posi¬ 
tion, a suitable pre-emphasis network 
must be inserted into the amplifier; for 
playback, a proper post-emphasis net¬ 
work must become a part of the re¬ 
producing amplifier system. 

It is apparent that the tape recorder 
is a combination of mechanics, mag¬ 
netism, and electronics. Each is im¬ 
portant for good tape recording. 

TAPE ERASURE 
The function of the erase head in 

a tape recorder is to remove the mag¬ 
netic information that has been tran¬ 
scribed on the tape so that the tape 
can be used again to record new in¬ 
formation. The erase operation is usu¬ 
ally done automatically during the 
recording process by passing the tape 
in front of the erase head. This demag¬ 
netizes the tape so that new informa¬ 
tion can be transcribed on it when it 
passes the record head. 

One method of erasing the tape is 
to use a strong, high-frequency mag¬ 
netic field. This high-frequency signal 
is usually the same as that used for 
ac bias purposes, except that the full 
output of the oscillator is applied to 
the erase head. 

To erase the magnetic information 
from a tape, the erase signal fed to 
the erase head generates an intense 
magnetic field that alternately drives 
the oxide coating on the tape rapidly 
between the two saturation levels. 
This is shown by the hysteresis curve 
in Fig. 14. Hysteresis, as you learned 
earlier, is the property of a magnetized 
material to retain its magnetism and 
to oppose any change by an external 
force. If we apply a very strong mag¬ 
netic field to a magnetic tape, the field 
will saturate the tape to the level 
shown at point A. Now, suppose we 
decrease the magnetic field to zero. 
The magnetism in the tape, because 
of hysteresis, will decrease to point B 
instead of the demagnetized point 
(where the vertical and horizontal 
lines cross). There, to completely de¬ 
magnetize the tape and overcome the 
hysteresis, we must apply a signal 
that alternately drives the magnetic 
coating between two saturation levels 
of opposite polarity. 

Because the ac bias signal has a 
very high frequency, the signal will 

FIG. 14. Hysteresis path of erase field. 
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go through several complete cycles 
before any particular area on the tape 
has had time to pass completely by 
the gap in the erase head. Thus, as 
shown by the hysteresis curve, each 

‘ small area on the tape is alternately 
magnetized first in one direction and 
then in the other. Then, as the tape 
moves away from the erase head, the 
alternating field decreases in intensity, 
as shown in the smaller loops on the 
diagram in Fig. 14. The magnetism 
finally decreases to zero. The tape is 
demagnetized, and the magnetic areas 
on the tape are again aligned in a 
random fashion as you saw in Fig. 
4A. The tape can now be used to 
record new information. 
The erase head generally has a 

much wider gap than the record and 
playback heads so that the tape is 
under the influence of the erase field 
for a longer time. A typical gap width 
is about .02 inch. For single-track 
tapes, the erase head gap must be 
made large enough to span and demag¬ 
netize the entire tape surface. For a 
dual-track recorder, the record and 
playback heads span only half the 
tape width. Thus, in the record and 
playback position, there is no interfer¬ 
ence between the two oxide-coated 
tracks on the tape. The erasure gap, 
too, must erase only the half of the 
tape on which new information is to be 
recorded. The width of the gap, how¬ 
ever, is slightly more than the gap 
for the record and playback heads to 
make certain that there is complete 
erasure of each track. 
Using DC for Erasure. DC can 

also be used to demagnetize tape, 
although it is not as satisfactory as 
ac. When a strong de erase field is 
used, it applies a saturated magnetic 
field that aligns all the magnetic areas 
in a given direction, thereby erasing 
any audio information that was pres¬ 
ent on the tape. As the tape leaves 

the field of influence of this magnetic 
field, the magnetism in the tape de¬ 
clines toward zero from point A to 
point B in Fig. 14. However, an object 
cannot be demagnetized completely 
unless a demagnetizing field of oppo¬ 
site polarity is also applied. With a 
de field, then, the tape is not com¬ 
pletely demagnetized. Rather, it is 
uniformly magnetized at a specific 
level. Thus, when recording new in¬ 
formation on the tape, some residual 
magnetism is present when the tape 
moves in position across the gap of 
the recording head. If the residual 
magnetism is high enough, it can cause 
any new information recorded on the 
tape to be distorted because the re¬ 
cording level will be near the satura¬ 
tion region instead of in the linear 
portion of the curve. Therefore, the 
de erase method is not widely used. 
Permanent - Magnet Erasure. 

Magnetic tape can also be erased by 
using several small permanent mag¬ 
nets. Although a single magnet will 
give reasonably satisfactory erasure, 
with two magnets, it is possible to 
approach the type of erasure obtained 
with an ac erasure signal. 

In a typical arrangement, shown in 
Fig. 15, the tape first comes under 
the influence of a strong field from the 
south pole of a permanent magnet. 
This strong field saturates the tape, 
and thereby removes all of the sound 
information. A second magnet is 
placed almost at right angles to the 
first. As the tape travels between A 
and B, the flux lines from the first 
magnet decrease, and the tape be-
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comes almost completely demag¬ 
netized. 

The north pole of the second mag¬ 
net, at position B, functions as a 
reversing field, and therefore magnet¬ 
izes the tape with the opposite polar¬ 
ity. The field at B is considerably 
weaker than the field at A and con¬ 
tributes just the required amount of 
reversed magnetic force. The small 
amount of magnetism remaining on 
the tape, now with an opposite polar¬ 
ity, comes under the influence of a still 
weaker but opposite polarity field 
from the south pole of the second 
magnet at point C. Thus, as the tape 
travels between B and C, it is demag¬ 
netized further toward the origin, 
finally declining near to the origin 
after coming under the influence of 
the reverse field at point C. The mag¬ 
netism trails off toward zero as the 
tape leaves the influence of the south 
pole of the second magnet. 
Bulk Erasure. It is also possible 

to erase using a 60-cycle ac field. 
This type of erasure, called a bulk 
erasure, can be used to demagnetize 
an entire tape in less than a minute. 
The usual bulk eraser plugs into the 
110-volt ac line, and generates a very 
strong magnetic field. The entire tape 

is placed on the eraser, so that when 
power is applied, the strong magnetic 
field saturates the tape. Now, the tape 
is moved slowly and evenly away from 
the bulk eraser, this gradually reduces 
the intensity of the field and approxi¬ 
mates the changing magnetic field 
necessary to follow the hysteresis 
curve down to the origin. When the 
tape has been moved away from the 
eraser the specified distance, the 
power is turned off. 

A bulk eraser is useful in restoring 
used magnetic tapes to a completely 
demagnetized level, thereby improv¬ 
ing signal-to-noise ratio and effec¬ 
tively removing any information 
which the regular erasure circuit of 
the recorder has not been able to re¬ 
move. A bulk eraser of this type will 
be very useful to you if you do any 
amount of tape recorder servicing. 
The bulk eraser, however, should be 
used carefully so that you never de¬ 
magnetize any of the tapes that the 
customer may be saving. Also place 
the bulk eraser far enough away from 
the tape recorder so that its magnetic 
fields will not affect any of the com¬ 
ponent parts of the recorder itself. 
It is a good idea to keep your watch 
away from the bulk eraser, too. 

Tape-Transport Mechanisms 
The mechanical section of the re¬ 

corder is referred to as the tape¬ 
transport mechanism. It moves the 
tape at the proper speed in front of 
the record, playback, and erase heads. 
The transport mechanism consists of 
a driven supply reel, a take-up reel, 
and a capstan, all of which move the 
tape when driven by the proper motor 
arrangement. Separate motors can be 
used for each of the three driven axles. 

However, in a less expensive recorder, 
a single motor is used with a system 
of pulleys, belts, brakes, and shift 
plates to transfer power from a single 
motor to the various parts of the 
transport mechanism. 
The mechanical parts of a tape 

recorder are shown in Fig. 16. Look¬ 
ing at the mechanism, you might 
at first assume that the tape can be 
moved in front of the various heads 
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by connecting a motor to the spindle 
of the take-up reel. This is not satis¬ 
factory because the actual tape speed 
would increase as tape was wound up 
on the take-up reel. As the tape winds, 
the diameter of the roll of tape in¬ 
creases. Therefore, if the take-up 
spindle rotated at a constant speed, 
the speed of the tape would increase 
progressively as the tape piled up on 
the reel. Thus, a constant speed of 
rotation of the take-up spindle would 
cause a continuous change in the 
speed at which the tape passed the 
various tape recorder heads. 

Suppose the supply reel were full, 
and the take-up reel were empty. If 
the supply reel rotated at the same 
speed as the take-up reel, tape slack 
would accumulate rapidly because the 
tape would run off the supply reel 
much faster than it could be taken up 
by the take-up reel. Once the take-up 
reel built up more tape than remained 

on the supply reel, the take-up reel 
would pull the tape from the supply 
reel at a faster rate than it could be 
released from the supply reel, and the 
tape would break. 

It is apparent that if the tape is to 
be moved past the heads at a constant 
speed, there will have to be a mechani¬ 
cal system that will change the speed 
of the tape reels continuously as the 
tape divides between take-up and sup¬ 
ply reels. A piece called a capstan, 
which is driven by the motor and is 
located between the two reels, sup¬ 
plies the pull that moves the tape at 
constant speed past the head. The 
capstan is rotated either by the drive 
shaft of a motor directly; or by a 
gear pulley, idler wheel, or flywheel 
arrangement. It can have a rubberized 
surface which will exert the necessary 
torque on the tape to pull it past the 
magnetic heads. A pressure wheel or 

PROTECTIVE 
FOR ERASE,RECORD,a 

PLAYBACK HEADS 

TAKE-UP 
REEL 

SUPPLY 
TENSION 
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TAKE-UP 
TENSION 
ARM 

PRESSURE 
PULLEY 

Courtesy Presto Recording Corp. 
FIG. 16. Presto tape-transport mechanism. 
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pad holds the tape against the capstan 
and minimizes the possibility of tape 
slippage or varying tape speeds. 

Idler pulleys and posts guide the 
tape properly from the reels past the 
heads and onto the take-up reel. A 
slip clutch or automatic torque system 
is used to regulate the reel speeds. 
Pressure pads are used at various posi¬ 
tions to make certain that the tape 
lies firmly against the magnetic heads. 

In addition to moving at the regular 
forward rate from the supply to the 
take-up reels during record or play¬ 
back operation, the tape can also be 
wound quickly on either reel. On the 
fast rewind or reverse setting of the 
tape recorder when the tape is re¬ 
wound on the supply reel, the pressure 
roller is moved back away from the 

capstan. The pressure pads are also 
moved away from the tape. Thus, the 
tape can move freely and easily from 
one reel to the other. In this position, 
the motor operates the spindle of the 
supply reel and winds up the tape in 
a clockwise direction. A fast forward 
position is also possible. With this 
setting the capstan control is also 
disengaged and the take-up reel spin¬ 
dle exerts control of the tape to wind 
it up on the take-up reel in a counter¬ 
clockwise direction. 

SINGLE-MOTOR TAPE¬ 
TRANSPORT MECHANISM 

You can see how a tape-transport 
mechanism works by studying the 
mechanism in Fig. 17. This is the 
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type that is used in the Knight and 
Wilcox-Gay tape recorders. Notice 
that the mechanism uses only one 
motor for all the operations. 

The mechanical operations are con¬ 
trolled by a row of pushbuttons, 
shown in Fig. 18. When a button is 

REVERSE RECORD STOP PLAY 

FIG. 18. Push-button controls. 

depressed, various levers, springs, shift 
plates, and engagements supply driv¬ 
ing power to the proper mechanisms. 
To understand the various actions, let 
us consider each one. 
Record. In the record position, 

shown in Fig. 17, a shift plate moves 
the erase magnet so that it touches 
the tape. Thus, since the tape passes 
the erase magnet before it reaches the 
record head, the tape is automatically 
erased just before the new information 
is recorded. Notice that two pressure 
pads hold the tape firmly against the 
left guide and against the record head. 
Likewise, the pinch roller presses the 
tape against the capstan. 

The way in which the motor drives 
the capstan is illustrated in Fig. 19. 
The motor includes a cooling fan on 
one side of its shaft and the drive 
sheave on the other. The drive sheave 
has two segments of different diame¬ 
ters. The larger diameter segment 
drives a rubber-bonded idler wheel 
for the fast tape speed. When the tape 
recorder is set on slow speed, the idler 
wheel is moved, by means of a lever, 
into the next smaller diameter segment 
of the drive sheave, which rotates the 
idler wheel at lower speed. The direc¬ 
tion of rotation for the various shafts 
and wheels is indicated by the curved 
arrows in Fig. 17. 

In the record position, the idler 
wheel friction drives a large flywheel. 

The shaft of the large flywheel is the 
capstan of the tape recorder. As men¬ 
tioned previously, it is the capstan 
that keeps the tape moving at con¬ 
stant speed. 

The pinch roller also moves forward 
and holds the tape firmly against the 
capstan. The pinch roller rotates and 
is linked to the take-up reel with a 
spring-belt pulley arrangement. Of 
course, the torque of the take-up reel 
does not have as much pulling power 
on the tape as the capstan. It has just 
enough power to wind up the tape 
after the capstan pulls it through. 

Stop. When the stop button is de¬ 
pressed, a number of things happen, 
as shown in Fig. 20. The erase head 
moves away from the tape, and the 
pressure pads release the tape from 
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FIG. 19. Driving power for the capstan is 
transferred from the motor drive sheave 
to the capstan flywheel by means of an 

idler wheel. 

the guides and the record playback 
head. In addition, the pinch roller 
moves away from the capstan, and the 
rubber idler wheel moves away from 
the drive sheave and flywheel. The 
motor itself continues to rotate along 
with the idler drive wheel, which is 
linked by a pulley to the motor. 
Whenever the stop button is engaged, 



FIG. 20. Stop position of transport mechanism. 

a lever moves two brakes against the 
supply reel and take-up reel drums. 
Thus, the tape motion is stopped 
quickly, preventing breakage or the 
accumulation of tape slack. 
Playback. On playback position, 

the same motor activity occurs as 
shown in Fig. 17, with the capstan 
pulling the tape in the same direction 
and at the same speed from the supply 
to the take-up reels. In the playback 
position, however, the erase head re¬ 
mains separated from the tape, as 
shown in Fig. 21. The pressure pads 
hold the tape against the guide and 
against the playback head (record 
head and playback head are the same 
for this recorder). 
Reverse. When the reverse button 

is depressed, it causes a shift plate 

to move the idler wheel against a sub¬ 
idler wheel, which in turn moves 
against the supply drum. The sub¬ 
idler wheel causes the reel to rotate 
in the proper direction. Thus, the tape 
is reeled up quickly from the take-up 
reel to the supply reel. 

In this position, shown in Fig. 22, 
the brakes are released and the 
rubber-bonded idler wheel is moved 

FIG. 21. Playback position. 
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away from the motor drive sheave and 
the capstan flywheel. Consequently, 
the capstan is not driven in the re¬ 
verse operation. In reverse position, 
the pinch roller and capstan are also 
separated and the tape pressure pads 
are also released. The erase head, too, 
is moved away from the tape. 
Forward. The fast forward opera¬ 

tion is similar to the reverse opera¬ 
tion, except that a shift plate moves 
the idler drive wheel in direct contact 
with the drum of the take-up reel. The 
take-up reel is now driven directly 
by the motor, and the tape is trans¬ 
ferred quickly to the take-up reel. In 
this position, too, the capstan is not 
driven and the pinch roller and pres¬ 
sure pads release the tape to permit 
it to move rapidly and freely. 

TWO- AND THREE-MOTOR 
MECHANISMS 

An example of a more elaborate 
tape transport mechanism is the 
Presto unit that was shown in Fig. 
16. As shown in Fig. 23, separate 
heads are used for erase, record, and 
playback. Individual motors are used 
to drive the capstan, take-up reel, and 
supply reel. 

The capstan drive unit, illustrated 
in Fig. 24, is entirely self-contained 
and consists of a motor, motor pulley, 
and capstan shaft, which serves as the 
capstan. The capstan shaft, therefore, 
is belt-driven by the capstan motor. 

The capstan motor is a hysteresis 
type with two sets of windings. The 
proper windings for the high or low 

FIG. 22. Reverse and fast-forward positions. 
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tape speed are chosen by the speed 
switch. 

When the record or playback push¬ 
button is depressed, it closes a switch 
which energizes a solenoid. A solenoid 
is a coil of wire (an electromagnet) 
that has a movable iron core. When 
a current passes through the coil, the 
magnetic flux causes the core to move 
inward, toward the center of the coil. 
Thus, when the solenoid is energized, 
it causes the capstan pressure pulley, 
shown in Fig. 25, to move into contact 
with the rotating capstan shaft, and 
the tape is driven between them. 

The supply and take-up motors are 
coupled directly to the reel tables. 
These motors keep the tape under 
constant tension while a uniform pull¬ 
ing force is being exerted by the 
capstan. 

The reel tables are equipped with 
brake drums. A brake solenoid applies 
the brake bands to the drums on the 
stop setting of the recorder. During 
fast rewind, the brake system applies 

greater braking force to the reel that 
is unwinding. This keeps a more con¬ 
stant tension on the tape and prevents 
loops. If tape breaks or runs off, the 
take-up tension arm closes a micro¬ 
switch that energizes the brake sole¬ 
noid to stop the reel tables. 

There are two tension arms (supply 
and take-up) around which the tape 

FIG. 24. Capstan drive unit for Presto 
recorder. 
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FIG. 25. When the solenoid shown here is 
energized, the solenoid plunger moves in¬ 
ward, causing the other end of the lever 
attached to it to move downward, bringing 
the pressure pulley into contact with the 

capstan. 

must be threaded as shown in Fig. 23. 
For record and playback operation, 
the tape is threaded through the tape 
gate and under two tape lift-off guides. 
Function switches are at the lower 
right. Before the mechanism can be 
operated at fast tape speeds during 

rewind and fast forward, however, the 
tape must be withdrawn from contact 
with the heads by sliding the tape gate 
knob out. The speed of fast forward or 
reverse can be adjusted with the fast 
speed control. 

The Presto tape-transport is sepa¬ 
rate from the main amplifier unit, but 
does include the bias and erase oscil¬ 
lator. Motor and solenoid control cir¬ 
cuits are also included, and a neon 
bulb that lights up to indicate when 
the recorder is set on record position. 
A third mechanical arrangement, 

such as used by Webcor, has two 
motors. It is designed to record and 
playback with the tape traveling in 
either direction. You can see the motor 
shafts and bushings in Fig. 26. The 
left and right reel drums, not shown 
in the illustration, are driven by the 
motor shafts through a slip clutch 
arrangement. Also, the motors drive 
the capstan flywheel. The direction 
of tape travel determines which motor 

FIG. 26. Webcor transport plan. A, record or playback tape moves left to right. B (on 
opposite page), stop position. C, record or playback tape moves right to left. 
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and idler wheel operates the capstan 
and its flywheel. 

The unit has two identical heads, 
left and right, which perform all three 
tape recorder functions of record, 

playback, and erase. The right head 
operates only when the tape moves 
from right to left, and the left head 
operates only when the tape moves 
from left to right. 
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In Fig. 26A the index control re¬ 
corder is set on record or playback 
position with tape motion left to 
right. The left idler wheel (driven 
by the left motor) is shifted by a 
lever and cam arrangement into posi¬ 
tion where it can friction-drive the 
capstan flywheel. The pressure roller 
is moved against the capstan shaft, 
and pressure pads hold the tape 
against the left magnetic head. 

In the stop position, as shown in 
Fig. 26B, the tape is released by the 
pressure pads, and the pressure roll¬ 
er moves away from the capstan. 
Although not shown, brakes are 
applied to both reel drums. The same 
conditions occur for rewind or fast 
forward settings, except that the 
brakes are released. Fig. 26C shows 
the arrangement that permits record¬ 
ing and playback operation with the 
tape moving right to left. Now the 
right-hand motor drives the capstan 
flywheel, and pressure pads hold the 
tape against the head on the right. 

WIRE RECORDER 

Magnetic recordings can be made 
on wire as well as on tape. The stain¬ 

less steel recording wire must be 
manufactured carefully so that there 
are no irregularities in the wire diame¬ 
ter or impurities in the material. It 
must be clean and corrosion free. Wire 
diameter is approximately 0.004 inch. 
One hour of wire can be stored on a 
2%-inch diameter spool. Wire speed 
is faster than tape, usually 24 inches 
per second. 

The method used to record magnetic 
information on wire is similar to that 
used in making tape recordings. As 
the wire passes the magnetic gap in 
the recording head, the wire is mag¬ 
netized by the varying magnetic flux 
in the gap. The amount and direction 
of the magnetization depends on the 
strength and the polarity of the mag¬ 
netic flux. During playback, the mag¬ 
netized wire is again fed through the 
gap (the record head is also used for 
playback in most wire recorders), and 
the magnetized areas on the wire pro¬ 
duce a varying voltage in the play¬ 
back head. This is fed to the amplifier, 
which feeds the amplified signal to the 
loudspeaker. 
The high-frequency response of a 

wire recorder, like the tape recorder, 
depends on the wire speed and the gap 

FIG. 27. Wire-recorder head. 
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width. With the wire traveling at 24 
inches per second, the high-frequency 
response can be as good as and often 
better than that of a tape moving at 
7.5 inches per second. Faster tape 
speeds have a better response than 
wire. 

The metal used to form the core in 
the record-playback head shown in 
Fig. 27 must have a high permeability 
at low flux density. In other words, 
it must be able to magnetize and de¬ 
magnetize easily in a low flux field. 
Heads are generally constructed of 
mu-metal or molybdenum. The gap 
between the magnetic poles in the 
head is 0.001 to 0.002 inch, depending 
on the wire speed and frequency re¬ 
sponse. 
The transport mechanism for an 

economy-type wire recorder does not 
require a capstan drive. Some of the 
more expensive and exacting wire re¬ 
corders, however, do have a capstan 
drive. If a large diameter take-up 
spool and a small diameter wire is 
used, the change in wire speed is so 
slight that it has very little influence 
on the frequency response or wire 
tension. 

A typical wire transport mechanism 
is shown in Fig. 28. With the control 
switch in the record position, cams 
and levers cause the motor shaft to 
press against the idler wheel, which 
in turn presses against the lower rim 
of the take-up drum, which is called 
the take-up drum chuck. The upper 
part of the drum is the take-up reel. 
Thus, when the chuck rotates, the reel 
rotates and pulls the wire from the 
supply reel, through the recorder 
head, and on to the take-up reel. 
On rewind, the motor drive wheel 

is moved to the left until it contacts 
the supply spool chuck, and the idler 
wheel moves away from the take-up 
drum. Since the motor drive wheel is 
in direct contact with the supply 
chuck, the wire will be pulled back 
on the supply reel during rewind much 
faster than it was pulled during 
recording. 
A wire recorder requires a level 

winding system so that the wire piles 
up on the take-up spool layer after 
layer. The head moves up and down 
vertically as the wire piles up on the 
take-up spool. As shown in Fig. 27, 
the wire passes through the head in 
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a slot that is tapered on both sides. 
The taper aids in wire placement and 
permits use of a square knot wire 

splice. Because of the tapered edges, 
the head can move vertically without 
binding. 

Amplifier and Control Systems 
The amplifier and control system of 

a tape recorder is rather elaborate 
because of the many functions it must 
perform. In the record position the 
amplifier must have the proper sensi¬ 
tivity, frequency response, and output 
to drive the record head. A suitable 
switching arrangement must be in¬ 
cluded so that recordings can be made 
with a microphone or from the output 
of a tuner or high-fidelity amplifier 
system. In some recorders, using sepa¬ 
rate record and playback heads, the 
information being taped can be moni¬ 
tored at the same time by feeding the 
tape past the playback head to repro¬ 
duce the sound through the speaker. 

In the playback position, the ampli¬ 
fier must be able to build up the sig¬ 
nal removed from the tape to a high 
enough level to drive the loudspeaker. 
In addition, it must have the desired 
frequency response to give a good 
quality reproduction of the taped in¬ 

formation. The playback frequency 
characteristic, as studied earlier, is 
quite different from the record ampli¬ 
fier frequency response. Therefore, 
proper equalization circuits must be 
included in the change-over switching 
arrangement. 

KNIGHT RECORDER 
The Knight recorder, the mechanics 

of which were discussed in the previ¬ 
ous section, is shown in Fig. 29, and 
a schematic diagram of the amplifier 
system is given in Fig. 30. 

As you can see in the diagram, the 
Knight tape recorder contains a five-
tube amplifier including the power 
rectifier. The main section of the audio 
amplifier consists of a triode input 
amplifier, a triode phase inverter, and 
a push-pull audio output stage, which 
is transformer-coupled to the speaker 
output section. The amplifier has an 
8-watt output capable of driving 

Courtesy Allied Radio Corp. 
FIG. 29. Knight tape recorder with remote speakers. 
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FIG. 30. Knight tape recorder amplifier system. 



two 12-inch public address accessory 
speakers. There are also two smaller 
self-contained speakers. 
Recording Process. When mak¬ 

ing tape recordings of records, TV, or 
radio signals, the audio information is 
fed into the “TV-radio-phono input” 
jacks, and applied through the volume 
control RI to the grid of the triode 
audio input stage. When recording 
from a microphone, the signal is fed 
into the “mic input” jack. It passes 
through the record-playback selector 
switch M6B to the grid of a micro¬ 
phone pre-amplifier stage, and then 
through the volume control to the grid 
of the first audio amplifier. 

To understand the record process, 
let us trace the signal in Fig. 30, begin¬ 
ning at the microphone input jack. 
The selector switch is shown in the 
record position. The switch consists 
of two sections: M6A and M6B. One 
is immediately to the right of the in¬ 
put jack and the second is beneath 
the two speakers at the far right¬ 
hand side of the diagram. This latter 
section of the switch has only a single 
function; namely, to turn off the in¬ 
cluded speakers on the record position. 
The microphone signal passes 

through the selector switch from con¬ 
tact 12 to contact 2, and then through 
capacitor Cll to the grid of the micro¬ 
phone pre-amplifier. From there the 
signal proceeds in conventional fash¬ 
ion through the volume control circuit 
and on to the grid of the first audio 
amplifier. 

The resistor-capacitor network (re¬ 
sistors R13 and R14, and capacitors 
C13, C14, and C15) between the 
microphone pre-amplifier stage and 
the volume control has a dual func¬ 
tion. It retains the desired frequency 
response regardless of the setting of 
the volume control. In addition, you 
will recall that in the record process, 
the highs are emphasized to correct 

for the severe high-frequency loss in 
the recording process. Thus, the net¬ 
work also functions as a compensator 
to provide proper pre-emphasis of the 
highs. 

The audio output of the first ampli¬ 
fier is applied to the phase inverter. 
Equal amplitude but opposite polarity 
signals are developed across resistors 
R22 and R21 to apply correctly 
phased signals to the grids of the 
audio output tubes. Record informa¬ 
tion is taken from the plate of output 
tube V3 and is applied through capaci¬ 
tor C25 to the tape head, located on 
the far left-hand side of the diagram. 
Capacitor CIO and resistor R7, along 
with the tape head coil, supply proper 
constant current loading on the output 
stage. 

The signal passing through capaci¬ 
tor C25 is also applied to the neon 
bulb recording level indicators, M2 
and M3. Each neon bulb contains a 
suitable voltage divider network so 
that the “normal” bulb lights when 
proper signal level is being applied to 
the record head. If the signal level is 
too high for recording purposes, the 
“overload” bulb also lights and indi¬ 
cates improper recording level, and 
the possibility of distortion. In this 
way the operator can retain proper 
recording level conveniently. 

You will recall from an earlier dis¬ 
cussion that a high-frequency bias 
signal is necessary to raise the record¬ 
ing level of the audio signal in the 
record head to prevent distortion. The 
signal bias is developed by the Hart¬ 
ley oscillator at the far left of Fig. 
30. Coil LI is suitably tapped to pro¬ 
vide a stable and proper amplitude 
bias signal, which is supplied through 
capacitor M4 to the grid of the audio 
output tube V3. Capacitor M4 is 
adjustable so that the correct level 
of bias signal can be applied. Capaci¬ 
tor M7 in the tank circuit of the bias 
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oscillator permits that oscillator to be 
set on the proper supersonic frequency. 

Let us next consider the function of 
the selector switch M6B. It is shown 
in the record position. The contact 
between terminals 4 and 5 functions 
as the grid return circuit from the 
oscillator tank circuit to the grid of 
the bias oscillator. With the switch 
in this position, the only other con¬ 
tacts besides 2 and 12 are between 
terminals 6, 8, and 10. Since terminal 
10 is grounded, 6 and 8 are also 
grounded. 

The grounding of terminal 8 shorts 
compensating capacitors C6 and C7 
to ground, and grounds the top end of 
the tape head. Remember that the 
record signal from the audio output 
stage is applied to the bottom side of 
the tape head coil. 
Playback. Let us consider the play¬ 

back function next. In playback posi¬ 
tion, the selector switch connections 
are moved counter-clockwise. In this 
position, terminal 7 is grounded 
through terminal 10, which grounds 
the lower side of the tape head coil. 
Likewise terminal 9 is grounded 
through terminal 10. This connection 
grounds the bottom side of the tone 
control network consisting of poten¬ 
tiometer R2 and capacitors C19 and 
C20. The tone control circuit is in 
operation only in the playback posi¬ 
tion. In the record position, terminal 
9 is open, and therefore the tone con¬ 
trol is out of the circuit. 

Terminal 8 on the selector switch 
opens on the playback position and, 
therefore, the ground is removed from 
the top of the tape head coil. Instead, 
the signal from the top of the tape 
head coil (same head is used in the 
playback position) is coupled through 
capacitor C7 to terminal 6. In play¬ 
back position, terminal 6 connects to 
terminal 5, and supplies the playback 
signal to the grid of the bias oscil¬ 

lator, which functions as an audio 
amplifier in the playback operation. 
In the playback position, terminals 2 
and 3 join, and, therefore, the plate 
circuit of the bias oscillator now is 
coupled through capacitor C8 and 
capacitor Cll to the grid of the micro¬ 
phone pre-amplifier stage, and so on 
through the remainder of the audio 
amplifier. 

The bias oscillator ceases to be an 
oscillator, because on playback posi¬ 
tion the connection between the tank 
circuit through terminals 4 and 5 is 
broken. Thus, the bias oscillator be¬ 
comes a conventional triode audio 
amplifier for playback operation. 

In the playback position the con¬ 
stant velocity characteristic of the 
tape head must be compensated for 
by proper emphasis of the lows. In 
using the bias oscillator as the initial 
audio amplifier for playback opera¬ 
tion, suitable compensating networks 
can be switched into the circuit. Ca¬ 
pacitor C12 and resistor RIO function 
as a load on the plate circuit. The 
values are chosen to provide a rising 
impedance characteristic with a de¬ 
crease in frequency. This is opposite 
to the constant voltage characteristic 
of the tape head. 

Notice that there are three external 
speaker jacks in addition to the two 
speakers contained in the recorder. 
The top jack on the schematic con¬ 
nects to the same line as the included 
speakers. Thus, when an external 
speaker is connected into this jack, 
the included speakers are discon¬ 
nected. The second and third external 
speaker jacks, however, are connected 
directly to the secondary of the output 
transformer. Thus, speakers plugged 
into these jacks do not cut off the 
internal speakers. As a result, it is 
possible to use the tape recorder as 
a public address system when the 
selector switch is set on record. By 
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changing the selector over to the play¬ 
back position, any information on 
tape can be reproduced by the ex¬ 
ternal loudspeakers. 
Remote Control. The recorder also 

may be operated by remote control 
through a jack and cable arrangement 
to the power circuit. With the control 
switch set for remote control opera¬ 
tion, the unit can be turned on and 
off from a remote control box. 

PRESTO RECORDER 

In more elaborate and semi-
professional recorders, the amplifier 
and control section is often separate 

Courtesy Presto Recording Corp. 

FIG. 31. Presto recording amplifier. 

from the tape-transport mechanism. 
The amplifier section of a recorder 
of this type, shown in Figs. 31 and 32, 
has dual amplifier channels—one for 
record and one for playback. Separate 
three-stage pre-amplifiers are used 
for record and playback. A single¬ 
phase inverter and a push-pull output 
stage are used for both functions. 

The selector switch sections, marked 
S101 in the diagram in Fig. 32, are 
shown in the bias positions. The bias 
oscillator in recorders of this type 
is usually a part of the tape-transport 
mechanism, rather than the amplifier 
section. Notice in the diagram that 
the outputs of both the record and 
playback amplifiers are disconnected 
from the phase inverter power ampli¬ 
fier stages by switch section S101-1A 

when the high-frequency bias signal 
is fed to the erase head. 
Recording. In the record position, 

the microphone signal is applied to 
the grid of the mike pre-amplifier, 
tube V101, through a matching trans¬ 
former. The output of the pre¬ 
amplifier stage is fed to the grid of 
the triode amplifier through the record 
gain control R107. Resistors R104 and 
R101 form a feedback circuit to the 
input of the stage to establish a good 
signal-to-noise ratio. 

When the recording signal is taken 
from an audio line, from a tuner or 
phonograph cartridge, it is applied to 
the bridge input jack. The signal is 
fed to the grid of the first triode am¬ 
plifier through the record gain control. 

The signal to be recorded is ampli¬ 
fied by two triode stages (also em¬ 
ploying feedback) and is applied 
through selector switch section S101-
1A to the phase inverter. Signals of 
equal amplitude and opposite polarity 
are taken from across resistors R136 
and R143, and applied to the grids of 
the push-pull output stage. 

The record signal is removed from 
the top of the upper secondary wind¬ 
ing of the output transformer, and fed 
through switch S101-1B to the pre¬ 
emphasis equalizer. The amount of 
pre-emphasis depends on the tape 
speed. Separate equalizer circuits are 
used for speeds of 7.5 and 15 inches 
per second. The recording signal is 
now sent by cable through pin 8 of 
jack 104 to the record head. 
Playback. In the playback posi¬ 

tion the signal from the playback head 
is coupled through a cable and a 
matching transformer to the grid of 
the pentode amplifier, tube V103. Its 
output is applied to the dual-triode 
second amplifier stage through a post¬ 
emphasis network. Capacitor C108 
and resistors RI 19 and R122 accent 
the lows by developing a propor-

30 





tionately greater percentage of the 
low-frequency signals at the grid of 
the first triode. Capacitor C123 pro¬ 
vides some emphasis of the very highs. 
The output at the plate of tube 

V104B passes through switch S101-1A 
to the audio output stages. Only one 
of the secondary windings of the out¬ 
put transformer is used at a time. The 
upper winding feeds either the record¬ 
ing head or a line. The lower winding 
feeds the speakers. 

The signal can be monitored at the 
output of the recording amplifier or 
the output of the playback pre¬ 
amplifier by using switch S103. The 

monitoring is done with very high 
impedance heads. 

The playback amplifier can also be 
used as a PA system. When the 
selector switch is set so the amplifier 
can be used as a PA system, the 
recording amplifier supplies signal to 
the audio output stage, which, in turn, 
drives the loudspeaker system. 

A record light, E101, is included and 
a VU volume level meter indicates 
proper recording levels. When the 
selector switch is set to the bias posi¬ 
tion, the VU meter indicates the bias 
level. 

Adjustment and Maintenance of 
Magnetic Tape Recorders 

The average tape recorder is a sur¬ 
prisingly reliable device and generally 
operates for years without trouble. 
However, the number of recorders in 
use has increased tremendously in the 
last several years, so you can expect 
to be called on to service them more 
and more frequently. There are so 
many different models of magnetic re¬ 
corders on the market that it would 
be impossible to give a detailed de¬ 
scription of each one. In this section, 
therefore, we will discuss several rep¬ 
resentative types to show you how to 
proceed in making repairs and adjust¬ 
ments. If you have to service a mag¬ 
netic recorder, get the manufacturer’s 
service sheet on the recorder and fol¬ 
low the instructions. 
The defects that you will find in 

magnetic recorders can be either 
mechanical or electrical. Most defects 
or improper adjustments can be iso¬ 
lated quickly by using a logical 
trouble-shooting procedure. An under¬ 

standing of the multiple functions of 
a tape recorder and how the various 
switching and change-over actions 
occur is very important in isolating a 
defect quickly. By going through the 
various operations of the tape re¬ 
corder and observing the functions, 
you will be able to localize the defect. 

KNIGHT RECORDER 
ADJUSTMENTS 

Let us first discuss some of the rec¬ 
ommended adjustment procedures for 
the Knight recorder. Refer to Figs. 
17, 30, and 33. Typical adjustment 
procedures involve three sections of 
the recorder: the tape head, the motor 
and drive mechanism, and the elec¬ 
tronic circuit. 
Tape-Head Section. In the tape¬ 

head section we are concerned with 
the proper motion and positioning of 
the tape as it is pulled past the erase 
magnet and record-playback head. In 
the Knight recorder the actual posi-

32 



FIG. 33. Location of service adjustments for Knight recorder. 

tioning of the record-playback head is 
taken care of by using a pair of pliers 
to rock the mounting bracket for the 
record head, shown in Fig. 33, from 
side to side until it is positioned cor¬ 
rectly with respect to the tape motion. 
A test tape is run through and the 
head is set for maximum reproduction 
of the high frequencies. In some re¬ 
corders the correct head adjustment is 
obtained by making precise measure¬ 
ments. 

In this section of a tape recorder, 
there are various pressure pads and 
guide adjustments. These adjustments 
permit smooth motion of the tape and 
hold the tape firmly against the erase 
and record-playback heads. Typical 
adjustment points are shown in Fig. 
33. 

The record-playback head pressure 
pad is adjusted by a locked adjust¬ 
ment screw, and the pressure pad that 
holds the tape against the guide post 
is adjusted by bending the spring 
metal to which the pad is attached. 
There are also adjustments to make 
certain that the tape moves correctly 
with respect to the erase head. Again 
refer to Fig. 33. When the tape passes 
the erase head during recording, the 

top edge of the tape must coincide 
with the top end of the diagonal slot 
in the permanent magnet erase head. 
The level of the tape can be set with 
the guide post and its set screw. A 
forward adjustment screw is also pro¬ 
vided so that the erase head can be 
moved forward with the proper pres¬ 
sure against the tape to obtain effi¬ 
cient erasure. 

Similar adjustments are a part of 
most tape recorders. However, the 
actual adjustment procedures may 
differ. It is always advisable to follow 
exactly the procedures recommended 
by the manufacturer for each model. 

Motor Mechanisms. A number of 
motor mechanism adjustments can be 
made when necessary. Refer to Fig. 
17. The brake shoes must have proper 
clearance so that they will completely 
release the drums during the record, 
playback, reverse, and fast forward 
operation. Also, the brake shoes must 
have enough pressure to stop the 
drums quickly when the stop button 
is depressed. Adjustments are made 
by using a pair of pliers to bend the 
spring arm a small amount away from 
the drums. 
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A second adjustment involves the 
take-up reel. It must exert just enough 
torque to reel up the tape and must 
not in any way influence the opera¬ 
tion of the capstan. Sometimes the 
take-up reel slows down and the tape 
is not wound up quickly enough. In 
the model shown, this is often caused 
by a stretched spring drive belt. The 
most effective solution then is to re¬ 
place the belt. Improperly adjusted 
brake shoes also can cause the take-up 
reel to revolve more slowly than 
normal. 
Electronic Adjustments. The 

electronic adjustments generally in¬ 
clude adjusting the bias signal and 
various indicators so that the proper 
level audio signal is applied to the 
tape head during record. Refer to Fig. 
30. 

Proper bias signal is obtained for 
this recorder by connecting a vtvm as 
an rf voltmeter to the record head 
terminals. With proper bias applied, 
the voltage should be between 75 and 
100 volts. Two bias level adjustments 
are provided. One is the trimmer ca¬ 
pacitor M7, which tunes the bias oscil¬ 
lator to the correct frequency. The 
second trimmer adjustment is M4, 
which controls the amplitude of the 
signal applied to the grid of V3, the 
audio output tube. 
The indicator trimmer capacitors 

M5A and M5B are set by applying a 
1000-cycle audio note of specified 
amplitude to the input of the recorder. 
The trimmers are adjusted so that the 
“normal” bulb lights when proper 
signal level is applied, and the “over¬ 
load” bulb lights when the amplitude 
of the applied signal is slightly more 
than desirable. 

PRESTO RECORDER 
ADJUSTMENTS 

Here we will discuss some of the 
recommended adjustment procedures 

for the Presto tape-transport mecha¬ 
nism shown in Figs. 23, 24, and 25. 
Magnetic Heads. The playback 

head can be tilted by loosening an 
adjustment screw to give the maxi¬ 
mum high-frequency response. The 
record head should not be adjusted. 
It should remain in the position set at 
the factory as a standard for aligning 
the other heads. 
Tension Arms. The tension in the 

supply arm is controlled by a spring 
on the underside of the panel. 
Capstan Pressure Pulley. The 

pressure against the capstan shaft is 
controlled by the small compression 
spring shown in Fig. 25. The large 
spring in the capstan solenoid should 
not be touched. 
Capstan Flywheel Belt. The belt 

tension is regulated by a compression 
rod (see Fig. 24). To adjust, loosen 
the holding nuts and turn rod for 
desired belt tension. Do not make the 
belt too tight, as this will cause flutter. 
Supply and Take-Up Brakes. 

Brake tension is controlled with 
knurled nuts on the brake tension 
screws. Tighten or loosen the nuts to 
the required tension. Do not tamper 
with the adjusting screw on the brake 
band strip which has been perma¬ 
nently set at the factory. Brake 
tension must be equal on both drums 
after adjustment. 

Again it is important to emphasize 
that procedures and adjustments will 
vary from recorder to recorder. Do 
not make adjustments unless you have 
the manufacturer’s information, or un¬ 
less you have built up a considerable 
backlog of experience in servicing tape 
recorders. 

TROUBLE-SHOOTING TAPE 
RECORDERS 

Perhaps the most common tape re¬ 
corder defect is some form of mechani¬ 
cal sluggishness. Often cleaning will 
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remedy the condition. Dust will accu¬ 
mulate on the capstan and its pressure 
roller and record-playback head. Also, 
some of the magnetic material may 
wear off the tape as it passes the 
head. A soft cloth and alcohol can be 
used to clear the surfaces of the tape 
head, pressure roller, and capstan. A 
brush or metal object should not be 
used, because it will mar the pole 
pieces. Metal parts can be cleaned 
with a few drops of carbon-tetrachlor¬ 
ide. Rubber is best cleaned with soap 
and water and then dried thoroughly. 
Dust and dirt should be removed 

occasionally from the mechanical 
pushbuttons and levers. An occasional 
drop of oil on the sliding levers and 
cams is helpful in maintaining smooth 
and noise-free operation. 

Mechanical lever defects can usu¬ 
ally be found by inspection. Often 
they are in the form of a released, 
weakened, or broken spring. You can 
locate the defective section by deter¬ 
mining what position the selector is 
in when the disturbance occurs. 

For example, if the recorder will not 
work on fast forward or reverse, the 
defect can be isolated to the mechani¬ 
cal section of the recorder that con¬ 
trols these operations. Refer to Fig. 
17 through 22. With no fast forward 
or reverse operation, the de’fect could 
be in the tension spring arrangement 
that moves the idler level and idler 
wheel into position against the supply 
drum or take-up drum (Fig. 22). The 
idler belt could also be broken or have 
slipped off the pulley. 

When there is no motion on record 
or playback position (Figs. 17 and 
21), the defect is probably in the 
components that transfer the power 
from the motor to the rubber idler 
wheel and to the flywheel and its 
capstan. 

If the recorder operates on record 
and playback positions but the tape 

does not wind up on the take-up reel, 
look for the trouble in the transfer 
of power between the capstan, the 
pinch roller, and the take-up reel. If 
the pinch roller is operating normally, 
check the spring pulley that links the 
pinch roller to the take-up reel mecha¬ 
nism. Another possible cause of this 
trouble is that the brake may be rub¬ 
bing against the supply reel or the 
take-up reel and causing it to revolve 
more slowly than it should. 
A speed variation or wow in tape 

recorder reproduction is similar to 
wow sometimes found in a regular 
record player. It can be caused by an 
accumulation of dirt or uneven wear 
of one of the mechanical parts of the 
recorder, or by a warped take-up or 
supply reel. Parts, such as the capstan, 
pinch roller, idler wheel, motor pulley, 
and flywheel, should be cleaned with 
a good cleaning fluid. Make sure that 
the motor pulley on the motor shaft is 
not slipping and that the tension 
springs are holding the idler wheels in 
firm contact with the driving mecha¬ 
nism. Also look to see that there is no 
uneven wear of rubber idler wheels. 
As the tape slides over the tape 

head, it may wear the surface so 
smooth that the tape will tend to stick 
to the head. In the beginning, it may 
cause a squeal. Later, the surfaces may 
stick together enough to stall the re¬ 
corder and break the tape. Cleaning 
the head will not help; it will only 
make the condition worse. You must 
roughen the head surface slightly by 
rubbing it with crocus cloth. Then 
clean it with alcohol. 
Electronic Defects. Regular sig¬ 

nal tracing techniques can be used to 
locate defects in the vacuum tube sec¬ 
tion of the tape recorder. If you know 
what the various stages should do, you 
will be able to localize the circuit 
defect quickly. Only a few stages are 
usually involved in each operation. 

35 



Therefore, if you know the switching 
actions that occur, you should have no 
trouble tracing the signal through the 
stage. 
Test Tape. There is a test tape 

that you can buy to make very exact¬ 
ing checks of tape recorder perform¬ 
ance. The Dubbings test tape can be 
used to test wow and flutter, head 
alignment, frequency response, signal 
levels, and tape speeds. The wow 
check is made with a 3000-cycle tone 
recorded on the tape. The ear is very 
sensitive to variations at 3000 cycles. 
Therefore, if no variations can be 
heard, it is an indication that the 
wow level is less than 0.5 per cent. If 
the wow is abnormal, however, it indi¬ 
cates a defect in mechanical motion, 
such as a faulty capstan or a worn 
idler, or in some other eccentric mo¬ 
tion of the drive mechanism. Tape 
binding or improper pressure pad ad¬ 
justments can also be offenders. 

To check the head alignment, the 
test tape includes a high-frequency 
tone of 10,000 cycles. Since improper 
head alignment causes the high-
frequency response to fall off, the 
10,000-cycle tone represents a good 
check. With the tape in operation, the 
head alignment adjustments can be 
made to get maximum output from 
the loudspeaker or for maximum indi¬ 
cation on some type of audio output 
meter. You can also use the tone to 
check the pressure pads. The record¬ 
playback pressure pad must hold the 
tape firmly against the pole pieces 
for the best high-frequency output. 
The test tape also includes 

frequency-response test runs in four¬ 
teen steps between 30 and 15,000 

cycles. If the frequency response does 
not match the manufacturer’s specifi¬ 
cations for a particular model, there 
is a defect. Improper equalization or 
incorrect setting of adjustable equal¬ 
izing circuits may be the fault. Worn 
tape heads and improper tape-to-head 
contact and pressure also can cause 
a loss of highs. 

The test tape also includes a cali¬ 
brated 400-cycle tone that can be used 
to check the signal levels and measure 
the gain of the tape-recorder amplifier 
system. 

Calibrated timing beats on the test 
tape are used to check tape speed. The 
beats are spaced exactly five minutes 
apart on the tape when it is moving 
at correct speed. You can time the 
beats with a watch. If it takes longer 
than five minutes for the second beat 
to sound, the tape speed is too slow. 
Conversely, if the beat sounds in less 
than five minutes, the tape is moving 
too fast. 

A test tape of this type is very 
important in checking the perform¬ 
ance of high-fidelity tape recorders. 
These tapes are available for two tape 
speeds—7.5 inches per second and the 
high-fidelity 15 inches per second. 

There are other tests that can be 
used as a basis for adjusting tape re¬ 
corders. These tests, however, require 
test equipment that is not used in 
radio servicing. This test equipment 
and its use is described in a lesson 
on servicing high-fidelity equipment. 
There is little to be gained by using 
these tests on the lower priced home 
tape recorders. They are valuable 
only on the more expensive semi-
professional tape recorders. 
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Lesson Questions 

Be sure to number your Answer Sheet 35B. 

Place your Student Number on every Answer Sheet. 
• 
Most students want to know their grade as soon as possible, so they 

mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time or you may run out of lessons before new ones can 
reach you. 

1. What is the purpose of the bias signal? t° fiy 1 ' ■' 

2. What would be the result of the failure of the bias oscillator during 
recording? -há» eep^ cT/o^ . 

3. 

4. 

5. 

Why do the more expensive recorders have adjustable bias? 

What influence does tape speed have on high-frequency response? 
poor h-oh 

Which does a narrow gap in the core of the playback head favor, high 

c/, 6^ Kerley 

frequencies, or low frequencies? Ó /"r h er e. in 

6. 

7. 

8. 

Why is pre-emphasis used for the high frequencies? 

Is erasure better with a wide gap or a narrow gap r 
W/cLc J yP 

Do the bulk eraser and the erase head using a bias signal work on the 
same electromagnetic principle? yes 

9. Why is a capstan instead of the,take-up reel used to pull the tape? 
ry^^e 

10. What is the difference between the drive mechanisms on an economy wire 
recorder and a tape recorder? 

ta . 
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“Happy is the man that findeth wisdom, 
and the man that getteth understanding. 
For the gaining of it is better than the gaining of 

silver. 
And the profit thereof than fine gold. 
Understanding is more precious than rubies: 
And none of the things thou canst desire are to be 

compared unto it. 
Its ways are ways of pleasantness, 
And all its paths are peace. 
It is a tree of life to them that lay hold upon it. 
And happy is every one that retaineth it.” 

— Adapted from Proverbs. 

The world is yours. Stored in your subconscious 
mind is knowledge acquired through your own 
efforts, plus abilities bequeathed by all the cen¬ 
turies of the past. Once you truly understand the 
tremendous capacities which are within you—once 
you realize your responsibility to others in the world 
—once you acquire the knowledge needed for suc¬ 
cess in your own chosen field—you can be as great 
as anyone who has ever lived before you! 
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WEAK reception is quite a com¬ 
mon complaint, and one that 

may be baffling to the radio mechanic. 
All that he can do is hopefully “poke 
around” in the set, wishing for a 
lucky solution. The professional ra¬ 
dioman, on the other hand, can locate 
the trouble by a series of logical tests 
and measurements and cure it quickly. 
By observing how the set acts, he can 
find out just which circuit or stage is 
giving the trouble, and by making a 
few quick checks, confirm the diag¬ 
nosis. 

Intermittent defects are those that 
appear and disappear, and for this 
reason can be very troublesome. An 
intermittent defect usually takes 
longer to locate than a continuous 
defect. However, just remember that 
the same things that cause permanent 
defects can also cause intermittent de¬ 
fects. 

In this book, we will give you the 
professional ways of finding out why 
a set does not deliver its normal per¬ 
formance. We will follow our regular 
plan of study. First we’ll see what 
could cause the complaint, and then 
give you the methods by which the 
cause is located. In a later section, we 

will help you learn to recognize com¬ 
plaints that are not due to receiver 
defects, and finally, we will continue 
your Practicaf Training Plan to give 
you actual servicing experience. 

Let us study weak reception, first. 

CONFIRMING THE COMPLAINT 
When you get a set with weak re¬ 

ception as the complaint, be sure the 
trouble is actually in the set, and not 
in the customer’s imagination! This 
means you must know just exactly 
what is “normal reception” in your 
area for each type of set. How many 
stations can be picked up with how 
much volume for each type of set, 
portable, home radio, FM-AM radio, 
TV, etc. For instance, if you lived in 
Arkansas, and the customer had re¬ 
cently moved in from Washington, 
D.C., and was complaining that the 
set would not pick up New York sta¬ 
tions that he had been used to getting, 
your task would be to convince him 
that the reception was actually nor¬ 
mal, and the set was perfectly all 
right. This sometimes calls for a good 
bit of diplomacy, but you can handle 
it if you’ll use a common-sense, polite 
approach. 
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Once again, we repeat that you 
must be able to recognize normal 
performance, in both radios and TV 
sets, in order to tell whether the set 
in question is actually weak. This will 
come to you as you get experience, 
and you may already be able to rec¬ 
ognize it. Only when a set will not 
pick up stations normally heard, or 
will not deliver sufficient volume, or 
when a TV set is abnormally snowy, is 
the set definitely “weak” and requires 
servicing. 

Once you have decided that a set 
is weak, take it to the shop for fur¬ 
ther testing. There, you can apply 
your regular service techniques, and 
usually locate the trouble in short 
order. 

There are two basic causes for weak 
reception. Either some part has failed, 
interrupting the signal path through 
the set, or some part has changed 
value, altering the gain of some stage 
or stages. The first might be caused 
by such things as an open loop an¬ 
tenna. an open coupling capacitor, or 
a dead tube; the second might be due 
to low operating voltages, weak tubes, 
or improper alignment. Your first task 
is to locate the weak stage. 

TESTING TUBES 

Tubes cause most of the complaints. 
They are more apt to give trouble 
than many of the other parts. A tube 
normally deteriorates as the active 
material of the cathode is used up. 
Loss of emission results, causing low¬ 
ered mutual conductance and gain. 

Transistors have shown no sign of 
this particular trouble, although it is 
quite possible. Most transistor defects 
so far found have been from complete 
failure due to moisture penetration, 
excess heating, or application of wrong 
voltages. One common cause of this 

in a portable is that the customer 
puts the battery in backwards, break¬ 
ing down the transistors by applying 
reversed voltages. 

Therefore, the first step in checking 
a weak set is to operate the set on 
the bench, noting the performance 
carefully. Then, test the tubes. If one 
or more are weak, replace them. Re¬ 
check the performance. Replacing the 
defective tubes will often restore the 
set to normal. 

CHECKING OPERATING 
VOLTAGE 

If all the tubes test fairly good, 
the next step is to localize the trouble 
to a single stage. You can often do 
this by means of a circuit disturbance 
test made as a side effect while you 
are measuring the de operating volt¬ 
ages. To do this, proceed as follows: 
Turn the set over, and measure all 
voltages, beginning with the rectifier, 
then going from the output stage back 
toward the antenna. In this case, since 
you are not looking for a dead stage, 
but a weak one, listen very carefully 
to the amount of “pop” when you ap¬ 
ply the voltmeter probe to each plate 
and control grid. As you know, the 
“pop” should increase in strength as 
the probe is moved toward the re¬ 
ceiver input. If yoti get a normal in¬ 
crease up to a certain point, and the 
next test point shows a loss in the 
amount of thud, click, or pop in the 
loudspeaker, you have just passed 
through the defective stage. Tn many 
cases the voltage measurement will 
also be low, which will help you in 
diagnosing the trouble. Low operating 
voltages are a major cause of weak 
reception, so read them carefully, 
comparing them mentally with what 
you know to be normal for a set of 
this particular type. 



Causes of Weak Reception in the 
Power Supply and Audio Section 
Let us go through the receiver and 

see what parts defects can cause weak 
reception. We will use the typical ac-
dc receiver shown schematically in 
Fig. 1 for this discussion. 

LOW VOLTAGE AT 
RECTIFIER CATHODE 

Let us suppose we read only 75 
volts de at the output of the rectifier. 
In a good set, it should be 115 to 125 
volts, whether it is a vacuum tube or 
a selenium rectifier. With 75 volts at 
the output of the rectifier, the voltage 
at the output of the filter will be 50 
or 60 volts, which is low enough to 
cause a decided drop in the volume. 
Let us sec what could cause this. 

Defective Rectifier. Now you 
have a defect. What is causing it? 
Is the rectifier weak, or is there a 
partial short or leakage in the filter 
system? Temporarily replace the rec¬ 
tifier. If the voltage comes up to 
normal, then the rectifier tube is 
definitely weak, and must be replaced. 

If this set has a selenium recti¬ 
fier, temporarily disconnect one end, 
and hook a new rectifier across the 
circuit, being very sure to get the 
polaritv right. The side of the recti¬ 
fier with the printing on it is always 
positive, and goes to the filter capaci¬ 
tors. Now. recheck the voltage. If it 
has come back up to normal, replace 
the rectifier. This test rectifier can 
be connected across the circuit with 
two short leads ending in test clips. 

Filter Capacitors. Now, let’s take 
another case. We have replaced the 
rectifier, and the voltages are still 
low. Therefore, we have some other 
trouble. The next most common cause 

would be in one of the filter capaci¬ 
tors. If input filter capacitor Cl (the 
reservoir) is low in capacity or has a 
high power factor, the de voltage goes 
down. Cl can be easily tested. Shunt 
it with a good capacitor having about 
the same capacity and rated at 150 
volts or more. Be sure the test capaci¬ 
tor is connected so its polarity is the 
same as that of Cl. If this brings the 
voltage back up, replace the entire 
filter capacitor. As you have learned, 
you should never replace only one of 
the capacitors in a multiple unit. Al¬ 
ways replace the whole unit to avoid 
callbacks. 
Now, if bridging this capacitor 

across the circuit doesn’t get the volt¬ 
age back up, we know that there is 
bound to be an excessive current drain 
on the circuit, loading it so that the 
voltage drops too much. To check 
this, we first turn the set off and take 
a reading from the rectifier cathode 
to B— with an ohmmeter. A normal 
reading here would be something over 
50.000 ohms. From the filter output t<z 
ground (B-minus) you would read 
about the same. If you get a reading 
decidedly less than 50,000 ohms, say 
around 10.000-15,000 ohms, you know 
that you have a leakage somewhere 
in the B supply circuit. The most 
likely suspect is the output filter ca¬ 
pacitor. Unhook it and remeasure the 
resistance of the circuit. If this goes 
up to normal, replace both capacitors. 

Rv-Pass Capacitors. Suppose you 
find low resistance from the rectifier 
cathode to B— but removing the filter 
capacitor leads does not bring up the 
resistance reading. This shows that 
the filter capacitors are not defective, 
but that some other part between 
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B+ and B— has developed leakage. 
There could be a short in the wiring 
or excess solder from a previous re¬ 
pair job could be bridging across the 
circuit. However, the chances are that 
there is an actual part defect. Here is 
where the schematic is of value. Trace 
out the complete B+ wiring. When 
you come to the symbol for each part, 
stop. Form a picture of the part in 
your mind, and then decide if there 
is any way it could become defective 
to cause the trouble. At the start this 
is a little difficult, but as you gain 
experience you will do it automatic¬ 
ally as you run your eye over the 
schematic. For practice, take your 
pencil and run it over the circuits we 
discuss. 

Start at the lead coming from the 
positive side of Cl, and run your 
pencil point over the wiring to the 
end of this circuit at the plate of 
VT4. You will go through the primary 
of the output transformer and pass by 
C13, the only two parts in the circuit. 
There is no defect that could occur in 
the transformer that would result in 
a low resistance path to B—. Leakage 
could develop between the primary 
and the transformer core, but the core 
is grounded to the chassis, and there 
is 470,000 ohms resistance (RI) be¬ 
tween the chassis and B—. In sets 
where the chassis is B—-, a primary-
to-core short in the output trans¬ 
former should not be overlooked. C13, 
as you can see from the diagram, is 
a possible source of trouble. If it de¬ 
velops leakage, there will be a low 
resistance path from the rectifier out¬ 
put to B— through bias resistor RI3. 
Don’t disconnect Cl3 yet for a check 
—go through the entire circuit to see 
if there is a more likely suspect. If 
there is, it is the first thing to check— 
this is the easy way to troubleshoot. 

Now run your pencil point over the 
wiring from the + terminal of C2 to 
the plates and screens of all the other 

tubes. You will find another capacitor 
at the plate of VT3 connected directly 
to B—. However, even if this capaci¬ 
tor shorts out completely (has zero 
resistance), it will not result in a low 
resistance measurement from B-|- to 
B—. This is due to the high resistance 
of Rll, which would be in series with 
Cll if it broke down. 

Tracing to the plate of VT2, you 
find only the primary of the 2nd i-f 
transformer and its trimmer as pos¬ 
sible trouble makers. Difficulty here 
is also impossible because the only 
short that could occur is to the chas¬ 
sis rather than B—. 

The tube itself could short between 
the plate and suppressor grid or be¬ 
tween the screen and suppressor grid. 
Check for this possibility now by re¬ 
moving the tube to see if the resist¬ 
ance reading goes up to normal. A 
short is unlikely, but could occur in 
VT2 or VT1 because of the close 
spacing of the suppressor grid and the 
other electrodes. Such a short in VT4 
is so unlikely that it is not considered 
except as a last resort. 
Now run your pencil from B+ to 

the plate of the mixer VT1. Again you 
dismiss the possibility of trouble in 
the i-f transformer, and check the 
tube by pulling it out of its socket. 
Note however the presence of rf by¬ 
pass capacitor C14. This part con¬ 
nects directly from B+ (through the 
wiring) to B—. Leakage in it will 
surely cause the condition we wish to 
correct. This capacitor is the most 
likely suspect. If C13 is leaky, it may 
burn out RI3 and the set will be 
dead. If R13 is open, the resistance 
from B4- to B—- will not be affected 
even with Cl3 shorted. C14 is such a 
likely suspect that the experienced 
serviceman will cut one of its leads 
loose rather than bothering to unsol¬ 
der it. With the capacitor cut loose, 
the B4- to B— resistance is again 
checked. If it is now norma!, C14 is 
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removed entirely and replaced. If the 
capacitor is not at fault, the cut ends 
of its leads are bent so they are as 
close to each other as possible and 
are soldered together. 

Since C13 is almost sure to be de¬ 
fective if the trouble is not in C14, 
you clip either one of its leads and 
again check the circuit. C14 is not 
found in every receiver, but is used 
in the better sets. If C2 ceases to be 
a satisfactory rf by-pass, the presence 
of C14 prevents oscillation and makes 
replacement of C2 unnecessary at 
that time. Thus C14 may lengthen 
the useful life of C2 by a year or 
more. 

If neither C14 nor C13 is at fault, 
the circuit leads are disconnected one 
at a time to note the effect on the 
B to B— resistance. If, for example, 
disconnecting the B+ lead of the 2nd 
i-f transformer from the circuit causes 
the resistance to go up to normal, 
you know the leakage to B— is be¬ 
tween the end of the disconnected 
lead and the plate socket or screen 
socket terminal of the tube. Examine 
each joint for excess solder or a leak¬ 
age path and look for a break in the 
wire insulation. This is the way pro¬ 
fessionals operate. 
Output Tube. Now, let’s take an¬ 

other case in which the voltages are 
low as before, but this time, the filter 
capacitors are OK, and the resistance 
to ground is high enough. What now? 
Obviously, if we have an excessive 
current drain, something must be 
causing it, something which is not a 
part used in the actual production of 
the voltage. Instead you would sus¬ 
pect a bypass capacitor, a tube fed 
from the voltage supply, etc. VT4 in 
Fig. 1 is the only tube that could 
consume enough current to cause this 
type of trouble, so it is tested first. 
If the tube has gas in its vacuum, the 
ion flow in the tube cathode-grid path 
will upset the operating bias by pro¬ 

ducing a voltage drop across grid 
resistor R12 with such polarity as to 
make the control grid positive. This 
increases the tube cathode current 
several times its normal amount. This 
excess current will load the input fil¬ 
ter capacitor Cl, dropping the B sup¬ 
ply voltage. 

It takes a little time for the gas to 
ionize and the effect is not noticeable 
when the tube is cold, but appears 
after the tube has been in operation 
long enough for the parts to get hot 
enough for any gas clinging to them 
to be driven out into the electron 
stream. This will not be shown up on 
an emission type of tube tester. 
Therefore, to confirm the presence of 
gas in the tube, let the set run long 
enough for the trouble to show up, 
and then check for a voltage drop 
across resistor R12 with a vtvm. This 
voltage in the average set should be 
zero, as the grid is returned directly 
to B-minus. If you read a small posi¬ 
tive voltage, say 1 or 2 volts on the 
grid, let the set run for another min¬ 
ute or two, and recheck. If this volt¬ 
age has increased, the tube is probably 
gassy. Replace the tube, and remeas¬ 
ure the voltage. If it has gone back to 
zero with a new tube, you have prob¬ 
ably found the trouble. Let the set run 
for five minutes or so with the volt¬ 
meter connected across the grid cir¬ 
cuit, and see if the unwanted voltage 
shows up again. 

Cathode-to-heater leakage in the 
output tube will also cause excess 
current flow through the rectifier and 
filter circuit with a resulting drop in 
the de voltage. However, this trouble 
will also give you other confirming 
symptoms, such as a decided hum and 
quite perceptible distortion in the 
sound, due to the change in the power 
tube bias voltage across RI3. In fact, 
the complaint will be hum rather than 
weak reception. Use these auxiliary 
symptoms to help you decide just 



where the defect lies. 
Coupling Capacitors. If we have 

installed a new tube, and we still have 
a positive voltage on the grid, we can 
assume that coupling capacitor C12 
is probably leaking. We test this in 
the same way; disconnect one end of 
the capacitor, remove it from the 
circuit, and measure the voltage 
again. If removing the capacitor elim¬ 
inates the positive voltage on the grid, 
and allows the plate voltage to return 
to normal, we replace the capacitor. 
Remember, gas in a tube or a leaky 
coupling capacitor will, through the 
change in bias, produce distortion in 
the signal as well as low B supply 
voltages. In some cases the main 
symptom will be distortion caused by 
incorrect grid voltage, and in others 
the main symptom will be weak re¬ 
ception due to low B supply voltage 
on the mixer and i-f tubes. Always 
check the control grid voltage after a 
new tube is installed because only a 
slight amount of coupling capacitor 
leakage will cause the tube to become 
gassy. If caught quickly, no perma¬ 
nent damage will result. 

DEFECTS IN THE 
AUDIO SECTION 

Now suppose that the high voltage 
at the rectifier cathode or filter out¬ 
put is normal. Before you go on with 
your voltage measurements, one quick 
check at this point can bypass several 
detailed tests, and most professional 
technicians use it. They simply turn 
the volume of the set full on, and 
touch the grid of the first audio tube 
with a finger tip, or a small screw¬ 
driver. To do this, slide your fingertip 
down on the metal shank of the 
screwdriver, then touch the grid, or 
the top of the volume control. Listen 
for the “honk” produced, and judge 
the condition of the audio end of 
the set by the response. This is per¬ 
fectly valid as a short cut. If you get 

a good loud honk from the audio grid, 
you can assume that the audio end of 
the set is in good shape, and that your 
troubleshooting should be lone in the 
mixer and i-f stages. Incidentally, 
this test assures you that the power 
supply is all right. If there was any 
trouble in it, you would not get a 
loud honk, but a weak one. Many 
men make this their first test, as it 
saves quite a bit of time. 

If you don’t get a loud enough honk 
at the input of the audio section, 
then there is trouble in the audio 
stages. Make the voltage-circuit dis¬ 
turbance tests, starting at the power 
tube, and working your way toward 
the antenna, to find the defective 
stage and then concentrate on the 
parts in that stage. 

Open Coupling Capacitor. An 
open coupling capacitor can cause a 
set to stop playing entirely, or to play 
very weakly on very powerful sta¬ 
tions and is a common cause of trou¬ 
ble. Test for this by shunting another 
capacitor of approximately the same 
size, across the suspected unit. If it is 
open, the set will begin to play when 
the new capacitor is connected; at 
least, normal background noise will 
be heard if the set happens to be 
tuned off a station. Now and then, 
you’ll find sets in which open coupling 
capacitors will not stop the signal 
completely because there is stray 
coupling between the wiring and other 
parts. The signal, instead of having 
an easy path through the capacitor, 
is forced to travel through the very 
small capacity offered by the wiring. 
Incidentally, check the action of the 
volume control itself if you find this 
trouble. It is possible for the volume 
control to become open, at the top end, 
thus opening the signal path, and not 
allowing the audio signal to get 
through to the slider, to be fed to the 
grid. In this case, you would have a 
very weak signal, and the volume 



control would have no effect upon it 
whatsoever. This, however, is quite 
rare. You can also have another kind 
of trouble, not in the weak depart¬ 
ment. If the control opens at the low 
end, you’ll have maximum volume at 
all times, with no control over it at 
all. 

When checking for open coupling 
capacitors in the audio end of the 
set, you can also make the circuit dis¬ 
turbance test with the probe of your 
voltmeter. If you touch a grid and 
hear a pop, then touch the plate, to 
which the other end of the coupling 
capacitor is connected, you should 
hear almost the same pop. A pop at 
one end of a coupling capacitor, with 
no pop at the other, is an almost cer¬ 
tain indication that the capacitor is 
open. 

Plate Load Resistor. Another 
cause of weakness can be the plate 
load resistor Rll of the first audio 
tube in Fig. 1. This resistor is usually 
high in value, from 240,000 ohms to 
.5 megohm, but if it decreases in value 
or opens, the volume of the set will be 
severely affected. A normal reading 
on a vtvm at the plate of common 
triode tubes used in this circuit such 
as the 12SQ7, 12AT6, etc. is 40-60 
volts. Watch for a too high reading. 
If the tube is weak, or there is some¬ 
thing wrong elsewhere, the tube will 
not draw enough plate current and 
the voltage will be too high. If you 
read a low voltage, 15-20 volts here, 
check the resistance of the load re¬ 
sistor and also check the tube. Substi¬ 
tution is probably the best and easiest 
way to test this tube. 

Gassy Tube. Gas in this tube can 
also cause trouble by upsetting the 
grid bias. Common commercial cir¬ 
cuits use a very large resistor in the 
grirl circuit, as high as 15 megohms, 

FIG. 2. First af stage in a modern bat¬ 
tery or 3-way portable receiver. 

and even very small gas currents 
flowing through this large resistor can 
upset the bias enough to affect the 
gain of the stage seriously. 

If the tube is one of the pentode¬ 
diode types used in some circuits, such 
as 1S5 or 12SF7, shown in Fig. 2, and 
the volume is low, check both the 
screen resistor and the screen bypass 
capacitor shown as RI and Cl. This 
resistor is commonly as high as 3.3 
megohms, which will give you a nor¬ 
mal voltage reading of around 5-10 
volts on the screen grid, even with a 
vtvm. As you can see, in a circuit with 
so much resistance, even a very small 
leakage in the screen grid bypass ca¬ 
pacitor will cause a serious upset in 
the screen voltage. Often the screen 
resistor itself will open or increase in 
value without any defect in any other 
part. Watch this resistor. It is a very 
common source of trouble. 

The plate resistor, R2, used with 
these tubes, runs around 1 megohm, 
and in some sets is as high as 2.2 
megohms. Check the value from the 
color-code bands of the resistor, and 
measure the resistor to see if it con¬ 
forms to its color-coded value. 
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Causes of Weak Reception in the 
RF-IF Section 

Now, suppose when we made our 
quick check at the grid of the first 
audio tube we found that the audio 
section was OK. 

From the audio stages, moving on 
up the circuit toward the antenna, we 
find the i-f amplifier stages to be our 
next possible source of trouble. Let 
us see what could go wrong there. 

I-F STAGE 

The first step here is the same as 
in the audio stages. Measure all volt¬ 
ages, plate, screen, and grid, and 
check all tubes. Here, too, we’ll find 
that the pop at the grids and plates 
of the tubes is a good indication of 
the quality of the stage as far as its 
gain is concerned. If we get a good 
loud pop at the grid of VT2 and then 
a very small one at the plate of VT1, 
we can stop right there and look for 
trouble. 

Checking the I-F Transformer. 
The only thing between the two points 
is the i-f transformer itself. There¬ 
fore, we test it first. With the set on, 
and receiving a station, however 
weakly, carefully turn the alignment 
adjustments just a little bit, first one 
way and then the other. As you will 
remember from the book on align¬ 
ment, each one of these tuning adjust¬ 
ments, if normal, should be pretty 
sharp. That is, they should show a 
peak with only a small rotation of 
the adjustment control. In other 
words, if you have a signal, it should 
fade out rapidly as you turn the tun¬ 
ing adjustments, within a half turn 
if the transformer has trimmers, and 
within a full turn if it has core adjust¬ 
ments. If the transformer is all right, 
you will notice that the signal fades 
out as you go either way from the 

present setting. If there is trouble in 
the transformer, you’ll find one of the 
adjustments that will have no effect 
or only a very slight effect upon the 
signal level. No matter how far you 
turn it, or which way, there will be 
no change in sound output level. This 
is always an indication of trouble in 
any tuned circuit. 
Turn the set off, and check the 

resistance of the windings of the 
transformer. In an input transformer 
and in an interstage transformer, both 
windings should have the same re¬ 
sistance; in an output i-f transformer, 
you may find that the i-f filter resis¬ 
tor R8 is inside the can, in scries with 
the output winding, making it im¬ 
possible to connect your ohmmeter 
directly across the winding to check 
its resistance. 

If you are still doubtful about the 
condition of the i-f transformer, set 
your signal generator to the i-f of 
the receiver and feed the signal gen¬ 
erator output into the mixer grid. 
Carefully note the avc voltage. Now, 
move both alignment adjustments on 
the suspected transformer to see if 
each has the desired sharp peak. If 
one has a sharp peak, and the other 
is very broad, you can probably re¬ 
store the set to normal by replacing 
the transformer. 

Weak reception due to broad tun¬ 
ing of a transformer is often caused 
by electrolysis of the windings. A 
break in the enamel insulation of the 
fine wire has allowed an electrolytic 
action to start, which has eaten up 
the wire itself. Windings that have 
suffered this kind of damage will have 
a very high resistance, compared to 
a normal winding. Instead of the cor¬ 
rect 15-30 ohms, they will read up 
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to 1000 ohms. Readings of 100-200 
ohms indicate electrolytic damage 
just beginning. At the start, electro¬ 
lysis will produce intense noise in the 
receiver. In more advanced cases the 
set will be weak or dead. 
Another cause of weak reception 

can occur in the small iron-core i-f 
transformers used in many late model 
sets. Most of these transformers are 
tuned by powdered iron cores and are 
resonated by small fixed capacitors. 
These capacitors are part of a base 
assembly, made of small plates of 
metal with plastic separators, held by 
small clips, brackets, etc. in the base 
of the transformer. This is very com¬ 
mon in the output transformers, 
which use the small 100-mmf capaci¬ 
tors of the i-f filter, together with the 
actual resonating capacitors, as a part 
of this assembly. If moisture gets into 
this assembly, it will cause high re¬ 
sistance leakage between the capaci¬ 
tors, sometimes even a short between 
the primary and the secondary. 

This last condition is easily spotted 
upon making voltage measurements 
as it causes a high positive voltage to 
appear on the grid of the following 
tube. Remember, in any radio re¬ 
ceiver, no grid should ever show a 
positive voltage. 

The best and final test, of course, 
for this trouble is to substitute an¬ 
other transformer. Fortunately, this 
is quite easy, as most of these are 
clip-mounted, with the wiring brought 
to lugs coming through the base. Both 
mechanical and electrical removal is 
easy and a new transformer may be 
slipped in place. 

Tube. Sometimes weak reception is 
caused by a combination of defects. 
If the reception still seems weak after 
a defective transformer is replaced, 
the tube may be contributing to it. 
Even though the tube tested good in 
a tube tester, it might pay you to 
check it here, by checking the avc 

voltage. To do this, hook up the sig¬ 
nal generator and connect the vtvm 
across the avc line. Set the signal 
generator to produce a reading of 3 
volts. Now, replace the tube and read 
the avc voltage. If when the i-f amp¬ 
lifier tube is replaced, the avc reading 
immediately rises to double its for¬ 
mer value, we can see immediately 
that the original tube was weak 
enough to affect the performance ad¬ 
versely. On the other hand, if we be¬ 
gin with a 3-volt reading, and a new 
tube causes a rise of only .2 volt, to 
3.2 volts, this is not enough to be 
noticeable and the original tube is 
still OK. 

After you replace a tube in a tuned 
circuit such as this, you should check 
the tuning adjustments to see if the 
maximum signal is being developed 
across the avc network because small 
variations in interelectrode capacity 
and mutual conductance might cause 
the tuning to be slightly off if the 
tubes are changed. The readjustment 
needed will always be very slight, but 
it should always be checked. 
Misalignment. As you have 

learned, misalignment of the i-f am¬ 
plifier stage can cause a loss of gain. 
This can give us weak reception. 
There will be no distortion, hum, or 
other indication of trouble. The tone 
will be fairly good, but the volume 
will be entirely too low. 

Therefore, after checking the other 
causes, such as low voltages and weak 
tubes, the technician checks the align¬ 
ment. He tunes in a station, and 
roughly checks the alignment by turn¬ 
ing each of the i-f adjustments, either 
trimmers or slugs, to see if he can get 
any great rise in the volume. If he 
does find that he can increase the 
volume to any great extent by this 
procedure, he stops to give the set a 
complete realignment. 

The first thing that he checks for 
in cases like this is the possibility 



that the i-f adjustments have been 
tampered with by the customer or by 
an inexperienced tinkerer. In most 
cases, there are obvious signs, such as 
scratched or damaged adjusting screws 
on i-f transformers, caused by the 
use of too large a screwdriver. For¬ 
tunately, most of the new sets use 
the iron-core i-f transformers, with 
recessed adjustments, which are not 
quite so conspicuous as the tuning 
screws of the capacity-tuned type. 
Hence, they are not as often tinkered 
with because the customer does not 
recognize them as adjustments. Thus, 
he unwittingly saves himself quite a 
bit of money. Any technician can tell 
you that 75% or more of the actual 
alignment work he is called upon to 
do is caused by the mistuning of ad¬ 
justments by amateurs, rather than 
by natural causes. In sets with iron-
core i-f transformers, actual drift off 
frequency is almost non-existent, and 
the only time realignment is required 
is after a transformer or tube has 
been replaced. 

USING A SIGNAL TRACER 

The signal tracer can be an invalu¬ 
able aid in solving a problem of lack 
of gain somewhere in an i-f ampli¬ 
fier, for example. Let us see how we 
would use the signal tracer along with 
the signal generator to track down 
the cause. We will assume that the 
stages have been realigned. 

First, we set the signal generator 
to the frequency the receiver is tuned 
to, and connect it to the grid of the 
mixer tube. Now we measure the out¬ 
put of the signal generator with the 
signal tracer by tuning it to the same 
frequency and connecting its probe 
directly to the mixer grid, where the 
signal generator is connected. 

Note the setting of the gain con¬ 
trol for reference, and then move the 
probe to the mixer plate, tuning the 

signal tracer to the i-f signal fre¬ 
quency. The gain shown here is the 
conversion gain of the mixer stage. 
Next, move the probe to the grid of 
the i-f amplifier tube. If the transfor¬ 
mer is all right, you may see a small 
amount of gain or even a slight loss 
through the transformer itself; this 
varies with sets and circuits, and ex¬ 
perience will be of great value in de¬ 
termining the normal amount of gain 
in such cases. In any case, you should 
not have a large loss. If you see quite 
a large loss in going through an i-f 
transformer, it would be wise to check 
it, possibly by substitution. 

Next, go to the i-f amplifier plate 
and measure the signal voltage there. 
There should be quite a large gain 
through the tube, because most com¬ 
mercial i-f stages are designed so 
that the tubes provide the gain and 
the transformers give the selectivity, 
although there is often a certain 
amount of gain in the transformers 
themselves, if they are of the high-Q 
iron-core type. If you are dissatisfied 
with the showing, change the tube 
and touch up the alignment to see if 
you can get a perceptible increase in 
the gain. 

Different circuits make different de¬ 
mands upon a tube. For instance, in 
many cases a tube that measures 2/3 
of its rated output will cause trouble 
by low gain in i-f amplifier or mixer¬ 
oscillator stages, whereas a tube that 
measures only 1/4 or less of its rated 
output would be just as good as a new 
one in the first audio stage. In the 
first af stage, which has very high 
plate resistors, a great deal of the 
tube’s emission can be lost before it 
will affect the performance; in the i-f 
amplifier, a tube with a loss of 1/2, 
will show a definite loss in sensitivity. 
When you get into TV work, you will 
find several circuits in which the gain 
is unimportant; for example, sync 
clippers and separators are very criti-



FABLE I. Average gain data. 

SECTION WHERE MEASURED MIN 
GAIN 

MAX 
GAIN 

RF 
Antenna to 1st grid 
Antenna to 1st grid, auto sets 
KF amplifier, supers, broadcast 

2 
10 
10 

10 
50 
10 

MIXER Converter grid to 1st i-f grid (single i-f stage) 
Converter grid to 1st i-f grid (two-stage i-f) 

30 
5 

60 
30 

I-F 
AMPLIFIER 

I-F stage (single stage) 
1-F stage (two-stage i-f, per stage) 

40 180 
30 

DETECTOR Diode detector (a loss—depends on % modu¬ 
lation) 

.2 .5 

AUDIO 
AMPLIFIER 

Triode (low gain) 
Triode (high gain) 

5 
22 

14 
50 

POWER 
OUTPUT 

Pentode and beam 6 20 

cal. in some cases, tubes that will 
not work at all in these stages will 
work perfectly in some other stage. 
Therefore, we say again, the final test 
of a tube’s quality is its performance 
in the circuit in which it is used. 

You can go all the way through the 
i-f stages with the signal tracer, tak¬ 
ing a reading at each grid and plate, 
and watching for the gradual increase 
in the reading, until you get to the 
secondary of the last i-f transformer. 
Normally, with a tuned signal tracer, 
there will be an apparent drop in the 
i-f signal across this transformer. This 
may be as high as 3:1 in some sets. 
This is perfectly normal, and is due 
to loading of the transformer by the 
diode detector. 

If you find any tube or transformer, 
as you work your way through the i-f 
stages, that shows a loss, or shows no 
gain where there should be a gain, 
stop and investigate it, and don’t go 
on until you have found and corrected 
the trouble. It may be a weak tube, 
a defective or mistuned transformer, 
a leaky bypass capacitor, or some¬ 
thing else. Whatever the defect is, it 
will invariably show up as a loss of 
gain where there should be an in¬ 
crease. Practical experience will soon 

let you recognize the different gains 
that you should find in the various 
stages, and you’ll be able to determine 
quickly whether or not the gain is 
normal. 

Of course you must have some idea 
of the gain to expect when passing 
from one stage to another. Many 
manufacturers include gain measure¬ 
ments in their service data. When 
such information is not available, you 
can use the gain values listed in Table 
1. However, these are only average 
values. You may find some normal 
receivers with stage gains slightly 
outside these minimum and maximum 
values. Therefore, you can’t rely on 
them absolutely. You will have to 
supplement them with what you learn 
from experience with actual receivers. 
Even when you get a reading within 
the average limits, you will have to be 
careful. It may be below normal for 
that particular set. That is, if you 
get a reading near the minimum value 
in Table 1, you won’t always know 
whether this is natural for the re¬ 
ceiver, or whether the gain for this 
particular stage should be near the 
maximum value. Be critical of any 
low gains when the customer’s com¬ 
plaint is weak reception. 
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Exactly the same method can be 
used in audio stages, by feeding a sig¬ 
nal at audio frequency into the vol¬ 
ume control, and following it through 
the audio amplifier stages. Remember 
that there will be a decided loss in 
signal voltage across the output trans¬ 
former, as we are stepping down here 
from a very high impedance circuit to 
a very low impedance one (10,000 
ohms plate resistance to 3-4 ohms 

Let’s check the oscillator circuit first. 
Oscillator. As you know, most of 

the tubes used in this circuit are a 
combination of oscillator and mixer 
tube, using several grids, two of which 
act as control grid and plate for the 
set’s oscillator. If the emission of this 
tube falls off, even to a small extent, 
the performance of the oscillator suf¬ 
fers because the tube is unable to 
furnish the required amount of local 

the oscillator with a vtvm. 

voice coil). This naturally causes a 
great loss in voltage, but permits a 
high current flow. You will also note 
that the voltage gain across the power 
tube itself is not large. Voltage ampli¬ 
fication of the signal is used in the 
preceding stages, and here, in the 
power tube’s plate circuit, we are 
changing to power amplification, with 
the result that we may not have as 
high a signal voltage as we might ex¬ 
pect, but do have much more power. 

RF SECTION 

The “front end” of a radio set has 
many potential sources of weakness. 
Alignment adjustments are usually 
plainly visible, and are subject to 
tinkering, even more so than the i-f 
adjustments. The rf amplifier, if used, 
can be defective, or the mixer control 
grid circuit can be bad, or mistuned. 

oscillator voltage. This will result in 
a lowered heterodyne beat voltage 
(i-f signal) at the plate of the tube. 
Since a lower than normal signal is 
fed into the i-f amplifier, the output 
is below normal. Also, if the oscilla¬ 
tor is weak, the mixer section will 
also be weak, contributing to the loss 
of gain. As before, substitution of a 
new tube is the best and easiest test 
to make here. If the new tube in¬ 
creases the output, bringing it back to 
normal, that was the trouble. 

To check the operation of the set’s 
oscillator, measure the grid voltage: 
this should be done with a vtvm, be¬ 
cause of the high impedance of the 
circuit. Take this reading on the oscil¬ 
lator grid itself, across the grid resis¬ 
tor, as shown in Fig. 3. As you know, 
this de voltage is developed across the 
resistor by the grid current drawn by 
the oscillator. The more efficient the 
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oscillator circuit, the greater this cur¬ 
rent, hence, it may be used as an indi¬ 
cation of the circuit condition. Nor¬ 
mally you will measure from 6-8 volts 
at the low-frequency end of the dial, 
and from 12-30 volts at the high end, 
depending upon tube type, circuit 
constants, etc. It is usually sufficient 
to check only at the low-frequency 
end, as this is where most of the trou¬ 
ble shows up. If a set has a weak 
oscillator, its performance will be af¬ 
fected at the low end of the dial first, 
and the high end last. Stations at the 
low end will be weak, whereas the 
stations near the top of the band will 
have normal volume. Learn to look 
for this peculiarity, which is a good 
clue to possible oscillator trouble. 
Misalignment of the i-f amplifier in¬ 
creases the mixer-oscillator tracking 
error and results in the same symp¬ 
tom. 

If the oscillator voltage is weak or 
entirely gone at the low end of the 
dial, try replacing the tube, even 
though the original tube checks fairly 
good. Because of peculiarities in this 
circuit of two tubes that check the 
same in a tube tester, one may oscil¬ 
late and the other may not. 

If there is still trouble after a new 
tube is put in, check the rest of the 
circuit consisting of the oscillator coil 
itself, the grid resistor and capacitor, 
and the tuning capacitor. Many of 
the older sets had trouble due to mois¬ 
ture absorption by the insulators of 
the stator section of the tuning ca¬ 
pacitor resulting in leakage. This has 
the same effect as shorting a resistor 
across the tuned circuit. The Q of 
the circuit is reduced tremendously, 
and the output is also reduced. Be¬ 
cause a coil is almost always con¬ 
nected across this capacitor, you will 
have to open the circuit by discon¬ 
necting the coil at one end in order 
to be able to take a resistance reading 
across the capacitor. Use the very 

highest range of your ohmmeter, as a 
leakage of even several megohms is 
enough to affect circuit operation. 

Troubles in the oscillator coil are 
the same as in the i-f transformer 
windings. Look for electrolysis of the 
windings, mainly the primary or 
tickler winding, which carries the 
feedback current. Check the grid resis¬ 
tor for the proper value, as read from 
the color-coded bands. If this resistor 
changes in value, either up or down, 
the oscillator circuit will be affected. 
Measure the grid capacitor to see if 
it is leaking. Most of these are small 
mica capacitors, around 250 mmf, and 
give very little trouble, but now and 
then a defective one is found, so don’t 
overlook it. 

While we’re on the oscillator cir¬ 
cuit, let’s mention one defect that is 
not common, but occurs often enough 
to be worth mentioning. This is found 
in the circuits of Fig. 4. Note that 
a very large resistor connects the re¬ 
turn of the oscillator coil to the avc 
circuit. It feeds a small amount of 
the oscillator de grid voltage back 
into the avc circuit so there will al-

FIG. 4. Typical oscillator circuits where 
the oscillator bias is fed to the avc line 

to provide starting bias. 

ways be a bias voltage for the avc 
controlled tubes even when a station 
is not being received. In this case, 
the resistor is connected to a terminal 
of the coil, used as a terminal lug. 
None of the coil wires are connected 
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to it. If the coil develops leakage, 
quite a bit of the oscillator de grid 
voltage is fed back into the avc cir¬ 
cuit reducing the receiver sensitivity. 
This could occur only in the circuit 
shown in Fig. 4A where the rotors of 
the tuning capacitors connect to the 
avc circuit instead of the chassis. If 
the circuit shown in Fig. 4B is used, 
leakage in the oscillator grid coupling 
capacitor will simply reduce the oscil¬ 
lator grid voltage. If the leakage be¬ 
comes low enough, the oscillator will 
stop working. 

Input Circuit. Now, if you have 
sufficient oscillator voltage, check the 
input circuit, or the mixer grid itself. 
If the set has a stage of rf amplifica¬ 
tion, this would include the tuning ca¬ 
pacitor, the secondary of the rf in¬ 
terstage transformer, the trimmer ca¬ 
pacitor, and the wiring itself. 

Check the resistance of the coil, to 
see if it is open or has suffered from 
electrolysis. Measure the grid voltage, 
to see if it is a very small negative 
voltage, which is normal. In some sets, 
the avc is not applied to the mixer 
grid. In that case, the de grid voltage 
will, of course, be zero. Check the 
tuning capacitor, and the trimmer ca¬ 
pacitor mounted on top of it, to see if 
it has any leakage across it, or if the 
small mica sheets have shorted out 
in the trimmer itself. If so, you can 
replace them with mica from a dis¬ 
carded trimmer. Also, check the align¬ 
ment of this stage by feeding a signa] 
into the antenna and checking the 
trimmer to see if it has a normal 
peak. If this trimmer is flat, with no 
peak, the stage is defective; check 
coils, etc. and the oscillator align¬ 
ment. It is possible for the oscillator 
to be so far off that the rf stage will 
not track it properly, which will cause 
the trimmer to be flat, since its re¬ 
sonant frequency is too far away 
from the frequency for which it 
should be tuned. 

If the set has no rf amplifier stage, 
the pentode section of the mixer tube 
serves as the rf amplifier. The loop 
antenna is connected directly to the 
mixer control grid. In the older sets 
in which a tube with a grid cap is 
used, the wire from the antenna sec¬ 
tion of the stator plates of the tuning 
capacitor goes directly to this cap. 
Modern single-ended tubes have the 
grid on the base, and the wire from 
the tuning capacitor to the grid goes 
from the bottom lug of the stator. 
However, the wire from the loop an¬ 
tenna usually is connected to the top 
stator lug, thus identifying the an¬ 
tenna section of the tuning capacitor. 
Also, as you have learned, these tun¬ 
ing capacitors are usually made with 
the two sections of obviously different 
sizes. The oscillator section is much 
smaller than the antenna section. 

Tune in a station or a signal from 
your signal generator at the high end 
of the dial, around 1400 ' kc, and 
check the antenna trimmer for a 
proper peak. These trimmers may not 
have quite an exact peak, but will 
rise in output, as the trimmer is un¬ 
screwed from its maximum capacity 
position, until maximum output is 
reached, then level off, with no fur¬ 
ther increase in output as the trim¬ 
mer is unscrewed. This is not normal, 
and is caused by aligning the receiver 
with the dial pointer set incorrectly. 
Tn such a case, complete realignment 
is required. 

In everyday service work, one of 
the most frequent problems is actual 
misconnection of the loop wires by 
the owner or an inexperienced radio 
mechanic. With the very low gain of 
most loops, correct connections are 
essential, and a small misconnection 
can rob the set of almost all its signal 
input. These connecting wires are 
very small in most cases, and the 
instructions on the back cover gen¬ 
erally specify “Remove this screw and 
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fasteners and move loop back, to 
check tubes.” However, the profes¬ 
sional radioman generally removes 
the whole set from the cabinet, leav¬ 
ing the loop fastened securely to the 
chassis. He knows that this will give 
him much better access to the tubes, 
and at the same time prevent dam¬ 
age to the loop itself. Taking the set 
out of the cabinet is usually quicker 
than removing the loop, and working 
inside the crowded cabinet. The cus¬ 
tomer, however, is apt to follow the 
instructions, and remove the back 
and loop; while doing this, he usually 
manages to break one or more of the 
loop wires, and then is apt to put 
them back in wrong, merely wrapping 
them around the terminals, not sol¬ 
dering them in place. 

For these reasons, one of the first 
things the professional technician 
does when checking a radio is to ex¬ 
amine the loop wiring closely to see 
if it is all right. One common mis¬ 
connection is for one loop wire to be 
fastened to the antenna tuning sec¬ 
tion, the other to the oscillator sec¬ 
tion. Incidentally, this usually makes 
a loud oscillation. 

If the set in question is quite old, 
and a loop antenna is in obviously 
bad condition with several turns loose, 
insulation frayed, etc., you would be 
better off to replace it entirely with a 
“loopstick”, one of the small high-Q 
iron-core loops available now. This 
will cure many sets with a complaint 
of weakness, as the higher gain of the 
Loopstick will increase the over-all 
volume, and since it is adjustable, 
you can make the antenna track 
much better by making padding ad¬ 
justments at the low-frequency end 
of the dial, as explained in the book 
on alignment. If the cause of weak¬ 
ness is still not apparent, after you 
have checked everything else, try re¬ 
placing the loop to see if that helps 
correct the trouble. 

ALL BAND, AUTO, AND 
TV SETS 

In the more elaborate sets, such as 
the “all-band” sets, with several short¬ 
wave bands, auto radios, and porta¬ 
bles, you may find troubles other than 
those we have already described, but 
in the majority of cases, the troubles 
are the same. 

All-Band Sets. In the all-band 
sets, weakness traced to the antenna 
stage or rf stage may be due to bad 
connections in the band switch, which 
switches the different coils into the 
circuit for the different wave bands. 
If an rf secondary coil, for instance, 
were to remain open on a given band 
because of a dirty contact on the 
switch, the result would be the same 
as an open coil in a single-band set. 

Battery Sets. The battery-oper¬ 
ated sets used for farm reception are 
meant for use with a long outside an¬ 
tenna. Hence, most of them use a 
standard antenna coil in place of the 
common loop antenna just as the 
older ac sets did. This antenna coil 
has two windings, a primary which 
is connected to the antenna itself and 
to an external ground, and a secon¬ 
dary which is connected from the grid 
of the rf amplifier tube to the avc. 
It was quite common to find these sets 
with the primary of the antenna coil 
open because of lightning, physical 
damage, or corrosion. This can be 
quickly checked with an ohmmeter, 
and the normal average resistance of 
this winding should be from 50-100 
ohms, measured from the antenna 
lead to chassis. If the coil is open, 
take a very close look at it, using a 
high-powered magnifying glass to see 
if you can spot the broken ends of the 
fine wire. If so, you can often clean 
them and solder them back together. 
The breaks are usually in the leads 
from the coil winding to the terminal 
lugs, and you can simply unwind a 
turn or two, and make a new connec-
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tion. This can be done even on the 
tuned secondary, without too much 
trouble, and it will have no measur¬ 
able effect. 

Auto Sets. In the auto radio, if 
you get a complaint of weakness, you 
must check practically everything in 
the set, just as outlined before, and 
in addition, before making any tests 
upon the radio itself, even before re¬ 
moving it from the car, you should 
check the battery voltage and the an¬ 
tenna. The voltage must be within its 
normal range; for 6-volt cars, not less 
than 5.5 volts, and for 12-volt cars, 
not less than 11 volts, at the set fuse, 
with the set turned on. 
The antenna must be checked for 

continuity and freedom from short 
circuits or leakage; both of these will 
tend to make the set weak by shunt¬ 
ing off to ground a part of the signal 
voltage. A complete discussion of this 
will be found in your regular lessons. 
Let us take up one more typical 

trouble in auto radios. If the set will 
receive a local station at about 1/3 
normal volume, but will get no others, 
look for a burned-out rf amplifier 
tube. Here’s the reasoning on this: 
you can hear the local station, there¬ 
fore, the oscillator, i-f, and audio 
stages are working. It is quite possible 
that the power supply is all right, 
especially since you can hear the sta¬ 
tion, even though it is fairly weak. 
Therefore, the signal is probably com¬ 
ing into the set, but instead of being 
amplified by the rf stage, it is merely 
leaking through the stray capacity 
of the wiring, socket, etc. You can 
quickly check this without even pull¬ 
ing the set from the car, in most 
cases. Simply remove the lid of the 
case and look for the rf tube. Even 
though it is lit, replace it. It may have 
an internal short or leakage. The 
same symptoms can be caused by 
open coils, etc., in the rf stage. To 
check these you must remove the set. 

Therefore, since tubes furnish almost 
90% of this type of trouble, it is 
certainly worthwhile to check them 
before removing the set from the car. 

TV Sets. Although it is a little 
too early to try to do much TV work, 
we will briefly mention a few minor 
causes of weak reception that can be 
easily remedied. The symptoms in TV 
are quite different from those in ra¬ 
dios. Weakness will show up in the 
picture first, unless there is a weak 
tube in one of the sound circuits, such 
as the discriminator, sound i-f, or 
audio amplifier. In that case, substi¬ 
tution will readily show the trouble. 
Most complaints of weakness in a 
TV set will show up first as “snow” 
in the first picture. 

The first thing to do is to find out 
whether there is an actual defect or 
whether the signal in that area is 
simply too weak to be picked up. You 
can check this by comparing it with 
reception on other sets in the same 
area. The trouble may lie in the an¬ 
tenna, especially in outlying suburban 
and fringe areas. A low signal level 
will always result in a large amount 
of snow. 
This can be caused by several 

things. It is a good idea to check the 
signal level before doing any work on 
the set itself. The only way of doing 
this is to measure the signal strength, 
using a TV “Field Strength Meter”, 
which is merely a calibrated vtvm 
with a TV tuner and amplifier, whose 
output is fed to an indicating meter. 
Take a reading of the signal strength 
on the desired channel; if it is well 
below normal, check the lead-in for 
broken wires, and see that the an¬ 
tenna is pointed in the right direction 
if it is a directional type, as most 
secondary and fringe-area antennas 
must be. 

Practically all modern antennas in 
primary signal a eas use some varia¬ 
tion of the folded dipole. In this type 
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of antenna, there is always continuity 
between the bottom ends of the two 
conductors in the twin-lead used for 
connecting the antenna to the set. 
With this arrangement, you can check 
the antenna lead-in and its connec¬ 
tions to the antenna for continuity by 
taking an ohmmeter reading at the 
set. For ordinary lengths of line, up 
to 100 feet, you will get a very small 
reading, only a few ohms. If the line 
is open, you will get no reading at all. 
Look for places where the lead-in 
may have been sharply bent, such as 
under a window, over the eaves, etc., 
as these are the most likely spots for 
a break. 
Another and very unhandy place 

is at the terminals of the antenna. 
Often, because of careless installation, 
the line is left unsupported, and wind 
pressure causes the line to bend and 
break loose up there. Lowering the 
antenna and repairing the break is 
the only remedy for this condition. 
When the antenna is down, install a 
stand-off insulator within five or six 
inches of the antenna terminals, and 
use terminal lugs on the ends of the 
wires to take up the strain of the 
connection and avoid future break¬ 
ages. 

This continuity test is of no use 
on Yagis or plain dipoles because they 
do not have continuity. With experi¬ 
ence, you will be able to tell by look¬ 

ing up at the antenna whether or not 
there should be continuity. Often a 
good pair of binoculars will save you 
from having to climb the antenna to 
look. 

If the antenna is OK, the next thing 
is to check the tubes. If the picture 
is quite snowy, but the sound is fairly 
good, there is probably trouble in the 
rf amplifier. In fact, this one tube 
gives more trouble than all the rest 
combined. It should be replaced first, 
and the picture checked. If this does 
not make any perceptible difference, 
put the original tube back in, and 
change the mixer-oscillator. Continue 
changing tubes, one at a time, in this 
order: rf amplifier, mixer-oscillator, 
first video i-f, second video i-f, third 
video i-f, fourth video i-f, video de¬ 
tector. It is also possible for the video 
output amplifier to cause snow, but it 
is very unlikely. One other possibility 
is weak rectifier tubes or low selenium 
rectifiers. A drop in the supply volt¬ 
age could cause snow, but more likely 
the oscillator action would be affected 
first. This, of course, varies with dif¬ 
ferent sets. To check this, measure 
the supply voltage, which should be 
fairly easily accessible, at the high-
voltage fuse holder. In a transformer¬ 
operated set, this will run from 300-
400 volts. In the series-filament sets 
with voltage-doubler selenium recti¬ 
fiers it will be about 250 volts. 
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How to Fix Intermittent Receivers 
Intermittent defects in either radio 

or TV sets are those that are not 
present all the time, but occur only 
from time to time. Actually, this type 
of trouble can be the serviceman’s 
worst headache because of the diffi¬ 
culty of making an accurate diagnosis 
with symptoms that appear and dis¬ 
appear. An intermittent may cut out 
at intervals ranging from one minute 
to several hours, with the troubles 
showing up for only a short time. The 
situation is made even more annoying 
by the fact that the application of 
test instruments may shock the set 
back into operation. 

This requires a somewhat different 
approach to the service problem, and 
a different use of our familiar test 
instruments. On the average, an in¬ 
termittent defect takes longer to find 
than several ordinary troubles. 

Except for the fact that they come 
and go at odd intervals, intermittent 
defects are identical to those you have 
been studying. Always remember 
this: the same general defects that 
cause permanent trouble can also 
cause intermittent troubles. Why? Be¬ 
cause the only kinds of trouble that 
you can have in a radio or TV set 
are: shorts, opens, and changes in 
value. The difficulty in the case of an 
intermittent is that the symptoms 
often disappear before the defect can 
be localized. 

However, with the proper use of 
test equipment, and a thorough knowl¬ 
edge of the set’s circuits and of the 
characteristic effects of certain de¬ 
fects, you will be able to fix intermit¬ 
tent defects also. 

Probably the most important single 
point in hunting intermittent troubles 
is this: IF YOU GET AN INTER¬ 
MITTENT TROUBLE. LOOK FOR 
THE PARTS THAT WOULD 

CAUSE THAT SAME TROUBLE 
IF IT WERE PERMANENT. For 
instance, if you have intermittent os¬ 
cillation, you would start looking for 
bypass capacitors. If the signal was 
simply cutting on and off, cleanly, 
with no signs of oscillation, your rea¬ 
soning should be, “Something is in¬ 
terrupting the signal path; probably 
a coupling capacitor.” If the com¬ 
plaint were intermittent hum, you 
would look for a filter capacitor, and 
so on through all of the whole list of 
permanent troubles. If a symptom ap¬ 
pears intermittently, look for the 
parts that could cause it if it were 
permanent. 

Some servicemen use a rather dras¬ 
tic cure for suspected intermittents. 
They replace all of the parts that 
could cause it. For instance, if the 
signal is cutting off and there are two 
coupling capacitors, they replace both, 
with no further checking. This is a 
pretty good way of avoiding useless 
time spent in trying to pin down an 
intermittent, but it sometimes fails 
because of the lack of sufficient in¬ 
formation upon which to base an 
accurate diagnosis! 

CAUSES OF INTERMITTENTS 

Let us glance briefly at what causes 
intermittents. All intermittent defects 
are caused by temporary shorts, opens, 
or leakages. In many cases, thermal 
expansion is responsible. This is the 
expansion of the chassis and parts 
caused by heat. For instance, a metal 
part of one circuit may be almost 
touching the chassis or another part 
when the set is cold. Heat expands 
the chassis and the part, and the 
metal part touches the chassis, caus¬ 
ing a short. If this were the metal 
wire on a coupling capacitor, it would 
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stop the signal entirely, until the 
chassis cooled off enough for the parts 
to pull apart again. 
A poorly soldered joint may be 

held together well enough until the 
expansion of the chassis places a 
strain on it that pulls it apart, open¬ 
ing the circuit. The fastening of the 
wire leads to the ends of a paper ca¬ 
pacitor may be good when cold, but 
pull apart when warm. This is one 
of the most frequent intermittents, 
the intermittent coupling capacitor. 

Tubes are also among the most fre¬ 
quent offenders, because they are the 
source of the heat. This heat can 
cause twisting or bending of the metal 
parts of the tube electrodes, possibly 
causing them to short. Some tube fila¬ 
ments may open up when heated, only 
to close and show continuity when 
cold. 
Filter capacitors in the common 

ac-dc sets are also troublesome. The 
small metal tabs that make the ac¬ 
tual connections to the aluminum roll 
of the capacitor plates can become 
oxidized, making a bad connection 
that can be healed by a sudden surge 
of current. 

Professional servicemen classify in¬ 
termittents roughly into two divi¬ 
sions: the mechanical intermittent 
and the electrical intermittent. Bas¬ 
ically, these are exactly alike, but we 
will divide them into these two classes 
because of the difference in their 
treatment. The mechanical intermit¬ 
tent is the type that can be made to 
cut on or off by physically jarring 
the set. This type will act up when 
someone walks across the floor close 
to the set, when heavy trucks or 
streetcars go by, or when the cabinet 
is jarred. Most of these can be found 
without too much trouble. 

The electrical intermittent will not 
ordinarily be affected by physical jar¬ 
ring of the chassis. The electrical in¬ 
termittent is the most troublesome 

type, but we will give you the best 
methods for dealing with it. Let’s 
take up the easiest first, the mechani¬ 
cal intermittent. 

« 

MECHANICAL INTERMITTENTS 

Paper capacitors, connections, and 
tubes cause most of the mechanical 
intermittents, but other parts may 
also be responsible. Let us take up 
each in turn. 

Capacitors. As you remember from 
your study of paper capacitors, the 
wire leads are rolled into a spiral and 
soldered to the ends of a roll of metal 
foil. This is the connection between 
the capacitor and the circuit. If this 
wire becomes loose in such a way that 
there is a slight separation or even a 
resistance path to the end of the roll 
of foil, any small jar can cause it 
to make or break contact. If this is a 
coupling capacitor, this intermittent 
make-and-break will cause interrup¬ 
tions in the flow of signals, causing 
the set to cut on and off, a very fa¬ 
miliar complaint to the practicing 
serviceman. Similarly, if the capacitor 
is used as a bypass, when it opens 
up, the result will be intermittent 

FIG. 5. You can make a tool for wig¬ 
gling wires by sawing a slot in a fiber 

alignment tool. 

oscillation that the capacitor was sup¬ 
posed to prevent. 

Intermittent Capacitors. Intermit¬ 
tent capacitors can sometimes be 
found by the use of a “wiggling stick”, 
illustrated in Fig. 5, and made out of 
an old fiber tuning tool with a small 
slot sawed across one end. The wire 
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leads of suspected capacitors are wig¬ 
gled back and forth with this tool in 
order to show up any possible loose 
connections between the leads and the 
foil roll. The same tool can be used to 
find intermittent connections, bad 
solder joints, loose tube-socket pins, 

FIG. 6. Cut-away view of a tube, showing 
the connection to the cathode. The rest 
of the elements have been omitted in 

this sketch. 

etc. If the trouble shows up when any 
particular part is moved, check care¬ 
fully by wiggling all of the parts 
around that junction to see which one 
is giving the trouble. Noise when a 
connection is moved is a sure sign of 
trouble somewhere near there. 

Tubes. Tubes cause a large per¬ 
centage of the intermittents because 
of the heat they radiate. A broken 
weld in the tube structure that opens 
when hot and closes when cool, can 
cause a very puzzling intermittent. 
This is quite frequent in high-voltage 
filament tubes such as the 35Z5. 50L6, 
etc., which operate at very high tem¬ 
peratures. The cathode in these tubes, 
as shown in Fig. 6, is in the form of 
a round metal sleeve, coated with 
the active electron-emitting material. 
Connection to this element is made 
through a very thin metal ribbon, 
spot-welded to the bottom of the 
sleeve and to the base pin. The sleeve 

is held at the top and bottom by mica 
spacers. It is usually held firmly at 
the top, and loosely at the bottom, so 
that the cathode can slide up and 
down for heat expansion. Because of 
this tiny movement, the ribbon may 
come loose, breaking the small spot¬ 
weld. When the filament is heated, the 
sleeve will move downward, breaking 
the contact. If it is a rectifier tube, 
the cathode circuit of the tube opens, 
and there will be a complete loss of 
high voltage for the set, although the 
filaments will remain lighted. If the 
tube is the power amplifier, the cath¬ 
ode circuit will be opened, cutting off 
all de plate and signal current through 
the output transformer primary, caus¬ 
ing the set to be completely dead. 
There will still be high voltage on 
both the plate and the screen. High 
cathode voltage, however, is proof of 
an open in the circuit. 

There is also the possibility of an 
intermittent open in the filaments. 
This is fairly easy to spot once it be¬ 
gins to show up, as all of the tubes, 
being in series, will go out. The prob¬ 
lem then is only to find out which 
tube is open. This can be done by 
connecting an ac voltmeter across 
each of the filaments in turn. The 
entire line voltage will show up across 
the defective filament when it opens. 

Coils. Coils and transformers are 
also affected by heat expansion. This 
will cause the coil forms to expand, 
and may cause one of the fine wires 
to break loose from its terminal lug 
if it was pulled too tight when manu¬ 
factured. This can often be discovered 
by measuring the resistance of the 
coils while tapping the forms gently, 
or by carefully moving the leads with 
the wiggling stick while the set is 
playing. 

Resistors. Resistors, like all other 
parts, can be intermittent. However, 
this trouble is confined mostly to 
wire-wound resistors and variable re-
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sistors, such as volume controls in 
radio or contrast, brightness, and 
linearity controls in TV sets. An in¬ 
termittent contact in any variable 
resistor can usually be easily located 
by moving the shaft of the control. If 
the control is very noisy, producing 
scratching sounds in the speaker, or 
flashes and streaks of light on the TV 
screen, it will show up when moved. 
Cleaning it may help. If not, replace 
it. 

The fixed wire-wound resistors used 
in high-current circuits in radios or 
TV sets, for voltage dividers, for 
instance, can develop intermittent 
contact between the resistance wire 
and the metal clip connections. Re¬ 
sistance wire cannot be soldered, so 
the connections are made by pressure 
alone. This leaves the possibility that 
oxidation will creep in and cause a 
bad contact. Such defects can be 
found by tapping the resistor heavily, 
jarring the chassis close by while 
listening for noise, or watching the 
screen for flashes or streaks. 

Connections. Last but by no 
means least is the intermittent con¬ 
nections in the wiring itself. These 
can be caused by cold solder joints, 
corrosion, etc. Often, especially in the 
older sets, you will find ground con¬ 
nections for several bypass capaci¬ 
tors, resistors, or other parts, made 
to a “tie-point”, several insulated 
lugs mounted on a strip of fiber. One 
of these lugs will extend past the 
strip, and form an eyelet, which is 
sometimes fastened to the chassis 
with a rivet. This forms a mechanical 
support and also the ground connec¬ 
tion. If corrosion sets in between the 
lug and the chassis due to moisture, 
etc., you will find a very bad contact. 
Poor chassis grounds can usually 

be located by wiggling the connec¬ 
tions or parts, or by jarring the chas¬ 
sis. Once you find a poor connection 
of this sort, make sure of a good con¬ 

tact in the future by cleaning away 
the corrosion and soldering the lug 
firmly to the chassis. If the joint 
is so heavily corroded that you can’t 
get the solder to stick, run a short 
piece of heavy wire from the lug to 
a close ground connection. On an 
aluminum chassis that cannot be 
soldered, a machine screw, lock¬ 
washer, lug, and nut will make a 
permanent low-resistance connection. 
If a screw connection rather than a 
rivet was originally used, loosening 
and then tightening the screw will 
clear up the high-resistance connec¬ 
tion. 

Finding the Intermittent. Now7, 
for the actual methods used for locat¬ 
ing intermittents. The mechanical 
type, as we said, is the easier. You 
can make the set cut out by jarring 
the chassis. Therefore, using the wig¬ 
gling stick, tap the chassis at several 
places. You’ll find several places that 
either cause the set to cut out or make 
a loud noise in the speaker. Any part 
that causes a popping noise in the 
speaker is probably defective. This 
is a sure sign of trouble. Never decide 
a set is repaired until you have found 
the sources of all of these noises, and 
eliminated them. This is one of the 
last steps used by professional serv¬ 
icemen after they finish a repair job. 
They always jar the set, heavily, to 
find any noisy parts, to avoid call¬ 
backs. 

If you get a set that is noisy, start 
by tapping all the tubes. If one is 
noisy, replace it, and tap again. If 
this stops the noise, replace the old 
tube and recheck. You might have 
had a noisy socket connection, which 
was cleared up by removing and re¬ 
placing the tube. Trouble of this sort 
is especially prevalent wfith “loctal” 
type tubes, so watch for it. However, 
if the noise is present with the old 
tube, and not with the new, but re¬ 
appears when the old tube is installed, 
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you are pretty safe in diagnosing the 
trouble as a noisy tube. 

If the tubes do not seem to be caus¬ 
ing the trouble, turn the set over, and 
tap all of the parts, one at a time, 
paying especial attention to capaci¬ 
tors, by wiggling their wire leads. 
Look the set over carefully for bad 
solder joints. Inspect each socket and 
terminal strip and check by wiggling 
the wires and parts. Usually, you’ll 
find that one end or one part of the 
chassis will be noisier than others. 
You’re getting close to the trouble so 
check each part in the suspected area 
carefully. 

Now and then, you’ll run into a set 
in which jarring will produce a com¬ 
paratively small noise regardless of 
where you tap the chassis. No matter 
where or what you tap, you get the 
same noise. These are the most diffi¬ 
cult of all, because of the lack of 
clues. Isolate the source of the noise 
as soon as you can by tracking it 
down to a certain stage. First, turn 
the volume control all the way down. 
If this has no effect on the noise, then 
it must be in the audio stage. If it 
cuts out or lowers the noise, then the 
defect is probably in the rf or i-f 
stages. Cases of this sort sometimes 
require drastic measures. You might 
replace all of the tubes at once, to see 
what effect this has, then put the old 
tubes back in, one at a time. Paper 
and electrolytic capacitors might well 
ho given the same treatment. 

Now and then, a very baffling case 
will turn out to have two causes, such 
as two intermittent tubes at the same 
time. Installing all new tubes and 
then putting back the originals, one 
at a time, will catch the bad ones. 
Although, in an ac-dc set, you can’t 
pull tubes out because you would 
break the filament circuit, you can, 
if necessary, unsolder the B supply 
wire to the i-f transformer, for ex¬ 
ample, to kill that stage and the front 

end. Of course you can short out the 
grid circuit of any stage with a test 
lead or kill the set oscillator by short¬ 
ing it out to disable any given stage 
thus eliminating it as a source of 
noise when the chassis is jarred. 

There is another test you can make, 
using your signal generator. If the 
trouble seems to be in the audio 
stages, feed an audio signal, at 400 
cycles, into the volume control. Turn 
the attenuator as high as it will go to 
give you the maximum signal. This 
will sometimes cause obscure inter¬ 
mittents to show up by putting a tre¬ 
mendous signal overload on the sus¬ 
pected stages. The same thing can 
be done in the rf or i-f stages. Feed 
the signal into the antenna, just as 
strong as you can make it. Some¬ 
times, you will be able to get more 
information by turning the modula¬ 
tion off and using a pure rf signal. 
With a large unmodulated signal, tap 
the rf and i-f tubes gently. You will 
hear a ringing sound due to norma] 
vibration of the tube electrodes, but 
you should not hear noise. If you do. 
the tube or part being tapped is de¬ 
fective. 

ELECTRICAL INTERMITTENTS 

The electrical intermittent is some¬ 
what more difficult to find. With this 
type, often nothing you can do to the 
set in the way of jarring it will make 
it cut out. There are some methods of 
making this work easier, though. One 
of the best is questioning the cus¬ 
tomer as to the exact characteristics 
of the trouble. This will give you 
some valuable clues. For instance, if 
he says that the set plays for a defi¬ 
nite period of time, then cuts off com¬ 
pletely, you know that the defect is 
something that is heat-induced. Some 
part is failing when it gets hot. Look 
for a “hot short” in a tube, a coupling 
capacitor that opens when heat ex-



pands it, etc. You can make the set 
heat up fast by placing a box over it, 
on the bench, cutting off all ventila¬ 
tion. Holding a hot soldering iron on 
a part that will not be damaged (a 
resistor) or close to a capacitor or a 
coil is also a useful trick. 

If the clue is the fact that the set 
plays normally until some other elec¬ 
trical appliance cuts on, such as a 
refrigerator, then you can suspect 
low voltage as a possible trouble, 
especially if the set is one of the little 
3-way portables. If the power supply 
in the set is not quite as good as it 
should be, the lowered supply voltage 
caused by the extra load on the line 
is enough to cause the oscillator tube 
filament voltage to drop enough to 
make the set stop playing. The best 
way to test these is to lower the line 
voltage and check the performance. 
This is covered in your regular les¬ 
sons. 

Sudden surges in line voltage can 
cause physical movement in parts 
under stress such as tube electrodes 
and capacitor plates. This movement 
may open a connection. Generally 
jarring the parts and chassis will 
show up such troubles. 

The intermittent tube filament may 
be another difficult trouble to isolate. 
These cut off and back on before you 
can find the bad one. Many service¬ 
men have made up special testing rigs 
to catch intermittent filaments. As 
we have said before, if a tube opens 

FIG. 7. How to connect a neon light 
across each tuhe filament to find which 
one is intermittent. If one opens, the 

neon light across it lights up. 

up, in an ac-dc set, the full line volt¬ 
age will appear across the open fila¬ 
ment. Therefore, if we connect an 
indicator across each filament, when 
the trouble shows up, we can see im¬ 
mediately just which one it is. Some 
servicemen catch these tubes when 
they are acting up with automatic 
voltage indicating devices. Small neon 
lights, similar to the neon line testers 
are used. The lamps draw practically 
no current when they light up. They 
will not light on normal tube filament 
voltage, but will light on higher volt¬ 
ages. One neon lamp is used for each 
tube. They are connected across the 
filaments of the tubes, and the set is 
turned on. If one of the tubes opens 
up, only the neon light across it lights. 
A typical hookup is shown in Fig. 7. 

The best way to find an intermit¬ 
tent defect is to isolate it as fast as 
possible to a certain stage. Then iso¬ 
late the defective part by jarring, 
twisting, etc. If these methods fail, 
then take other steps, such as over¬ 
heating the chassis by covering it 
with a box, or varying the line volt¬ 
age. After that, the only thing to do is 
wait. The way most professional serv¬ 
icemen deal with electrical intermit¬ 
tents is simply to hook up the receiver, 
start it playing, push it to the back 
of the bench, and then go on with 
other jobs while keeping one ear 
cocked for signs of trouble. 

The signal tracer is a great help 
when looking for intermittents. By 
connecting the tracer to the intermit¬ 
tent set, you can usually cut the vol¬ 
ume off or down to where it will not 
be so annoying and can keep an eye 
on the indicator from time to time. 
The worst problem is the large 

amount of time that is required to 
find the trouble. In really difficult 
cases, the customer would not be able 
to pay for the job if you actually 
charged him straight time for the 
amount used. Therefore, you must try 
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MG. 8. Block diagram of a TV set. 

to locate the trouble without spend¬ 
ing too much actual service time. Use 
signal tracers, indicators, and every 
“short cut” you can develop in order 
to save as much time as possible on 
each intermittent job. 

As a general rule, it is best to ex¬ 
plain to the customer that you cannot 
accept an intermittent radio or TV 
set for service, if he insists on a cer¬ 
tain time limit. Tell him that you 
can’t take the job unless you can 
have enough time to be sure that you 
have found the trouble. Nothing is 
more disappointing than to think you 
have located the trouble in an inter¬ 
mittent, and deliver the set, only to 
have the customer call you back in 
a few hours, saying, “It’s cutting out 
again!” Take enough time to be sure 
that you have definitely found the 
trouble. This means, in most cases, 
that the set must be operated on the 
bench for at least four hours before 
delivery, to be fairly sure that the 

trouble has been spotted. In some 
cases, even this will not be enough. 

INTERMITTENTS IN TV SETS 

All of the methods and practices 
mentioned so far apply equally to ra¬ 
dio and TV sets. Intermittent trou¬ 
bles in TV’ sets can be found by using 
the same basic methods used in ra¬ 
dio. Note the symptoms carefully to 
see what section of the set is affected. 
Make use of the block diagram, 
shown in Fig. 8, to identify the stages 
that may be at fault. For instance, if 
both picture and sound are lost, but 
the raster remains, you can suspect 
some stage associated with both pic¬ 
ture and sound. Look for trouble in 
the front end, the video i-f, the video 
detector, ami the video amplifiers. If 
the trouble lies in the high voltage 
circuits, the screen will go black, but 
the sound will not be affected. If there 
is a strong picture, but it is very un-

25 



FIG. 9. Two types of series filament strings found in TV sets. In the circuit above, the 
heaters are connected in two strings. The tubes in each siring are 300-nia tubes. The 
current from both strings flows through the picture tube filament, which requires 600 
ma. In the circuit below, tubes designed for series-string operation and rated at 600 ma 

are used. 

stable, rolling or falling out of sync 
horizontally, suspect some circuit as¬ 
sociated with the sync alone. In this 
section, if only vertical sync is lost, 
the whole picture will move up or 
down, while remaining in one piece. 
If horizontal sync alone is lost, the 
screen will show diagonal stripes, but 
they will be stationary, vertically. 
If both horizontal and vertical sync 
are gone, suspect some section that 
handles both, such as the first sync 
clipper or the video amplifier. Sync 
circuits often differ widely in various 
sets, so that here, once again the 
best way to find a suspected trouble 
is to use the schematic diagram. In 
TV work, schematics are more impor¬ 
tant than in radio because of the in¬ 
creased complexity of the circuits. 
You will find for this reason that you 
are unable to trace circuits in TV 
with the same ease as in radios. Even 
professional servicemen always refer 
to the schematic diagram to avoid 
confusion. 
An intermittent defect in a TV 

set that may be puzzling is a cathode-
to-heater short in a tube in a series 
filament string. In some early models, 
the tubes were in two strings, but in 

many later sets, lower voltage tubes 
were used and only one circuit was 
required. These two types of filament 
strings are shown in Fig. 9. 
A cathode-heater short in a tube 

in the middle of the string can cause 
the set to stop working by shorting 
out the filament voltage for all of 
the tubes between the short and B-
minus. This is exactly the same prob¬ 
lem we found in the ac-dc radio sets. 
The cathode is grounded, while the 
heater is normally insulated from 
ground (or B—). It is traced out in 
exactly the same way. First look to 
see which tubes are not lighted, and 
then replace the last tube in the string 
that is lighted. That will usually be 
the one with the short. 

Sound Defects. Sound troubles, 
of course, can be traced just as in a 
radio set. Basically, the sound sec¬ 
tion of a TV set is just the same as 
the i-f and audio amplifier of an AM 
receiver. There will be one or more 
stages of sound i-f amplification, and 
possibly a limiter stage if a discrim¬ 
inator is used, but none if the ratio 
detector is used. The detector will be 
followed by one or two stages of 
standard audio amplification just as 
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m a radio. Troubles in the sound sec¬ 
tion can be traced with the same 
methods used in checking a radio 
set’s i-f stage, detector, and audio 
stage. 

Picture Tube Defects. Among the 
intermittent defects found in TV sets, 
but not in radios, are intermittent 
picture tubes. If the screen goes dark 
(loses its raster) at odd intervals, 
there is trouble either in some of the 
high-voltage supply circuits or in the 
picture tube itself. If you can catch 
it as it goes dark, look at the neck of 
the tube near the base. If the filament 
goes out, it is intermittently opening 
and closing. This may be due to a 
bad solder joint inside one of the base 
pins (1 and 12) to which the filament 
is connected. Melt the solder and re¬ 
heat. Do this with each of the fila¬ 
ment pins, and recheck. Many times, 
an intermittent picture tube can be 
saved in this way and the customer 
will gladly pay the service charge 
when you explain to him that you 
have saved him the cost of a new 
picture tube. This same treatment 
also may be used on the other pins, 
if necessary. However, most of this 
trouble will show up in the filaments. 
Another defect is a filament-to-

cathode short in the picture tube. In 
a receiver in which the picture sig¬ 
nal is fed into the cathode, the symp¬ 
toms of this are a sudden loss of the 
picture while the screen remains lit 
up and the sound is usually not af¬ 
fected. 

This trouble is best eliminated by 
installing a small isolation trans¬ 
former. These are simply small iron-
core transformers, with a picture tube 
socket on one end and a picture tube 
base on the other, usually on a short 
cable. The transformers have a 1-to-l 
ratio, and isolate the filament of the 
tube from ground, preventing the 
cathode-to-heater short from remov¬ 
ing the picture signal. A popular vari¬ 

ation of this device is the combination 
isolation transformer-booster. This 
has a tapped transformer and may be 
used to step up the filament voltage 
so as to overheat the filament of an 
old picture tube which has lost so 
much emission that it will no longer 
give enough brightness. The excess 
filament voltage will raise the cathode 
temperature to the point where it will 
give off more electrons, restoring the 
emission of the tube, sometimes for 
quite a long while. Needless to say, 
the boost should not be used unless 
you are definitely sure that the emis¬ 
sion of the tube is low. The trans¬ 
former will eliminate the effect of a 
cathode-to-heater short. 

Antenna Lead-In Defects. An¬ 
other intermittent defect that can 
give you quite a bit of trouble unless 
you are watching for it is caused by 
a break in the antenna lead-in. It is a 
sudden cut-off or decided weakening 
of both picture and sound, with a 
sudden reappearance of both. If you 
get this complaint, the first thing that 
you should check is the antenna and 
lead-in wire, especially the lead-in 1 
Because the line moves in the wind, 
the wires sometimes break on one 
side of the line, inside the insulation. 
Thus, the break is invisible, and the 
broken ends of the wires are so close 
together that the movement of the 
line causes them to make and break. 
There are several ways of checking 
for this. If it is practical, first check 
the resistance of the line with an 
ohmmeter to see if there is normal 
continuity. Leave the meter connected 
to the line while you shake the line 
vigorously inside the house. Then, 
have someone shake the line outside 
the house, while you watch the ohm¬ 
meter, inside. 

Because of the very low resistance 
of the line, you might not be able to 
detect the change caused by a short 
circuit across the line. The only way 



to catch this would be to hook up a 
TV field strength meter and watch 
the meter reading while an assistant 
shakes the. line outside. Of course, the 
set itself may be used instead of the 
meter, but this is not really conclu¬ 
sive because the trouble might still 
be in the set. If you’re in a strong 
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FIG. 10. When a rotator is used, watch 
for breaks in the wires in the slack part 
of the lead-in because of the constant 

moving as the antenna is turned. 

signal area, you might substitute an¬ 
other antenna, such as a rabbit-ears 
antenna, for the outside antenna. If 
with the substitute you get a constant 
though snowy picture, and with the 
original antenna the picture cuts on 
and off, you have found the trouble. 
Replace the whole line if you discover 
a break. The chances are that there 
are other weakened places in it, and 
you will save yourself and the cus¬ 
tomer trouble by replacing it with a 
whole new lead-in. This kind of trou¬ 
ble may also be caused by loose or 
defective connections in the antenna 
itself. This is quite common in cases 
where the antenna installation has 
been up for several years. 

If the antenna installation uses a 
rotator, look for trouble where the 
lead-in makes the rotator loop. This 
is the slack shown in Fig. 10 which 
must be left in the lead-in to allow 

the antenna to turn. Because this 
part of the lead-in moves constantly 
as the antenna turns, one or both of 
the wires may break. 

Other Defects. In some TV sets, 
you will find an unusual circuit in the 
audio power amplifier. This is shown 
in Fig. 11. The audio stage is con¬ 
nected in series with the video i-f. 
With a total B voltage of about 300 
volts, there is 150 volts on the audio 
i-f tube and 150 volts on the video 
i-f tube. This can be confusing, es¬ 
pecially in locating intermittents, un¬ 
less the technician is thoroughly fa¬ 
miliar with this circuit. 

Now, let’s look at some troubles 
in such a circuit. For instance, sup¬ 
pose both picture and sound suddenly 

300 V 

FIG. 11. A typical circuit where the 
audio output is connected in series with 

two i-f stages across the IS supply. 

disappear. By voltage measurements, 
the technician discovers that the plate 
and screen voltage on the video i-f 
stages vanish completely when the 
trouble shows up. There is the basic 
trouble, but is it the actual cause? 
No. The cause may be an intermittent 
short from cathode to heater in the 
audio power tube. In the series cir¬ 
cuit, the cathode of this tube is 150 
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volts above ground and its heater, of 
course, is grounded. If the cathode-
heater short occurs, the 150 volts 
which would normally furnish the 
plate supply for the video stages is 
grounded, and these stages have no 
plate voltage. 

Other troubles can also occur in 
this circuit. If the coupling capacitor 
is leaky, for instance, the bias of the 
power tube will be upset. It will take 
considerably more current than nor¬ 
mal. The voltage drop across the au¬ 
dio stage will be far higher than it 
should be. What is the result? The 
plate and screen voltage of the video 
i-f amplifier stage will be very low. 
On the other hand, suppose the pri¬ 
mary winding of the output trans¬ 
former were open. The stage would 
take much less than its normal cur¬ 
rent and the voltage on the video i-f 
stage would be too high. The best 
way to test a circuit such as this is 
to check the schematic diagram for 
the correct voltages, and then if there 
is over a 20% variation from any of 
them, check the entire circuit care¬ 
fully. A 20% voltage variation can be 
expected in any set because of line 
voltage variations, tolerance of parts, 
etc. 

A FINAL WORD ON 
INTERMITTENTS 

Before we leave the subject of in¬ 
termittents, let us give you one final 
word on them. Intermittents can be 
the most annoying problem you will 
encounter. Everything that we say 
here applies equally well to radio. TV, 
or any other kind of electronic ap¬ 
paratus. 

Follow this four-step plan for lo¬ 
cating intermittents: never “poke 
into” an intermittent, at random, in 
hopes of accidentally finding the trou¬ 
ble. Although you may find it in one 
set immediately, you won’t be that 

lucky in the majority of cases. Some¬ 
times you may clear up the intermit¬ 
tent condition without knowing what 
you did or what was causing the trou¬ 
ble, and worst of all, it is likely to re¬ 
appear. The professional serviceman 
always uses a methodical, step-by-
step scries of tests, gradually elim¬ 
inating sections or stages of the set, 
until he can pin down the trouble. 

First, locate the intermittent sec¬ 
tion. For instance, in a TV set, find 
whether it is the picture, the sound, 
the sync, the high voltage, the low 
voltage, or a combination of these 
that is affected. The answer to this 
question will eliminate many circuits 
from the search. Again, referring to 
the block diagram in Fig. 8 will be of 
real help to you in localizing the 
trouble. 
Second, locate the intermittent 

stage. For instance, if you had an 
intermittent high-voltage supply in a 
TV set, you would have these possi¬ 
bilities: the horizontal oscillator, the 
horizontal output, the high-voltage 
rectifier, and the damper tubes with 
their associated parts. 

Third, locate the intermittent cir¬ 
cuit. For instance, if the trouble has 
been found in the horizontal output 
stage, you might have trouble in the 
plate circuit, the screen circuit, or the 
cathode circuit. Chock all circuits 
around a suspected stage, using the 
methods given previously, such as 
wiggling and jarring parts, measuring 
voltages, and checking waveforms. 

Fourth, locate the defective part. 
With the preliminary steps finished, 
all that remains is the isolation of 
the defective part. Here is one thing 
that you can usually rely on; your 
trouble is apt to be in only one part. 
Because of the fact that the trouble 
is intermittent, with the circuit work¬ 
ing all right part of the time, you 
can be fairly sure that the trouble 
lies in only one part. What you must 

29 



do is locate this one intermittent part. 
To do this, take plenty of time, and 

be as sure as you can that you have 
read the symptoms correctly. If your 
test results don’t agree with your 
initial conclusions, don’t hesitate to 
go back and reconsider. An open mind 
is the greatest help that you can 
have, especially in hunting intermit¬ 
tents. Check through the whole stage 
or circuit carefully, and repeat the 
measurements as many times as nec¬ 
essary. 

The final test of an intermittent 
service job is, of course, operation. 
If it is at all possible, always operate 
an intermittent set for several hours 
on your bench before delivering it to 
the customer. If the trouble doesn’t 
show up, you can be fairly sure that 
it is all right. However, professional 
servicemen usually leave themselves 
a loophole when they deliver an in¬ 
termittent. They tell the customer 
frankly that because of the intermit¬ 
tent nature of the trouble, there is 
always a possibility that they did not 
find ill of the bail parts because they 

did not show up under tests. They 
explain that the set played perfectly 
for four hours on the bench, but that 
they feel that there is just a small 
possibility that some of the trouble 
might happen again. Therefore, if 
the trouble does show up again, would 
the customer please call them right 
away and let them know just what 
happened? Although there is seldom 
any recurrence of the trouble, if it 
does show up under home conditions, 
this leaves a good impression with the 
customer and eliminates most of the 
unpleasantness of a callback. If the 
customer has paid for having an in¬ 
termittent set repaired, he feels that 
it should work from then on; if it 
does cut out again, within a few days, 
he is quite apt to be very angry. 
Leaving him with this statement, and, 
in effect, asking his assistance, will 
help out in many cases. If the set 
should cut out again, he says, “Well, 
he said that it might,” instead of 
flying into a rage because the tech¬ 
nician didn’t fix it, and charged him 
for it. 



Recognizing Complaints Not 
Caused By Receiver Defects 

Now that you’ve gotten into the 
technical aspects of radio and TV, 
you may find it a little hard to realize 
just how little the average person 
knows about the operation of even a 
simple radio set, let alone a device 
as complicated as a TV receiver. 
There will be times in your servicing 
career when you’ll wish that the cus¬ 
tomer knew a bit more about how his 
set worked and what it could be 
expected to do as this would save 
you many an unnecessary service call. 
However, it is lucky in a way, that 
he doesn’t. After all, you are planning 
to make a living by knowing all about 
it! 
“Dry runs” are an experience of 

every serviceman; you go to a cus¬ 
tomer’s house, only to find that the 
trouble is caused by something that 
cannot be helped-—interference from 
outside sources, bad reception because 
the set is too small, bad wiring in 
the house, or many other things. 

SET LIMITATIONS 

If the complaint is not caused by 
a defect in the set, about the only 
thing you can do is to explain to the 
customer that the trouble is caused 
by something outside the set or instal¬ 
lation that you cannot fix. For in¬ 
stance, if he is using one of the small 
transistor portables in New York, he 
can’t expect to pick up stations in 
Florida and California with it, al¬ 
though on rare occasions such freak 
reception might occur. You’ll have to 
explain to a customer just what his 
particular set will and, more impor¬ 
tant, will not do, and you’ll have to 
be very diplomatic about doing it. 

It is not wise to say something like, 
“This cheap set just won’t pick up 
stations because it’s too little!” This 
might make any customer angry; 
after all, he bought the set, and to 
make a remark like that is a slur 
upon his judgment. It is better to say, 
“You see, these radios are built for 
operation in a big city, where there 
are several powerful local stations.” 

You are even more apt to have this 
kind of complaint about TV sets, 
especially in cases where the owner 
has been living in a large city, close 
to several powerful local stations, and 
using a low-gain outdoor antenna, 
rabbit-ears, or even a built-in an¬ 
tenna, and then moves to a fringe 
area. He is apt to expect the same 
snow-free performance that he used 
to get, and it may strain every diplo¬ 
matic resource of the TV man to con¬ 
vince him that without a new set or 
an expensive antenna he can’t get the 
same reception he had been enjoying. 

Possibly the best attitude to take 
in such a case is this: tell the custo¬ 
mer that he is in a weak signal area, 
and that his set must be in absolutely 
first-class shape if it is to give any 
performance at all. Because of the 
very strong signals they have been 
getting, they may not have noticed 
that many parts of their sets have 
deteriorated; tubes have become 
weak, rectifiers low. This is true of 
both radio and TV sets. Of course, 
you should use this approach only 
when you can obviously see that the 
trouble is due to weakness and not 
to design limitations of the set. 

If the difficulty lies in the antenna, 
the best and most convincing answer 
is to set up a temporary antenna 
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alongside the house for a demonstra¬ 
tion. Show him the difference between 
his antenna and the type you have 
been using, and you can usually con¬ 
vince him quite easily. Once again, 
you must be quite diplomatic in doing 
this. The best course is to explain the 
difference in the area where he has 
been and the fringe area where he is 
now, and tell him how much difference 
there is in the signal strength re¬ 
ceived, and so on. If you do this right, 
the chances are that you’ll wind up 
with a complete overhaul job on the 
TV set, and a profitable TV antenna 
installation job. 

LOW LINE VOLTAGE 

Check up on the symptoms, as de¬ 
scribed to you. If you get one of the 
more common complaints, such as 
“The radio won’t play when I’m iron¬ 
ing!” you can suspect the lihe voltage 
of being low. Suggest changing the 
radio to another outlet. This is, of 
course, if you are sure that the radio 
is in good shape. By using some means 
of varying the line voltage in your 
shop, you should test all small radios, 
and especially portables, to see that 
they will keep on playing until the 
line voltage goes down to 100 volts. 
If they do this, they’re all right, and 
you can feel pretty sure that the trou¬ 
ble lies in the home line voltage. 

TV sets are also subject to these 
troubles. If the customer complains 
of the picture being too small, show¬ 
ing black edges, etc., you can almost 
always suspect low line voltage. This 
is also true if the trouble happens 
only at certain hours of the day. If 
the shrinking occurs only at supper¬ 
time, the housewife might be using an 
electric range or a high-wattage table 
appliance that is lowering the voltage 
on a circuit not designed for such 
heavy loads. These troubles should 
be referred either to the power com-

If you get a complaint such as this, you 
can suspect that tlie line voltage is low. 

pany or to an electrician, although 
you can install a line-voltage adjust¬ 
ing transformer, a special trans¬ 
former, with a tapped winding and 
switch, to raise the line voltage. 

INTERFERENCE 

Many times, you’ll be called upon 
to check a radio receiver, especially 
just after you have repaired it, for 
complaints due to external interfer¬ 
ence, and not to a defect in the radio 
itself. If you suspect interference from 
the description of the trouble on the 
phone, take a portable test receiver 
along. When you arrive at the house, 
confirm the complaint; if it is ob¬ 
viously interference, plug in your 
portable and show the customer that 
it picks up the same noises. If you 
have a battery-operated portable set, 
you may even be able to track down 
the cause of the interference if it is 
in his own house. Look for an old 
refrigerator, a bad light switch, oil 
burner, etc., and then sell him an 
interference filter to install on it. If 
lhe interference is external, you will 
be able to prove it. 

Many causes of radio interference 
originate in the horizontal output 
systems of the older TV sets. Because 
of the high voltages used, and the 
poor shielding and filtering of the 
high-voltage supply, they radiate in-
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terference over a surprisingly large 
area. Even though the fundamental 
frequency of this signal is only 15.75 
kc, the high voltages used will give 
even the very high harmonics suffi¬ 
cient amplitude to cause interference 
in the broadcast band. For instance, 
the 30th harmonic is around 450 kc, 
which will cause squeals and whistles 
in a radio set because of coupling into 
the i-f stages. The only remedy for 
this is the complete shielding of the 
high-voltage stages of the offending 
TV set. There is no filter that will 
take it out of a radio. 

TV sets can also cause interference 
to other TV sets by local oscillator 
signal radiation. A set on a given 
channel can have its oscillator on or 
near the frequency of another chan¬ 
nel; if the oscillator is radiating a 
signal, the other set will pick it up in 
the form of an rf pattern on the 
screen, a series of thin wavy lines. 
Here again, the only cure is shielding 
the offending TV set to cut down the 
intensify of the radiation. 

Interference can be caused by any 
electrical device that makes a spark 
or arc such as the older type electric 
motors with a commutator or any 
“make and break” contact such as a 
flasher, a dirty light switch, traffic 
lights, etc. Defective insulators or 
pole hardware on power lines can 
also cause interference. This usually 
shows up in the form of one or two 
bands of dots on the TV screen. These 
will be all the way from a thin line to 
a band one or two inches wide, and 
will usually float up and down the 
screen because of differences in the 
line frequency between the local 
power line and the power line in the 
city in which the TV program orig¬ 
inates. The best course here is to 
report this to your local power com¬ 
pany. They will send a crew out to 
locate and remove the cause of the 
interference. 

Automobile ignition systems in 
some cars can cause a popping sound 
and horizontal bands on the screen. 
There is not much to do for this com¬ 
plaint. Moving the antenna or in¬ 
stalling an antenna-booster is about 
the only remedy, and sometimes even 
this does not help very much. The 
use of a higher-gain antenna, with a 
coaxial lead-in cable, will often help. 

Another trouble found in cities with 
strong local stations is interference 
with distant stations by the powerful 
local signal. In some cases, the local 
signal will cause beats to be heard all 
the way up and down the dial, by 
heterodyning with other station car¬ 
riers. About the only method of deal¬ 
ing with this type of interference is 
to install a wave trap, tuned to the 
frequency of the local station, in the 
antenna circuit. A parallel-resonant 
wave trap, installed in series with the 
hot lead of the loop antenna, to the 
rf grid, will help out, by reducing the 
amount of local signal fed into the 
front' end. 

Similar interference may be found 
in TV receivers from the carrier of 
local FM stations. The cure is the 
same; install a wave trap in series 
with the antenna lead. Commercial 
traps are available for this purpose 
that can he tuned to the point of least 
interference. A quarter-wave stub 
may also be used, at less expense. 
Connect a short piece of 300-ohm 
lead-in wire across the antenna ter¬ 
minals. leaving the end open. Trim 
this off, a very small piece at a time, 
until it is of the correct length to act 
as a trap for the interference. An 
open-ended quarter wave of 30f>-ohm 
line will act as a short circuit across 
the antenna input at its resonant 
frequency. Clip the line a little at a 
time, while watching the screen. Leave 
it at the length that gives the best 
results. Start with a length of line 
about 36 inches long. 
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FADING 
Another difficulty that is the cause 

of many complaints is fading. Al¬ 
though this is not too often found in 
sets with good tubes, perfect align¬ 
ment, etc., either radio or TV, still 
there will be times when the signal 
simply fades out, for no apparent 
reason, and nothing can be done 
about it. Sometimes when the one 
signal fades out another may come in. 
This is due to atmospheric conditions 
and not a receiver defect. There is 
nothing you can do about it. 
You may find so many stations 

coming in at one spot on the dial that 
you cannot separate the stations. This 
is caused by atmospheric conditions 
and the fact that there may be a large 
number of stations located in different 
parts of the country and operating 
on the same frequency. Under certain 
conditions, you may pick up several 
of these stations at once. 
With more and more TV trans¬ 

mitters going on the air, the same 
problem is arising in distant TV re¬ 
ception. More powerful sets and an¬ 
tenna, together with more power at 
the transmitters, are combining to 
produce interference problems in 
areas previously thought to be far 
remote from such troubles. Tn some 
few cases, there is no practical solu¬ 
tion other than the erection of very 
special, expensive, hisrhly directional 
receiving antennas. For example, a 
viewer who had been watching a 
Channel 6 station. 75 miles distant, 
suddenlv gets interference from an¬ 
other Channel 6 station which has 
gone on the air. directly “behind” his 
antenna. This station may be so far 
away that it is impossible to pick up 
a usable signal from it, but it may 
still be strong enough to cause severe 
co-ehanno] interference, which is 
often called “windshield wiper” inter¬ 
ference because that’s what it looks 
like. 

In cases such as this the only an¬ 
swer would be the erection of a 
screened antenna, to block out all 
signals from one direction. This would 
be quite expensive, yet possibly the 
only solution. Few commercial an¬ 
tennas have sufficient front-to-back 
ratios to cope with this type of prob¬ 
lem. 

In the fringe and far-fringe areas, 
fading is quite common in TV sets. 
In almost all cases, this is entirely due 
to signal fading, rather than to trou¬ 
bles in the set itself. The peculiarities 
of vhf signal transmission character¬ 
istics are not fully understood even 
yet; therefore, quite a few irregulari¬ 
ties can be expected in reception far 
from the transmitting stations. High-
gain very directional antennas with 
rotators are about the best solution 
to this problem. Tn some cases, the use 
of boosters to build up the signal 
strength to usable levels is necessary. 
Fading and erratic performance 

may also be expected in auto radios, 
especially in the older sets. The sig¬ 
nals received by an auto radio are 
constantly changing, as the car passes 
from a strong signal zone to a weak 
signal zone, under bridges, power 
lines, etc., and some changing in 
volume is inevitable. Some late model 
sets are equipped with a special, very 
fast-acting avc circuit, which mini¬ 
mizes the effect of the changes and 
keeps the output fairly constant. This 
type of fading is quite normal, so 
don’t waste time trying to eliminate 
it. 

TOO STRONG SIGNALS 

Tn some localities, you may get 
complaints of poor reception on local 
TV stations, with unstable pictures, 
pulling, and buzz, while other more 
distant stations come in well. This 
trouble, especially in older or cheaper 
sets, may be caused by an actual 
overloading of the front end because 
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of too much signal for the tubes to 
handle. This can cause sync clipping, 
buzz in the sound, and other troubles. 
If only local stations are used, the 
trouble may be cleared up by instal¬ 
ling a “pad” across the antenna ter¬ 
minals to introduce a deliberate loss 
in signal strength. This will reduce 
the excessively strong signals to a 
point where the set can handle them. 
If other stations are being used, you 
will probably have to arrange this 
pad so that it can be switched into 
and out of the circuit, to restore the 
sensitivity of the set for distant re¬ 
ception. 

If this complaint is on a late model 
set, check the setting of the age con¬ 
trol, if one is provided. It may be the 
cause. Actually, the basic trouble is 
lack of sufficient age action in the set, 
due either to the design of the set or 
to defects in the age circuit. Some 
of the cheaper sets do not have suffi¬ 
cient age action, and a pad will prob¬ 
ably have to be used. 

EDUCATING THE CUSTOMER 

With TV sets as complicated as 
they are, one of your major troubles 
will be that the customer does not 
understand how to run the set. This 
has happened many times. There is 
really only one cure. Be sure that 
the customer understands the opera¬ 
tion of the various controls, what they 
do to the picture or sound, and is 
actually able to operate the set by 
himself. 

The best time to do this is when 
the set is delivered. If you are making 
the initial installation, when you have 
finished the actual work and the set 
is running properly, take enough time 
to sit down with as many members of 

the family as you can get, and give 
them a short lecture on the controls 
of the set, and what they must do to 
keep it running properly. Many tech¬ 
nicians have developed a stock lecture 
that they can give every time. Beware 
of rattling this off, though. Be sure 
that your customers understand what 
you’re saying to them. 

The best way to do this is to use 
the set itself; explain wrhat each con¬ 
trol is used for, and then actually 
operate the control, showing them 
what effect it has on the picture or 
sound. Go over all of the customer 
controls, brightness, contrast, tuner, 
volume, hold, etc., until you are as 
sure as you can be that he under¬ 
stands their operation. Don’t rush this 
part of the process. Take enough time 
to be sure that you have him checked 
out on all of the “normal” troubles. 
This will save you many a service 
call, which would otherwise be neces¬ 
sary, just to turn a control a tiny bit. 
Calls of this kind are so difficult to 
collect for, that all technicians avoid 
them whenever possible. 

A careful, thorough explanation of 
the operation of the set will often 
enable you to fix it over the phone, 
if the customer calls you later, saving 
you a dry run and him the cost of a 
service call. This builds up good will, 
which is an invaluable asset in the 
operation of any business. Inciden¬ 
tally, if you can make a diagnosis 
over the phone, this will raise the 
customer’s opinion of your technical 
knowledge a great deal. He will tell 
his neighbors, and this is absolutely 
the best advertising that any techni¬ 
cian can have: the word-of-mouth 
advertising given him by his satisfied 
customers. Get all you can, and keep 
it! 
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The NIU Practical Framing Plan 
The Practical Training Plan in this 

book is divided into two sections, one 
to give you experience in servicing a 
set for weak reception, and one to 
give you experience in working on 
intermittents. 

WEAK RECEPTION 

In servicing a weak receiver, the 
most important thing is to localize 
the trouble by its symptoms or 
through one of the localization tech¬ 
niques. Because of this, you should 
introduce defects in your receiver that 
will cause weak reception, note any of 
the identifying symptoms mentioned 
in this book, and practice the locali¬ 
zation techniques that can be made 
with the test equipment at your dis¬ 
posal. 

However, before you introduce de¬ 
fects, if you have a signal tracer and 
signal generator, connect them as we 
have described, and take the different 
measurements through the i-f stage. 
Write each reading down and notice 
how the indication increases each 
time you go through some stage. 
Make special note of the difference in 
signal levels at the plates and grids of 
the i-f amplifiers, at the mixer plate, 
the second detector, etc. Check the 
signal on the last i-f amplifier plate, 
and on the diode detector plate, to see 
the difference in a normally operating 
receiver. Remember these readings, 
and you can use them for comparison 
purposes when actually making this 
test on a set in for service. 
Given below is a list of defects, 

and suggestions as to how they can 
be introduced in a receiver. 

Open Cathode Bypass Capacitor. 
Book at your diagram, and note which 
rf or af amplifier tubes use an indi¬ 
vidual cathode resistor bypass ca¬ 

pacitor. Unsolder one lead of this 
capacitor and tune in a station. Now 
touch the unsoldered lead back in 
place, and note how the volume in¬ 
creases. With the capacitor discon¬ 
nected, try out localization tests. You 
will find that considerable patience 
is required to localize the trouble. 
Open Antenna Coil Primary. 

This trouble can be demonstrated if 
your receiver uses an antenna. It is 
not necessary to unsolder the primary 
leads of the antenna coil. Simply re¬ 
move and ground the antenna lead. 
Now connect about 5 feet of insulated 
hook-up wire to the antenna post of 
the receiver, and lay the wire on the 
floor. Tune for both weak and local 
stations. Notice the characteristic his¬ 
sing when weak stations are tuned in. 

Low Q in Resonant Circuit. This 
defect may be duplicated quite easily. 
Simply unsolder the lead from the coil 
to the capacitor in a resonant circuit, 
and insert a 100-ohm resistor in the 
circuit. If you find that the receiver 
is dearl, use lower values of resistance 
until strong locals or the full output 
of your signal generator produces only 
weak signals. Now peak the trimmer 
of this modified tuned circuit. Note 
how broad the adjustment of the 
trimmer in the low Q circuit has be¬ 
come. Compare this broadness to its 
normal sharpness after you have re¬ 
moved the resistor from the circuit. 
Try this in several circuits, both in 
the preselector and in the i-f circuits. 
Before you restore the circuit to nor¬ 
mal, tune in both weak and distant 
signals and try all localization pro¬ 
cedures. 

Weak Stage Localization. You 
can’t simulate the effect of a low 
emission tube in an ac-dc set. Wait 
until you service an ac set to carry 
out this step. To lower the emission 
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of a tube in an ac set, place a resistor 
in series with its filament. This will 
reduce the voltage across the filament, 
thus lowering the cathode emission. 
A 5- to 10-ohm, 2-watt resistor will 
be satisfactory. Tune in weak and 
distant stations, and note the results 
when the weak stage is located in 
different sections. Watch the action 
of the tuning eye if one is used. Prac¬ 
tice the localization procedures. 

Misalign the Set. You have had 
practice in alignment before, but try 
throwing the set out of alignment 
again, to notice particularly the symp¬ 
toms of weak reception. 

INTERMITTENTS 
To demonstrate the effect of an 

intermittent on your Practical Train¬ 
ing Plan receiver, feed the full output 
of an unmodulated signal generator 
into the receiver input and tap the 
chassis and various parts and tubes, 
and note the reaction. This is the 
reaction of a normal set. 

Now, deliberately make a bad sol¬ 
der joint, somewhere in the signal 
path of the set: the i-f plate, for in¬ 
stance. Heat up the joint, and then 

shake the wire with your pliers while 
the solder sets, to make a loose joint. 
When the wire moves freely, tap the 
chassis, and note the effect. Make a 
poor connection somewhere in the 
audio section, too, to get an idea of 
what effects you get with an audio 
defect. 

Now let’s demonstrate the effect of 
an intermittent capacitor. Although 
it might be difficult to get a real in¬ 
termittent capacitor, if you have an 
old radio on hand, look for one of the 
older bypass capacitors with a paper 
case. Take it out, and pull on the end 
leads, hard, then remove the last 
coupling capacitor from your set and 
solder this one temporarily in its 
place. See if wiggling the case of the 
capacitor causes intermittent recep¬ 
tion. Note carefully just how the set 
acts, and you’ll be ready for intermit¬ 
tent service jobs like this. 
This completes your Practical 

Training Plan for servicing radios. 
You can gain additional experience 
by repeating the same plan on an¬ 
other receiver. Later in your course 
you will be given a Practical Training 
Plan for television. 
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ADVICE TO THE OBSTINATE 
Lincoln, who frequently encountered acute differ¬ 

ences of opinion in his cabinet, once said, hen 
you have an elephant by the hind toot and he wants 
to get away, it is best to let him go.” Il’s good advice, 
still. If you can’t have your own way, have the other 
fellow’s—with as good grace as possible. 

One of the most unpleasant persons we ever knew 
was a “come-hell-or-high-watcr” man who rel used 
even to consider the possibility that he coidd be 
wrong, once he had made up his mind. He thought 
he had a strong character. All he really had was a 
closed mind. 

It isn’t always easy to tell whether you are right 
or are simply being stubborn, whether it is convic¬ 
tion or pride that is influencing you. At such times 
it helps to pick out someone you admire and respect 
and try to imagine what he would say and do in such 
a situation. Then behave accordingly. 
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»au the .000025-mfd. condenser. The antenna 
coil is tuned to resonance by trimmer Tg and 
V.C., the latter being connected to the coil 
through the .00004-mfd. condenser and con¬ 
tacts 11-5 of switch section 8tF. The .00004-
mfd. series condenser is used to reduce the 
over-all capacity of the circuit so the ultra 
high-frequency f.m. band may be tuned with 
the regular gang tuning condenser. 

Switch contacts 5-6 of S^F connect the 
tuned circuit to the control grid of the 6SK7 
r.f. amplifier tube through the .0003-mfd. 
coupling condenser, the cathode connection 
being through the chassis and the cathode 
by-pass condenser. Contacts 6-5 of switch 
section S^U connect the plate circuit of the 
r.f. tube to its 10,000-obm load resistor. Ca¬ 
pacity coupling through the .0001-mfd. con¬ 
denser transfers the amplified signal from 
the plate load resistor to r.f. transformer 
7G1. Only a small part of the possible gain 
of the r.f. tube is utilized due to the use of 
a 10,000-ohm plate load resistor, but a small 
value of resistance is necessary to shunt coil 
TGI and broaden the tuning. 

The signal fed the r.f. coil is tuned to reso¬ 
nance by r.f. trimmer Tlo and main tuning 
condenser V.O. which connects to the coil 
through the .00004-mfd. condenser and con¬ 
tacts ^10 of switch section 8aF. Contacts 
4-5 on this switch connect the resonant cir¬ 
cuit to the 6SA7 mixer tube through the reg¬ 
ular ,0003-mfd. coupling condenser. The 
cathode connection Is through contacts 5-6 
of switch section 8ali, the oscillator coil and 
the chassis, so we have a duplication of the 
circuit used in previous band positions. 

The oscillator uses coil TOI and trimmer 
86-262, with connections being the same as 
for previous bands. The variable condenser 
tunes the oscillator circuit through the .005-
mfd. and ,00005-mfd. condensers and con¬ 
tacts 11-5 of switch section 86F. Contacts 
5-6 on this switch connect the oscillator tank 
circuit to the oscillator grid of the 6SA7 
through the ,00005-mfd. coupling condenser. 
Oscillations are maintained in the usual 

way, and the local oscillator and incoming 
signals are mixed within the tube. Since the 
oscillator and incoming signals differ by 4300 
kc. (4.3 me.), the i.f. carrier signal pro¬ 
duced in the plate circuit of the tube has 
a frequency of 4.3 me. 
You will remember that in our previous 

discussion of the i.f. amplifier, the lower 
transformers were identified as being for 
the a.m. section. Now, of course, we are 
dealing with the upper or f.m. transformers. 
The primary of the first i.f. transformer, 
shunted by condenser Ca, is tuned to reso¬ 
nance by adjusting the iron core so that more 
or less of the core is inside the coil. The 
resonant circuit so formed offers a high im¬ 
pedance to the 4.3-mc. i.f. signal, and a large 
i.f. voltage is built up across the coil. 

Resonant step-up results in a large cir¬ 
culatory current at the I.f. value, and the 
signal is induced into the secondary. The 

a.m. primary on the first i.f. transformer acts 
as a short as far as the f.m. signals are con¬ 
cerned, and this is also true in the case of 
the other a.m. circuits. 
The f.m. secondary is connected to its 

trimmer Ca through the low-reactance a.m. 
secondary when switch section S^R is 
thrown to the FM position. Note the 50,-
000-ohm resistor shunted across Cÿ and used 
to broaden the tuning of the first f.m. i.f. 
transformer. As was the case with the pri¬ 
mary and all other i.f. transformers, reso¬ 
nance is obtained by core adjustment. The 

Fig. 15. Discriminator circuit. The i.f. value is 
4.3 me. 

discriminator is an exception, being tuned 
by means of the two trimmers marked C^. 

The signal applied to the Input of the first 
i.f. tube is amplified, and appears across the 
broadly resonant plate load formed by coil 
56-936, Ca and the 4000-obm resistor. Bj 
capacity coupling through the ,00005-mfd. 
coupling condenser and the ,1-mfd. plate by¬ 
pass condenser, the signal is fed to the 500,-
000-ohm resistor and to the grid-cathode of 
the 6AC7 second i.f. tube. The cathode con¬ 
nection, of course, is through the cathode by 
pass condenser. 

The amplification contributed by the sec¬ 
ond 6AC7 tube results in a large i.f. signal 
across the broadly-resonant plate load 
formed by the transformer primary, con¬ 
denser Ojo and the 50.000-ohm shunt resistor. 
The signal induced into the secondary is ap¬ 
plied directly to the grounded cathode of the 
6SJ7 tube, and to Its grid through the 
,000025-mfd. coupling condenser. 

This 6SJ7, being a sharp cut-off pentode 
and being operated at low plate and screen 
grid voltages, acts as the limiter and de¬ 
livers a signal of constant amplitude to the 
next stage, regardless of surges in signal 
strength that may result from static or other 
noise. Of course, the incoming f.m. signal 
must be strong enough to drive the 6SJ7 to 
the point where limiter action starts. The 
rectified voltage across the 100,000-ohm re¬ 
sistor in the control grid return of the 6SJ7 
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queney, we will find that practically all ol 
the signal voltage appears across section B 
and is transferred to the lower 68F5 tube. 

The lower 6SF5 tube is thus a bass ampli¬ 
fier or bass-boosting tube. Since the amount 
of signal made available for the frequency¬ 
discriminating network Is controlled by 
potentiometer 87-287, this is the bass tone 
control. 

The signals receiving bass-boosting action 
by the tube are developed across the 100,-
OOO-ohm plate load resistor. The ,05-mfd. 
condenser across this resistor takes out sig¬ 
nals above about 1000 cycles, so we have only 
the signal voltages of deep boomy bass notes 
across this resistor. These signal voltages 
are fed through control 48-281 with its 500,-
000-ohm shunt resistor, the .02-mfd. coup¬ 
ling condenser, and the 500,000-ohm resistor 
to the 100,000-ohm grid resistor for the 6J5 
phase inverter tube. This control has no ef¬ 
fect on bass notes because its ,004-mfd. con¬ 
denser is so small in comparison to the ,05-
mfd. plate by-pass condenser for the lower 
6SF5 tube, but it does serve as a conven¬ 
tional type of tone control for the upper 
6SF5 tube. 

The upper 6SF5 tends to amplify all sig 
nais about the same amount but puts just a 
little more emphasis on the very high notes. 
It has a 500,000-ohm plate supply resistor 
across which the audio signals are devel¬ 
oped. From here, the signals are fed 
through the 250,000-ohm resistor, the .02-
mfd. coupling condenser and the 500,000-ohm 
resistor to the 100,000-ohm grid resistor for 
the 6J5 phase inverter. Thus, both 6SF5 
tubes deliver signals to the phase inverter. 
When the movable arm of tone control 

48-28/ is moved toward the .02-mfd. coup¬ 
ling condenser, the higher audio frequency 
signals (of which there aré normally an 
over abundance) passed by the upper 6SF5 
tube are attenuated (cut down). When 
moved in the opposite direction, the effect is 
to give increased treble response, for the 
control then lets the over-amplified high 
audio frequencies come through. 

The 250,000-ohm resistor between the up¬ 
per 6SF5 amplifier plate and the .02-mfd. 
coupling condenser is used so the high audio 
notes will divide between them and the .004-
mfd. tone control condenser when the tone 
control is set for minimum treble response. 
This arrangement also prevents interaction 
between the normal output circuit and the 
bass-boosting amplifier circuit. 
The audio signals across the 100,000-ohm 

grid resistor are amplified by the 6.15 tube. 
The signals developed across its 50,000-ohm 
plate resistor are 180° out of phase with the 
grid signals, just as in any resistance-coup¬ 
led stage. The signals across the 50,000-ohm 
plate load resistor are transferred to the in¬ 
put of the upper 6V6G output tube through 
the .02-mfd. coupling condenser and 10-mfd. 
filter condenser C2. 
The lower 6V6G grid is fed directly from 

the output of the 6SF5 tubes, and hence re-
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celves a signal 180" ont of phase with that 
delivered to the upper 6V6G by the phase in¬ 
verter tube. In this way, the 6V6G tubes are 
fed with signals 180° out of phase, as is nec¬ 
essary in any push-pull system. 

The lower 6V6G receives far more signal 
than the 6J5, because of the 500,000-ohm and 
100,000-ohm voltage divider system used to 
feed the latter tube. By choosing the right 
plate load for the 6J5, its gain Is made just 
high enough so both 6V6G tubes receive the 
same amount of out-of-phase signal. 

By using a push-pull arrangement, second 
harmonic distortion is avoided and we get 
the benefits afforded by the powerful 6V6G 
tubes. The odd harmonics, such as the third, 
fifth, seventh, etc., remain to be dealt with 
The ,002-mfd. condenser between the 6V6G 

plates tends to by-pass third and higher har 
monies produced in the output tubes. Never 
theiess, some of these harmonics will reach 
the voice coil and cause it to move, with con 
sequent distortion of the clear tones which 
would otherwise be produced. The effect it 
not very bad because It is almost entirely 
eliminated by degeneration. 

Note the 400-ohm and 25-ohm resistors 
shunted across the voice coll. These resis 
tors act as a voltage divider, and the small 
signal voltage developed across the 25-ohm 
resistor acts on the grid input circuits of the 
6S1’’5 tubes. The signals across the voice coll 
are 180" out of phase with the signals fed 
from the second detector to the volume con¬ 
trols and the 25-ohm resistor. 

What is the effect of feeding a signal into 
an amplifier which is 180" out of phase with 
the regular signal? The effect is just the 
same as If we were to turn down the volume 
control a certain amount, for due to cancel¬ 
lation we are in reality feeding less signal 
into the amplifier input. Since all frequen¬ 
cies at the output transformer secondary 
receive exactly the same treatment, how do 
we discriminate against the distortion-pro¬ 
ducing harmonics? The harmonics are elimi¬ 
nated because they were not in the input to 
start with ! They were produced somewhere 
in the a.f. amplifier, and by feeding them out 
of phase into the amplifier input, they are 
practically wiped out at their point of origin 
and only a trace appears across the voice 
coil. 

After this discussion, you can now appre¬ 
ciate the care taken in the design of this 
amplifier, and can see that excellent tone 
quality should be expected either on a.m., 
f.m. or phonograph operation. 
Tracing the F.M. Signals. Band switch 

position 5 is for f.m. reception, so we will 
trace the f.m. signals from the antenna to 
the volume control at the input of the a.f. am¬ 
plifier, from which point the audio amplifier 
works in exactly the same manner as for 
a.m. reception. The three switch sections 
marked Sqli are all in the FM position now. 

The f.m. signals flowing in the antenna are 
capacitively transferred to the antenna coil 
through contacts 6-5 of switch section 



HOWARD Model 718FM-X Frequency Modulation Receiver 
ENERAL Specification*. This Howard 

J Model 718FM-X is a combination fre¬ 
quency modulation receiver with three amp¬ 
litude modulation bands and six push but¬ 
tons for automatic tuning on tlie broadcast 
band. The receiver is equipped with a loop 
tor the broadcast band, has a built-in phono 
switch, bass and treble controls, and utilizes 
inverse feed-back to reduce audio distortion. 
Signal Circuits. The wave-band switch 

presents no great difficulty In the circuit dia¬ 
gram of this set as shown in Fig. 12, because 
all of the coils are plainly in view and their 
purposes evident. The switch has six sec¬ 
tions, three facing the front of the set and 
three facing the rear of the set. The sections 
marked B4F, BÿF and S5F face the front of 
the set, and are shown as they appear when 
you look at the switch from the front. Sec¬ 
tions marked S2R, and SUR face the 
rear of the set, and are shown as they ap¬ 
pear when you look at the switch from the 
rear. The movable contact arms of the I1' 
sections rotate counter-clockwise on the dia¬ 
gram as the switch is advanced from posi¬ 
tion 1 (In which all switches are shown 
here) to position 5, and the movable contact 
arms of the rear (It) sections rotate clock¬ 
wise on the diagram as the switch is ad¬ 
vanced. 
The chart in Fig. IS tells which switch 

terminals are connected together for each of 
the five positions. Position 1 is for push¬ 
button operation, covering the broadcast 
band. Position 2 is for manual tuning of the 
broadcast band. Position 3 gives coverage 
of the police and aviation bands, while posi¬ 
tion 4 covers short wave programs, and posi¬ 
tion 5 covers the f.m. band. 
Switch Position 1. We will study band 

switch position 1 first, and trace its circuits 
to the input of the i.f. amplifier. Since all 
switches are shown in position 1 in Fig. 12, 
we can trace switch connections directly on 
the diagram. 

When an outdoor antenna is used, signal 
currents flow through contacts 6-1 of switch 
section S2R, and then to ground through the 
few turns of wire which are inductively 
coupled to the LOOP (drawn like a coil in 
this diagram). The loop is tuned to reso¬ 

nance, since It Is connected through ter¬ 
minals 1-7 of switch section SjF to r.f. trim¬ 
mer 1, whose button is shown as being de¬ 
pressed. Any signal at the resonant fre¬ 
quency of the loop undergoes resonant step-
up when induced in the loop by antenna cur¬ 
rent through L25. The resulting signal is 
applied to the control grid of the 6SA7 first 
detector tube through contacts 6-5 of switch 
section SsF and through the ,0003-mfd. coup 
ling condenser. 

We have not mentioned the 6SK7 r.f. tube, 
but an examination shows that the signal is 
also applied to the input of this tube through 
contacts 7-6 of switch section S¡F and the 
.0003-mfd. coupling condenser for this stage. 
The r.f. tube will amplify this signal, but the 
plate of the tube connects through contacts 
6-1 of switch section S4R directly to B-|-. 
Thus, no load exists in the plate circuit and 
no amplified r.f. voltage is developed, even 
though the plate current is varying at an r.f. 
rate. The r.f. stage is therefore inactive 
when push-button tuning is used. 

Now, we will investigate the oscillator. 
We see that the grid next to the cathode of 
the 6SA7 tube is the oscillator grid. It con¬ 
nects to the chassis through a 20,000-ohm 
resistor which is used for self-bias purposes. 
(Oscillator grid current flowing through this 
resistor produces the bias voltage. ) The grid 
connects through the .00005-mfd. coupling 
condenser and switch contacts 6, 1 and 7 of 
switch section S^F to the oscillator tank cir¬ 
cuit. The tuning condenser is oscillator 
trimmer ï, whose push button is depressed, 
and the tank circuit coil is connected be¬ 
tween switch contacts 1-2 and the padder 
marked 83-262. Trimmer T1 is the oscillator 
high-frequency trimmer for the broadcast 
band, but its capacity is negligible compared 
to that of the push-button trimmers. 
The left-hand winding of oscillator eoil 

2035 is connected between the padder and 
ground, but has only a small effect on the 
inductance of the circuit. As you can see, it 
is in the cathode circuit of the (5SA7 tube 
and hence is the feed-back coil. The cathode 
current of the 6SA7 tube flows through this 
coil and induces a voltage into the tank coil. 
This variation in grid (tank) voltage causes 

SWITCH 
POSITION 

BAND 
BAND-SWITCH SECTIONS 

s2r S|F S4R SjF S6S S5F s7s 

1 BROADCAST, PUSH-BUTTON 6-1 6-1-7 6-1 5-6 6-, 1-6-7 AM 

2 BROADCAST, MANUAL 6-2 6-2-8 6-2 1-5-7 6-2 2-6-8 AM 

3 POLICE BAND 6-3 6-3-9 6-3 2-5-8 6-3 3 6-9 AM 

4 SHORT-WAVE 6-4 6-4-10 6-4 3-5-9 6-4 4 6-10 AM 

5 FREQUENCY MODULATION 6 5 6-5-H I 6-5 4-5-10 6-5 5-6-H FM 

Fig. 13. Table showing band twitch terminals which are connected together at each of the 
five switch positions. 
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clon corresponding to 1380 kc. to 1580 kc on 
the broadcast band. When this set was built, 
the bands Just below 2300 kc. and above 2500 
kc. contained nothing of Interest. Anything 
which was picked up at such frequencies was 
due to lack of preselection. On this band, 
only local police stations operating around 
2400 kc. will ordinarily be heard. 

Due to the tying together of the switch 
contacts at Q on switch section 2 and the 
tying together of the switch contacts at B 
on switch section 1, the oscillator connec¬ 
tions are the same as they were for the 
broadcast band. This means that the oscil¬ 
lator will produce a frequency 460 kc. higher 
than the dial setting for the broadcast band, 
or from 090 kc. to 2180 kc. However, the pre¬ 
selector only works from 2300 kc. to 2500 kc., 
corresponding to the 1380-kc. to 1580-kc. 
markings on the broadcast band dial. When 
the set is tuned to 2300 kc., the oscillator is 
working as it did for 1380 kc. on the broad¬ 
cast band. In other words, it is producing 
1380 kc. -|- 460 kc., or 1840 kc. Now, if a 
2300-kc. signal is picked up, the difference 
between it and the oscillator working at 1840 
kc. is 460 kc., which is the i.f. value of the 
receiver. At the 2500-kc. dial setting, the os¬ 
cillator is at 2040 kc., the same as it was for 
1580 kc. on the broadcast band. The differ¬ 
ence between 2040 kc. and the top of band 2 
(2500 kc.) is again 460 kc., the correct i.f. 
value. 

From these tigures we see that the oscilla¬ 
tor works below the frequency of the pre¬ 
selector for band 2, and this band does not 
cover the entire dial. The receiver can be 
tuned below 2300 kc. and above 2500 kc., but 
the oscillator and preselector won't track ex¬ 
actly and satisfactory reception isn’t to be 
expected. 

Now let’s go to switch position 3 In Fig. 11. 
Here the antenna current Hows through the 
primary of LI. Note that L is shorted 
through switch contacts A and C. If the 
special two-wire Phllco antenna is used, the 
RBÜ lead makes contact through switch 
terminal C directly to the antenna lead and 
LI, while the BLACK lead connects to the 
grounded end of LI. 

By keeping the short-wave antenna cur¬ 
rents confined to LI, better results are ob¬ 
tained. The signal current flowing through 
LI causes a voltage to be Induced in L3. One 
end of L3 connects to the a.v.c. circuit, and 
the other end connects to the main preselec¬ 
tor tuning condenser through switch contacts 
N and 8 of switch section 2. Trimmer 6 
shunts the gang tuning condenser section, 
and is the high-frequency preselector trim¬ 
mer. It is adjusted at the high-frequency 
end of the short-wave band. 

The resonant circuit composed of L3, the 
tuning condenser and trimmer 6 selects the 
desired station signal, which undergoes 
resonant step-up. This signal is applied to 
the mixer input of the 6A7 tube. At the same 
time, L2 is completely shorted by switch 
contacts J, K and O, thus making this coil 

NUMBERS INDICATE RELATIVE POSITIONS OF 

SWITCH SECTIONS FROM FRONT OF CHASSIS 

inactive when switches are at position 3. 
The oscillator tank circuit for band 3 

starts from the oscillator grid, and traces 
through switch contacts P and R to coil LT. 
The position of trimmer 12 indicates that it 
is the oscillator high-frequency trimmer ; it 
is to be adjusted at the high-frequency end 
of this band. 
The other end of LT connects to ground 

and to the rotor of the oscillator tuning con¬ 
denser through fixed condenser H and ad¬ 
justable condenser 13. These condensers are 
in series with the oscillator tank circuit, and 
comprise the low-frequeney padder for the 
short-wave band. Padder 13 is to be adjust¬ 
ed at the low-frequency end of this band. 
Resistor 18 is the oscillator grid resistor for 
this band. 
The connection of L5 to the padder con¬ 

denser means that additional feed-back is 
obtained in the short-wave oscillator circuit 
by capacity coupling. The other end of L5 
connects through resistor 9, switch contacts 
F-D and condenser 7 to the grid serving as 
the oscillator plate. 
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rentional, but all oscillators of this type have 
a bias resistor somewhere between the oscil¬ 
lator grid and cathode. Resistor n must 
therefore be the oscillator self-bias resistor 
for band 1. 

Coll H is the oscillator feed-back coll, and 
must receive energy from grid 2 (the oscil¬ 
lator anode grid) of the 6A7. The connec¬ 
tion to padder 10 means that we have 
capacitive coupling as well as inductive 
coupling from the feed-back coll to the oscil¬ 
lator tank circuit. 
Tracing the other lead of H, we go to 

terminal E on switch section 1, and through 
the black “ball” contact to pole D. Condenser 
7 is the means of coupling the feed-back coll 
to the oscillator plate. 

We have now traced all the oscillator and 
preselector circuits for the broadcast band. 

A quick glance at the schematic as a whole 
reveals much the same maze of wires as in 
the preselector circuits, but now you know 
that if you go at the problem logically and 
follow through each circuit one at a time, 
you can get any information you need for 
test purposes. Don’t expect circuits of this 
sort to look easier as you progress in radio. 
Wave-band circuits always look complicated, 
and you always have to trace them when you 
need any special Information from them. 
The work we have done so far has been 

fairly straightforward. Figuring the new 
contacts made through the waveband 
switch when it is thrown to one of the other 
positions is a bit more difficult. 
Experience and a knowledge of how the 

circuits should be arranged will help you. 
The little black balls on the switch sections 
represent the movable contacts. As there are 

two other positions on this switch, it’s not 
so hard to visualize the balls moving clock¬ 
wise one space for each new switch position. 
To make this easy, the switch settings for 
all three ranges are drawn in Fig. 11. We 
have already covered position 1 for the 
broadcast band, so now will examine switch 
position 2. 

læt us assume that instead of using a 
Philco two-wire antenna system connected to 
the RED and BLACK terminals, we are 
using this time an ordinary aerial and 
ground connected to the ANT. and GND. 
posts. Remember that the switches are in 
position 2 as shown in Fig. 11. 
Antenna current now flows through the 

antenna primary coils L and LI, inducing 
voltages In L2 and L3. The voltage set up 
in LS is very small and can be neglected, 
since IA is not connected to the tuning 
condenser. 

The upper section of L2 is short-circuited 
by switch contacts G and J of switch section 
2, so this portion doesn’t play any part in 
the circuit either. Since switch contacts G, 
J, M and 8 are connected together, the tap 
on L2 connects to the main tuning conden¬ 
ser and the 6A7 top cap. The lower section 
of L2 goes to the a.v.c. circuit, then through 
a.v.c. condenser 25 to the grounded rotor of 
the tuning condenser. 

The preselector section of the condenser 
gang therefore tunes the lower section of L2 
to resonance. The signal so chosen is applied 
to the mixer input of the 6A7 tube. The 
band coverage of this circuit is from 2300 
kc. to 2500 kc. 

Notice that this band is only 200 kc. wide, 
so only a portion of the dial Is used—the por-

Fig. II. Connections made for each of the three positions of the band-changirg switch are clear¬ 
ly shown here. Note that the black balls all advance one step clockwise as the switch is ad¬ 

vanced from Position I to Position 2 and from Position 2 to Position 3. 
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across the other three filaments will serve u 
Its bias (the grid circuit of the 1A5G traces 
from the control grid through the 2-megohm 
grid resistor to the chassis, through the chas¬ 
sis to the grounded filament lead of the 
1A7G, through the 1A7G, 1H5G and 1N5G 
filaments in turn to the filament of the 1A5G). 
When the power cord is plugged into a 

110-volt a.c. line and switches SIV are closed, 
the set starts operating almost immediately 
from batteries. After about % minute of 
battery operation, the filament of the recti¬ 
fier has warmed up sufficiently so that the 
25Z6 rectifier is conductive. Now both the 
8-volt filament supply circuit and the 90-volt 
plate supply circuit are operating as conven¬ 
tional half-wave rectifiers with resistor-con¬ 
denser filters. 

The fi-volt section of the 25Z8 provides a 
d.c. voltage just enough higher than the A 
battery voltage so this half-wave rectifier 
eircuit supplies filament current for the 
four tubes and at the same time sends a 
small charging current through the 6-volt A 
battery. 

In an identical manner, the 90-volt section 
of the 25Z0 provides a voltage enough higher 
than the B battery voltage so this section 
furnishes all plate current requirements and 
also sends a small charging current through 
the 90-volt B battery. Under these condi¬ 
tions, the batteries act like condensers and 
improve the filtering. 

For 110-volt d.c. operation, the plug must 
be inserted in such a way that the two plates 
of the 25Z6 go to the positive side of the line. 
The rectifier sections then conduct current 
continuously, and the filament and plate 
filter supply circuits merely act as voltage 
dividers which cut down the 110-volt d.c. line 
voltage to 90 and 6 volts respectively for the 
receiver circuits. 
With this arrangement, no switching is 

necessary in changing from battery to elec¬ 
tric current operation. If the power cord is 
not plugged in, the set operates from its bat¬ 
teries. When the power eord is plugged in, 
the set starts operating from batteries after 
being turned on. but automatically changes 
over to a.c. operation after the rectifier tube 
warms up. 
Whenever the set operates from a power 

line, the pilot lamp glows. If the electric 
plug is removed while the set is playing, the 
set keeps right on playing from its batteries 
but the pilot lamp goes out, showing that the 
line is not supplying power. If desired, the 
receiver can be operated from a.c. or d.c. 
lines even with all batteries removed. 

As with all other receivers that operate 
from 110-volt d.c. lines, there is a right and 
a wrong way to put the plug into the socket. 
If it is in the wrong way. connecting the 
rectifier plates to the negative side of the 
line, the set will operate entirely from bat¬ 
teries, and the pilot lamp will not glow. Ro¬ 
tating the plug half a turn in the wall outlet 
will then make the rectifier plates positive, 
and the set will operate entirely from the 

110-volt d.c. Une as soon as the rectifier tube 
warms up. The pilot lamp will glow. 

When the set has been used a long time on 
battery power and the batteries have become 
weak, they can be recharged rapidly by op¬ 
erating the set from a 110-volt a.c. or d.c. 
line with the 1A5G tube removed. Twenty-
four hours of this charging will give about 
20 hours of service on the batteries. This 
quick rejuvenation should not be used until 
the batteries get low, and then for not more 
than 40 hours at a time. It can be repeated 
a great many times. 

Removal of the 1A5G type tube interrupts 
the filament circuit, so that only the rectifier 
tube draws filament current. The supply volt¬ 
age then rises much higher than 6 volts, 
and we secure rapid charging of the run¬ 
down A battery. Also, no plate current is 
being drawn through the 6000-ohm B supply 
filter, hence a higher voltage is applied to the 
B batteries for charging. 

This is not strictly a recharging process, 
since dry batteries cannot be recharged. 
However, the negative battery electrodes be¬ 
come polarized during use. raising the inter¬ 
nal resistance of the batteries and thereby 
lowering their output voltages under load. 
This rejuvenating process depolarizes the 
electrodes, lowering the internal resistance 
and permitting normal use of the battery un¬ 
til such time as all of the active ingredients 
in the cells have been used. 

Biasing Methods. As we have previously 
pointed out. the control grid of the 1A7G 
type tube is biased by the voltage drop across 
the volume control and half of the 1A7G tube 
filament. In a filament-type tube, the effec¬ 
tive control grid voltage is that existing be¬ 
tween the control grid and the center of the 
filament. Voltage measurements, however, 
are made between the control grid and the 
negative side of the filament. 

The grid return of the 1N5G i.f. tube is 
made directly to the negative side of its fila¬ 
ment. Therefore, the effective d.c. grid volt¬ 
age is half of the filament voltage. 

The diode plate of the 1H5G tube likewise 
returns to the negative side of its filament 
(through the volume control), so the plate 
has an initial small negative bias. This has 
no effect on local reception, and does not se¬ 
riously interfere with reception from weak 
distant stations. 
The control grid of the 1H5G tube con 

nects to the positive side of its filament 
through a 15-megohm resistor. Some of the 
electrons which start out for the plate hit 
this grid and flow through this resistor to 
the filament, producing a voltage drop which 
serves as the negative bias for the grid of the 
tube. Remember that when electrons flow 
through a resistor, the end at which they 
enter is always negative with respect to the 
end at which they leave. 

The control grid of the 1A5G tube con¬ 
nects to ground through a 2-megohm re¬ 
sistor. Reference to the simplified wiring 
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In motion and producing sound wares. The 
output transformer serves to match the im¬ 
pedance of the voice coil to the a.c. plate 
resistance of the output tube. 
The ,002-mfd. condenser connected from 

the plate of the output tube to the chassis 
makes the plate load of the tube essentially 
capacitive and thereby prevents any oscilla¬ 
tion at ultra-high audio frequencies. 

Tlie A.V.C. System. The a.v.c. system for 
the receiver is entirely conventional. The 
d.c. component of the rectified i.f. carrier 
current developed across the 750,000-ohm 
volume control is applied to the control grid 
of the 1A7G, after the audio signal is re¬ 
moved by the 1-megohm resistor and ,1-mfd. 
condenser. A.V.C. is not applied to the con¬ 
trol grid of the i.f. tube. 

You will note that the filament end of the 
volume control connects to the positive side 
of the 1A7G filament. Therefore, the detec¬ 
tor portion of the 1A7G tube is supplied with 
a slight initial positive bias. As soon as a 
signal is received, however, this positive bias 
is overcome by the negative voltage produced 
across the volume control. 

Tlie Power Supply. At first glance, the 
filament and power pack connections in Fig. 
8 appear somewhat unusual, but when the 
circuit is redrawn as in Fig. 9, we can see 
that there are really four independent cir¬ 
cuits. each quite conventional in design. I .et 

us consider each in turn. 
When the two switches marked SF (op¬ 

erated simultaneously by the volume control 
shaft) are open, both the 6-volt battery and 
the power line are disconnected from the fila¬ 
ment circuits so the set cannot operate. The 
90-volt B battery cannot supply current un¬ 
der this condition because tlie tubes are not 
conductive when the filaments are cold. 

When switches SIT are turned on but the 
power cord is not plugged in, the rectifier 
tube filament is not heated and hence the 
two sections of the 25Z6 rectifier are not con¬ 
ductive. The 6-volt battery now furnishes 
current to the filament circuits of the tubes, 
however, and the 90-volt B battery furnishes 
plate current to the four signal circuit tubes. 
Examining the filament circuits of the 

tubes more closely, we see that the filaments 
of the four 1.4-volt tubes are connected in 
series across the 6-volt battery, with the 
circuit being completed through the chassis. 
Tlie 1000- and 2000 ohm resistors merely pro¬ 
vide extra paths to ground for the plate cur 
rents of the 1N5G and 1A5G tubes, so as to 
reduce the amount of plate current which 
flows through the other two tube filaments to 
ground. 

The 1II5G filament is next to the 1A7G 
filament in the line-up for a definite reason, 
to prevent the filament voltage drop of the 
1N5G from serving as bias for the 1A7G. 
The 1A5G is at the 4- end of the line-up for 
the opposite reason, so the 4.5-volt drops 
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age between the center of the fllament and 
the negative filament terminal is added to 
the voltage between the negative filament 
terminal and the control grid. 

In these special low-voltage tubes which 
handle only small amounts of signal voltage, 
the bias is quite small. The a.v.c. voltage 
across R12 is added to the voltage drop in 
one-half the tube filament to form the bias 
for the 1T4 if. tube and the 1R5 first de¬ 
tector tube. Since these tube filaments are 
supplied with approximately 1.4 volts, half 
of this or .7 volt is used as the initial bias. 
When signals are received, the a.v.c. bias 
voltage is added to this. The oscillator grid 
>f the 1R5 receives half the filament voltage 
plus the voltage created across RI by grid 
current through this grid resistor. 

The voltage drop across RR due to convec¬ 
tion current through it, plus one-half of the 
filament voltage, biases the pentode section 
of the 1S5 first audio tube. 

The 1S4 power output tube requires con¬ 
siderable bias, more than can be readily fur¬ 
nished by convection current through the 
grid resistor or by the filament voltage drop. 
Bleeder bias is employed by causing the plate 
currents of all tubes to flow through Rll. 
The voltage drop across this resistor makes 
the 1S4 control grid (which connects to the 
negative end of the resistor) negative with 
respect to its filament, which connects to the 
grounded positive end of Rll. 

Battery Economizer. We have now con¬ 
sidered the bias arrangement of all the tubes, 
but the discussion of the 1S4 bias brings up 
another related object. As you will note, the 
receiver is equipped with a two-position 
switch called an economizer. By throwing 
this switch to the “OUT" position, maximum 
power output is obtained from the 184 tube, 
so the total B current drain is 7.5 milli¬ 
amperes. With the switch thrown “IN," the 
B drain is reduced to only 5 milliamperes, a 
considerable saving. 

The economizer increases the bias on the 
1S4 tube. When the switch is “IN" (when 
the switch bars are across the upper pairs 
of contacts), resistor RIO is no longer in 
parallel with Rll, and the total resistance 
between B— and the chassis is increased. 
Therefore the voltage drop across Rll in¬ 
creases, and this increase in grid bias cuts 
down on the 1S4 plate current. 

As in any battery set, the d.c. plate and 
screen voltages are applied between these 
electrodes and the tube filaments. The fila¬ 
ments are grounded to the chassis as shown. 
Therefore, since the voltage between B— 
and the chassis is increased when the econ¬ 
omizer switch is “IN," the voltage between 
filaments and screens and between filaments 
and plates has decreased. This is unim¬ 
portant save in the case of the 1R5 and 1T4 
screen voltages. A decrease at this point re¬ 
sults in a loss in sensitivity. To keep the 
sensitivity constant, the economizer switch 
In the “IN" position shorts out Rt in the 

SCHEMATIC DIAGRAM 
4 TUBE BATTERY RECEIVER 

Fig. 7. Circuit diagram of Emerson Model DU-
379 and DU-380 battery portable receivers. 

screen supply circuit of these tubes, thus 
keeping the screen voltage constant and pre¬ 
venting a loss in sensitivity. 

Voltage Measurements. The operating 
voltages for each tube are measured with a 
d.c. voltmeter. The negative probe of the 
voltmeter goes to the negative filament ter¬ 
minal (grounded terminal) in each measure¬ 
ment except for control grid voltage, where 
the positive meter probe goes to ground and 
the negative probe to the control grid. 

A definite control grid voltage will be mea¬ 
sured only on the 184 tube and, due to the 
high resistance of RS, the exact voltage will 
not be measured. However, this control grid 
voltage can be checked by placing the meter 
probes directly across Rll (positive probe 
to chassis). 
Miscellaneous. The alignment of the re¬ 

ceiver follows standard superheterodyne 
procedure. There are only three i.f. adjust¬ 
ments, since the primary of TS cannot be 
tuned. There is no low-frequency oscillator 
padder condenser. 
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the circuit is tuned to 455 kc. by adjusting 
the coll inductance. 

The l.f. signal across the secondary of T2 
is fed to the input of the 1T4 Lf. tube, the 
fllament connection being through 05 and 
the chassis. 

The 1T4 causes a large l.f. signal current 
to flow through the primary of TS. A volt¬ 
age is induced into the secondary, where it 
undergoes resonant step-up. The primary of 
TS is untuned, and hence the coupling in this 
transformer may be close enough to give 
high gain. This is typical of any i.f. trans¬ 
former where only one winding is tuned. 

The large i.f. voltage across Oil is applied 
to the diode and filament of the 1S5, the 
fllament connection being through C12. As 
a result, rectification occurs, and we have 
the audio modulation plus a d.c. component 
across volume control R5, which is also the 
diode load resistor. As previously stated, 
012 prevents any i.f. voltage from being 
dropped across the diode load, thereby in¬ 
suring that all of the signal is applied be¬ 
tween the diode plate and filament. 

The d.c. voltage across R5 is used for a.v.c. 
purposes, since it will vary directly with the 
strength of the carrier applied to the second 
detector. The ungrounded end of the re¬ 
sistor is negative with respect to the fllament 
of the 1R5, which is at d.c. ground potential. 
Tracing the circuit from the negative side of 
R5, we see that part of this voltage is ap¬ 
plied to the first detector control grid (third 
grid of the 1R5) through resistor Ri. This 
resistor and condenser 05 serve to remove 
the audio signal voltage, and only pure d.c. 
is available across 05 for a.v.c. bias purposes. 

The full d.c. voltage across R5 is not used, 
for R12 and Ri are across R5 and hence 
act as a voltage divider. The voltage across 
R12, which is in parallel with 05, is the a.v.c. 
voltage fed the 1R5 tube. Since Ri and R12 
are both 5 megohms (the same size), both 
have equal voltage drops, and only half of 
the voltage across diode load R5 is used for 
a.v.c. purposes. Thus, while a.v.c. action is 
reduced, the danger of cutting off the plate 
current of the 1R5 tube and causing blocking 
or motorboating on strong signals is elim¬ 
inated. 

The a.f. voltage across volume control R5 
is applied across resistor R6 through coup¬ 
ling condenser CIS. Since CIS connects to 
the movable arm of the control, the setting 
of this arm will determine the amount of 
signal voltage fed to R6. As R6 is directly 
in the grid input circuit of the pentode por¬ 
tion of the 1S5, the tube amplifies the audio 
signal fed it, and we have the amplified sig¬ 
nal voltage across plate load resistor RS. 
Condenser CH serves to by-pass any stray 

i.f. signal which may have been amplified by 
the tube. 

The audio signal across R8 is transferred 
across R9 and Rll through 016, CIO and 
the chassis. The signal voltage across R» 
and Rll is amplified by the 1S4 and de¬ 
livered by impedance-matching output trans¬ 

Rear view of Emerson Model DU-379 portable 
receiver, with back cover removed to show bat¬ 
teries. Note how the shoulder-strap antenna en¬ 
circles the entire set. Control knobs and tuning 
dial are at top of set, between the loop straps. 

former Ti to the loudspeaker voice coil, and 
is then converted into sound waves. 
Condenser 017 prevents oscillation at high 

audio frequencies, and also tends to reduce 
harmonic distortion by acting as a by-pass 
for the higher audio frequencies which com¬ 
prise the harmonics. In addition, inverse 
feed-back further reduces distortion. 

As already pointed out, the input signal 
voltage is developed across R9 and Rll. No 
by-pass condenser is used across Rll, and 
since the plate current of the 1S4 flows 
through this resistor, we have an audio sig 
nal produced here. This signal is 180° out of 
phase with the applied signal and cancels out 
the original signal produced across Rll. In 
addition, distortion currents produced inside 
the 184 tube flow through Rll and create 
voltages of the same distorted form across 
this resistor. These voltages were not there 
to start with, and they control the plate cur¬ 
rent of the tube in such a way as to reduce 
greatly the distortion inside the tube. The 
over-all loss in gain due to cancellation of de 
sired signals across Rll can easily be 
tolerated. 

Biasing Methods. As you already know, 
the grid bias of a battery-operated fllament¬ 
type tube is measured between the control 
grid and the negative side of the tube fila¬ 
ment. The effective bias, however, is the dif 
ference in voltage between the center of the 
filament and the grid. Therefore, any volt 
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The output signal Induced Into the sec¬ 
ondary of T-t thus has only a very small 
amount of third harmonic distortion. The 
secondary has a number of taps, so that it 
can be connected to match most any load. 
The grounded secondary terminal goes to one 
load (loudspeaker) terminal by way of 
terminals 4 or 5 and A or D on the SPK. 
sockets, and the tap selected by probe lead C 
of the output transformer goes to the other 
load terminal through SPK. socket terminals 
8 and C. 

When the amplifier is to feed a device over 
a considerable distance, either the 125-, 250-
or 500-ohm taps are used, and a special 
matching transformer is placed at the other 
end of the line. The lower-impedance taps 
are used for voice coils, recorder cutting 
heads or other low-impedance devices. 
Most voice coils have an impedance of 8 

ohms, so for a single voice coil we would 
plug probe lead C into the jack marked 8. 
If two speakers with 8-ohm voice coils were 
used, the coils could be connected in parallel ; 
the combined resistance would then be 4 
ohms, and the 4-olnn tap would be used. 
While voice coils are not ordinarily connect¬ 
ed in series, we could do this and get a com¬ 
bined impedance of 16 ohms, which would be 
matched by using the 16-ohm tap. 
If electrodynamic loudspeakers are em¬ 

ployed, 10 watts of field excitation is avail¬ 
able for one 5000-obm or one or two 2500-
ohm speaker fields. The following table in¬ 
dicates how speaker field connections are 
made to the SPK sockets. Note that in 
some eases a jumper wire is used between 
jacks on the terminal strip marked FIEIA). 

Connect 
Jumper 
Between 

One 5000 ohm field . Not used 
One 2500 ohm field . C and 2 
Two 2500-ohm fields. Not used 
P.M. Loudspeaker 
(no field) . C and I 

Connect 
Field to 
Prongs 

I and 5 
2 and 5 

B & E; 2 & 5 

For practice, see if you can figure out the 
field supply circuits and the reasons for the 
connections given in the table. When doing 
this, take into consideration the ohmic 
values of the fields and of resistors R-16 and 
R-19. 

The power supply circuit in this amplifier 
does not represent anything new, being very 
similar to those you have already studied in 
receiver diagrams. The rules for tracing cir¬ 
cuit continuity apply to this amplifier just as 
to receiver circuits. 

Most troubles which may be expected will 
take the form of distortion, hum and oscil¬ 
lation. The usual causes are to be suspected, 
but shielding is particularly important in the 
case of hum or oscillation. The reason for 
hum, if shielding is not employed, has al¬ 
ready been pointed out. The thing to watch 
out for is poor ground contacts on the 
shielding. 

The shields on the control grid and plate 

leads of the 6V6-G tubes prevent electromag¬ 
netic and electrostatic coupling between 
these points and others at a lo er audio po¬ 
tential. Suppose, for examp'e, the plate 
leads of the 6V6-G tubes were inductively 
coupled to the input of the 6J7 tube by be¬ 
ing close to resistor R-3. Signal voltage 
would be induced into R-3, and being in 
phase with the input signal voltage, it would 
cause oscillation and a loud squeal. 

The capacity existing between the 6V6-G 
plate leads and the grounded shields also 
tends to prevent oscillation. Beam-power 
output tubes have a tendency to oscillate and 
these tubes, when oscillating, have been 
known to draw sufficient current to damage 
power transformers. Oscillation will be in¬ 
dicated by serious distortion or a dead am¬ 
plifier. The d.c. voltages will be very low 
due to the excess current drain. 

In the schematic, you will see the operat¬ 
ing voltages marked at the points at which 
the voltage measurements are generally 
made. The d.c. voltages are measured be¬ 
tween the points shown and the chassis. 

The output filter voltage is measured be¬ 
tween the positive lead of C-13 and the chas¬ 
sis, and according to the schematic you 



cause a pentode tube fed with a strong sig¬ 
nal will produce very strong harmonics, and 
these will cause severe distortion. Push-pull 
action and inverse feed-back permit the use 
of the 6V6 pentode-type output tubes, while 
the signal input of the first 6J7 is too low to 
produce much harmonic voltage. The signal 
fed to the second 6.17 is, for either micro¬ 
phone or phonograph operation, too large to 
permit pentode operation of the tube. 

The second 6J7 is not replaced with a reg¬ 
ular triode tube such as a 6C5, because even 
when connected as a triode the 6J7 can pro¬ 
duce more gain than a 6C5. It is necessary 
to use a 6C5 in the next stage, for by now 
the signal is so strong that it would overload 
the 6.17 even when triode connections were 
used. 

The a.f. signal voltage across R-ll is ap¬ 
plied to grid resistor R-12 of the 605 tube 
through coupling condenser C-6 and filter 
condenser C-10. The signal current flowing 
through grid resistor R-12 produces a volt¬ 
age drop which drives the grid of the tube. 
R-12 is a potentiometer, and the movable 
arm connects to ground through C-7, a .03-
mfd. condenser. As the arm is moved up, 
more and more of the high frequencies are 
shorted or by-passed around R-12, and hence 
are not applied to the grid of the 6C5. In 
this way we achieve tone control, which per¬ 
mits attenuation of high audio frequencies 
as desired. 

The a.f. signal voltage across R-12 alter¬ 
nately adds and subtracts from the d.c. bias 
developed across C-8 and R-1S, making the 
grid first more negative and then less nega¬ 
tive. This variation in control grid voltage 
causes a corresponding variation in plate 
current. As a result, we have a pulsating 
d.c. plate current flowing through plate load 
resistor R-H. Condenser C-9 and the pri¬ 
mary of T-l comprise a short path for the 
a.f. component, hence the effective plate load 
for signals is R-H in parallel with C-9 and 
the primary of T-l. Since the resistance of 
R-H is much greater than the impedance of 
the C-9 T-l path at audio frequencies, prac¬ 
tically all of the signal current passes 
through C-9 and the transformer. 

This method of capacity coupling is a little 
out of the ordinary. If R-H and C-9 were 
not used, the primary of T-l would be placed 
right in the plate supply circuit of the 6C5. 
The circuit would function but the d.c. por¬ 
tion of the plate current would tend to sat¬ 
urate the transformer primary, and the mu¬ 
tual inductance of the transformer would de¬ 
crease. This would decrease the voltage in¬ 
duced into the secondary, and would cause 
distortion since the change in flux linkage 
would be greater for a decrease in plate cur¬ 
rent than for an increase. For distortionless 
transfer of signal, the flux must follow cur¬ 
rent changes exactly. The loss in gain would 
be more serious at the low audio fre¬ 
quencies, because the primary inductance, 
and hence the plate load impedance, natural¬ 
ly decreases with frequency. 

By keeping the d.c. portion of the platt 
current out of the primary, we avoid trans¬ 
former saturation and thereby secure good 
low-frequency response from this stage. Re 
sistor R-l/f and condenser C-9 do this ; the 
resistor supplies d.c. plate voltage to the 
tube, and C-9 blocks d.c. while allowing a.c. 
to pass. By choosing a value of C-9 which 
will resonate with the primary of T-l at a 
low audio frequency, a definite boost in gain 
at low audio frequencies can be obtained. 

A.F. signal current flowing through the 
primary of T-l sets up a flux linkage with 
the secondary, inducing an a.f. voltage in 
each half of the secondary. These secondary 
windings feed the two 6V6-G tubes in the 
push-pull output stage, with inverse feed 
back being provided in the following manner 
by an extra center-tapped winding on output 
transformer T-2. Let us consider secondary 
8-7 of T-l first. Terminal 8 goes to the con 
trol grid of the upper 6V6-G output tube, 
while 7 goes to terminal T2 on the special 
winding having a center tap marked CT. 
Resistor R-18 (a C bias resistor in the power 
pack) completes the patii from CT to ground. 
The voltage between 8 and 7 thus acts in 
series with the a.f. voltage across the lower 
half of the “CT” winding and the d.c. volt¬ 
age across resistor R-18. In a similar man¬ 
ner, the signal voltage between point 5 and 
point 6 acts in series with the a.f. voltage 
across the upper half of the “CT" winding 
and the d.c. voltage across R-18, all feeding 
the control grid of the other 6V6-G tube. 
The 6V6 G tubes amplify the signals air¬ 

plied to their grids, and the resulting plate 
currents flow through primaries l’rl< and 
P2-B of output transformer T-2. Due to the 
push-pull action, all even harmonics pro¬ 
duced within Ilie tubes are canceled out. 

The odd harmonics, of which the third is 
the strongest and hence most troublesome, 
are not canceled out by the push-pull ar 
rangement, but are taken care of by inverse 
feed-back (degeneration). The fundamentals 
and odd harmonies flowing through the 
primaries of output transformer T-2 induce 
voltages in the “CT” winding as well as in 
the regular secondary These voltages, as 
you just learned, act in series with the a.f. 
voltages applied to the grids of the output 
tubes but are 180° out of phase, due to the 
phase reversal provided by the output tubes. 
The fundamental component which is fed 

back out of phase cancels out some of the 
fundamental at the grid input, thus reduc¬ 
ing the gain. The designer took this into ac¬ 
count, however, and there is gain to spare. 
The odd harmonics are also fed into the grid 
input of each 6V6-G, but since they were pro¬ 
duced inside the 6V6-G tubes, they are not 
originally present in the input circuit. The 
fed-back odd harmonics thus enter the tubes, 
and cancel out some of the odd harmonics 
being produced by the tubes. Complete can¬ 
celation is impossible, for we must have 
some signal induced into the center-tapped 
secondary of T-2 for feed-back purposes. 



voltage because the two voltages are In 
parallel. The copper-oxide rectifiers prevent 
the battery from discharging through the 
charging circuit, because they do not allow 
current to pass in the reverse direction. For 
these reasons, the battery must be in the re¬ 
ceiver even during a.c. operation. If the set 
were used on “AC" with the battery removed, 
the tubes would get excessive filament volt¬ 
ages and would burn out, and the vibrator 
and filter condensers might also be damaged. 
Voltage Measurements. Figure 4 shows 

the socket voltage diagram for this set. The 
voltages given on it are measured between 
the points indicated and the chassis. The 
battery voltage is measured across the bat¬ 
tery terminals, and the vibrator voltage is 
measured from B-j- to the chassis. Con¬ 
denser C21A can easily be located in the 
chassis ; since it is the input filter condenser, 
the B-f- voltage delivered by tbe power 
transformer may be measured across it. The 
resistance of L5 is so low that the slight 
amount of voltage dropped across it will not 
affect the accuracy of this measurement. 

You will find that the value of RÍ4 is not 
given. Evidently the factory draftsman for¬ 
got this; such errors sometimes creep into 
diagrams. 

If you had to replace RI4, what would you 
do? First, you would consider the purpose 
of RH in the circuit. Obviously, it is not 
purposely used to reduce plate voltage, and 
neither is it a piafe load. It must therefore 
act with C24 as a filter to keep r.f. plate cur¬ 
rent of the 1A7GT out of the B supply. From 
past experience and from observing many 
similar circuits, we know that tbe resistor 
value is not critical and that manufacturers 
use values between 1000 and 10,000 ohms for 
this purpose. We feel sure that the choice 
of an average value of about 5000 ohms will 
work nicely. 
We can get a confirmation by means of 

Ohm’s Law if we wish. Since the plate of 
the 1A7GT receives 78 volts and the i.f. 
screen from which RI4 is fed receives 82 
volts, 4 volts are dropped across RU. 
A tube chart tells us that the 1A7GT 
plate draws about .7 ma., and Ohm's Law 
says that resistance equals voltage divided 
by current, so by simple division we arrive 
at a value of about 5900 ohms for RU. Ex¬ 
perience tells us that 5000 ohms is satisfac¬ 
tory, but if actual trial shows it to be too 
low, a larger resistor may easily be inserted. 
Continuity Tests. Continuity tests are 

made in the usual way between points at a 
positive potential and tbe B-|- terminal, and 
between points at a negative potential and 
the li— terminal (the chassis here). B-|- is 
tbe red lead going from the junction of RIO 
and C21A to the B supply. 

The storage battery in this receiver must 
be disconnected for ohmmeter tests, just as 
in any other battery set. The bias cells need 
not be disconnected if you don’t check from 
the grid of the 1Q5GT to chassis. However. 

SPRING 
BtTwer 
ANO BAI 

POWER SELECTOR SWITCH 
OPERATION 

POSITION CONTACTS CONNECTED 

"OFF" ALL CONTACTS OPEN 

"BATTERY" »1 to 42; «4 to 45; #7* to #8 

"AC" «1 to »2 to »3; »4to #5; -8 to »9 

"CHARGE" »2 to 43; »8 to #9 

* #7 terminal is not connected to circuit 

Fig. 5. Schematic circuit diagram of General 
Electric Model LB-530 a.c. or battery-operated 

portable receiver. 

a check directly across RS is perfectly all 
right. 
To avoid possible short-circuit readings 

through the vibrator contacts, the plug-in 
type vibrator is pulled out of its socket dur¬ 
ing ohmmeter tests. 
Expected Performance. With the two 

stages of i.f., excellent sensitivity and ad¬ 
jacent-channel selectivity may be expected. 
Some image interference may occur due to 
lack of preselection, but turning the loop to 
a different position by rotating the entire 
receiver will sharply reduce the pick-up of 
undesired signals. 
The 1Q5GT can’t deliver much output 

power, so you won’t expect high volume. 
Both volume and tone quality will be less 
than that secured with a good table model 
receiver, hut will be entirely satisfactory for 
a portable. 
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lAZGT IN5GT IN5GT IH5GT Í05GT 

Fiq. 3. Effective power pack circuit when power 
selector switch is set at "AC." 

tlie electrons flow through RIO and 1,5 to get 
hack to the center tap on winding S. 
That portion of the induced voltage exist¬ 

ing between the center tap and point 2 is not 
used now, and inay be forgotten. 

When the vibrator reed is pulled over to 
contacts Pt and SI by the coil, it breaks the 
eoil circuit at contact A. The natural 
springiness of the reed returns it to the neu¬ 
tral position, but the reed always overshoots 
the neutral position enough to make contact 
with P2 and 82. 
With contacts P2 and 82 grounded by the 

reed, we have electrons flowing from the 
minus battery terminal through the chassis 
to the reed and P2, then through the right¬ 
hand section of power transformer primary 
/* and back through L6 and contacts 2-1 to 
the battery. Since this electron flow is in the 

opposite direction from that which previous¬ 
ly flowed through P, the induced voltage in 
the secondary has reversed polarity. Point 1 
is now positive with respect to the center 
tap, which makes point 2 negative with re¬ 
spect to the center tap and gives electron 
flow through RL in the same direction as 
before. 

From this, we see that the center tap on 
the secondary is positive with respect to 
whichever outer terminal (1 or 2) is being 
grounded by the vibrating reed. The vi¬ 
brator thus provides full-wave rectifying ac¬ 
tion which gives a pulsating high d.c. volt¬ 
age of the correct polarity between the center 
tap of 8 and the chassis. This pulsating volt¬ 
age is filtered by C21A, O21B and RIO, then 
applied to the plates and screen grids of the 
tubes in the receiver (connected between B-}-
and B— like RL). 

When the reed moves over to contacts P2 
and 82, it also touches contact A. This ener¬ 
gizes the vibrator coil and pulls the reed 
over to Pl and 81 just as when the set was 
first turned on. The entire process then re¬ 
peats itself. 
Power Pack Circuit for “AC.” When the 

power selector switch is set at “AO," con¬ 
tacts 1-2-3 are connected together, as also 
are contacts 4-5 and contacts 8-0. The power 
pack circuit arrangement for this condition 
is represented by Fig. 3 it we close the four 
switches in the diagram. 

The output voltage of the charging circuit 
is now applied directly across the battery 
just as in Fig. 1. At the same time, the bat¬ 
tery furnishes current for the tube filaments 
and the vibrator B supply. Since the charger 
furnishes the battery a little more current 
than is drawn from it by the receiver, the 
battery will be charged slowly while the set 
is playing. 
The battery acts as a low-resistance 

bleeder across the charging circuit, and 
thereby keeps the charging voltage from 
getting too much higher than the rated fila¬ 
ment voltages. The battery also aets like a 
condenser, removing the ripple from the 
charging voltage. When the charging 
voltage starts to decrease, the net voltage 
cannot become lower than the battery 

Fig. 4. Socket voltage diagram. The bias battery voltage should be measured only with a zero-
current voltmeter, such as a vacuum tube voltmeter. The power switch should be set on "AC," with 
the charger operating. Tuning dial should be at 1000 kc., with zero volume and zero signal. Batter» 

should measure 2.1 volts. Vibrator B-f- voltage should be 95 volts d.c. 
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TYPICAL RECEIVER DIAGRAMS 
AND HOW TO ANALYZE THEM 

General Electric LB-530 A.C.-BATTERY Portable 
IDENTIFYING Tube Stages. When start-
1 ing to identify tube stages on the circuit 
diagram of a receiver, we often work by a 
process of elimination. That is, we locate 
first the tubes which are easiest to identify. 
Knowing the stages generally used in a su¬ 
perheterodyne, we then concentrate on as¬ 
signing the remaining tubes to the heretofore 
unidentified stages. 

We will use this process to identify the 
tubes in the circuit diagram of this General 
Electric superheterodyne receiver (shown in 
Fig. 5). (Note: By folding page 2 under 
page 1 you can refer to this diagram while 
you study, without having to turn pages back 
and forth.) 

We can start from either end of the re¬ 
ceiver, so let us start with the 1Q5GT tube. 
Since this tube feeds the loudspeaker, we 
know that it is the output tube. 

We know that this output tube should be 
fed by an a.f. voltage amplifier stage, and we 
find its input coupled to the triode section of 
the 1H5GT tube by K-C network H8-C18-R9. 
The control grid is fed by the diode section 
of the 1H5GT through RL, Hl and C12, hence 
the diode section must be the second detector 
and the triode section must lie the first a.f. 
stage. 

The presence of volume control KI in the 
diode circuit confirms identification of the 
diode section as the second detector, because 
the volume control in a superhet is always 
an a.f. voltage control. A.V.C. voltage is 
taken from the diode detector load through 
filter m-C10, for application to the a.v.c.-
controlled tubes. 

Surprisingly, the second detector is re¬ 
sistance-coupled to the output of a 1N5GT 
tube. This form of coupling might lead us 
to believe that the 1N5GT was the second 
detector if we hadn’t already identified the 
1H5GT as being in this stage. A glance to 
the left on the schematic shows two i.f. 
transformers, so sufficient selectivity is pro¬ 
vided to allow the less-expensive and broad 
i.f. resistance coupling to be used here. 
Our knowledge of superheterodyne stage 

sequence tells us that the 1N;>GT is au i.f. 
amplifier, feeding the IHuGT. It is trans¬ 
former-coupled to another 1N5GT tube whose 
input is likewise fed from an i.f. transformer 
(identified by the tuned primary and tuned 

secondary). Thus we know that the left-hand 
1N5GT in Fig. 5 is the first i.f. amplifier. 

I.F. transformer Ti is fed by a 1A7GT 
whose input connects to the antenna loop 
and whose first grid connects to a tank cir¬ 
cuit through condenser Cl. There are no more 
tubes in the set, so the 1A7GT must be the 
oscillator-mixer found in every superhetero¬ 
dyne receiver. In this simple manner we have 
identified the purpose of each tube in the 
receiver. 
_ Signal Circuits. The parts list under Fig. 
5 indicates that LI is the Beam-A-Scope Loop 
assembly, and it must therefore act as the 
antenna for the receiver. The expression 
"Beam-A-Scope” is a trade name used by 
General Electric to describe their shielded 
loop antenna. Additional pick-up may be ob¬ 
tained by means of an external loop LI 
which is furnished with the receiver and 
can be plugged into the terminals shown on 
the diagram. The two loops are inductively 
coupled together by the single turn of wire 
shown around LI in the diagram. 
Loop LI is tuned to resonace by condenser 

Cl, so signals picked up by LI undergo the 
usual resonant step-up. The use of LI will 
cause some detuning, but the resulting loss 
in signal is more than made up by the great¬ 
er pick-up afforded by LI. The incoming car¬ 
rier signal to which Ll-Cl is tuned acts di¬ 
rectly on the control grid and filament of the 
1A7GT, because CIO provides a zero react¬ 
ance path to the grounded filament at r.f. 
and i.f. values. 
The first and second grids of the 1A7GT 

(counting from the filament) serve as oscil¬ 
lator electrodes, the first being the oscillator 
control grid and the second being the oscil¬ 
lator anode. 

The incoming signal and oscillator signal 
are mixed within the tube, and we have a 
strong i.f. beat signal developed across the 
primary of 7'4- The signal induced into the 
secondary of 7’4 is applied to the input of the 
1N5GT first i.f. tube, the filament connection 
being through CIO. The amplified signal now 
appears across the tuned primary of 7’5, set¬ 
ting up a high circulatory current at the i.f. 
value, and this induces the i.f. signal voltage 
in the secondary of 7'5. Again we have 
resonant step-up, and the signal voltage 
across the secondary is applied directly to 

COPYRIGHT 1942 BY NATIONAL RADIO INSTITUTE, WASHINGTON, D. C. 
FM5M958 1 958 Edition Printed in U.S.A. 

1 



tue input of the second INõGT i.f. tube. 
The resulting variations in the plate cur¬ 

rent of the second 1N5GT tube produce a 
large i.f. voltage across plate load resistor 
Rö. This i.f. voltage is applied across re¬ 
sistor R6 through condensers C8, C21B and 
C9. The i.f. voltage across R6 feeds the diode 
of the 1H5GT, the filament connection being 
through C9. The diode rectifies the signal 
and detection takes place. The a.f. signal 
divides between R6 and RI, but since RI is 
many times greater in value than R6, the a.f. 
signal loss across R6 is so small that it can 
be forgotten. 

I.F. signals are shunted around RI by C9. 
The d.c. component of the rectified audio sig¬ 
nal is fed through Ri for use as the a.v.c. 
voltage for the control grids of the converter 
tube and the first i.f. tube. CIO acts as the 
a.v.c. filter condenser. That portion of the 
audio signal which is between the movable 
contact of RI and ground is applied across 
//7 in the grid input circuit of the 1H5GT 
triode section through C12. 

The amplified audio signal across triode 
[>late load resistor R8 is applied across the 
grid input of the 1Q5GT through coupling 
condenser CIS and through C21B. Plate by¬ 
pass condenser C18 removes stray i.f. com¬ 
ponents from this signal. The plate current 
of the 1Q5GT, varying at an audio rate and 
(lowing through the primary of output trans¬ 
former Tl, induces a voltage in the sec¬ 
ondary. The resultant current through the 
loudspeaker voice coil sets the cone in mo 
(ion, producing sound waves. 
CH, connected between the plate and 

screen grid of the 1Q5GT, prevents audio 
oscillai ion by making the plate load capaci¬ 
tive at the higher frequencies where oscilla¬ 
tion would otherwise take place. This con¬ 
denser also by-passes the harmonics pro¬ 
duced within the tube, and hence reduces 
distortion. The harmonies, being of a higher 
frequency than the fundamentals, are more 
easily by-passed by CH. 
How the Tubes Are Biased. As in all 

filament-type battery tubes, the effective con¬ 
trol grid voltage is the voltage between the 
control grid and the center of the filament. 
Naturally we cannot connect our voltmeter 
probe to the center of the tube filament, so 
the control grid voltage is measured between 
the control grid and the negative side of the 
filament. The tubes all have their negative 
filament leads grounded to the chassis, and 
the various grid voltage sources exist be¬ 
tween the grids and chassis. The voltage be¬ 
tween the center of the filament and ground 
(half of the filament voltage) serves as an 
additional bias. 

The triode section of the 1H5GT is self¬ 
biased by convection currents through R7, 
which has a value of 4.7 megohms. 

Bias cells ( Bl ) are used to provide control 
grid voltage for the 1Q5GT power tube. Since 
R9 has a value of 2.2 megohms, convection 
currents wouldn’t produce much voltage 
across such a relatively low value of re¬ 

sistance In the grid circuit of a tube. 
Bias cells are more expensive than a single 

resistor of high ohmie value, but there is a 
good reason for using them here. The 1Q5GI 
tube is subject to gas, as are so many power 
output tubes. If a high-value grid resistor is 
used with a gassy tube, the resulting gas cur 
rent through the grid resistor will be op¬ 
posite in direction to the convection current 
and much stronger. As a result, the gas cur¬ 
rent will drive the grid positive, increasing 
the plate current and releasing more gas, all 
of which causes serious distortion and 
shortens tube life. 

Because of the low plate and screen volt¬ 
ages which are employed for the converter 
and the i.f. tubes, no external grid bias 
sources are necessary for these tubes. The 
voltages between the centers of the filaments 
and ground provide sufficient initial bias 
voltage in each case. When a signal is re¬ 
ceived, however, the a.v.c. voltage is applied 
to the converter and first i.f. tube control 
grids. 
The Power Supply. The power supply of 

this receiver, shown inside the dotted lines 
in Fig. 5, is as complicated as any you will 
meet in ordinary receivers. This is due to 
the switching system and the manner in 
which the circuit is drawn. 

rite tube filaments are heated directly by 
the 2-volt battery, while the necessary high 
d.c. voltages for the tubes are furnished by 
a synchronous vibrator used in conjunction 
witli a step-up power transformer and its 
associated filter circuit. The synchronous 
vibrator also operates from the 2-volt bat¬ 
tery. 

Provision has been made to charge the 
battery directly from the house current with¬ 
out. removing the battery from tlie receiver 
circuit. Two charging positions are provided 
on the four-position power selector switch. 
The “CHARGE" position of this switch al¬ 
lows the battery to be charged at the rate of 
approximately 1.35 amperes from the bouse 
current during the period that the receiver is 
not being operated. The “AO" position of the 
switch allows the receiver to be operated at 
the same time that the battery is being 
trickle-charged at a low rate. 
Charge Indicator. The degree of charge 

of the battery can be determined by remov¬ 
ing the back cover of the radio and looking 
at the charge ball indicators which are vis¬ 
ible through tlie hole in the metal battery 
ease. 

If the battery is fully charged, three indi¬ 
cator balls will be visible at the surface of 
the liquid in the battery. When the battery 
discharges, these ball indicators will sink 
and disappear in the following order: 

1. The green ball sinks when approximate¬ 
ly 10% of battery capacity has been dis 
charged. 

2. The white ball sinks when 50% of bat¬ 
tery capacity has been discharged. 

S. The red ball sinks when the battery is 
90% discharged. 
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On charge, the balls rise or float in the 
reverse order. Charging is complete and may 
be stopped when all three balls appear in the 
opening. 
To Charge Battery. The battery Is 

charged merely by plugging the receiver 
power cord into an a.c. wall outlet and turn¬ 
ing the selector switch to “CH ARGE.” The 
charge indicator balls should be checked fre¬ 
quently. Continued charging after all indi¬ 
cator balls are visible will not harm the bat¬ 
tery, but will evaporale the water in it 
faster. A completely discharged battery will 
usually be restored in 20 to 30 hours. 
Power Pack Circuit for “CHARGE.” Set¬ 

ting the power selector switch to “CHARGE" 
(for charging the battery from the a.c. power 
line without operating the receiver) con¬ 
nects switch terminals 2 and .1 together, and 
also connects 8 and 9 together, as indicated 
in the box at the left of the diagram in Fig. 
5. When the power pack circuit is redrawn 
to show only these switch terminals and the 
associated parts which are effective, we se¬ 
cure the arrangement shown in Fig. I. Of 
course, switches 8-9 and 3-2 would be closed 
during charging. Charging currents can now 
be easily traced on this simplified circuit. 
During charge, electrons must How into 

the negative terminal of the battery and out 
of the positive terminal. The charging volt¬ 
age need be only a small amount higher than 
the normal battery voltage of 2 volts. Trans¬ 
former 7'3 in Fig. 1 provides about 5'^ volts 
a.c. between secondary terminals x and y. 
The four copper-oxide rectifiers, each pair 
in parallel, convert this to the required d.c. 
voltage. 
When point x is negative, point z is posi¬ 

tive. Then electrons flow from x th rough 
rectifier Y2 and the chassis to the negative 
battery terminal, through the battery and 
back to z. Electrons only flow through the 
copper-oxide rectifiers in the direction from 
the Hat plates to the triangles on the sym¬ 
bols, so there is no electron tlow now through 
recti lier Y 2. 

On the next half-cycle, y is negative and 
x is positive, so z is now positive with re¬ 
spect to y. Electrons flow from y through 
Y1 and the chassis, then through the bat¬ 
tery in the same direction as on the previous 
half-cycle, adding to the charge of the bat¬ 
tery. The electrons coming out of the posi-

Fig. I. Effective power pack circuit when power 
selector switch is set at “CHARGE." Arrows in¬ 
dicate direction of electron flow through rectifier 

units. 

live battery terminal return to z through 
switch contacts 3-2. We thus have a full-
wave rectifier, with first one half of the 
transformer secondary and then the other 
half furnishing current to the battery. 
Power Pack Circuit for “BATTERY.” 

When the switch is thrown to the “BAT¬ 
TERY” position for portable operation, con¬ 
tacts 4-5 and 2-1 are closed, giving the ef¬ 
fective circuit arrangement shown in Fig. 2. 
The filaments secure their voltage from the 
battery through contacts 4-5 and series re¬ 
sistors RIS, lili and R12, with the circuits 
being completed through the chassis by 
means of grounds. 

When the power selector switch is in its 
“OFF” position, all switch contacts are open, 
and the vibrator reed is in a neutral posit’on 

IÄ?GT INSGT INSGT IH5GT IQ5GT 

Fig. 2 Effective power pack circuit when power 
selector switch is set at "BATTERY." 

half-way between contacts Fl-FZ and St-St. 
Only contact A on the vibrator is closed. 

Setting the switch to “BATTERY" closes 
switch contacts 2-1 and 4-5, and the battery 
sends current through vibrator contact A 
and through the vibrator coil L. This ener¬ 
gizes the coil, causing it to attract the vi¬ 
brator reed. The reed is pulled toward the 
coil, thereby grounding contacts Pl and 81. 
This results in electron flow from the 
grounded terminal of the storage battery 
through the reed and PI, through the left 
hand side of the primary of power trans¬ 
former 7'2, then through 1.6 and switch con¬ 
tacts 2-1 to the positive battery terminal. 
The sudden rush of current through 

primary winding I’ causes a high voltage to 
be induced into secondary 8. Let us assume 
that it makes point 1 on the secondary nega¬ 
tive with respect to the center tap. Electrons 
now flow from point 1 through contact 81 to 
the chassis, then through all the tube loads 
in the receiver, represented in Fig 2 as re¬ 
sistive load RI.. From the B-}- end of RI, 
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Cl, 2 .CONDENSER—Tuning condenser and 
trimmers 

C7 .CAPACITOR—47-mmf. mica 
C8, 9 .CAPACITOR—100-mmf. mica 
CIO .CAPACITOR—.05-mfd., 200-V. paper 
Cil .CAPACITOR—0.1-mfd., 200-V. paper 
CI2. 13 . CAPACITOR—.005-mfd., 600-V. paper 
CI4 .CAPACITOR—.Ol-mfd., 600-V. paper 
CIS . CAPACITOR—0.1-mfd., 200-V. paper 
CI6 .CAPACITOR—.05-mfd., 200-V. paper 
CI7 .CAPACITOR—.006-mfd., lOO-V. paper 
CI8 .CAPACITOR— 100-mmf., mica 
CI9. 20.CAPACITOR—0.5-mfd., 120-V. 
C2IA. 21B ....CAPACITOR— 15-mfd., 150-V. dry elec¬ 

trolytic 
C2IC .CAPACITOR—1200-mfd., 2-V. dry elec¬ 

trolytic 
C22 .CAPACITOR—0.5-mfd., 120-V. paper 
C23 .CAPACITOR—.05-mfd.. 600-V. paper 
RI .VOLUME CONTROL—0.5-megohm vol¬ 

ume control 
R2 .RESISTOR—220,000-ohm, '/2-W. carbon 
R3 .RESISTOR—47,000-ohm, */2-W. carbon 
R4 .RESISTOR—2.2-megohm, */2-W. carbon 
R5 .RESISTOR—27,000-onm. '/j-W. carbon 

R6 . RESISTOR—47,000-ohm, >/2-W. carbon 
R7 .RESISTOR—4.7-megohm '/2-W. carbon 
R8 .RESISTOR—1.0-megokm, ’/2-W. carbon 
R9 .RESISTOR—2.2-megohm, '/2-W. carbon 
RIO .RESISTOR— 1,000-ohrr, ‘/2-W. carbon 
RI I. 12, 13 RESISTOR—8.2-ohm, '/2-W. carbon 
Bl .CELL—5.0-V. bias cell assembly 
LI .BEAM-A-SCOPE—Loop antenna assem¬ 

bly (inside cover) 
L2 .COIL—Oscillator coil 
L5 .CHOKE—B choke 
L6 .CHOKE—Vibrator choke 
L7 .BEAM-A-SCOPE—External loop antenna 
L8 .CHOKE—Filament supply choke 
SWI .SWITCH—Power selector switch 
Tl .TRANSFORMER—Output transformer 
T2 .VIBRATOR—Vibrator power transformer 
T3.TRANSFORMER — 5G-60-cycle rectifier 

sten-down transformer 
T4 .TRANSFORMER—1st i.f. transformer 
T5 .TRANSFORMER—2r.d I.f. transformer 
VI .VIBRATOR—Power supply synchronous 

vibrator 
XI .RECTIFIER—Copper-exide rectifier 
Spkr.SPEAKER—P.M ovnamic loudspeaker 
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THORDARSON 15-WATT AUDIO AMPLIFIER 
'I 'HIS amplifier, whose circuit diagram is 
A shown in Fig. 6, has sufficient power out 
put to satisfy tiie requirements of many dif¬ 
ferent public address installations. The 
versatility of the amplifier is evident when it 
is realized that it can be used for ordinary 
p.a. (public address) work, as a phonograph 
amplifier, for commercial or home recording, 
or to amplify the output of a photocell. 

Starting with the output stage, we see that 
type 6V6 (I beam power output tubes are 
used in a class A circuit. Distortion is kept 
below 5% even at full output by the use of 
inverse feed back. This low level of distor¬ 
tion is quite good. 
The high-impedance microphone and high 

impedance phonograph channel, with inde¬ 
pendent gain controls, will allow use of any 
type of microphone and either a crystal or 
magnetic pick-up. The gain is sufficient to 
obtain full output either from the micro¬ 
phone or pick tip under normal operating 
conditions. 
The circuit diagram shows two loud 

speaker sockets, in which either electro¬ 
dynamic or p.m. dynamic loudspeakers can 
be plugged. The power pack is designed to 
serve as field supply for one or two electro¬ 
dynamic loudspeakers. More than two p.m. 
dynamic loudspeakers can be used, but nor¬ 
mally there would be no reason to use more 
than two with a relatively small p.a. system 
tike this. 
When a phono pick-up is used, the leads 

are plugged into the jacks provided on the 
77/OAO terminal strip, and microphone vol 
time control R-8 is set for zero volume (so its 
movable contact is grounded). The signal 
voltage from the pick-up is applied across 
phono volume control Il 6, and the portion of 
this voltage between the movable contact 
and ground is applied to a voltage dividing 
network consisting of resistors ß-7 and 11-9. 
Only that portion of the signal across R-9 is 
applied to the input of the second 6.17 tube, 
the a.f. signal across A’-7 being lost as fai¬ 
ns the amplifier is concerned. This cuts the 
signal in half, but the gain built into the am¬ 
plifier takes this into consideration. 
The purpose of resistor R-7 is to isolate 

phono volume control 11-6 from microphone 
volume control R-8 when the microphone in 
put is used. Under this condition, R-6 is set 
to zero, and volume is controlled by R-8. If 
it were not for resistor R-7, control R-6 in 
its off position would connect the control grid 
of the second GJ7 tube directly to ground, 
thus cutting off the microphone signals. Re¬ 
sistor R-7 is 500,000 ohms, which is enough 
to isolate R 6 from the microphone volume 
control. 
Note the symbol for the microphone jack 

The Jack is of the telephone type, the out¬ 
side shell going to ground and the hot (un¬ 
grounded) contact going to coupling con¬ 
denser C-t When a “mike” is plugged into 

this jack, one lead makes contact to the chas 
sis through the jack shell, while the other 
connects to condenser C-2. 

The mike signal is impressed through C-2 
across the single bias cell and resistor R-S. 
In this way it is fed into the input of the 
first 6.17 tube. This tube is connected as a 
high-gain voltage amplifier. The weak a.f. 
signal applied to its input is amplified many 
times, so a strong a.f. signal is developed 
across plate load resistor R-5. Capacity 
coupling through condensers C-Jf and C-10 
allows the signal to be applied across volume 
control R-8, whose setting governs the 
amount of signal fed into the second 6.17 
tube. 

At the microphone input, you will notice 
the terminal strip marked POL-V. This 
means polarizing voltage. When a condenser¬ 
type microphone is employed, a wire jumper 
is used to connect terminals 1 and 2 together, 
thus applying the necessary high d.c. voltage 
to the microphone plates. Here resistor R-2 
and condenser C-t serve as a decoupler fil¬ 
ter, preventing any hum voltage from being 
applied to the condenser microphone and 
preventing the microphone signal from 
traveling through the power supply. 

If a photoelectric cell of the gas-filled type 
is plugged into the mike jack, about 90 volts 
will be required to operate the cell. At ter¬ 
minal / we have about 270 volts, and when 
a photocell is used this is reduced to 90 volts 
across the mike jack by connecting a 5-meg 
ohm, 1-watt resistor between terminals / 
and 2. 

If a condenser microphone or photoelectric 
cell is never to be used, R-l, R-2 and C-l are 
eliminated during construction of the am-
plifier. 

The shielding of wires and parts in the 
circuits of the two 6.17 tubes and the 6C5 
tube is very important, if hum and noise are 
to be eliminated. Any hum or noise signals 
picked up at these points would receive great 
amplification. If they were as strong as the 
a.f. signals normally existing here, they 
would be just as loud at the loudspeakers, 
thus preventing use of the amplifier. 
The microphone, photocell or phono sig 

nais applied to the input of the second 6.17 
tube cause a large variation in the tube's 
plate current. The variation in current flow¬ 
ing through plate load resistor R-ll pro¬ 
duces a strong a.f. output voltage across 
R-ll. 

Before we follow the signal to the next 
stage, note the electrode connections em¬ 
ployed in the second 6.17 tube. Witli the 
screen grid, suppressor grid and plate tied 
together in this manner, rhe tube acts as a 
triode instead of a pentode. The gain as a 
friode is considerable, but far less than that 
obtained with the pentode connection used 
for the first 6.17 tube. 

The triode connection was employed he-
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NOTE‘S 
VOLTAGES INDICATED MEASURED FROM 
GROUND WITH IIS VOLT LINE AND CONTROLS 
IN ' OFF' POSITION 

should read about 310 volts. Now notice that 
the screens of the output tubes are marked 
340 volts. The screens connect directly to the 
positive lead of C-1S and hence are at the 
same potential as C-13 with respect to 
ground. The difference between the marked 
voltages shows that the draftsman who made 
up this schematic was careless. In a case 
like this, you must rely on your own knowl¬ 
edge and be able to make up your mind that 
an error exists. In all probability, 340 volts 
and not 310 volts is correct. 

Note that the 6V6G plates are marked 306 
volts. If 310 volts is right and the plates 
are marked correctly, there is only a drop 
of 4 volts across the plate windings of out¬ 
put transformer T-2. This is not reasonable. 
Now if 340 volts is correct, the drop across 
the plate windings is 34 volts, which is about 
the amount you would expect. 
The plate voltages of the 6J7 and 6C5 

tu'ies were probably measured with a 1000-
ohm-pervolt meter. If a more sensitive meter 
is used, a higher voltage will be measured, 
since the meter will draw less current 
through the plate load resistors and hence 
won’t cause as much extra voltage drop to 
exist across them. 

Fig. 6. Circuit diagram of Thozdarson-designad 
15-watt a.f. amplifier. The part« value« are: 

T-l .Input Transformer 
T-2 .Output Transformer 
T-3 .Power Transformer 
CH-I .First Choke 
CH-2 .Second Choke 
R-l .10-meg., i/rW. 
R-2.10-meg., i/2-W. 
R-3 .5-meg., ’/2-W. 
R-4 .3-meg., I-W. 
R-5 .500,000 ohm, l-W. 
R-6.l-meg. Volume Control 
R-7 .500,000 ohm, l-W. 
R-8 .l-meg. Volume Control 
R-9 .500,000 ohm, ’/2-W. 
R-10 .5000-ohm, l-W. 
R-lI .100,000-ohm, l-W. 
R-12 .500,000-ohm Tone Control 
R-13 .1000-ohm. l-W. 
R-14 .20.000-ohm, l-W. 
R-15 .20.000-ohm, l-W. 
R-16 .2500-ohm, 25-W. wirewound 
R-17 .1500-ohm, 25-W. wirewound 
R-18 .125-ohm, 25-W. wirewound, Tolerance 

4-10%, -0% 
R-19 .2500-ohm, 25-W. wirewound 
C-l .l-mfd., 400-V. paper 
C-2 .l-mfd., 400-V. paper 
C-3 .04-mfd., 400-V. paper 
C-4 .l-mfd., 400-V. paper 
C-5 .10-mfd.. 25-V. electrolytic 
C-6 .l-mfd.. 400-V. paper 
C-7 .03-mfd., 400-V. paper 
C-8 .10-mfd., 25-V. electrolytic 
C-9 .l-mfd., 400-V. paper 
C-IO, C-lI ....8-8 mfd., 450 W.V. electrolytic 
C-12 .8-mfd., 600-V. electrolytic 
C-13 . 8-mfd. 600-V. electrolytic 
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EMERSON Model DU-379 and DU-380 Battery Portable 
/''ENERAL Description. Although the 
' J diagram of this battery portable (Fig. 7) 
bears two model numbers, both models are 
essentially the same. The only difference 
lies in the degree of portability. The model 
DU-379 Is an outdoor portable and may be 
carried by the special strap which fits over 
the user’s shoulder. Since the loop is placed 
in this strap, there is a slight difference in 
the design of this loop and the one used in 
the model DU-380. Other than this, the two 
sets are identical and are both known as the 
DU chassis. 

To achieve real portability, special small¬ 
size, low-current-drain tubes are used. Two 
flashlight cells connected in parallel serve as 
the A supply, and a special light-weight 67%-
volt It battery is used. 
The tubes and their functions, which you 

should be able by this time to identify with¬ 
out trouble, are: A 1R5 pentagrid converter 
tube as the oscillator-mixer-flrst detector ; 
a 1T4 super control tube as the i.f. ampli¬ 
fier; a 1S5 diode-pentode as the second de¬ 
tector, a.v.c. and first a.f. amplifier; a 1S4 
power output pentode to feed the loud¬ 
speaker. 
Signal Circuits. There are a number of 

small but important variations from normal 
in the circuits of this receiver which make it 
of interest. Each item will be explained as 
we come to it. 

Signals picked up by the loop may be tuned 
in by adjusting the tuning condenser dial, 
which controls ganged condensers Cl and C2. 
Condenser Cl tunes the loop, and the chosen 
signal receives a boost in strength due to 
resonant step-up. 
In the shoulder-strap model DU-379, the 

inductance which is tuned by Cl consists of 
loop 1,2 and an extra inductance LI. In 
home-model DU 380, all of the inductance is 
concentrated in the loop, which is rigidly 
fastened in place, and LI is absent. In model 
DU-379, the loop shape will change as the 
wearer breathes and moves around. This re¬ 
sults in some inductance change; to avoid 
serious detuning, most of the circuit in¬ 
ductance is concentrated in LI. Then even 
large changes in the loop inductance have 
only a small effect on the total circuit in¬ 
ductance and hence on tuning. The shoulder-
strap loop is primarily a pick-up device 
rather than a tuning coil. 

In both models, the resonant circuit is 
completed through C5 which, as far as r.f. 
is concerned, acts like a short circuit. 

The modulated carrier of the selected sta¬ 
tion appears across Cl, and is applied to the 
input of the first detector. The filament con¬ 
nection is made tit rough the chassis and the 
lower half of oscillator tank coil Tl. At the 
same time, the oscillator signal is injected 
into the first detector. The two signals are 
mixed inside the tube. The resulting i.f. beat 

voltage, bearing the original carrier modu¬ 
lation. is applied to the primary of i.f. trans¬ 
former T2. 

An examination shows the oscillator cir¬ 
cuit to be different from that found with the 
usual pentagrid converter tube. First, you 
will note that we have been speaking of the 
1R5 as a pentagrid converter, when only four 
grids are shown. The facts of the case are 
that the manufacturer’s draftsman took a 
little poetic license and left out the suppres¬ 
sor grid, figuring perhaps that the tube draw¬ 
ing was going to be spread out enough as 
it was, and it didn’t matter as far as service 
work was concerned. In this he was right, 
for the extra grid, placed between the screen 
and plate, connects inside the tube envelope 
to the negative side of the filament, and 
serves to prevent secondary emission from 
the plate to the screen. A serviceman can’t 
get at this grid or do anything about it, so 
it doesn’t enter as a service problem. If the 
grid shorts to the plate, a tube tester will 
show this up in the usual manner, and in 
the set the short, if it occurred, would ap¬ 
pear to be between the plate and filament. 
The oscillator is an ordinary Hartley 

with the plate grounded. Here the screen 
grid acts as the plate, and the screen is kept 
at r.f. ground potential by means of by-pass 
condenser C9. The screen also acts as the 
virtual cathode as far as the detector sec¬ 
tion is concerned. The third grid, which is 
the detector control grid, controls the stream 
of electrons coming through the screen grid. 
This electron stream is varying at the oscil¬ 
lator frequency, so the i.f. beat is produced 
in the detector (mixer) section of the tube. 

Feed-back in the oscillator is obtained bj 
causing the plate current to flow through the 
tapped portion of Tl. The voltage induced 
into the rest of Tl causes the circuit consist¬ 
ing of T1-C2 to oscillate at its resonant fre¬ 
quency. The oscillator voltage is applied to 
the oscillator control grid through C6. RI is 
the oscillator grid resistor, and LS is used 
to prevent the 1R5 filament and the A bat¬ 
tery from shorting the tapped section of Tl. 
Such a short would prevent the oscillator 
from working. 

Now that the oscillator has been investi¬ 
gated, let us return to the i.f. signal de¬ 
livered by the 1R5 to resonant circuit T2-
01 of the first i.f. transformer. This circuit 
is adjusted to resonance at the i.f. value (455 
kc. ), not by varying the capacity of Cl but 
by adjusting the inductance of the primary. 
This winding has a pulverized iron core 
which can be screwed in or out of the coil 
to change the inductance. As more of the 
core is moved into the coil, the inductance 
is increased and the resonant frequency 
thereby lowered. 
By mutual induction a voltage is induced 

into the secondary shunted by CH, and again 
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LI ......Iron-core loading coll (Modal DU-379 only) 
L2 .»»Shoulder-strap loop assembly (Model DU 379 only) 
L2 .Loop antenna (Model DU-380 only) 
TI .Oscillator coil 
T2 .Iron-core double-tuned 455-kc. first l.f. transformer 
T3 .Iron-core single-tuned 455-kc. second l.f. transformer 
RI .100,000-ohm ’A-W. carbon resistor 
R2 .5000-ohm, ’A-W. carbon resistor 
R3 .10,000-ohm, ’A-W. carbon resistor 
R4, RI2 .5-megohm, *A*W. carbon resistor (RI2 II omitted on late« models) 
R5 .Volume control, 1.5-megohm, with double pole battery switch 
R6 .10-megohm, ’A-W. carbon resistor 
R7. R9 .3-megohm, ’A-W. carbon resistor 
R8 .l-megohm, ’A-W. carbon resistor 
RIO .2200-ohm, ’A-W. carbon resistor 
RI I .1800-ohm, 'A-W. carbon resistor 
Cl, C2 .Two-gang variable condenser 
C3, C4 .Trimmers, part of variable cond. 
C5. C9, CI5 . .0.02-mfd., 200-volt tubular cond. 
C6. CI2, CI4 .0.0001 l-mfd. mica condenser 
C7, C8. CH ..Fixed trimming condensers, contained Inside i.f can 
CIO .10-mfd., 100-volt dry electrolytic condenser 
CI3 .0.002-mfd., 600-volt tubular cond. 
CI6, CI7.0.001-mfd., 600-volt tubular cond. 
4" permanent magnet dynamic loudspeaker 
Double-pole, double-throw "Economizer" switch 
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Automatic Model P57 Three-Way Portable Receiver 
Í MINERAL Description. The Automatic 
. Model 1’57 can be powered from three 

different sources—self-contained batteries, a 
110-volt a.c. power line, or a 110-volt d.c. 
power line. In other words, this is an a.c.-
d.c.-battery receiver. 
A study of the diagram in Fig. 8 shows 

that the receiver consists of a 1A7G pentra-
grid converter tube, a 1N5G l.f. amplifier 
tube, a 1H5G combination second detector— 
a.v.c.—first audio tube, a 1A5G power output 
tube and a 25Z6 rectifier. 
Excellent reception can be had by using 

the self-contained loop aerial alone. Ter¬ 
minals A and G are provided, however, for 
connecting to an outside aerial and ground 
when more distant reception is required. 
When an aerial and ground are used, the 
antenna current flows through the wire 
placed around the outside of the loop, and 
induces a signal voltage into the loop. 

Signal Circuits. The signal picked up by 
the loop is resonated by the tuning conden¬ 
ser, and the stepped-up signal voltage is ap¬ 
plied to the input of the 1A7G type tube. 

An r.f. oscillator signal is being produced 
at the same time in the 1A7G tube, due to 
feed-back from the oscillator coil plate wind¬ 
ing to the tank circuit. You will note that 
the first two grids of the tube are used as the 
oscillator grid and anode electrodes. The 
tank circuit is coupled to the oscillator grid 
through the .0001-mfd. condenser. The 50,-
000-ohm resistor produces the oscillator grid 
bias due to the rectified grid current flowing 
through it. 
The varying electron stream leaving the 

second grid passes through the screen grid to 
the plate. This electron stream is acted on 
by the signal voltage applied to the input of 
the tube, and the oscillator and incoming sig¬ 
nals are thus mixed within the tube. 
The screen surrounding the 1A7G control 

grid (the fourth grid from the filament) pre¬ 
vents any interaction between this grid and 
the oscillator electrodes, and also acts as a 
capacitive screen between the plate and the 
detector control grid. 

The i.f. signal voltage developed across the 
primary of the first i.f. transformer causes a 
large i.f. current to flow through the trans 
former winding. 
By mutual induction a signal appears in 

the secondary of the transformer and there 
undergoes resonant step-up. This signal is 
applied directly to the input of the 1N5G i.f. 
tube. Since this is a high-impedance pentode 
tube, a large i.f. voltage will be built up 
across the primary of the second i.f. trans¬ 
former, much larger than the one which was 
applied to the input of the 1N5G tube. 

The i.f. signal voltage induced into the 
secondary of the second l.f. transformer is 
now large enough for detection. 

When the l.f. signal makes the diode plate 

of the 1H5G tube positive, electrons flow 
from the filament to this plate, through the 
secondary of the second i.f. transformer and 
through the volume control to the filament. 
The i.f. component is prevented from flowing 
through the volume control by means of the 
,0002-mfd. by-pass condenser connected from 
the hot side of the volume control to the 
chassis. The filament side of the volume 
control is grounded to the chassis by means 
of the ,1-mfd. condenser. 

The a.f. signal voltage appearing across 
the volume control is applied to the 15-meg-
ohm grid resistor and the grid of the 1H5G 
tube through the .01 mfd. coupling con¬ 
denser. 

The amplified a.f. signal appears across 
the 1-megohm plate load resistor of the 
1H5G tube. This signal is also applied across 
the 2-megohm grid resistor for the 1A5G type 
tube through the .002-mfd. coupling con 
denser and the 20-mfd. output filter conden¬ 
ser, with the filament connection being 
through the 100-mfd. electrolytic condenser 

The application of the signal to the input 
of the 1A5G tube causes large changes In 
plate current flowing through the primary of 
the output transformer, and this a.f. plate 
current induces the signal voltage in the 
secondary. This causes a.f. current to flow 
through the voice coil, thus setting the cone 

I F +A6 

Fig. 8. Schematic circuit diagram of Automatic 
Model P57 combination a.c.-d.c.-battery port 

able 5-tube superheterodyne receiver. 
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Fig. 9. The power pack and filament circuits of 
the Automatic Model P57 receiver have been 
redrawn here to show that the individual cir¬ 

cuits are simple and quite conventional. 

diagram in Fig. 9 will show that between 
the negative side of the 1A5G tube and the 
chassis we have the filaments of three tubes, 
each getting about 1.5 volts. This means 
that the grid of the 1A5G tube is about 4.5 
volts negative with respect to the negative 
side of the 1A5G tube filament. 
The 2000 ohm and 1000-ohm resistors in 

the filament supply circuits are used as 
shunts to take care of the plate currents of 
the tubes. Flowing through the 1A7G and 
1H5G filaments are the .05-ampere filament 
currents and the plate currents of these 
tubes. The plate current of the 1N5G di¬ 
vides between the 2000-ohm shunt resistor 
and the filaments of the 1A7G and 1H5G 
tubes. The plate current of the 1A5G tube 
divides between the 1000-ohm resistor and 
the circuit consisting of the 1A7G, 1N5G and 
1H5G filaments and the 2000-ohm shunt re¬ 
sistor. While the receiver would work with¬ 
out the shunts, the current through the fila¬ 
ments would be excessive and would tend 
to «horten tube life. 

Servicing Hints. Receivers of this type 
are subject to the same defects as are en¬ 
countered in a.c.-d.c. or battery receivers. 
Bear in mind, however, that when the re¬ 
ceiver is operated from the power line, a de¬ 
fect in one power supply may be masked by 
proper operation of the other supply. I or 
example, the rectifier tube may be worn out, 
but the receiver will play normally on the 
power line, for the batteries will furnish 
power. Bad batteries, on the other band, 
will be masked by the power pack on power 
line operation. 

We are most concerned here with straight 
battery operation, since you are familiar 
with a.c.-d.c. power supply troubles. About 
all that could occur to the power pack would 
be tube and filter condenser troubles, or 
burning out of the pilot lamp. If the pilot 
lamp must be replaced, use an exact dupli¬ 
cate as no other will work properly A 
burned-out pilot lamp should lie replaced as 
soon as possible, because its failure forces 
the 6-volt battery to supply Al iment current 
during a.c or d.c. operation. 

On battery operation, most trouble is due 
to worn-out batteries. If the battery volt¬ 
ages will not come up to normal and give sat¬ 
isfactory results even after prolonged opera¬ 
tion of the receiver from the power line with 
the 1A5G tube removed, new batteries are 
necessary. 
The battery voltage should be measured 

with the receiver operating only from bat¬ 
teries and all of the tubes in place. This 
places a normal load on the batteries, so high 
internal resistance which causes appreciable 
internal voltage drop in a bad cell will be 
revealed. Without normal load, a high-re¬ 
sistance serviceman’s voltmeter won’t draw 
enough current to produce an appreciable 
voltage drop in the batteries, and normal 
voltage will be measured even though the 
batteries are run-down. 

Low battery voltages will usually affect 
the operation of the oscillator first, since this 
circuit is the most critical as to voltage. 
Since it is harder for oscillation to be main¬ 
tained at the lower frequencies, the receiver 
will first go dead at the low-frequency end 
of the dial. As the batteries continue to de¬ 
teriorate, the set will go dead over the en¬ 
tire dial, since the oscillator will refuse to 
operate at any point on its range. 

When an oscillator goes dead in this man¬ 
ner, a very characteristic effect is sometimes 
observed : a powerful local station, usually 
one at the low-frequency end of the dial, will 
be heard regardless of how the receiver is 
tuned Such an occurrence is definite proof 
of oscillator failure, and indicates that the 
set is acting as a broadly-tuned t.r.f. re¬ 
ceiver. 

About the only other trouble peculiar tc 
batterv receivers is intermittent reception 
and noise caused by poor or corroded con 
nections inside of the batteries. A substi¬ 
tution of new batteries or a careful volt¬ 
meter cheek will show up such trouble 
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Philco Model 610 Three-Band A.C. Superheterodyne 
p ENERAL Description. The Philco Model 
'J 610 Is a Ihree-band a.c.-operated super¬ 
heterodyne using a type 6A7 mixer, a type 78 
in the l.f. amplifier, a type 75 as a combina¬ 
tion detector, a.v.c. and first a.f. tube, a type 
42 in the power output stage and a type 80 
rectifier in the power supply. All of these 
stages are clearly identified on the schematic 
circuit diagram in Fig. 10. The wave-band 
coverage is: Band 1, 530-1720 kc. ; band 2, 
2300-2500 kc. (2.3-2.5 megacycles) ; band 3, 
5700-18,000 kc. (5.7-18 megacycles). The de¬ 
sign of this receiver is straightforward, the 
circuits being similar to those which you 
have already studied. 

Wave-Band Switch and Circuits. A radio 
technician is only interested in that section 
or circuit in which trouble exists. He is 
guided to this point either by the symptoms 
exhibited by the receiver or by a stage isola¬ 
tion procedure as outlined in the Advanced 
Course in Radio Servicing. The rest of the 
receiver he ignores. With this method, he 
will probably escape the necessity of delving 
into the wave-band switching circuits. 

However, if trouble is encountered in the 
preselector-mixer-oscillator system, he must 
be able to unravel the wave-band circuits 
and make tests on them. Furthermore, to 
align the set, he must be able to identify 
the trimmers appearing in the diagram and. 
from their electrical positions in the circuit, 
determine their purpose. 

In such a case he sees the same thing you 
see here—a conglomeration of switch con¬ 
tacts, coils, condensers and wires. The ex¬ 
pert Ignores all this and sets about sys¬ 
tematically to trace through the circuits. He 
knows that the 6A7 has a tuned input cir¬ 
cuit, because no manufacturer would build a 
receiver without a preselector between the 
mixer and antenna. Furthermore, this 
tuned input circuit must connect between the 
6A7 top cap and the a.v.c. bus. These two 
points are readily located in the diagram, the 
a.v.c. bus being the wire lead connecting to 
the Junction of a.v.c. filter condenser 25 and 
filter resistor 29. 

Let us trace the tuned Input circuit. We 
start with the 6A7 top cap, and follow the 
lead down to terminal 8 of switch section 2. 
Looking at this section, we see that there 
are two other terminals like 8, marked G 
and each feeding a different set of leads 
through contacts. We rightfully assume that 
this is a three-pole, three-position switch and 
that terminals 8, G and P are input ter¬ 
minals for the three poles of the switch. 

With the switch set to position 1 as shown 
in the diagram, terminal 8 makes contact 
only to terminal ¡I through the round black 
“ball” which represents the movable contact 
element for this pole of the switch. This 
black ball always makes contact with 8. 
From M we go to the junction of trimmer 

5 and tuning coil L2. We ignore the tap on 
L2, as a glance at terminal G of switch sec¬ 
tion 2 shows it isn’t used. The other end of 
L2 connects to the a.v.c. bus, which Is the 
other end of the tuned input circuit we were 
tracing. 

This gives us the general technique for 
tracing through the wave-band switch, and 
we can now trace the other circuits for 
switch position 1. Ooil LS and its primary 
1.1 are ignored, because coil L2 is being used 
and we wouldn’t expect another tuned cir¬ 
cuit to be employed at the mixer Input at the 
same time. Since 1.2 is in use, its primary is 
in use, and we may be sure the primary is 
carrying energy delivered to it by the an¬ 
tenna system. The primary is checked by 
connecting an ohmmeter between the ANT 
lead and the chassis. We will expect a read¬ 
ing of about 32 ohms if everything is intact. 

Switch position 1 is for the broadcast band 
(the lowest-freqnency band on the set), be¬ 
cause coil 1,2 (connected to 8 for position Í) 
has a higher resistance and hence a greater 
number of turns than coil 1.3. 1.3 must be 
the short-wave coil for band 5, since it has 
the lowest resistance and therefore the low¬ 
est inductance. 

Since 1.2 is the broadcast band antenna 
coil, its associated trimmer 5 is the broad¬ 
cast band antenna trimmer, and is to be ad¬ 
justed somewhere near the high-frequency 
end of its band (1400 kc. is a popular adjust¬ 
ment point). 
Now that we have accounted for the pre¬ 

selector, let’s take a look at the oscillator. 
We have two sets of coils, H-I.6 and 1.5-1.7. 
Coils L6 and L7, being connected to trim¬ 
mers, are the tank coils. Since L6 has the 
greatest resistance, it is the broadcast band 
oscillator coil, In which we are now inter¬ 
ested. 
Again we have two reference points—the 

6A7 oscillator grid, which is the first grid 
from the cathode, and the cathode of the 
6A7. Since the cathode goes to chassis 
through resistor 16, we will use the chassis 
for reference purposes. 

Follow the lead from the oscillator grid, 
noting that it connects from oscillator tuning 
condenser 19 to pole P on switch section 2. 

The switch contact connects it to switch 
terminal Q, and from here we go to tank 
coil 1.6. This coil connects to tuning con¬ 
denser 19 through condenser 10 which, being 
in series with the tank circuit, is the oscil¬ 
lator low-frequency padder. This padder, as 
its name implies, is to be adjusted at the 
low-frequency end of the broadcast band: 
600 kc. is the most favored adjusting fre¬ 
quency. 
Trimmer condenser 11, which is in shunt 

with the oscillator tuning condenser, is the 
high-frequeney oscillator trimmer. Like 
trimmer 5, it is to be adjusted at 1400 kc. 
The position of resistor 17 is a little uncon 



Fig. 10. Schematic circuit diagram of Philco 
Modal 610 three-band «uperheterodyne receiver. 

We have now investigated the important 
sections of the preselector and oscillator cir¬ 
cuits for all bands. In each case, the oscil¬ 
lator signal and the preselector signal are 
mixed in the 6A7, and produce a 460-kc. beat. 
This is passed into the i.f. amplifier through 
the first i.f. transformer (21). After ampli¬ 
fication by the type 78 i.f. tube, the i.f. signal 
is transferred to the diode detector circuit 
of the type 75 tube by the second i.f. trans¬ 
former (27). 

After detection, the rectified signal volt¬ 
age appears across volume control 33, which 
is also the diode load resistor. The signal 
amplified by the triode section of the 75 tube 
is passed by means of resistance coupling to 
the type 42 power output tube. The output 
of this tube feeds the loudspeaker voice coil 
through output transformer 49. 

Since this receiver was chosen to give you 
practice with wave-band switch circuits, we 
have omitted discussion of the rest of the 
receiver circuits. These circuits have pre¬ 
viously been covered, and should hold no 
secrets from you. However, if you want a 

little practice you might explore their possi 
bilities and explain them to yourself as we 
have done tor similar diagrams. 

Here is a little additional work of a prac 
tical nature. The following symptoms ara 
often encountered in this receiver and are 
due to the causes listed. Try to figure out 
why these particular defects (causes) 
should result in these symptoms. 

Symptom 
Dead only whan tone control 
52 is on. 

Hum when cone is replaced. 

Hum stops only when 42 tube is 
removed. 

Distorts; clears up when hand is 
held on 75 top cap and chassis. 

Distorts and cuts off on strong sig¬ 
nals when volume control is ad¬ 
vanced. 

Dead; circuit disturbance test 
shows all stages pass signal. 

Blasting when tuning from one 
station to another. 

Audio oscillation when tone con¬ 
trol 52 is off. 

Cause 
Short in .02-mfd. 
section of 51. 

Voice coll connec¬ 
tions reversed. 

Cpen in rignt-nand 
section of con¬ 
denser 36. 

Leakage in 45 or 
leakage in 47. 

Leakage in 34. 

Open In resistor 
42. 

Short or leakage in 
condenser 25. 

Open in .01-mfd. 
section of con¬ 

denser block 51. 
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further variations in cathode current, and in 
this manner oscillation is maintained. The 
grid bias voltage produced across the 20,000-
ohm self-bias resistor prevents the cathode 
current from exceeding the safe rating of 
the tube. 

Due to the oscillator action, the electron 
flow from the cathode through the oscillator 
grid and the screen grid (oscillator plate) to 
the plate of the 6SA7 is a pulsating stream. 
As far as the mixer grid is concerned, how¬ 
ever, the screen grid is the virtual cathode 
which is supplying a pulsating electron 
stream. 

At the third grid from the cathode (mixer 
grid), the incoming signal is applied. It 
mixes with the local oscillator signal, and 
the resulting beat (the difference between 
the two signal frequencies) forms the inter¬ 
mediate frequency. 
Switch Position 2. When the band switch 

is thrown to manual tuning, the switch con¬ 
nections are those shown for position 2 in 
Fig. 13. Let us analyze the circuits which 
are in action now. 

Antenna current flows through switch con¬ 
tacts 6-2 of section S2R and through the 
primary of coil 1'25 to ground. Section SjF 
connects contacts 2, 6 and 8 together so the 
secondary of 1'25 is tuned by variable con¬ 
denser V.C. The signal undergoes resonant 
step-up, after which it is applied to the 
6SK7 r.f. amplifier tube in the usual manner. 
The amplified signal current flows through 
the primary of coil 2(135, which is shunted 
by a 2000 ohm resistor to broaden the tuning 
and thus prevent side-band cutting. A volt¬ 
age is induced in the secondary, where it un¬ 
dergoes resonant step-up, and the resulting 
signal is applied to the 6SA7 input through 
the .0003 mfd. coupling condenser. 

In the oscillator circuit, the connections 
and circuit action of coil 2035, with its trim¬ 
mers and padder, remain the same as for 
push button operation. However, contact is 
made to 8 instead of 7 on switch section S5F, 
to put main tuning condenser V.C. in the cir¬ 
cuit in place of the push-button trimmers. 
Mixing occurs in the 6SA7 as before, and the 
i f. signal is delivered to the i.f. amplifier. 
Switch Positions 3 and 4. The circuits for 

these two short-wave band positions are 
Identical to those for the broadcast band, 
and hence need not be traced in detail. The 
selector switches merely place different sets 
of coils in their respective circuits. 
The A.M. I.F. Amplifier. From the sche¬ 

matic diagram, you see that there are two 
i.f. transformers between the mixer and the 
6AC7 first i.f. tube, one for f.m. and the other 
for a.m. We identify the top transformer in 
the schematic as the f.m. transformer be¬ 
cause its secondary connects to the FM ter¬ 
minal of S7R. The primary of this trans¬ 
former offers little opposition to the 465-kc. 
I.f. signal, so the a.m. signal passes through 
It to the primary of the a.m. transformer. 

A large 465-kc. current flows in the tuned 

primary of the a.m. transformer, and a cor 
responding signal, which also undergoes res¬ 
onant step-up, is induced into the secondary. 
This is applied to the control grid of the 
6AC7 first i.f. tube through condenser CB and 
to Its cathode through the chassis and the 
,05-mfd. cathode by-pass condenser. 

The tube amplifies the signal and a large 
i.f. voltage is built up across the plate load. 
But what is the plate load? It is not the 
resonant circuit formed by coil 56-036 and 
condemer C6, for these are shunted by a 
4000-ohm resistor which is not used in a.m. 
loads. We can assume that condenser C« 
acts as a short across the coil and resistor 
at a.m. i.f. frequencies. The next device in 
the plate circuit is a tapped resonant circuit, 
and this is what serves as the a.m. plate 
load. 

It is unusual to see a tapped resonant cir 
cuit of this sort, for only the lower coil sec¬ 
tion, between the tap and B-f-, acts as the 
load. The voltage across tills section is large, 
due to the resonant step-up provided by tun¬ 
ing the circuit. This voltage is transferred 
through C6, the ,00005-mfd. coupling conden¬ 
ser and the ,1-mfd. plate by-pass, and ap¬ 
pears across the 500,000 ohm grid resistor 
for the next stage. 

The 500,000-ohm grid resistor, therefore, 
shunts the lower section of the ceil. The re¬ 
sistor is not across the entire resonant cir¬ 
cuit, however, and because of this, a reason¬ 
able degree of selectivity is still secured. At 
the same time, since the entire voltage across 
the resonant circuit is not transferred to the 
grid resistor, the gain is reduced. With two 
stages of i.f. amplification, there is gain to 
spare, and the slightly broadened response 
curve of the i.f. amplifier results in good 
fidelity. The f.m. transformer is not tapped 
in this manner because both broad tuning 
and all available gain are desired. 

The i.f. current flowing through the grid 
resistor builds up a large signal voltage 
across it. This voltage is applied to the grid¬ 
cathode circuit of the tube, the cathode con¬ 
nection being through the cathode by-pass 
condenser. 

Amplification of the signal by the second 
i.f. tube results in a large signal voltage be¬ 
ing developed across the resonant plate load 
formed by C7 and the primary of the third 
i.f. transformer. The resonant frequency of 
the f.m. transformer is 4.3 me., which is so 
far from 465 kc. that for all practical pur¬ 
poses, no a.m. signals are set up in the sec¬ 
ondary of the f.m. transformer. However, a 
large i.f. signal is set up in the secondary 
of the last a.m. transformer, and this a.m. 
signal is applied to the plates and cathodes 
of the 6H6 second detector. The cathode 
connection is through the .0002-mfd. conden¬ 
ser and the chassis. 
The A.M. Second Detector. When the i.f. 

signal makes the 6H6 plates positive, elec¬ 
trons leaving the cathodes are attracted to 
the plates. From there, the electron flow is 
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through the l.f. secondary, the 50,000-ohm 
i.f. filter resistor and the 250.000-ohm diode 
load resistor to ground, then back to the 6H6 
cathodes. Current flow is blocked when the 
signal makes the plates negative with respect 
to the cathodes. This Is the action of a typ¬ 
ical diode detector. 

We have the rectified a.f. signal existing 
across the 250.000-ohm load resistor. Due to 
the smoothing action of the two .0002-mfd. 
condensers, we also have a rather large d.c. 
voltage across the diode load. The a.f. sig¬ 
nal, being unaffected by the .0002-mfd. con¬ 
densers, adds to this d.c. voltage and causes 
it to increase and decrease, forming a pul¬ 
sating d.c. voltage across the load resistor. 

No i.f. signal appears across It because the 
l.f. is shunted around the diode load by the 
i.f. filter composed of the 50,000-ohm resistor 
and the two .0002-mfd. condensers. 
The d.c. voltage across the 250.000-ohm 

diode load is used for a.v.c. purposes and to 
operate the tuning eye. The a.v.c. filter net¬ 
work is made up of the 1-meg. resistor con¬ 
nected to the tuning eye grid through switch 
SjR, and the .05-mfd. condenser in the con¬ 
trol grid return circuit of the 6SK7 tube. 
Note that this a.v.c. voltage is used only for 
a.m. reception. 
The Audio Amplifier. The audio signal 

component across the diode load is applied 
across the dual volume control through the 
.02-mfd. d.c. blocking condenser, contact AM 
of switch S7R, the RADIO contact of the 
PH ORO switch and the 25-ohm resistor be¬ 
tween the volume control and the chassis. 
Now we come to a unique method of tone 

control which is becoming more and more 
popular in high-fidelity audio amplifiers. 
Note that the dual volume control simul¬ 
taneously feeds two 6SF5 tubes, and that the 
outputs of these tubes feed through .02-mfd. 
coupling condensers into a common load 
consisting of 500,000- and 100.000-ohm re¬ 
sistors connected in series between the con¬ 
trol grid of the lower 6V6G output tube and 
the chassis. 
The upper 6SF5 tube and its 15-megohm 

grid resistor are fed by the first section of 
the volume control through a .006-mfd. coup¬ 
ling condenser, with all audio frequencies 

being transferred about equally well. 
Potentiometer 87-281 is connected to con¬ 

trol the amount of signal which the right¬ 
hand volume control feeds through the .006-
mfd. coupling condenser and a 250,000-ohm 
resistor to the 15-megohm grid resistor of the 
lower 6SF5 tube. A ,001-mfd. by-pass con¬ 
denser is in parallel with the 15-meg. re¬ 
sistor, so the impedance of the grid input 
circuit is a combination of these values. This 
is the special arrangement which provides 
tone control, so let us study its action in 
detail. 

The tone control circuit has been redrawn 
in Fig. to simplify our discussion of it. 
The signal dropped across section B is fed 
to the lower 6SF5 tube for amplification, 
while the signal dropped across A is not 
amplified. As in any voltage divider, the 
voltage distribution will depend upon the 
ratio of impedances of the two sections. If 
both are equal, each will receive the same 
amount of voltage. If one has ten times the 
impedance of the other, it will have ten times 
as much voltage. Let’s investigate. 

The .006-mfd. condenser in series-section 
A lias a value of about 5000 ohms at 5000 
cycles, which is negligibly small in compari¬ 
son to the 250,000 ohms in series, so the com¬ 
bined impedance of section A is essentially 
250,000 ohms. 
At 5000 cycles, the .001-mfd. condenser 

across shunt-section B has a reactance of 
about 30,000 ohms, as compared to 15 meg¬ 
ohms for the resistor. This makes the com¬ 
bined impedance of this section only about 
30,000 ohms (the lowest reactance governs 
the impedance of parts in parallel). There¬ 
fore, at 5000 cycles almost all of the signal 
is dropped across A, with practically none 
across B, and the lower 6SF5 tube gets very 
little signal voltage at 5000 cycles and 
higher. 

At 1000 cycles, the .006-mfd. condenser has 
a reactance of about 30,000 ohms, and this in 
series with 250,000 ohms of resistance gives 
a combined impedance of about 252,000 ohms 
for section A. 

At 1000 cycles, the ,001-mfd. condenser has 
a reactance of around 150,000 ohms. The 15-
megohm resistor shunting this has negligible 
effect, so the combined impedance of section 
B is essentially 150,000 ohms. Now section 
B gets almost as much of the signal as sec¬ 
tion A, so the lower 6SF5 tube gets quite a 
bit of signal voltage at 1000 cycles. 

Now let’s drop down to the real low notes, 
say 100 cycles. The .006-mfd. condenser has 
a reactance of about 280.000 ohms now, and 
this in series with a resistance of 250,000 
ohms gives a combined impedance of about 
375.000 ohms for section A. The 2-megobm 
reactance of the .001-mfd. condenser at 100 
cycles makes the impedance of section B es¬ 
sentially 2 megohms. Our voltage divider 
now consists of 375.000 ohms in A, and 2,-
000.000 ohms in B, so section B gets over 
five times as much signal voltage as section 
A at 100 cycles. As we go still lower in fre-
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Is applied to the grid of the 6Ü5, so that the 
6U5 may be used as a tuning indicator on 
f.m. reception. 

Due to the rectification taking place in the 
limiter grid circuit, the negative signal peaks 
are almost cut off. The missing portion of 
the wave form is built up, however, by the 
flywheel action of the 6SJ7 resonant plate 
load. The i.f. limiter plate load consists of 
the two coils, tuned by trimmers On, in 
parallel with the 100,000-ohm plate supply 
resistor. The reactance of the .0005-mfd. 
coupling condenser is so low that it acts as a 
short at the i.f. value. 

The discriminator, as the second detector 
of an f.m. receiver is called, differs some¬ 
what from those you studied in the text on 
f.m. However, it’s very easy to understand. 

To simplify our study of the discriminator, 
its circuit has been redrawn by Itself in 
Fig. 15. 

In an f.m. system, the strength of the car¬ 
rier peaks has nothing to do with the audio 
signal, and carrier peaks may therefore be 
limited without distortion of the signal. In 
f.m., the carrier is caused to swing above and 
below its assigned or resting frequency. The 
greater the carrier frequency excursions 
away from the resting frequency, the greater 
the audio signal strength. 
The rate or frequency of these frequency 

deviations is controlled by the frequency of 
the audio signal. Suppose we liad a 5000-
cycle audio signal and a 1000-cycle audio sig¬ 
nal, both of the same strength. If they were 
used to modulate an f.m. system, both being 
the same strength would cause the f.m. car¬ 
rier to swing the same distance in kilocycles 
above and below its resting frequency. How¬ 
ever, the 5000-cycle audio note would make 
the carrier swing above and below the rest¬ 
ing frequency 5000 times each second, while 
the 1000-cycle note would only cause the car¬ 
rier to swing 1000 times each second. In this 
way, these two frequencies have indelibly 
stamped their characteristics on the f.m. 
carrier. 
Because variations in audio signal 

strength cause the carrier frequency to 
change so much, an f.m. receiver must time 
broadly. Sharp tuning would cut down the 
amount of carrier frequency variation, there¬ 
by reducing the range of audio volume. 

If the limiter delivers an i.f. of 4.3 me. ( the 
resting frequency) to the discriminator, both 
diode plates will receive the same amount of 
signal voltage, because the reactance of C4-
Li is equal to that of C6-L2. When plate Dx 
is positive, electrons flow from the cathode 
to the plate and through Kj, producing a 
voltage drop having the polarity shown. On 
the next half cycle, D2 conducts while D, 
rests, and the resultant diode current pro¬ 
duces a voltage drop across R2 with the 
indicated polarity. 
The a.f. output voltage of the discrimina¬ 

tor circuit appears across the outside ends 
of R\ and R2. At the resting frequency, 

however, the two voltages are equal aun 
opposite, and no voltage exists between the 
diode plates. 

We must get a difference in the amount 
of voltage across R1 and R2 before we can 
obtain any output This is done by tuning 
Ci-L1 to 4.4 me., which is 100 kc. above the 
resting frequency, and C^-L2 to 4.2 me., 
which is 100 kc. below the resting frequency. 
Now when we tune in an f.m. program, the 
carrier will be swinging above and below the 
resting value of 4.3 me. When it swings to 
a higher frequency, the voltage across Ct-Li 
increases, while the voltage across Cb-L2 de¬ 
creases. The resultant changes in diode cur¬ 
rents Dj and D2 cause more voltage to exist 
across Rt than across U2, and the output is 
the difference between the two voltage 
drops. When the carrier decreases In fre¬ 
quency, the action reverses, and since C6-L2 
now gets the greater part of the signal volt¬ 
age, the drop across R2 is greater than the 
drop across R^ 
The number of times per second the car¬ 

rier swings back and forth across the rest¬ 
ing frequency governs the frequency of the 
a.f. output voltage of the discriminator, and 
the amount of variation in the carrier fre¬ 
quency governs the strength of the a.f. out¬ 
put. 

As you can see, R3 and Cs form an i.f. fil¬ 
ter, used so that only the pure audio output 
of the discriminator will be available for ap¬ 
plication to the volume control through con¬ 
tact RM of switch section S2R and tha 
PHONO-RADIO switch in Fig. 12. 

We have now covered the important sig 
nal circuit features for the entire receiver. 
The power supply circuits are quite conven¬ 
tional, and you should be able to trace them 
yourself without difficulty. 
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THE ERHÖH OF HASTE 
The fable of the hare and the tortoise is more than 

who run ore emphatic still was Benjam 

an interesting childhood story¬ carries an im-

Franklin, who said: “Great haste makes great waste.” 

Don't risk the dangers of haste. Keep going stead-
ily like the tortoise, and vou’ll approach your goal in 
radio steadily, inevitably. 

portant message we sometimes forget in this age of 
speed. 

The hare, you will recall, started off in great haste. 
Soon he was so far ahead of the slow plodding tor¬ 
toise that he became over-confident and took a nap. 
The tortoise kept going steadily and won the race. 

Haste does not always mean progress. Too often 
it leads instead to errors, to actual waste of time and 
energy, and even to complete failure as in the case 
of the hare. 

We must learn to work and wait. Take time for 
all things, because time often achieves results which 
are obtainable in no other way. Shakespeare ex¬ 
presses it thusly: “JFiseZy and slow; they stumble 
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How To Use Formulas 

WHAT IS A FORMULA? 
Before we get too involved in the use, ma¬ 

nipulation and the type of formulas to be 
presented in this text let us make a few 
things clear. This text is only a reference 
book and contains simple, every day for¬ 
mulas as well as those of particular interest 
to the more advanced student. Keep it like 
a dictionary, referring to it only when the 
need for a formula presents itself. Only the 
formulas which are of use in the more prac¬ 
tical phases of radio are given. Read the 
rest of the text so that you will know what 
this text contains and where to look for a 
specific formula when you need it. 
The dictionary, which every student and 

radiotrician should learn to refer to, says 
that “any general fact, law or principle ex¬ 
pressed in algebraic symbols” may be con¬ 
sidered a formula. We have so far in our 
study of radio met many formulas which 
bear out the above definition. Le„ us con¬ 
sider how a fact, a rule or a principle may 
be expressed in terms of algebraic symbols. 
Everyone knows that a train running at 

a uniform speed, for example constantly at 
the rate of 30 miles an hour, will travel a 
longer distance in 30 minutes than in 5 
minutes. Knowing the relationship of these 
factors we can form a general statement as 
follows. The distance covered is equal to 
the uniform rate of travel times the time 
running. In fact this is so general that it 
applies to automobiles, runners, airplanes or 
anything that is in uniform motion. It may 
even apply to a sound or radio wave which 
is known to travel respectively at 1,089 feet 
per second and 186.000 miles per second. 
To set this up in algebraic form or notation, 
as it is called, let us say that the letter D 
will represent the distance traveled, that V 
will represent the uniform rate of travel 
(velocity) and t the time during which the 
motion we are concerned with takes place. 
Therefore the above statement regarding 
distance may be expressed in algebraic 
terms as 

D = F X I (1) 
Observe that on the left-hand side of this 

formula we have D the factor we are to 
compute when we know the factors V and t, 
winch are on the right-hand side. This alge¬ 
braic statement of a fact is essentiallv an 
expression of equality, since what is on the 
left-hand side is equal to what is on the 
right-hand side—an equation. We say as 

much when the symbol (=) is used for 
equals. 

Now there is a slight practical difference 
between an equation and a formula, which 
may be worth knowing. If the factor on 
the left-hand side is the unknown and all 
the factors on the right-hand side are known, 
we have a formula. If both the right and 
left-hand sides contain unknown factors, we 
have an equation. We shall shortly see 
how an equation may be transformed into 
a formula. We will now stress the fact that 
an equation is useless for purooses of cal¬ 
culation of the unknown unless all factors 
except the unknown are given or assumed 
to have some definite value. 

Let us go back to our original idea about 
a moving train. We said that it travels 
30 miles an hour. We may be interested in 
knowing how far that train will travel in 
16 minutes. Note that in one case we have 
used the hour as the time unit and in the 
second case we have used minutes. In any 
formula whe.e the factors of time, distance, 
area, etc., are employed we must be careful 
to use the same dimensions or units. Never 
mix hours, minutes and seconds; never mix 
miles, feet and inches unless the legend 
associated with the formula permits such 
an assumption. You would not say that 4 
cows and 3 horses make 7 cows 
Thus, in order to carry out the principle 

of using proper units in the problem just 
given, we must either convert the rate of 
travel into miles per minute or the time 
into hours. Using the first scheme, we say 
that 30 miles an hour is the same as % mile 
per minute, simply because there are 60 
minutes in an hour and 30 H- 60 is %. You 
will get along much better in practical work 
if you express numbers in terms of decimals. 
So we would say .5 instead of Everyone 
knows that if a train moves .5 mile per 
minute that in 16 minutes it will travel 8 
miles. But if we use formula (1), we would 
go about it in this way. We would say 
that V equals .5, and t equals 16. Substitut¬ 
ing in the formula we get 

D = .5 X 16 
D = 8 

Now let us consider other types of for¬ 
mulas. 

There is a law or a principle in physics 
that stipulates that energy can neither be 
created nor destroyed. For example, if you 
send an electric current through a resistor, 
the electrical energy is transformed entirely 



into heat energy. We know from a study 
of electricity that the electrical energy is 
equal to the power multiplied by the time 
during which the power is supplied. In 
algebraic notation let us call W the energy, 
P the power and t the time, which with the 
above permits us to show that 

W = Pt (2) 
Note that the multiplication notation (X) 
is omitted in this formula. If P and t de¬ 
note separate factors, it is customary when 
algebraic symbols are used to omit the sign 
of multiplication. 
We also know that the power absorbed 

by a resistor is equal to the square of the 
current multiplied by the ohmic value of 
the resistance, and of course we are all fa¬ 
miliar with the formula: 

P = PR (3) 
We may now say that the energy absorbed 
by the resistor is equal to the product of 
the square of the current, the ohmic value 
of the resistor and the time. As a formula 
we say: 

W = PRt (4) 
Formula (4) means little to us until we 

know the dimensions of W, I R and t, so 
as a useful formula we should say 
The Formulai- W = PRt (4a) 

The Legend-> 
Where W 

R 

is in watt-seconds or joules 
is in amperes 
is in ohms 
is in seconds 

Although the expert from long experience 
knows what to substitute in formula (4), the 
average man needs the information or 
legend given with the formula as in (4a). 
We must understand the dimension of the 
algebraic symbols if we want to make prac¬ 
tical use of a formula. 

RADIO USES FOR FORMULAS 
Formulas are extremely helpful in service 

work. This does not mean that you cannot 
service without using formulas. For ex¬ 
ample, a C bias resistor burns out and it 
must be replaced. What replacement re¬ 
sistor should you use? If the service cir¬ 
cuit diagram tells you the resistance value 
and the power rating, trying to figure out 
the proper resistor to use would be entirely 
unnecessary. In some cases, however, only 
the resistance value may be given. Shall 
you use a 1, 2, 5. 10. 25, or a 50 watt re¬ 
sistor? You know that the higher the rat¬ 
ing the more costly will be the replacement 
resistor. Experience may tell you what 
power rating it should have. Substitution 
in a simple formula will remove all doubt. 
Again, maybe neither the value of the re¬ 

sistance nor the power rating is known. 
You may insert a variable resistor shunted 
with a voltmeter and adjust the resistor un¬ 
til you get the correct bias and then guess 
at the power rating. Simple calculation 
will eliminate this and even remove the 
errors of measurement. 
Suppose you make a point to point re¬ 

sistance test. The chances are that you will 
not be told the net resistance between the 
two test points. If two or more devices are 
in series, you may simply add their respec¬ 
tive ohmic values. Suppose some device is 
shunted by a resistor. What then? You 
must know how to compute the total re¬ 
sistance or the test value will be useless 
to you. 

Should you decide to use a resistance¬ 
capacitance filter to buck out hum, you maj’ 
juggle and change resistors and condensers 
until you get the right combination. If you 
compute the correct values from a formula, 
you will have accomplished a considerable 
saving in time. 

If you want to extend the range of a mil¬ 
liammeter or a voltmeter, you will find that 
calculations will make the extension easy. 
Suppose you want to build an oscillator for 
service work, using a variable condenser 
that you have on hand. You may guess at 
a coil, then add or take off turns until by 
test you hit the right range. No doubt 
you may have to when you calculate the 
correct coil. The chances are good, though, 
that you will never need to add turns and 
probably will have to take off only a few 
turns if you start with calculations. 
Example after example could be given to 

prove the helpfu'ness of computation with 
formulas. You may or may not find them 
useful or a time saver. People differ in 
this respect. 
When we come to radio design, we find 

formulas an absolute need. Building a re¬ 
ceiver or transmitter from blueprints or a 
kit is not design. It is merely assembly. 
What the value of a resistor, a coil or a 
condenser should be when starting from 
“scratch” is a problem of design in which 
formulas play an important part. You can’t 
use formulas blindly, for the theory of the 
circuit and the effect desired has a lot to 
do with choosing the correct formula. That 
comes from your study and experience in 
radio. 

NOT ALL TERMS ARE VARIABLES 
Now let us look at a formula in more 

detail. We have by custom placed the un¬ 
known factor on the left-hand side of the 
formula, while on the right may be placed 
a simple or complex algebraic arrangement 
of known factors. These are called vari-
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ables. To distinguish them, the known fac¬ 
tors are referred to as independent variables 
because we may assign to them any desired 
value The unknown factor is referred to as 
the dependent variable because it will vary 
as we vary the terms on the right-hand 
side, and its value will depend on what 
valuer are assigned to the independent vari¬ 
ables. A simple example: 

XL = 6.28/L (1) 
Where Xl is in ohms when 

/ is in cycles per second 
and L is in henries 

Here j and L are the independent vari¬ 
ables for / the frequency may be 60, 120, 
5,000, or 1,000,000 cycles per second. L may 
be 30, 2, or .002 henries. Xl will vary as we 
carry / and L, and its value in a particular 
case will depend on what values we assign 
to / and L. For example, if / is 60 c.pa. 
and L is 10 henries, Xl according to the 
formula will be: 

XL = 6.28 X 60 X 10 
= 3768 ohms. 

What about the number 6.28 in the for¬ 
mula? First of all we know it is a number 
that does not vary as we change / and L, 
under any condition. For that reason it is 
often called a constant. To be able to talk 
intelligently about these constants we must 
know how formulas are obtained. 

Most of the formulas you will find in this 
reference text are the result of mathemati¬ 
cal deduction Mathematicians, fortified 
with such basic truths or laws as Ohm’s 
Law, Kirchoff’s Law, the law of conservation 
of energy, derive by mathematical manipu¬ 
lations, equations or formulas. As they try 
to establish practical facts from basic laws 
they obtain formulas that are extremely 
helpful to scientists, engineers and practical 
technicians. 
We will not go into the derivation of 

formulas from basic facts. In fact, only a 
few men bent on research work and 
equipped with a knowledge of higher math¬ 
ematics and practical physics can attempt 
such a procedure. Let us take what these 
capable men have provided and use their 
results as we see fit In other words, let us 
stick to our specialty—for we live in a 
world of specialists. 
Now what does all this have to do with 

the constant 6.28? The fact is that formula 
(1) could have been written as 

XL = 2t/L (2) 
Apparently 6.28 must equal the expres¬ 
sion 2». The notation it (pronounced pie) 
is a geometric notation to express the ratio 
of the circumference to the diameter of a 
circle. It has a value of 3.14159 plus a 

string of numbers. Some one worked it out 
to about 600 decimal places. For radio pur¬ 
poses 3.14 is good enough. Therefore 
2 X 3.14 equals 6.28. Now how did the 
number 2 and v get into the formula? 

Without getting into deep mathematical 
discussion let us say that constants like 
these get into formulas as the result of ex¬ 
pressing electrical ideas in geometric terms 
—circles, arcs and spheres. Thus 2v in for¬ 
mula (2) may be the result of expressing 
the ratio of the circumference to the radius 
of a circle. You will find a number of 
mathematical constants in radio formulas, 
particularly : 

ir = 3.14 4F = 39.5 
1/t = 0 318 VF = 1.77 
2tt = 6.28 e = 2.72* 
ir’ = 9.87 

• e is pronounced epsilon. 

We have considered one way in which a 
constant may get into a formula. Let us 
consider another important way. We said 
that the electrical energy absorbed by a re¬ 
sistor of value R ohms when a current 1 
amperes flows through it for t seconds will 
be given by the formula: 

W = RRt watt-seconds or joules 
But we know that this energy is trans¬ 

ferred to heat and, if we have any knowl¬ 
edge of the branch of physics referred to as 
heat, we will know that heat energy is ex¬ 
pressed in calories. One calorie is the 
energy required to raise the temperature of 
one cubic centimeter of water 1 degree Centi¬ 
grade. Obviously, if we were a station oper¬ 
ator where water cooled tubes were used, we 
would be interested in knowing the for¬ 
mula involving calories. By the law of con¬ 
servation of energy we know that electrical 
energy is transformed into heat energy and 
there must be some number or constant 
that will express joules in calories. We 
show that in algebraic form thus: 

IF = KRRt calories (3) 
We call the letter K the constant of pro¬ 
portionality; in fact formulas are full of 
them. By experimental evidence K in 
formula (3) is 0.24 and we rewrite the for¬ 
mula as: 

IF = 0.24 I-Rt calories (4) 
Here is another way of showing how the 

constant in a formula may apparently vary. 
You are all familiar with the resonance for¬ 
mula: 

' “ (5)
Where/ if in cycles per second 
when L is in henries 
and C is in farads 



But the farad is a very large condenser unit 
value never met with in practical problems. 
The microfarad is a more practical dimen¬ 
sion. We may express formuia (5) as fol¬ 
lows: Where f is in cycles, L is in henries, 
and C is in microfarads, thus: 

159.2 = - c.p.s. 
^LC 

(0) 

For very high frequencies, even the henry 
is too large as a dimension, so formula (6) 
may be expressed thus 

f = 159,200 

y¡LC 
(7) 

Where/ is in cycles 
when L is in microhenries 
and C is in microfarads 

VISUALIZING FORMULAS 

In your study of radio you must have 
noticed that a formula had other uses than 
for the purpose of computing the dependent 
variable. Formulas were introduced to give 
you some idea of the relationships involved 
in certain electrical phenomena. Take a 
simple case of heat dissipation in a resistor. 
The power loss is given by the formula : 

P = PR (1) 
Where P is in watts 

I is in amperes 
U is in ohms 

Fia. 1 

Of course, in a simple circuit like Fig. 1, 
consisting of a resistor connected to a vari¬ 
able voltage generator, we may change R, 
or vary I by changing the voltage. Suppose 
we double the ohmic value of the load re¬ 
sistor R, keeping I constant by adjusting 
the generated voltage. Formula (1) tells 
us that the power loss doubles. On the 
other hand, suppose we double the current, 
keeping the load resistor constant, then for¬ 
mula ( 1 ) tells us that the power is increased 
four times, or, as the expert puts it, “as the 
square of the current.” You can only get 
the full meaning of all this by substituting 
numbers for I and R in the formula. For 
example, let R = 2 ohms, let I at one time 
be 2 amperes, 4 amperes, 8 amperes, and etc. 
Figure out the power loss by means of the 
formula. 

When 1 = 2 : P = 2 X 2X2= 8 watts 
I = 4 : P = 4 X 4X2 = 32 watts 
I = 8 : P — 8 X 8X2 = 128 watts 
I = 16 : P = 16 X 16 X 2 = 512 watts 

Such a series of substitutions have the 
effect of portraying the formula. We learn 
that, when the current and resistance are 
increased, the effect of current on power loss 
is much more than the effect of resistance. 
This is what experts refer to as visualizing 
the formula. 

So important is the visualizing of for¬ 
mulas that in the discussion of radio theory 
you will find that formulas or, to be exact, 
equations are presented with the sole pur¬ 
pose of showing how the dependent vari¬ 
able is affected by the independent variable. 
For example in the discussion of the force 
which moves the cone in a moving coil 
loudspeaker unit we may say that 

F = KBNI (2) 
Where F is the force 

H the flux density 
N the number of turns in the voice coil 
I the current through the coil 
K the proportionality constant. 

As long as the value of K is unknown and 
the dimensions of B, N, I, and F are not 
given, formula (2) has only the power to 
help us visualize how F the force is af¬ 
fected by B, N, or I. We are told that in¬ 
creasing the flux density in the air gap (in¬ 
creasing the field current up to saturation) 
produces more force. Likewise, increasing 
the voice coil turns or current has the same 
effect. Even though the formula has no use 
in calculation, we may in design find that 
such a formula is valuable. After the 
speaker has been made, we may find that 
the force produced is too great. This for¬ 
mula tells us that if the flux or the coil 
turns are reduced the force will be pro¬ 
portionately reduced. 
The constant K may be determined ex¬ 

perimentally, if we set up a representative 
moving coil system and measure B, N, I 
and F. As we will see shortly, formula (2) 
may be rearranged as 

By substituting the values of B, N, I and F 
in this formula, we may compute K. As 
long as we do not alter the geometry of 
the system ; that is, as long as we use in 
formula (2) the same dimensions that were 
used in formula (3) to compute K, we may 
assume that the value of K so computed 
will give us the correct result for F upon 
substituting specific values for B, N and I. 
There is another way of getting K. We 
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have a more basic formula for force derived 
by mathematical physics namely: 

F = BU (4) 
Where F is the force in dynes 

B is flux per square centimeter 
I is length in cm. of wire perpendicular t* 

flux 
I is the current in abamperes 

(10 amperes = 1 abampere) 

But note that I may be replaced by I'N, 
where I' is the average length of one turn of 
the voice coil in centimeters and N is the 
total number of turns. Comparing the for¬ 
mulas (2) and (4), it is obvious that I' and 
K are equal when the units given in for¬ 
mula (4) are used. However, if it is de¬ 
sired to express the force in more practical 
units, such as pound, K must be changed 
to include the factor of proportionality 
necessary for converting dynes to pounds. 
But all we have said regarding K does 

not alter the use of formula (2) for pur¬ 
poses of visualizing, even if K is not known. 

Fio. 2 

if L is large C may be small without alter¬ 
ing the condition for oscillation. Of course 
this formula tells us nothing about the oscil¬ 
lator once it is in operation. It merely 
helps guide the design of an oscillator that 
will at least start to work. 

EXPRESSING FORMULAS 
GRAPHICALLY 

The previous section brings us face to 
face with the fact that we may go a step 
further in visualizing formulas. We may 
express the formula in picture form, gener¬ 
ally called a curve or a graph. If drawn 
roughly from inspection of the formula, it 
is usually done so to convey generally the 
effects that the independent variables have 
on the dependent variable. Experts can 
look at a formula and roughly draw a curve 
showing the desired relation between known 
and unknown factors. 

Let us take one more example of the 
power of a formula to help visualize circuit 
conditions. Figure 2 is a simple tuned 
plate oscillator, using a tube having u as 
the amplification factor and Gm as the mu¬ 
tual conductance at operating potentials. 
We say that oscillation will begin if the fol¬ 
lowing relation is true: 

M ^ÿ+-

Where M is in henries 
r is in ohms 
C is in farads 
Gm is in mhos 
L is in henries 
M is a number 

The notation means “equal to or greater 
than,” the value computed after the terms 
on the right side have been replaced by 
values and the total evaluated. This for¬ 
mula allows us to visualize the following 
facts: M, the mutual conductance between 
Lt and L, may be less for a tube having 
large values of Gm and a. A large load r, 
which may be the resonant circuit resist¬ 
ance, with or without an applied load, calls 
for a larger coupling, M. It tells us that 

Graphs and curves are not new to you, as 
you have constantly met them in your 
study of radio. But here let us investigate 
curves a little more critically. 

y„.yniuimi 
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As far as the practical man is concerned, 
a formula may be represented as lines on 
paper or. as we say, in two dimensions. To 
be sure, we may represent formulas as a 
solid or curved surface, often referred to 
as three dimensional representations. Per¬ 
haps you have seen clay models of formulas 
as in Fig. 3. The latter is particularly valu¬ 
able when you wish to portray how the de-



pendent variable depends on two independ¬ 
ent variables. We will shortly see how all 
such formulas may be replaced by a repre¬ 
sentation on graph paper. 

90’ 

270’ 

Fig. 5 

In representing formulas we encounter 
several types of graph or plotting papers as 
represented by Figs. 4, 5, and 6. Figure 4 
is referred to as rectangular coordinate 
paper, the vertical lines to the right and 
left of oOi, representing * various values of 
the independent variable, or x, as it is often 
called in algebra. The horizontal line above 
and below the line mmi represents the value 
of the dependent variable, or y, as we often 
call it in algebra. In such a representation 
the vertical and horizontal lines are uni¬ 
formly spaced and may represent any de¬ 
sired value of the factor: 2 feet, 2 henries, 
2 microfarads, 2 micro-microfarads; or 4, 6, 
10, 20 feet. Usually you will find, on rec¬ 
tangular coordinate graph paper, bold hori¬ 
zontal and vertical lines each separated by 
light lines dividing the bold lines m 5 or 10 
equal spaces. For reason of simplicity in 
plotting and reading curves it is always well 
to have each major division represent some 
multiple or submultiple of 10—10. 20, 1, .01, 
etc. No doubt you have recognized all this 

Fio. 6 
• Lines oOi and mmi are drawn in if one wishes to 

plot in four quadrants, that is when there are 4- and — 
values of x and y. In most cases plotting in one quad¬ 
rant ia sufficient, as will be shown. 

from the curves presented in the regular 
texts. 
When you have a formula involving one 

independent and one dependent variable 
you can present it on a graph like Fig 7 by 
calculating the values of y (the dependent 

Fig. 7 

variable) for various values of x (the inde¬ 
pendent variable). Spot the vertical line 
corresponding to x, and the horizontal line 
corresponding to y. At their intersection 
place a dot, a small circle or a cross. After 
locating several intersections, connect the 
markings with a smooth curve, using pref¬ 
erably a “french curve” (see Fig 8) avail¬ 
able at any drafting supply house. When 

Fig. 8 

drawing a curve with figures computed from 
a formula, you should be able to draw a 
smooth curve through all points. Although 
Fig. 4 shows four quadrants so as to repre¬ 
sent 4- and — values of x and y, we rarely 
have to draw such curves, as negative values 
may be represented in a single quadrant, 
merely by noting the fact on the curve. 
As shown in Fig 7, ox then represents x and 
oy represents y. 
Figure 5 shows another form of graph 

paper—polar coordinates. In rectangular 
coordinates any point on the surface of 
the paper can be referred to by means of 
two reference coordinates, the x dimension 
and the y dimension In polar coordinates, 
likewise, any point can be referred to or 
located with two reference coordinates, but 
one is an angle and the other a linear 
dimension or simply a length. Polar co¬ 
ordinate paper is generally used to repre¬ 
sent formulas where an angle is involved 
and you want to retain the physical sig-
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nificance of the angle. For example: repre¬ 
senting the shape of a straight line fre¬ 
quency condenser, or the special cut plate 
used in the oscillator of a superheterodyne 
receiver, or the field intensity around a 
transmitting antenna. In such cases the 
angle « is the independent variable and the 
radius r, the dependent variable. Note that 
this graph paper is laid out so it is easy to 
spot any angle from 0 to 360 degrees and it 
is easy to assign any value to the various 
circles. A point at a distance r from the 
center O measured at an angle 9 with re¬ 
spect to the horizontal reference line 00' 
establishes one of the points on the curve 
to be drawn. 

Figure 6 illustrates the log-log plotting 
paper and is quite valuable in representing 
formulas involving logarithms of the inde¬ 
pendent and dependent variables. Log 
plotting papers are also made so only one 
of the rulings is spaced according to loga¬ 
rithms called semi-log paper You will find 
a large number of formulas, which are best 
visualized by plotting on log-log or semi¬ 
log paper. 
Now why is a picture of a formula so 

valuable? First you have a clearer insight 
to the formula. You can tell whether one 
factor changes faster or slower with respect 
to the other, observe if saturation is real¬ 
ized, whether there are maximum and mini¬ 
mum values, and how many. Graphs if 
carefully drawn may replace in practical 
work subsequent calculations using the for¬ 
mula. Approximate but valuable results are 
quickly obtained. 

Going a step further, suppose we consider 
the formula for determining the impedance 
of the circuit shown in Fig. 9. 

Fig. 9 

The formula is: 

z = < ß1 + xj d) 
Where Z is in ohms 

R is in ohms 
ÄL is in ohms. 

Here we have a formula with two inde¬ 
pendent variables R and Xl, and one de¬ 
pendent variable Z Practical radio men 
want a simple picture of this formula, con¬ 
sidering the fact that both R and Xl may 
vary Suppose that R and Xl may each be 
any value from 0 to 100 ohms. We may 
start by saying that R is 0 and compute Z 

for various values of Xl from the simplified 
formula 

Z = V 0’ + XL2 = = XL (2) 
Obviously Z will equal Xl. 
We may next assume R equal to 10, 20, 

30, etc., ohms and compute from formula 
(1) the values of Z when Xl is 10, 20, 30, 
etc., ohms, from the formulas 
Z = V 102 + XL2 = V 100 - Xl* (3) 
Z = V 20» + XL’ - V 4Õ0 +XL’ (4) 
Z = V 30’ + XL* - V 9Õ0 + X;,2 (5) 
.etc. 

Note that we have held one independent 
variable fixed while we substituted for the 
other variable. Thus we may have 11 curves 
to represent formula (1), by assuming R in 
one case to be 0 ohms, and in other cases 
to be 10, 20. 30, 40, 50, 60, 70, 80, 90 and 100 
ohms. Plotted we get a group of curves as 
shown in Fig. 10 which are called a family 
of curves. 

Fig. 10 

Note that in such a representation each 
curve of the family is marked with the value 
that was assumed for the independent vari¬ 
able held fixed in computing that curve. 

If desired, a second family of curves simi¬ 
lar to Fig 10 may be obtained tc show how 
Z varies with R for a series of fixed values 
assigned to Xl. This is often done, par¬ 
ticularly in the study of relationships some¬ 
what more complex than that represented 
by formula (1). 

In this simple case this is not necessary 
since we may use the family of curves of 
Fig 10 to find Z for any of the value of 
R or Xl within the range of values specified. 
For example, if you wish to assume a value 
of 26 ohms for R, we can imagine a curve 
between R — 20 and R = 30 (as shown 
dotted) and thus find Z for any value of 
Xl between 0 and 100 ohms. 
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EMPIRICAL CURVES 
Quite often we start with a curve or a 

family of curves and then derive the for¬ 
mula. It is then called an empirical for¬ 
mula, meaning a formula derived from ob¬ 
servation or experience. Compare this with 
the formula derived by mathematical de¬ 
duction. We should remember that a for¬ 
mula derived mathematically is checked by 
experiment by comparing the curve drawn 
from the formula, with the empirical curve. 
There are many cases where the only solu¬ 

tion to the problem is the result of experi¬ 
ment. If the phenomena is one where a 
formula would be valuable, one may be de¬ 
rived from a curve in which the results 
obtained experimentally are plotted with 
precision. Here is a typical case. In the 
manufacture of many of the basic products 
for radio equipment, high temperature fur¬ 
naces are used. The temperature may be 
measured by inserting a platinum wire re¬ 
sistor and measuring its resistance. Each 
value of resistance in turn represents a 
definite temperature. Let us see how the 
corresponding values of temperature can be 
determined. 

First of all, there is the simple fact that 
most metals change their resistance with 
temperature. By placing the resistor in a 
chamber in which the temperature, t, may 
be varied in known steps and then measur¬ 
ing the resistance at these representative 
temperatures enough figures are obtained to 
draw a curve, similar to Fig 11. If you use 
the same resistor and the same curve, you 
have a temperature measuring device. 

Fia. 11 

Going a step further we find that the type 
of curve shown in Fig. 11, is typical of all 
metal resistors and may be expressed as an 
empirical formula: 

Rt = R„ (I + at + bP) (1) 
Where Rt is the resistance in ohms at 

t the temperature in centigrade 
Rq is the resistance at 0 degrees Centigrade 

and a and b are constants depending on the 
metal used. 

By carefully analyzing the experimental 
curve we would find that for platinum wire, 

a = 4-.00392 and b = —.000000588, in which 
case formula (2) becomes 
Rt = R„ (1 + ,00392t - ,000000588t2) (2) 
Here is another type of constant found in 

formulas. The values a and b are found 
mathematically from the experimental curve 
by a complicated process which we need not 
consider. 

Formula (2) also tells us that in practical 
cases the term (—,000000588t2) is negligible 
in comparison with the first term (,00392t) 
if the temperature t is not much higher than 
the reference temperature, 0 degrees Centi¬ 
grade. We rarely expect parts in radio 
equipment to be over 50° C. If we use this 
as a limit, we may compare the two terms 
by substituting 50 for I. Thus: 
+at = .00392 X 50 = +.196 
— bp = .000000588 X 50 X 50 = -.00147 

So if we neglect the second term we may 
have an error less than 1 per cent—which 
for practical purposes is quite all right. 
But, in the case of the furnace at 1000° C., 
b is a very important factor. Thus m low 
temperature work formula (1) reduces to: 

R, = R. (1 + al) (3) 
The idea of neglecting terms in a for¬ 

mula is very important and is used time 
and time again in radio work. Most solu¬ 
tions to radio problems can only be relied 
upon to about 5 per cent. So why compli¬ 
cate the work with useless computation? 
When terms in a formula have negligible 
effect on the answer, they should be neg¬ 
lected Only experience or trial can guide 
you in this phase of formula simplification. 

In practical radio the empirical curve is 
far more important than the resultant em¬ 
pirical equation or formula. The E,-I ft 
Ep-If, E,-li, fidelity, sensitivity, selectivity, 
field radiation, and magnetic curves are only 
a few of the empirical curves that are used 
directly and never interpreted into a for¬ 
mula. Curves like formulas are essential 
for our purpose, in that they give practical 
information. If curves are simpler to get, 
are more direct and do the job, why try to 
make a formula out of them? Especially 
where the formula would not apply in all 
cases. Radio men do not try. They use 
the curves when it is to their advantage to 
do so. 

FORMULAS INVOLVING CURVES 
You will find a large number of radio for¬ 

mulas where the right hand terms include 
some factor whose value must be deter¬ 
mined from a graph or perhaps a table. 
This table or curve may be the result of 
experiment or it may be the result of ex-
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pressing complicated algebraic expressions 
in their simplest terms. 
The most notable example of such a case 

is the computation of inductance from the 
geometry of the coil. The inductance of a 
round solenoid coil may be given by the 
formula 

L = FdN* (1) 
Where L is in microhenries 

N is the number of turns 
d is the diameter of the coi! in centimeters 

or inches, depending on whether measure¬ 
ments are made in inches or centimeters 

and F is a factor determined from a curve, see 
Fig 12, depending on the ratio of the 
length of the coil to its diameter 

In using formula (1) we may either have 
a coil with a definite number of turns and 
with a known coil length and diameter 
which permits us to compute L, or we 
would from trial and error try various N 
turns, I lengths and d diameters until we 
found a combination that would give the 
desired L. 

From Fig. 12 we determine F for the ratio 
of l/d for each combination and substitute 
the value 

mathematical operation derive the final 
single number or value. We may look on 
this as sort of a mill. 

It is highly important that this reduction 
process be as systematic as possible, other¬ 
wise you will get into a tangle. There is 
only one way of developing the technique 
of manipulating algebraic reduction—by 
working at it. Take a simple formula, for 
example, the case of an inductive reactance, 
a capacitive reactance and a resistance all 
in series, as shown in Fig. 13 

Fio. 13 

If an A.C. voltage E is connected to this 
circuit, the current I flowing in the circuit 
will be given by the formula: 

V R2 + (XL - X„)a

in formula (1). In this case F is merely a 
constant that could be computed from I and 
d by a complex algebraic expression. The 
curve simplifies the problem of practical 
computation. 

EVALUATING THE UNKNOWN 
By now we know that a formula has on 

the left hand side the factor or variable 
that we want to compute. On the right 
hand side, expressed in algebraic manner, 
are the constants and independent variables 
that are known or quickly found from tables 
or curves. To evaluate the unknown we 
merely substitute on the right hand side the 
values for the algebraic notation and by 

Where E ie in volts 
R, Xt and Xc are in ohms 
I is in amperes 

We know that the right hand terms will 
reduce to a single valued number if we know 
the value of E, R, Xl and X, and substi¬ 
tute them into the algebraic expression. 
Suppose R = 2; Xp = 5; Xc = 2; and 
E = 10. How would you go about reduc¬ 
ing the right hand terms to a number? 
First of all, we substitute in formula (1) the 
number for the letters, thus: 

V2 ’ + (5 - 2)' 
Our next problem is to get rid of the com¬ 

plex expression V 2a -f- (5 — 2)a. But let us 
do this in steps. First we know that 
(5 — 2) equals 3; therefore (5 — 2)a must 
equal 3a. So we obtain: 

V 2- + 3J
We know that 2a equals 4, and 3a equals 9, 
so as the next step in simplifying expression 
(3) we get 

/ = (4) 
V 4 + 9 V 13 

Our next step is to evaluate V13. You 
may use the long method as taught in gram¬ 
mar school, or use the slide rule or loga¬ 
rithms as explained in a previous text. We 
will find that V13 equals approximately 
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3.60. Therefore, the next steps in 
ing the value of I when E is 10, R 
is 5, and Ac is 3. follows: 

JO-
3.60 

and by division: 
1 = 2.77 amperes. 

You will find the evaluation of 
known simple and quick if you follow a sys¬ 
tematic method and realize the importance 
of certain algebraic notations. Thus: 

ab means a multiplied by b 
a -ï- b. aib means a divided by b 
a + b means a added to b 
a — b means b subtracted from a 
a2 means a multiplied by itself (aa) 
a3 means a multiplied by itself twice (aaa) 

_yl a; aH means the square root of a 
ya. ah means the cube root of a 
a2; ah means the cube root of the square 

of a 
2.72 132 means the 1.32 power of 2.72 

Furthermore, you may find expressions 
like (41 -f- 2) 125. the brackets ( ) indicat¬ 
ing that you should first evaluate the terms 
within the bracket before multiplying by 
1.25. Again you may find expressions like: 

V ((4’ 4- 2) 1.25 + 29.3) 6.28 
which indicates that the term within the 
parenthesis ( ) is evaluated first ; then the 
result is multiplied by 125. then this result 
added to 29.3, before multiplying by 628. 
Now you may find the square root of the 
resultant number. 

In the case of fractions, always reduce 
the numerator and denominator to a single 
valued number before dividing. 

SIGNIFICANT FIGURES 

The number of significant figures to be 
used when substituting numerical values 
into a formula, and the number to retain 
in the final answer is important. Starting 
with more significant figures than are re¬ 
quired is a waste of time and effort and 
does not yield a more precise solution. 
Don’t overlook this fact. The subject, sig¬ 
nificant figures, is not new to you. 
Precision of measurements is the im¬ 

portant factor in determining how many 
significant figures you shall start with and 
retain in the answer Let us take a simple 
example Assume that we loaded a gen¬ 
erator with a 3 ohm resistor and then 
measured the terminal voltage as 10 volts. 
Then by Ohms law, the current: 

/ - B/R - 10/3 (1) 

évalua t-
is 2, Xl 

(5) 

(6) 
the un-

Strictly speaking, 104-3 equals 3.33333333-|-
etc., indefinitely or until we get tired of 
writing the numeral 3 Suppose an 0 to 5 
ampere meter was inserted in the circuit and 
for the sake of simplicity this meter had 
negligible resistance. What current value 
do you think you would read? If the meter 
is one of those used in ordinary radio work, 
the meter maker tells you beforehand not 
to rely on it to more than 2%. So with 
this as a start you may read 10/3 plus 2% 
or 10/3 minus 2%, which means that if 
everything else were perfect you may read 
any value between 3.26 and 3 39 amperes. 
The next question is in reading the meter 
scale as close as the latter values. The fact 
remains that you may read any value be¬ 
tween 32 and 3 4 amperes. Common sense 
tells us that 3.3 amperes is a more reason¬ 
able answer than 3.33333 + etc. 

In this simple problem there are other 
reasons why too many significant figures 
may be in error. In the first place, with 
what precision did we measure voltage, and 
measure the resistance? If you used an 
ordinary voltmeter calibrated to within 2%, 
you may have read 10 volts but could not 
rely on the value as being correct. The 
actual value may be between 9.8 and 10.2 
volts. Likewise the resistance may be 
measured as 3.0 ohms, but may be larger or 
smaller than this value, depending on how 
precise is the measuring equipment. When 
you place a voltmeter in the circuit you 
disturb the circuit and 10 volts may be 
slightly low. 

The upshot of the whole matter is. take a 
practical attitude towards significant figures. 
Use reliable measuring equipment and sub¬ 
stitute in the formula the numbers that are 
obtained from measurements. Other figures 
—that is. constants—should not have any 
more significant figures. Here is an ex¬ 
ample : 

XL = 2rfL (ohms) (2) 
Where / is in c. p. . and 

L is in henries 

We may assume that the frequency of the 
supply is 291 c.p.s. and we measure L to be 
6.2 henries. The value of ir is 3.14159 to 6 
significant figures. It will be perfectly safe 
to use the value 3.14. Thus: 

XL = 2 X 3.14 X 291 X 6.2 = 7 

If you follow the long multiplication 
method, vou will get the absurd answer of 
XL= 11330 376; if you follow the short 
method used by engineers, you will get 
Xl= 11330; if you use a 10 meh slide rule, 
you will get Xl= 11330. 

Slide rule calculations are as close as you 
will need to compute on a sensible basis. 
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That is why every engineer and technician 
uses a slide rule. 

COMPUTATION CHARTS AND TABLES 
Magazines, texts and articles intended lor 

the average technician olteu have special 
tables for finding squares and square roots, 
cubes and cube roots. Countless charts 
have been prepared to find the value of re¬ 
sistors in parallel, resonant frequencies of a 
coil and condenser combination, and other 
similar values. Of course they are time 
savers, and you may use them if you wish 
if they are available. 
We feel that such schemes defeat the de¬ 

sired purpose of formulas. If you get into 
the habit of using charts and tables you 
develop mental laziness and fail to use for¬ 
mulas for the purpose they are intended. 
Get into the habit of using the formulas 
directly, computing by the engineers’ short 
method, by using logarithms or a slide rule. 
It is good practice and you know at all 
times what you are doing. 
Do not assume that graphical and mechan¬ 

ical means of solution are not desirable.* 
They are, but only where you are going to 
solve similar problems over and over again. 
This is usual where one specialises in de¬ 
signing similar devices. 

REARRANGING FORMULAS 
Quite often we remember or find a for¬ 

mula which is not set up for ready solution 
of the unknown, that is we find the un¬ 
known factor on the right-hand side with 
the known factors. We may use the for¬ 
mula as given or rearrange it into the usual 
form ; unknown factor on the left, known 
factors on the right. A simple example will 
bring out what is meant. Take the im¬ 
portant basic formula: 

Where/ is in o p. s. 
L is in henries 
C is in farads 

Suppose we have a problem where we 
know the frequency involved and have a 
condenser which we wish to use. We want 
to know what inductance together with the 
available capacitor will give resonance at 
the frequency / If formula (1) was ar¬ 
ranged so L was on the left and C and f on 
the right we could solve our problem by 
direct solution. How can we go about ar-

• This subject is beyond the scope of the average 
N. R I student For a man with an advanced knowl¬ 
edge of mathematics we suggest Lipka's book, "Graph¬ 
ical and Mechanical Computation," published by 
John Wiley and Sons, Inc., N Y. C. Price, $4. Con¬ 
siders alignment charts in detail. 

ranging the formula into this form, assum¬ 
ing that we do not know the new formula? 
For such a procedure you must have a suit¬ 
able knowledge of algebra * 

Algebra tells us that if we perform the 
same operation to both sides oí an equation 
we have not destroyed its validity as a cor¬ 
rect equation So. in the above case, let u& 
square both sides of the formula. We get: 

1 
4t2LC 

(2) 

Now let us multiply both sides by L, which 
gives us: 

PL L 
^LC 

(3) 

We may now cancel the L in the numera¬ 
tor and the L in the denominator of the 
right-hand term, which then gives: 

Pi 1 
4x2C 

(4) 

Now let us divide both sides of equation (4) 
by and get: 

PL _1_ 
ft wcp (5) 

Cancelling /* on the left-hand side, we get 
the desired formula: 

T_ 1 
^cp (6) 

Most beginners, when they rearrange a 
formula, are doubtful of its correctness. 

A simple check of the algebraic manipula¬ 
tions is easily made. We know that the 
original formula (1) is correct. Assume 
values for the unknown, in fact any value. 
Let us say that L is 2 henries. C is 2 farads. 
Of course. 2 farads is an absurd value, but 
it does not matter in a check Substitute 
these values in formula (1) (the original), 
and we find that: 

( i « 1 =_L_ 
2w ylTxï ó-2» V7 628 X 2

= _1— = .0796 c.p.s. 
12.56 

Assume that the value of .08 is close 
enough for our present needs Now if the 
derived formula (6) is correct, we should 
get a value of 2 for L, when we substitute 

• We suggest that you study such texts as 
Mathematics for Electricians and Radio Men, by 

Nelson M Cooke. Published by McGraw-Hill Book 
Co., Inc., NYC. 

Algebra for the Practical Man. by J E. Thompson 
Published by D. Van Nostrand Co , Inc., N Y. C. 

Practical Mathematics, Part II. by C. I. Palmer 
Published by McGraw-Hill Book Co., lac , N. Y. C. 

13 



.08 (closest value to .0798) for / and 2 for C. 
Let us try this. Thus by substitution : 

4r2Cf 
1 

4ir2 X 2 X .082
1 

4 X 3.14 X 3.14 X 2 X .08 X .08 
1 o = approx. 2 

we have proved that the derived formula 
is correct. 

Quite often it is not easy to rearrange a 
formula in the standard form. In fact, when 
a problem arises where the unknown is on 
the right with known factors, experienced 
technicians don’t even try to derive a suit¬ 
able formula. They make immediate sub¬ 
stitutions and solve by algebra for the un¬ 
known. Let us consider a simple example. 

A radio amateur desires to build a trans¬ 
posed feeder line between the antenna and 
his transmitter. The line is to have a surge 
impedance of 440 ohms and he wants to use 
standard transportation blocks that place 
the two feeder wires 2 inches apart. There 
is a formula for the surge impedance in¬ 
volving the factors 

Fio. 14 

given in Fig. 14. It is: 

Z. = 277 logic a) 

Where Zo is the surge impedance in ohms 
S and D are measured in the same di¬ 
mensions, inches or centimeters. 

From our problem we know that Z„ is 440 
ohms and 8 is 2 inches We want to know 
what the value of D should be. We may re¬ 
arrange the formula, by algebra t or we 
may substitute the values and solve for 8, 
as we shall in this case. Substituting the 
known values in formula (7), we get: 

440 = 277 log 2^2 (8)

• There are two standard logarithms, base 10 and 
base t (2 72 4-). It is customary practice to signify 
•nly the « base by a subscript thus logt 49 Because 
the base 10 is so common the subscript logit is omitted. 
In this text log z will mean to the base 10. 

t By rearrangement we get: 
21S 

D ” log-1 Z%/V1 1°8-1 means a number whose 
log is equal to the value of Ztt/,jm. 

By arithmetic we reduce this to; 
1.59 = log 4/D (9) 

What this equation says is that the loga¬ 
rithm of 4/D is equal to 1.59. Now what 
number would have the logarithm 1.59? 
From a log table we find that the number 
38.9 would have that logarithm. Check this 
yourself. The characteristic of 38.9 is 1 and 
the mantissa is .5899, which is close enough 
to 0.59. Now we may say that: 

4/D = 38.9 (10) 
or 

D = JL = .103 inch (11) 
38.9 

Referring to a wire table we find that a 
No. 10 B & S gauge wire would have a 
diameter of .102 inch. Therefore, the ama¬ 
teur would use this size wire. 

COMBINING FORMULAS 
We mentioned that radio experts who 

find formulas of particular use in their work 
memorize certain basic formulas and derive 
the ones they need. Two cases have been 
cited. This sort of formula manipulation 
may be greatly extended, and to cases where 
formulas are introduced into one another. 
Take the formula: 

Z = V ß5 + (XL - Ac)’ (1) 
which you will recognize as the impedance 
formula for a resistance, inductive reactance 
and capacitive reactance in series. This 
formula is always memorized. 
Now consider the same circuit without 

capacitive reactance, that is in formula (1), 
Xe = 0. This gives us at once the formula: 

Z = V R' + X¿ (2) 
If the inductive reactance is zero, that is 
Xl = 0, we get : 

Z = V Ä’ + X> (3) 
In the latter case we must realize that —Xc' 
equals +Xe’, as taught in a course in 
algebra. 

Suppose we do not know the inductive or 
capacity reactance, but know the line fre¬ 
quency and the inductance and capacity. 
There are two basic formulas that tell us 
that: 

XL = 2w/L (4) 

If we substitute formulas (4) and (5) in 
formula (1), we get: 

m

which is a very important formula in A.C. 
circuit theory. 

14 



The ability to combine and interpret for¬ 
mulas is very valuable to the advanced 
radio technician. We will consider a very 
valuable case. 
Suppose we have a resonant circuit con¬ 

sisting of a fixed coil shunted by a variable 
condenser. We know from experience that 
it will tune to a maximum and minimum 
frequency. Can we derive a formula that 
will tell us quickly what the ratio of the 
maximum to minimum frequency will be 
without tedious computation? We always 
start by setting down algebraically the state¬ 
ment that interests us. and then simplify. 
Suppose we consider the case where the in¬ 
ductance is L, the maximum capacity is Ci 
and the minimum capacity is Ct. We must 
be sure that Ci and Ct include the dis¬ 
tributed capacity of the coil. 
We start with the basic formula: 

f = ; œ < LC 
For the maximum capacity of the condenser 
(100 dial position) we may say: 

A = _ (8) 2* V LCt 
For the minimum capacity setting (0 dial 
setting) we may say: 

f-^Ct (9)

We know that ft will be larger than It, so let 
us determine what the ratio of ft to ft is. 
Let us set this down algebraically thus: 

1 

A 
1 (10) 

^LCi 
The next steps involve simplifying ex¬ 

pression (10). Multiply the numerator and 
denominator of the right-hand side by 2ir. 
This gives: 

1 

* („> 

y/LCt 
Now multiply both numerator and denomi¬ 
nator by V LCt and V LCt. This simplifies 
the expression to: 

and finally: 

With this formula it is simpler to tell 
through what range a given tuned circuit 
will respond. For example an R.F. broad¬ 
cast tuned circuit may have a capacity vari¬ 
ation of 9 to 1. In which case 

Ä=/f= 3 (14) 
This tells us that the ft will be 3 times ft. 
In a manner similar to the way formula 

(13) was derived, we can obtain the more 
complete formula where the inductance and 
capacity may vary. This is given by: 

A PRACTICAL PROBLEM IN DESIGN 
As a practical problem, let us consider the 

design of an oscillator and pretuner tuning 
stages of a superheterodyne so that they 
will track. We will assume, if two tie-down 
points are realized, that satisfactory track¬ 
ing may be arranged by trimmer adjust¬ 
ments. The two tie-down points we will 
assume are 1400 and 600 kc. From the 
theory and practice of padding we know 
that, at 1400 kc., enough turns are taken 
off the oscillator coil so that a tie-down is 
obtained and so that the oscillator fre¬ 
quency is above the signal frequency by the 
I F. value. At the lower frequency (600 kc.) 
the number of turns taken off are insuffi¬ 
cient, so a so-called padding condenser is 
placed in series with the tuning condenser 
in the oscillator circuit so a second tie-down 
is obtained. The insertion of the padding 
condenser has little effect at the high fre¬ 
quency, and whatever upset is obtained may 
be corrected by a trimmer. Obviously the 
important problems in this design are the 
oscillator coil inductance and the value of 
the padding condenser. 

Assume that the inductance of the coils 
in the preselector is 250 uh and the I F. is 
175 kc. From formula (13): 

(16) 

Fig. 15 

we may now determine the value of the 
• The notations are: p for pretuner, o for oscillator 

1 for 1400 kc., and 2 for 600 kc. Thus /pi is the reso¬ 
nant frequency of the pretuner at 1400 ko. 
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oscillator inductance Lo for this tie-down 
point. 
Substituting in the formula we get: 

I400 = J h. = .89 (17) 
1575 y 250 

Squaring the above equation, we get: 

.792 (18) 

Therefore Lo = .792 X 250 = 198 uh. 
Now let us turn our attention to getting a 

suitable tie-down at 600 kc., knowing that 
Lp=250 fj-h and Lo — 198 mA From for¬ 
mula: 

4» 
f«i 

AG 
L, C, 

(19) 

we may determine the value of Cot. that is 
the net value of C Pd the padding condenser 
in series with C for that position (see Fig. 
15) We need to know the value of CPi. 
First let us compute <’ pi from the formula: 

Cot = Kf. (20) 
J p2 

Where/p» is in kc. 
Lp is in uh. 

Substituting into the expression we get : 
z’ _ 25330 ... X 

600 X 600 X 250 1 ’ 
25330 

“ 90,000.000 
= .000282 m/. 
= 282 mm/. 

Now we may substitute into expression 
(19). If we express Coo in micro-micro-
farads, we obtain Coa in the same units. 
Substituting we get: 

600 = /198 X Cn ,22)

775 y 250 X 282 1 ' 
simplifying : 

Squaring both sides gives: 

.600 = (24) 
356 K ' 

and: 
Coa = 214mm/. (25) 

Obviously while the condenser C is set to 
have a capacity of 282 mm/., the net oscilla¬ 
tor coil shunting capacity should be 214 mm/. 
As stated, the padding condenser is used for 
this purpose. For the two condensers in 
series the net capacity is determined from 
the formula: 

C = ^Cp. _ 
C + Cp. 

Substituting we get: 
214 = X 

282 + Co. 
Multiplying both sides by (282 -f- C,.) we 
obtain: 

60400 + 2I4Cpd = 282Cpd (28) 
60400 = 68Cod (29) 

and Co. = 890mm/. (30) 
b8 

In actual practice the padding condenser 
may be 850 mm/ shunted by a 100 mm/ trim¬ 
mer. If the system is designed with the cal¬ 
culated values and the pretuner and oscil¬ 
lator aligned in the usual manner, very little 
trouble will be experienced. 

CONCLUSIONS 
In this short lesson on formulas and their 

use we have shown how valuable a formula 
may be for explaining theory, how they may 
be used in design, and how they may help 
in servicing We merely wish to add that if 
you have mastered your radio theory, and 
can select the appropriate formula, and 
learn how to juggle and compute with for¬ 
mulas. you can make formulas do “tricks” 
for you. 

(26) 

(27) 

RADIO FORMULAS 

A: FUNDAMENTAL RADIO—ELECTRIC CIRCUIT LAWS 

Governing the entire theory of radio cir¬ 
cuits are certain extremely importam basic 
laws With these laws, advanced radio engi¬ 
neers and scientists have developed many of 
the formula.- given in this text Experience 
has shown that a number of special prob¬ 
lems are solved quicker by starting with the 
fundamental circuit laws. Many of these 
laws are valuable in visualising what goes 

on in the circuit Without regard to their 
relative importance, these laws are as fol¬ 
lows 
Kirchoff’s Laws 
Law 1 The sum of all the currents flowing 

towards a junction (connection) in any net¬ 
work of conductors is equal to all the cur¬ 
rent flowing away from the junction. This 
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law may also be stated as: The algebraic 
sum of all the currents toward a junction is 
tero. By the algebraic sum we mean that if 
the current toward the junction be con¬ 
sidered -f- or positive ; the current away 
from the junction shall be considered — or 
negative. Alternatively we may assume 
current “away” as -f-, and current “to” as —. 
As a formula, the law may be written: 

S/ = 0 (1A) 

where the symbol S is read as “sum of.” It 
is the Greek letter “sigma.” 
Law i. In any complete circuit of any net¬ 

work the sum of all the voltages generated 
(e.m.f.’s) are equal to the algebraic sum of 
all the voltage drops (impedance or re¬ 
sistance drops). If we consider all the 
e.m.f.’s as voltage rises, we may state this 
law as: The sum of the voltage rises plus 
all the voltage drops in a complete circuit 
is equal to tero. Expressed as a formula, 
this is written as: 

S E = 0 (2A) 
Example of Kirchoff’s Laws: 

Given the supply and load circuit shown 
in Fig. 1A 

Fio. 1A 

Observe that there are three junction 
points, namely: 1, 2, and 3. In all cases 
Law 1 (£1 = 0) is true. 

For 
(1) .0631 - .0417 - .0214 = 0 
(2) .0214 - .0072 - .0143 = 0 (close enough) 
(3) .0072 + .0143 + .0417 - .0631 = 0 

The only voltage rise in this circuit is the 
250 volts, and it may be a battery, genera¬ 
tor or the equivalent of the output of a 
rectifier All other voltages of the circuit 
are considered voltage drops. In this case 
each voltage drop is equal to a resistance 
times the current flowing through the re¬ 
sistor. We have in this network three com¬ 
plete circuits in which e.m.f 's and voltage 
drops are concerned. There are also other 
complete circuits if they are of value in 
finding a solution Let us take the circuits 
each with an e.mf. Considering the fact 
that iE = 0. 

Circuit 6-1-2-3-6 according to this law gives : 
250 - .0214 X 5000 - .0143 X 10,000 = 1 
250 - 107 - 143 = 0 

Circuit 6-1-4-3-6 gives: 
250 - 0417 X 6000 = ? 
250 - 250 = 0 

Circuit 6-1-2-5-3-6 gives: 
250 - .0214 X 5000 - .0072 X 20,000 = ? 
250 — 107 — 144 = 0 (close enough) 
Note that in this example we have given 

all the details of the circuit an 1 proved by 
simple computations that Kirchoff’s laws are 
true. Accordingly we have shown that the 
values are correct. This is of particular 
value to the practical technician, where cir¬ 
cuit values are given and he wants to prove 
that they are correct. For the designer 
there is a greater use for Kirchoff’s laws. 
Given certain facts about the circuit, he 
may want to find the remaining facts. For 
example, suppose the generated voltage and 
the resistance were known He wants to 
know the currents Using laws I and 2, he 
would set up as many equations as there 
were unknown currents to be determined 
and solve these simultaneous equations as 
they are called, by algebra. The equations 
for this circuit would be: 

(1) 250 — 6000/, = 0 (circuit 6—1—4—3-6) 
(2) 250 - 5000/, - 10.000/, - 0 

(circuit 6-1-2-3-6) 
(3) 250 - 5000/, - 20,000/. = 0 

(circuit 6-1-2-5-3-6) 
(4) /i — /, — / =0 (Junction 1) 
(5) /, — /. — /,= 0 (Junction 2) 

For the solution of these equations we refer 
you to a text on algebra. 
Ohm’s Law. 

Ohm's law may he stated in a number of 
ways. The most common statement is: 

(a) The current through a resistance or a 
reactance is the voltage applied divided by 
the resistance or reactance. Stated as for 
mulas we have: 

/ = E IE (3A) 
/ = EIX (4A) 

Where I is in amperes 
E is in volts 
R and X are in ohms 

We must recognise the fact that X may 
be inductive or capacitive reactance and 
that the inductive reactance W is equal to 
2irfL, while the capacitive reactance X, is 
equal to M2irfC. 
Of course we may have a device that has 

resistance and reactance, the net being re-
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ferred to as impedance Z. Ohm’s law must 
then be written as: 

I = E/Z (5A) 
In the general case of a device having 

resistance, inductance and capacitance in 
series, Z in this formula is equal to: 

V# + (2x/L - l/2r/C)’ 
(b) Ohm’s law is also stated as follows: 

The current through an inactive or passive 
device (a device which does not itself gen¬ 
erate a voltage) is proportional to the volt¬ 
age applied. Stated as a formula, we have: 

I = GE (6A) 
Where I is in amperes 

E is in volts 
G is in mhos 

In this case G is referred to as the con¬ 
ductance. 

For an inductance or capacitance this law 
is algebraicly expressed as: 

I = BE (7A) 
Where B is in mhos 

The symbol B is referred to as the sus¬ 
ceptance of the device and is the reciprocal 
of reactance, that is: 

B = 1/X (8 A) 
Thus, for an inductance Bl is equal to 

l/2w/L and for a capacitance Be is equal to 
2njC. Where the passive device or network 
includes susceptance and conductance, the 
sum effect is called the admittance, Y. 
Ohm’s law therefore becomes. 

I = YE (9A) 
Where Y ia in mhos 

In the general case of a circuit having re¬ 
sistance, inductance and capacitance in 
parallel, Y in this formula is equal to: 

<G’ + (2t/C - 1/2%/L)’ 
The importance of using resistance, re¬ 

actance and impedance in one case and 
using conductance, susceptance and admit¬ 
tance in the other case arises from the fact 
that in series circuits, R, X, and Z may be 
added to get the resultant, while in parallel 
circuits G, B, and Y may be added to get 
the resultant.* 
The Principle of Superposition. 

In any network consisting of resistances, 
inductances and capacitances which do not 
change in value, the currents produced by 
the presence of many varied voltages 

• It should be remembered that X, Z, B, and Y, 
must be considered as vectors and so treated when 
adding. We refer you to any standard text on the 
fundamentals of electrical engineering. 

(e.md.’s) may be considered to be the sum 
of the currents produced by the individual 
e.m.f.’s. 

For example, if the voltage consists of a 
fundamental, a third and a fifth harmonic, 
the currents flowing may be considered first 
for the fundamental, then for the third har¬ 
monic and finally for the fifth harmonic. 
The total current at any point in the circuit 
then is the sum of the three. The absolute 
value of the current will be given by the 
formula: 

1 = Vli‘ + I? + I? + etc. (10A) 
If Ii, It, etc. is given in root mean square 
value, I will be in r.m.s. 
In a number of circuits where the re¬ 

sistance, capacitance and inductance do 
vary, it is usual for initial purposes to as¬ 
sume that they are constant. Corrections 
or limitations are then necessary to qualify 
the actual and apparent conditions. 
The Reciprocity Theorem. 

If any type of e.m.f. located at one point 
in a circuit network produces a current at 
any other point in the network, then the 
same e.m.f. located at the second point 
would produce the same current at the first 
point. 
This theorem does not apply to vacuum 

tubes, rectifiers or devices where the circuit 
acts only in one direction. The theorem is 
helpful in filter, transmission line and gen¬ 
eral circuit design. If E is the voltage act¬ 
ing at point 1, and I the current produced 
at the second point, then E/I is referred to 
as the transfer impedance. In short it re¬ 
duces a complex device or network to a 
simple impedance. 
Thevenin’s or Pollard’s Theorem. 

A very important principle which states: 
If an impedance Z is connected between any 
two points in a network, the resultant cur¬ 
rent I through the added impedance will be 
given by dividing the voltage E existing 
across the two points prior to connecting 
the impedance, divided by Z plus the 
impedance Zi that would be measured across 
the two points prior to the connection of 
the impedance. In calculating the im¬ 
pedance Z, the e.m.f.’s are considered inac¬ 
tive. Thevenin’s theorem in equation form 
is: 

1 = ^-
Z + Z, 

(HA) 

Obviously the new voltage across the two 
points will be IZ, and thus the new ter¬ 
minal conditions are determined. 
This theorem is quite valuable when some 

load is to be added to an existing circuit 
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and the new terminal conditions are to be 
determined quickly. 
Compensation Theorem 

An impedance in any circuit may be re¬ 
placed by a generator (with no internal im¬ 
pedance) which at every instant duplicates 
the voltage that appears across the replaced 
impedance. 

This principle is extremely useful in rep¬ 
resenting such devices as microphones and 
vacuum tubes or networks as equivalent 
generators. 
For purposes of substitution the theorem 

as it is now to be stated has a more prac¬ 
tical value. If a network is modified by 
ehanging one portion of it by a change in 
impedance, the effect in any other portion of 
the circuit would be the same as if the 
change were made by an e.m.f. acting in 
series with the modified impedance and 
equal to the change in impedance times the 
current through that impedance before the 
change was made. 
Points of Equal Potential 

It is convenient at times when consider¬ 
ing complicated networks to consider points 
of equal potential as electrically connected 
by a wire of tero impedance. An example 
of this is the balanced wheatstone bridge. 

Short Circuit Current Solution of Cir¬ 
cuits 

All the principles outlined so far are used 
in solving circuit problems. Quite often the 
process is lengthy and tedious. The short 
circuit current solution given now is at 
times a superior method. This method is 
particularly suitable in solving circuits 
where several generators feed a load or a 
passive network. The principle is stated as 
follows: 
The voltage across the real load is equal 

to an equivalent load considering the load 
and the generator impedances in parallel 
multiplied by the sum of the short cir¬ 
cuited currents of each generator, derived 
by considering the terminals of each gen¬ 
erator (including its series impedance) 
shorted. 
Example: Consider the simple circuit 

shown in Fig. 2A. 

Fio. 2A 

The equivalent resistance (we are dealing 
with pure resistances) is the sum of 6, 3, 4, 
and 4 ohms in parallel and equals: 

, 1 . 1 , 1 _2 + 4 + 3+ 3 
R 6 3 4 4 12 

Solving this by algebra, we get: 
R = 1 ohm 

The short circuit currents of branches No 
1, No. 2, and No. 3 are: 

1., = +1? =
6 

I,~±^ = +5 4 
The total short circuit current: 

Is ~ +2 —3 +5 = -f-4 
Therefore according to the short circuit 
theory: 

E = 4 X 1 =4 volts 
Current in the load: 

I = 4/4 = 1 ampere 
With the information given so far we may 

compute the currents in each branch, know¬ 
ing that the terminal voltage of each gen¬ 
erator is 4 volts. For example, in branch 
No. 2. 

I» = —~4 = -4J¿ amp. 
o 

(Current flowing down) 
ADVANCED CONCEPTS 

Note that examples were taken where re¬ 
sistors were the only circuit elements. The 
same principles hold true if impedances, Z 
were used. Also observe that in some of the 
theorems the impedance factor was used. 
The same principle will hold if resistances 
R are used. 
In solving a problem where impedances 

are found, we should consider the impedance 
as made up of two components referred to 
as the real and imaginary components. To 
distinguish the imaginary from the real, it 
is prefixed by the letter j. Thus an im¬ 
pedance is always written: 

Z — R 4- jX 
Whereas an admittance is always written : 

Y = G +jB 
The absolute value of Z, always written 
\Z\, is given by the formula: 

izi - V«’ + X’ 
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Whereas the absolute value of Y is written : 

1^1 = VG“ + B!

The manipulation of such values, called 
vector quantities require a knowledge of 
electrical engineering and advanced algebra. 
This is beyond the scope of this course. 
Students with a suitable training will find 
the subject treated in standard Electrical 

Engineering texts * and texts on Algebra.! 
Students interested in advanced radio engi¬ 
neering may considei this a subject for ad¬ 
vanced study. In the following formulas 
only the absolute values, as read by a volt¬ 
meter or ammeter are to be considered. 
• Communication Engineering by Everitt, pub¬ 

lished by McGraw-Hill Book Company, Chapters II 
and III 

t Algebra for the Practical Man by Thompson, pub¬ 
lished by D. Van Nostrand Co., Chapter VIII. 

B: RESISTORS 

Resistance from Dimensions 
(IB) R = pL/A 

Where R 
L 
A 
p 

is in ohms 
length 
the cross section area 
the resistance per unit length and cross 
section 
If L is in feet, A in circular mils; p is the 
resistance in ohms for a wire one foot 
Ion ■ and having a cross section of one 
circular mil. See special electrical tables: 

copper " 10.4; p alum = 17.1 ¡ p nichrome “ 
600; etc. 

Conductance from Dimensions 
G « 7 A/L 

Where 4 is the cross section are* 
L is the length 
G is in mhos 
y is the conductivity 

y — 1/p 

(2B) 

(3B) 
Resistance at a New Temperature (°C) 

Ri = Ro (1 + at) (4B) 
Where 1 is the new temperature degrees Centigrade 

Ro is the resistance at 0° C 
a is the temperature coefficient 
Ät is the resistance (ohms at t° O 

Formula (4B) may be more conveniently 
used as: 

ßt, = Ro [1 + a(t, - li)] (5B) 
Where ¿i is the final temp, 

h is the initial temp. 
Äti the resistance at h 
Æti the resistance at h 
a the temperature coefficient, for example: 
ö topper “ .00393; a alum “ .0039; etc. 

Temperature Rise in Electrical 
Conductors 

(6B) 
a \ «h / 

Wher A t is the temperature rise 

As copper wire is extensively used, the 
practical formula becomes: 

Ai = 254 - 1) (7B) 

Add At to ti, the original temperature of 
the surroundings, to find temperature of the 
conductor. 

Resistors in Series 
R = R\ 4- R, 4- Ri 4~ Ri 4" etc. (SB) 

Where R. Ri, etc., are in ohms 
Ri, Ri, Ri. etc., are the series elements 
R is the total resistance 

When Ri = R, = Rt, etc.: 
R = nRt 

Where R\ is the resistance ot one resistor 
n is the number of resistors 

Resistors in Parallel 

For three resistors in parallel: 
p _ RiRjRi 

R-.Ri 4- + RiRz 
For two resistors in parallel: 

P _ RiRt 
Ri + Rt 

For n resistors of equal value Ri in parallel: 
R = Ri/n (13B) 

Conductance 
G = 2 (14B) 

Where R is in ohms 
G is in mhos 

Conductors in Parallel 
G = Gi 4" Gi 4- Gi 4“ Gt , etc. (15B) 

Where Oi, Gt, etc., are the conductances of the 
devices 

Equivalent Delta (r) of Star (T) or Vice-
Versa 

(9B) 

(10B) 

(11B) 

(12B) 

In reducing compBx circuits to simple cir¬ 
cuits, it is convenient in some cases to con¬ 
vert a delta (called in radio a v) circuit 
into a star (called in radio a T) circuit. The 
reverse may be the cases. See Fig. IB for 
notation. If point A is grounded, point ß 
with the ground is considered the input, 
while point C with the ground is considered 
the output, then the familiar w and T cir¬ 
cuits in radio will be recognised. 
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Fio. IB 

To change a ir to a T * 
W _ RiRi 

Ri + Ri + Ri 
_ RiRi 

Ri + Ri + Ri 

rui _ _R¡Ri 
Ri + Rt + Ri 

(16B-1) 

(16B-2) 

(16B-3) 

To change a T to a r* 
„ R'R" + R"R'" + R'R'" Rl =---

P R'R" + R"R'" + R'R'" 
Rt-RP-

(17B-1) 

(17B-2) 

P _ R'R" + R"R'" + R'R'" 
* R'" 

Power Loss 
P = PR 

Where P is in watts 
I is in amperes 
R is in ohms 

P - &/R 
Where E is the voltage drop aerees R 

(17B-3) 

(18B) 

(19B) 

P = EI (20B) 
Where E is the voltage across 
_1 the current through the load 
• We may substitute Z for R if we deal with im¬ 

pedances. 

C: CONDENSERS (STATIC) 

Capacity from Dimensions 
Two Plates 

C = .225 (1C) 
d 

Where C is in micro-microfarads, upf 
A is area in square inches of one plate mesh¬ 

ing with the other 
d is the plate separation in inches 
Kis the dielectric constant of the separating 
medium. Kair " 1.0; KgiaaH = 8 to 9; 
Kcaatoroil " 13.0 

Several plates 

C = .225 (n - 1) (2C) 
d 

Where n is the number of plates 
A is in square inches 
d is in inches 

c = .0885 ~ (n - 1) (3C) 
d 

Where A is in square centimeters 
d is in centimeters 

Plates to Remove for Desired Capacity 

N. = (Nt - D g + 1 (4C) 
Where No is the remaining number of plates 

Ni is the onginal number of plates 
Co is the desired '’apacity 
Ci is the original capacity 

Capacity of Two Parallel Wires 
n 3.68 

-(?) 
Where C is in micro-microfarads per foot 

D is the separation of wires 
(center to center) 

d is the diameter of the wire 
d and D must be in the same units 

Capacity of Round Wire Surrounded by a 
Round Tube 

c = ÍC.CÍ 

log 

Where C is micro-microfarads per foot 
K is the dielectric constant of separating 

medium 
Kafr = 1. Assume K — 1 where beads are used only 

infrequently for spacer» 
n is the radius of the inner wire 
r0 is the radius of the inner surface of the 

outer conductor 
n and ro are in the same units 

Condensers in Parallel 
General 

C = C\ Ci + Ci 4- C< etc. (7C) 
Where Ci, Ci, Ci, etc. are in the same units, and 

represent the respective capacities of the 
condensers 

C is the total capacity, same units as Ci, etc. 

Equal Condensers in Parallel 
C = nCi (8C) 

Where Ci is the capacity of one condenser 
n is the number in parallel 

Condensers in Series 
General 

2.= 2_+1-+-L+2-+etc. (9C) 
C Ct C, Ct C. 

Where Ci, Cj, etc are the respective capacities of 
the condensers in senes 

C is the total capacity 

Equal Condensers tn Series 
C = Ci/n (10C) 

Where n is the number in series 
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Three Condensers in Series 

c =-£if2C? _ (no 
C,C, + C£i + C1C2 ' 

Where Ct, Cj, and Cj are the capacities of the three 
condensers 

Two Condensers in Series 

c - <12C> 
Charge in a Condenser 

Q = CB (13C) 

Where C is in farads 
E is in volts 
Q is in coulombs 

Energy Stored in a Condenser 
W = 0.5 CE2

Where C is in farads 
E is in volts 
W is in joules 

Elastance of a Condenser 
8 = 1/C 

Where C is in farads 
S is in darafs 

(14C) 

(15C) 

D: COILS (STATIC) 

Inductance of Coils in Series. 

E = L\ 4" Lt 4" Lj 4" Li 4- etc. (ID) 
Where L, L\, etc. are in the same units; henries, 

millihenries, microhenries. No coupling be* 
tween coils. 

Inductance of Coils in Parallel (No 
Coupling) 

(2D) 
L, Ln La Ln 

Inductance of Two Coils with Coupling 

L = Lx 4- Li ± 2M (3D) 
4- for aiding 
— for opposing 

Inductance of Single Layer Solenoids* 

L = FdN2 (4D-1) 
Where L is in microhenries 

N is the nuQiber of turns 
d is the coil diameter in cms or inches 
F the factor determined from curve 

Fig. 12, page 11 

Where a and b are as indicated in Fig ID, and are in 
Centimeters, Multiply inches ,by 2.54 to get Centi¬ 
meters. 

Inductance of Multilayer Round Coils 
See Fig. ID. Applies to honeycomb, 

smooth layer and jumbled layer windings. 
When the width b is greater than the 

radius a: 
,314a2 N1 

6a + 9b + 10c 
(5D) 

Where L is in microhenries 
a, b, c dimensions are in centimeters 
When dimensions are in inches, multiply 
answer by 2.54 to get L in uh. 

For a pancake coil where b is much less 
than c (applies strictly to a coil in which the 
b dimension is one layer wide) : 

,41a2 V2
8a + lie 

(6D) 

Where L is in microhenries 
dimensions in centimeters 

For a square cross section coil b — c and 
a = 3/2 c (diameter of core equals 2c) : 

L = .064 CN2 (7D) 
Where L is in uh 

C is width and height in inches 
N is the number of turns 

Mutual Inductance of Coaxial Solenoids 
The following formula is only approxi-

Fig. ID 
• All inductance formulas are approximations and 

in radio work should be checked by measurements and 
turn adjustments made. Fig. 2D 



mate. Follow the given procedure. First 
find the value of n and ra by the formulas: 

- - /Fiy+r ««i 

(8D-2> 

Then find the ratio of — = K 

Find N from the following graph, corre¬ 
sponding to K: 

Compute the value of from the for¬ 
mula: 

M. = N y/XVa (8D-3) 
Where N is obtained from Fig. 3D 

A and a from Fig 2D (in cms.) 

And finally by substituting in : 

M = n¡ (8D-4) 

Where M is in microhenries 
n\ is the turns in coil 1 
nj is the turns in coil 2 

The process holds true for single layer 
coils whose length is equal to the diameter. 

The method is close enough for other coils, 
n and r2 are measured to the centers of the 
wound layers. 

Distributed Capacity Single Layer Coils 

Co = .6r (9D-1) 

Where Co is in wf. 
is the coil radius in cnn. 

C. = .76D (9D-2) 

Where Co 
D 

is in mm/. 
is the coil diameter in inches 

Chokes 

Co and the coil inductance L form an anti-
resonant circuit at u>=l/^LCÕ, where 
u = 2rfo. Choke is inductive 0 to 2/« 
to 3/o, 4/„ to ojo, 6/0 to 7/», etc. Choke is 
capacitive /„ to 2/„, 3/„ to 4/„. 5/» to 6/», etc. 
Maximum impedance at 3/o, 5/„, etc., and 
zero impedance at 2/„, 4/„, 6/0, etc. 

Inductance of Two Parallel Wires 

L = .281 log + .030 (10D) 
d 

Where L is uh per foot of the transmission line 
formed by the 2 wires 

D is center to center separation of wires 
d is the diameter of the wire 

Inductance of a Round Wire Surrounded 
By a Round Tube 

L = .140 log ù 4-.015 (11D) 

Where L is uh per foot of transmission line formed 
ro is radius of inner surface of outer tube 
n is radius of inner wire 

Suggestions in Coil Design 

When dimensions of a coil are given, the 
inductance calculation requires simple sub¬ 
stitutions in the proper formula. When a 
definite inductance or mutual inductance is 
desired and the dimensions are to be found, 
the following procedure may be used. Find 
the proper formula. If certain dimensions 
are fixed by practical needs, they should be 
substituted into the formula. Assume vari¬ 
ous values for the other dimensions and cal¬ 
culate the inductance. Remember that in¬ 
ductance roughly increases as the square of 
the turns, square of the diameter and in-
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versely as the length. By these facts you 
may approximate a better value, and thus 
approach values that give the desired L. 

To find the length of a coil assume r wire 
size and insulation covering and from a wire 
table find the number of turns per inch. 
For a single layer coil the number of turns 
divided by the turns per inch give the coil 
length For a multilayer coil this should be 
divided by the number of layers. 

Coils with Iron Cores 

L = 1.26 N'P X 10" (12D) 

Where L is in henries 
N is the turns 
P is the permeance of the iron circuit, and 

A 
is defined by the expression My.* m being 

the permeability, A the cross-section, 
and I the length of the core, all dimensions 
in centimeters 10-* = .00000001 

For radio and audio frequency chokes with 
a polarizing D C. current, P should be the 
A.C. permeance, for the frequency em¬ 
ployed. 

Energy Stored in a Coil 
W = 0.5L P (13D) 

Where IF ie in joulee 
L is in henries 
I is in amperes 

E: CIRCUITS HAVING ONLY RESISTANCES* 

Ohm’s Law 
E = IR 
I = E/R 
R = E/I 

Where E is in volts 
J is in amperes 
R is in ohms 

Generator with Resistance 

(IE—1) 
(IE-2) 
(IE-3) 

Fio. IE 

Vt = E, — I R, (2E-1) 
Eg = I (R, + R^ (2E-2) 

I 
R. + «L 

Where Eg is the no load or generated voltage 
Ft the terminal voltage 
I the line current 
Rg the generator resistance in ohms 
Rl the load resistance in ohms 

Eg may be a generator; a battery or a 
vacuum tube, microphone or similar device 
which may by the compensation theorem 
be assumed as a generator. 
Power Generated 

P = EgI (3E) 
Where P is in watts 

E is in volts 
I is in amperes 

• The formulas in this section apply to any A.C. or 
D.C. circuit with a resistance load. For A.C. circuits 
the r.m.8. values are considered. 

Power Delivered 

P = VJ 
P = lEg - PRg

(4E) 

Efficiency of Circuit 

Eff. = V./E. 

Rl + Rg 

(5E-1) 

(5E-2) 

To find Efj. in percent multiply by 100. 

Maximum Power 

Obtained when: 
R, = Rl (6E) 

Voltage Generated by a D.C. Motor with 
Shunt Field 

E, = K I, S (7E) 
Where Eg ie the average generated voltage 

It the field current 
S the speed in revolutions per minute 
K is a constant for a given motor deter¬ 

mined by setting It. S and measuring Eg, 
the no load voltage K = Eg ItS. 
Formula holds good for values of It which 
do not produce magnetic core saturation. 

Power Loss in a Resistance 

P = PR (8E-1) 

P = VI (8E-2) 

P = V*/R (8E-3) 
Where P is in watts 

R is the resistor value in ohms 
V is the voltage across the resistor 
I is the current through the resistor 
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F: A.C. CIRCUITS WITH IMPEDANCE 

Fundamental Concept» 

Sine Waves 

Fig. 1F 

= lu sin ut (1F) 

e = EM sin ut (2F) 
Where i and e are the instantaneous values 

Im and Em are the maximum or peak 
values 

t is time in seconds 
u> is the angula, velocity and equals 

u = 2rr/ (3F) 
Where/ is the frequency m cycles per second 

Average Value 
IAV = .636 Ia (4F-1) 
E^ - .636 Ew (4F-2) 

Root Mean Square Value 

/k.m.s. = -707Zm (5F-1) 

^r.m.s. = -707£M (5F-2) 

Zi is the reference wave 
Za lags A by the angle 0. 

Formulas indicating leading or lagging 
phase angles follow : 
is = Is sin (ut + 0) for leading wave (6F-1) 
it — Is sin (ut — 0) for lagging wave (6F-2) 

To Change Degrees to Radian Angles 

6 is usually expressed in degrees. When 
substituting in the sine formula it must be 
in radian angles. 

0r = 
180 

(7F) 

Where is the radian angles 
„ 0d is the angle in degrees 

— ZM sin al (8F-1) 

ii = Zmi sin (ut + Si) (8F-2) 

is = Ims sin (ut — 02) (8F-3) 

Power Factor 

Fig. 4F 

p.f. = cos 0 (9F) 

Power 
P = VI cos 0 (10F) 

= VI X pj. 
Where P is in watts 

V voltage across device (rms value) 
I current through device (rms value) 

Reactance 

XL = 2t/L (11F-1) 
Where Xlís reactance of coil in ohms 

L is the inductance of coil in henries 
/ is the frequency of the current 

X. = 1/2t/C (11F-2) 
Where C is the capacity of condenser in farads 

Xc is the reactance in ohms 
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Condenser, Coil and Resistor in Series 

Hu. 5F 

R, L and C in Series 

Z = Vß2 + (XL - XJ2 (12F-1) 

= á/ R2 + ( 2M - — Y V \ 2*JC) 

R and L in Series 

Z = Vß2 + XL2 (12F-2) 

= Vß2 + (MLÿ 
R and C in Series 

Z = Vß2 + xc2 (12F-3) 

I. and C in Series 
z = xt - xc

= 2x/L 1 

2r/ C 

Current in Series Circuit 

(12F-4) 

I = E/Z (13F-1) 
Where Z is determined from (12F-1) to (12F-4) 

Power Factor 

P-f. = £ (13F-2) 

Maximum Current I„ in Series Circuit 

when 2eÍL =—— 
2*fC 

f-L_ 
2x V LC 

C-!— 

L =_— 

Where L is in henries 
C is in farads 
/ is in c. p. s. 

(14F-1) 

(14F-2) 

(14F-3) 

(14F-4) 

These are referred to as the necessary 
conditions for resonance and the current at 
resonance is given by the formula: 

/„ = B/R (14F-5) 

The current is in phase with the applied 
voltage. Theoretically with no resistance 
in the circuit the current is infinite. 

Voltage Across Each Element of a Series 
Circuit 

rR = ir 
Pl = 2^fLI 
Pc = I/2*fC 

Where I is computed from 13F-1 

(15F-1) 
(15F-2) 
(15F-3) 

Coil and Condenser in Parallel Each with 
or without Resistance 

Fiu. 6F 

IftZÄ ßc and Rl 

I. - e/ + (¿y 
It, = El ^RJ + m2L2

1/ Rc can be neglected: 

( X. y¡R¿ + X? \ 

\ Vßh2 + (XL - xcy) 
If Rl is small compared to Xi. : 

C y/RJ + (Xl - Xty 

(16F-1) 

(16F-2) 

(16F-3) 

(I6F-4) 

lF/¡en Xt. = Xe, resonance: 

l = 
L/RlC 

(16F-5) 

The factor L/Rt.C is the apparent im¬ 
pedance of a parallel resonant circuit, and 
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is purely resistive; i.e., the current I is in 
phase with the voltage E. 

Practical Resonance Formulas 

The general formula for the frequency at 
which resonance occurs in either series or 
parallel circuits is: 

f-(17F-1) 
2rr ^LC 

This formula is based on negligible circuit 
resistance, a condition safely 
practical radio circuits, and : 

Where in 17F-1 / is in c. p. s. 
L is in henries 
C is in farads 
R is in ohms 

, 159.2 

j _ 25,330 
pc 

p 25,330 
PL 

assumed m 

(17F-2) 

(17F-3) 

(17F-4) 

Where in 17F-2 to 17F-4 
/ is in kilocycles 
L is in microhenries 
C is in microfarads 

Q Factor or Circuit Q 

Quite often in discussing a series or par¬ 
allel resonant circuit, the term Q is found. 
Since in practical series and parallel reso¬ 
nance circuits the circuit resistance is in¬ 
herent in the coil, the merit of a coil is 
expressed by its Q factor. 

Q = aL/R (18F-1) 
Q = 1/uCR (18F-2) 

Where L is in henries 
R is in ohms 
Q is a figure of merit 
C is in farads 

When R includes all circuit losses and the 
load, the Q factor is better termed Circuit 
Q The Q factor represents essentially the 
voltage amplification in a coil by virtue of 
its series resonance or the impedance am¬ 
plification in a coil by virtue of its parallel 
resonance. 

G: COUPLED CIRCUITS 

Given a general circuit with the coupling 
impedance Zm, feeding a load whose im¬ 
pedance is Zl. The generator has an im¬ 
pedance Za and generates a voltage Ea. In 
general coupled circuits and tube coupling, 
of primary importance, is the voltage across 
the load (Vl). For purposes of simple 
handling of the circuit, the equivalent im¬ 
pedance of Zm and ZL in parallel as viewed 
from the generator (terminals 1 and 2) is 
helpful This is termed the primary 
equivalent impedance of the coupling de¬ 
vice. 
Impedance Reflected Into the Primary 

Z„ ZmZl 

Zm -{- Zl 
(1G—1) 

Where Zn is the impedance of Zm and Zl between 
terminale 1 and 2 

Primary Current 

Eg (Zm + Zl) 

ZgZm + ZgZl + ZmZl 
(1G-2) 

Coupling Current 

I» Ea Zl 
ZgZm + ZgZl + ZmZl 

(1G-3) 

Secondary or Load Current 

Ee. Zm 
ZGZM + ZgZl + ZmZl 

(1G-4) 

Load Voltage 

(1G-5) 
Zc.Zm ■ ZgZl + ZmZ 

It is to be remembered that any im¬ 
pedance Z may be a device having a real 
and imaginary component (Z = R-pjX}. 
Or it may be a resistor or a reactance. 
Transformer coupling or network coupling 
may be reduced to an equivalent Z«. Ex-



perts with the above basic formulas have 
derived formulas for practical circuits.* We 
shall consider only those that are regarded 
as most important. 

Transformer Coupled 

, «’M2

. E
P p , «’M« 

ßp+ ßT 
E Ri-

” ßPßL + 

(2G-1) 

(2G-2) 

Where, see Fig. 2G. Lp is small in comparison to La 
or unity coupling exista 

Induced Secondary Voltage 

E* = wMh (2G-3) 
h = Es/Rl (2G-4) 

« M E 
“ ßPßL + «’M’ 

Vl = /sßt (2G-5) 
b U M RlE 
“ ßpßL + «’M’ 

When the coefficient of coupling K is 
known : 

M = K^jLpLs (2G-6) 

When K is equal to 1 (unity) 

M = y¡L^Ls (2G-7) 

Ideal Transformer Coupled (K = 1) 
wLp and «L« are very large in comparison 

to Rr or ßn. See Fig. 3G. Transformers 
• For a more complete treatment of circuits con-

taimng L, C, H. and .1/ refer to Henney's Radio En-
gineering Handbook, published by McGraw-Hill Book 
Co., New York City. 

may be considered on the basis of turn 
ratio. 

Fio. 3G 

Ns _ Sec. Turns 
Nr Pri. Turns 

(3G-1) 

Secondary Resistance Re reflected into 
primary : 

ßn = Rl/Tr’ (3G-2) 

= Rl (3G-3) 

To match reflected Re to 
for maximum power transfer 

Rr—condition 
when: 

Ns
Tr = (4G) 

Case when C is tuned so h is a maximum. 

Reflected Secondary Load into Primary is: 

Ri, 
ßs 

(5G-1) 

Out-put Voltage 

Vc = ---it (5G-2) 
C ßpßs + «’M’ 

= ^MLE 
“ ßpßs + «’M’ 

Maximum Vc when (optimum condition): 

uM = V ßpßs (5G- 3) 
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IT’S THE RUN THAT COUNTS 

In baseball, the hero of the game is the man who 

scored-
does not count 

■who “almost' 
, as “almost” 

“almost” 
•but these 

It’s the fellow who knows all the rules—who is well 
trained and is prepared to take advantage of every 
opportunity who gets ahead. Don’t be “left on base.” 

» ■ ' •* \ 
; • -V-

hit a home run— 
are forgotten men. 

V-. X 

J-

Seize every opportunity to move forward-
game everything that you have. Remember, no man 
can be stopped always—the fellow who keeps going 
is sure to win. 

First base—second base—third base—these are 
only stopping places on the road to a score. The 
world is full of stopping places, all guarded by other 
players equally bent upon winning. In the game of 
life, you must remember it is the run that counts— 
not the men “left on bases.” 

scores. There are plenty of others who 
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HOW TO GO INTO 
FULL-TIME SERVICING 

T N this series of “Spare-Time 
Money-Making Aids”, you have 

learned how to test parts, how to 
check receivers for specific complaints, 
how to use tools and test equipment, 
and how to go into spare-time servic¬ 
ing. If you have studied those books 
carefully, used the hints given you, 
and followed the NRI Practical 
Training Plan faithfully, you are 
well on the way toward becoming a 
professional radio and TV service¬ 
man. 
Of course, you have not learned 

all there is to know about being a 
professional technician. In the field 
of electronics, so many new things 
are being developed every day that 
you will never be able to sit back 
and say, “I know it all”. Always be 
on the alert to learn new things. As 
one professional serviceman said, “I 
learn something new every day, and 
I have been doing it for thirty years.” 
Your regular lessons from now on 

will give you more information on 

advanced servicing techniques that 
make the NRI-trained man stand out. 
You need this advanced training, and 
the sureness of action that comes 
only with experience before you can 
consider yourself a master of your 
profession. We want you to develop 
self-confidence, but never over-con¬ 
fidence. Always remember the little 
motto we gave you in an earlier book: 
Open Eyes, Open Ears, and an Open 
Mind! 

You may not wish to go into full-
time service work right now—indeed 
it would be best to finish your course 
before you take such a step. But by 
this time you should know enough 
about the profession to be able 
to devote some really constructive 
thought to this. This is the final book 
of this series. In this book we will dis¬ 
cuss the prob'ems of operating a full-
time service shop. Of course, much of 
this information also applies to the 
spare-time service business. 
Photo above, courterry Howard W. Same d 

Co., Ino. 
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THE SUCCESSFUL TECHNICIAN 

The most successful technician is 
the kind of man who cannot bear to 
see a piece of machinery out of order. 
If you are the type who likes to fix 
things, who has curiosity about how 
any new piece of machinery works, 
and who is handy with tools, then 
you are well on the way. This type of 
man invariably makes good in any 
kind of repair work. It is his nature 
to make things work again. He likes 
the work, and that is one of the most 
important points. To be successful in 
any kind of work, you must enjoy 
doing it. 
By progressing this far in your 

course, you have already shown your¬ 
self suited for work in electronics. 
There are a great many NRI grad¬ 

uates who now operate their own full¬ 
time servicing business. Others have 
kept their servicing on a part-time 
basis. Some work at other jobs during 
the day and do service work at odd 
hours to supplement their regular in¬ 
come. Some look on servicing as a 
hobby, and use it mainly for relaxa¬ 
tion. Some live in very small com¬ 
munities that will not support a full-
time service business. There are many 
reasons why a man sufficiently com¬ 
petent. to make a full-time career of 
servicing prefers not to do so. 

Whether you should be a full-time 
or a part-time serviceman is some¬ 
thing that you, and only you, can 
decide. We are not going to attempt 
to persuade you either way. Instead, 
we will give you practical advice, 
based on the long experience we have 
had in teaching many thousands of 
servicemen. This background will 
help you to make your decisions. 

What factors should you consider 
before making up your mind? The 
most important are your own feelings. 
Another very important thing to con¬ 
sider is, “Do you have enough tech¬ 
nical ability to be successful in full-
time work?” Frankly, for most of 
you, we’d be compelled to say “No” 
at this time. Don’t let this discourage 
you. When you graduate, you will 
have all the technical knowledge you 
need. Even so, electronics is a busi¬ 
ness in which you must constantly 
study to keep up with rapidly chang¬ 
ing inventions and new developments. 
You will find that every success¬ 
ful full-time technician never stops 
studying; first, because he likes it, and 
second, to keep himself informed and 
up-to-date. 

If you are attempting to do any 
service work now, you will find your¬ 
self stuck quite often. Every techni¬ 
cian finds this, no matter how long 
he has been in the business. Of course, 
this is generally only momentary. 
With experience your “stuck” periods 
will get shorter and shorter. 

FINANCIAL CONSIDERATIONS 

Although interest and professional 
servicing ability are important, they 
alone are not sufficient reasons for 
choosing a full-time servicing career. 
You must also be sure that you can 
make an adequate living from servic¬ 
ing. Therefore, before going into it on 
a full-time basis, you will have to 
make a careful survey of the possi¬ 
bilities for financial success in your 
locality. 

If you have been doing part-time 
service work, (and you should be. 
just for the sake of experience), you 



probably have a good idea of just 
how much servicing business there is. 
Do you now have all the business 
that you can handle on a part-time 
basis? If so, that is a pretty good in¬ 
dication that there is enough demand 
for your services to make full-time 
work profitable. Of course, this is 
true only if you are turning out sets 
right now with true professional 
speed. If you can handle almost any 
job in an hour or less, and still find 
work piling up on you, then you are 
probably getting enough work to jus¬ 
tify full-time operation. If it takes 
you more than two or three hours to 
service a set. however, then you 
haven’t too good an idea just how 
much work you can handle when you 
have greater experience. 

If you don't have very much work, 
but haven’t ever tried to get any, 
make a real effort for a few weeks to 
drum up business. By doing this now 
you can estimate future business 
pretty closely. Also, it will give you 
valuable experience in getting busi¬ 
ness. 
Estimate your probable future 

volume of business just as closely as 
you can. If there is any doubt, be 
pessimistic. Take every possible fac¬ 
tor into account. ITow large is the 
town? Is the general level of business 
activity brisk or slow? How many 
other shops are there, and how much 
business are they doing9 Are they 
swamped with work at all times, or 
are they barely making a living? In¬ 
cidentally, if some shops are doing 
good business, and others very little, 
find out why the latter are not getting 
the business, and make a careful note. 
Talk with your local banker: he 

will be able to fell you about the 

chances for business expansion in 
your locality. Also, talk with the ra¬ 
dio wholesaler in your area. He can 
give you an idea how the other shops 
are doing, and what your chances are. 

Analyze your chances for financial 
success as realistically as possible. If 
it seems unlikely that you can make 
the income you want under existing 
conditions, it would be better to give 
pp the idea of a full-time shop in that 
locality. You will be better off to 
continue with your part-time work 
or to open a shop in some other loca¬ 
tion where the chances for success are 
brighter. 
Now suppose that you have the 

necessary interest in service work, 
you have completed your training, 
and there is enough potential business 
to give you the income you want. Is 
there anything else you should con¬ 
sider? Yes. Money! 
You must be sure that you have 

sufficient capital to carry you and 
your business until the shop starts 
making its own way. It is sometimes 
possible to start a business on a shoe¬ 
string but most of the time it is not 
advisable. This is especially true in 
electronics, because a comparatively 
large investment is necessary for test 
equipment, parts, tools, transporta¬ 
tion, etc. Alore new businesses fail for 
lack of capital than for any other 
reason. For this reason, we recom¬ 
mend the conservative approach; try 
yourself out in part-time work until 
you are pretty sure you can make a 
success of full-time operation. 
There is another reason too. By 

working part-time, you can make 
enough to buy the necessary test 
equipment, and tools, thus relieving 
your budget of one of the biggest 
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items when you start full-time work. 
You must use a realistic approach 

to this problem. Take time enough to 
study the situation thoroughly. Find 
out as closely as possible just how 
much it will cost you to open the 
shop; how much test equipment you 
will need; how many parts and tubes 
you should have; what kind of trans¬ 
portation you will need; what rent 
and utilities will cost; and everything 
else necessary for operation of a full-
time service shop. 

Up to this point, what we have been 

saying can be summed up in four 
questions: 
1. Do you really want to be a full-

time serviceman? 
2. Are you technically ready for full-

time work? 
3. Is there enough business in your 

locality? 
4. Do you have enough capital to 

start? 
When you can answer an unquali¬ 

fied “Yes” to all of these questions 
you are ready to start a full-time 
service shop of your own. 

Establishing the Shop 
Let us go over some of the problems 

involved in opening and operating 
your own shop. Some of these were 
taken up in an earlier SMA Book on 
running a spare-time service business. 
It would be a good idea to review that 
book, now. 

LEGAL CONSIDERATIONS 

One thing that you must check up 
on before you start a business is the 
legal aspects. There are many com¬ 
plications to this, and probably the 
best thing to do is to consult a local 
lawyer or your banker. 
Many communities impose an “oc¬ 

cupation tax” on each business, which 
is a fee charged the merchant for the 
privilege of doing business in the com¬ 
munity. Tn other places, zoning re¬ 
strictions limit the type of business 
that may be operated in certain areas. 
For instance, if you were planning to 
operate your shop in a garage or small 
shop-building at your home, as many 

servicemen do, you might run up 
against a law prohibiting such enter¬ 
prises in a residential district. This 
is not common in smaller communi¬ 
ties, only in cities, but it would be 
wise to check beforehand. Consult 
some of the city officials such as the 
city clerk, or the chief of police, re¬ 
garding the laws and restrictions. 

In many states there is a sales tax 
on all retail transactions. Find out 
before you start just what law your 
own state has on this subject, so that 
you will not be subject to a penalty 
for neglecting it. Tn those states that 
have a sales tax, you will be required 
to make a tax return, usually once a 
month, showing your total sales of 
parts and labor, and paying a tax of 
a certain percentage on the parts. 
This can be quite easy, if you set up 
your bookkeeping system correctly. 
When you make up your monthly to¬ 
tals, you can simply transfer them to 
the tax form. This is supposed to be 
paid entirely by the customer, al-
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chough many servicemen forget to add 
it to their bills. This is not a wise fi¬ 
nancial practice, as the total of a few 
cents here and there can add up to 
a very sizeable figure over a month’s 
time! 

Other tax laws apply to you, too. 
You must pay Federal income tax, 
and Social Security, both on yourself 
and on any employees, even those 
who work part-time. Salary deduc¬ 
tions are necessary, with regular pay¬ 
ments to the government bureau in¬ 
volved. Talk with your local banker. 
He can give you information about 
the tax laws as they affect you, or 
tell you how to get the information. 
Another good source of information 
is your local income tax office. 

While we’re discussing laws, taxes, 
etc., let us give you this one word of 
caution: Never take the advice of 
“coffee-shop experts” on any legal or 
tax matters. Unless the man w'ho 
gives you the advice is a banker, a 
lawyer, or a tax man, his advice may 
not be worth much! There are always 
places where you can get help in these 
matters, especially on the tax laws, 
entirely free. If you have any doubt, 
go to the tax office concerned, and 
ask one of the experts there. They are 
there to answer your questions. 

You might think that it’s a little 
odd for us to be speaking of laws, 
taxes, etc., at the very beginning of 
this discussion of running what will 
be, for a while at least, a very small 
business, but we do so deliberately. 
Today, all businesses are regulated 
by laws, rules, and regulations as to 
taxes of various kinds, and there is 
no legitimate way of avoiding them. 
The beginning businessman must ac¬ 
custom himself to them, and take 

every precaution to see that he does 
not violate any of the laws. Remem¬ 
ber, ignorance of the law is no excuse! 

SELECTING THE LOCATION 

Now, let’s get on with establishing 
the shop. First comes the matter of 
selecting a location. This depends 
upon two things: the type of business 
to be done, and the expense. 

By the type of business, we mean 
whether you are going to run a shop 
strictly for repair and service of 
electronic appliances, or whether you 
are going to attempt to sell radios, TV 
sets, and small appliances. If you 
plan to do only repair work, then the 
choice of a location is much simpler, 
and a lot less expensive. If you want 
to sell merchandise, you should con¬ 
sider getting a location as close to the 
business district as possible. There, 

Selecting the locution for your shop is 
an important step. Give the matter care¬ 

ful consideration. 

you will have the “store traffic” 
needed so that potential customers 
will see your merchandise. This also 
means a higher rent. 

The straight repair shop, on the 
other hand, can be almost anywhere, 
as far as business is concerned, and the 
most economical location is the best. 
You are in the same class as a doctor, 
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a garageman, or any other emergency 
service. The customer does not want 
you at all until some of his equipment 
breaks down, and then he will hunt 
you up. You don’t have to be where 
he can see you all the time. Public 
attention is taken care of by your 
advertising, which should make your 
name and firm familiar enough to 
him so that he will think of you when 
he is in trouble. 
Many servicemen have converted 

rooms in their homes into a shop, 
especially in the beginning; later on, 
they either build a small shop in the 
yard, or move to a separate shop¬ 
building, on the edge of the business 
district. 

A separate garage or even a shed 
can be made into an ideal service 
shop. This offers some advantages 
over a room in the home itself. Peo¬ 
ple might think that a serviceman 
operating from a room in a home is 
only a “tinkerer”, and take their 
work to a man with a separate shop. 
This makes the separate building 
more advantageous, especially if it 
can be dressed up a little to give it a 
professional appearance. 
Parking space is another factor 

that should be considered. In this 
respect a more remote location is 
better. You will be away from the 
congested traffic of the downtown 
areas, and the potential customer can 
always find a place to park his car. 
If you are going to do auto-radio 
work, this is essential. 

SHOP DESIGN 

The subject of work benches, stor¬ 
age space, and lighting has been dis¬ 
cussed in the earlier book. Refer to 

that book in planning such items for 
your permanent full-time shop. Also, 
examine the pictures of shops you 
see in radio magazines; you may pick 
up some useful ideas. 

If space permits, build a small 
counter to divide the “working area” 
of the shop from the “customer area”. 
This will tend to discourage cus¬ 
tomers from hanging over you while 
you are working, which can be very 
annoying at times. The counter is 
also very handy for keeping books, 
small displays, etc., and for tempo¬ 
rary storage of repaired small sets. 

The front of the shop building is 
also important. It need not be elab¬ 
orate, nor even have any display 
windows. If your building does have 
display windows, be sure to keep ap¬ 
pealing display material in them at 
all times. Nothing detracts as much 
from the appearance of a shop as old, 
faded displays. Better to have nothing 
at all than to have obsolete, dirty 
displays. Tube manufacturers, and 
other manufacturers, will be glad to 
furnish you with all of the display 
material that you could possibly use, 
usually free. See your local parts 
distributors. 

You should have a sign to identify 
the building as your shop. Tube man¬ 
ufacturers make these and sell them 
to servicemen at very low cost. Sec 
your distributor. The sign will have 
the tube manufacturer’s name on it, 
too, but yours will be the most prom¬ 
inent. Decals are also available, and 
are probably the simplest, and by far 
the cheapest, form of identification. 
You can apply several of these, and 
put your own name on a small, neat¬ 
ly-lettered card, inside the window, 
and get by for practically nothing, 
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The business part of a service shop should be neat and clean, and conveniently 
arranged. 

to begin with! These decals can also 
be used on your car, truck, or what¬ 
ever vehicle you use for your service 
calls, and can save you quite a bit on 
signs there, too. 

The last, and possibly the most 
important item about the shop build¬ 
ing itself is neatness. No matter what 
kind of building you choose, be sure 
that it is neat and clean. This is a 
continuing requirement throughout 
your career as a serviceman. The 
favorable impression made on the 
customer is worth the small amount 
of time needed to keep the place tidy. 
Of course, some clutter is inevitable 
in a service shop. If you have tools 
scattered over the bench while work¬ 
ing, that is one thing; if there is dust 
and dirt piled up in the corners, that 
is another! If you can, get some kind 

of floor covering—linoleum or tile— 
for the working area, and see that it 
is sw’ept daily, and mopped when 
necessary. 
There is a good reason for this. 

When the customer enters a clean 
shop, he will get the impression that 
it belongs to a careful workman, who 
can be trusted to take good care of 
his precious TV or radio set. If the 
shop is sloppy and dirty, he is apt 
to think that the technician’s work 
will be, too. We stress this point, be¬ 
cause of its importance, and because 
of the natural inclination of many 
electronics technicians to become so 
absorbed in the fascinating work they 
are doing that they neglect their 
housekeeping chores. One of the best 
ways to find out, by the way, is to 
ask your wife or mother what she 
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thinks about the condition of your 
shop. You may even get her to drop 
in once or twice a week and help 
clean it up. 

This principle also applies to your 
personal habits and dress. If the cus¬ 
tomer comes into a neat shop, and 
sees a man needing a haircut and 
shave, dressed in dirty, greasy khakis, 
the first impression will still be bad. 
Although radio-TV work, because of 
the dust and dirt which is inevitably 
found inside the cabinets of sets, is 
much dirtier than most people realize, 
still, the working technician can keep 
reasonably clean. Cleaning and dust¬ 
ing sets before beginning work on 
them will help a great deal, and 
keeping benches and stools clean will 
help still more. Even plain khakis, if 
they are neatly pressed and clean, 
will make a good impression on the 

prospective customer. Regular service 
uniforms are available from some 
tube and set manufacturers through 
their distributors. Often the cost is 
less than comparable garments in lo¬ 
cal stores. These are complete, even to 
peaked caps, and are very neat serv¬ 
ice uniforms. 

Showmanship. There are several 
places in and around the service shop 
where you can make good use of the 
basic principles of showmanship. By 
this, we mean that any parts of the 
shop that are either visible or acces¬ 
sible to the public, your customers, 
should be set up in such a way as to 
impress them. 
You have seen shops with large 

amounts of test equipment, scattered 
haphazardly here and there, piled on 
the floor, shoved back on the bench, 
etc., which made a very poor impres-

A typical workbench. 
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sion on you. On the other hand, you 
have seen shops with less equipment, 
but with that neatly arranged on a 
shelf, with hand tools kept in drawers, 
and everything neat and clean, that 
made a much better impression on 
you. That is the practical application 
of “showmanship”. 

Actually, the condition of the shop, 
as far as display of the equipment 
goes, has very little to do with its 
efficiency, but the appearance of the 
shop has a great deal to do with what 
the customers think of it! Test equip¬ 
ment neatly arranged, with test leads 
hanging up out of the way, tools in 
the proper places, etc., give the cus¬ 
tomer an impression that the man 
who runs this place must be a good 
workman. 
Therefore, when setting up your 

own shop, take these factors into con¬ 
sideration; take the time necessary 
to work out an arrangement for your 
test equipment that will give both 
efficiency and a neat appearance. In 
almost all cases, this will go together, 
by the way; the neatest arrangement 
of a shelf will also be the handiest 
to work with. 

PERMANENT EQUIPMENT 

By “permanent” equipment we 
mean the equipment which might be 
considered part of the shop itself. 
This is different from the best equip¬ 
ment, which will grow obsolete in 
time and have to be replaced. 

One of the first things you will 
have to have if you're going to do TV 
work is a good outside antenna to 
receive a good signal from the nearest 
TV station or stations. 

It is generally considered wise to 
set up your shop antenna to receive 

all stations in your area, rather than 
just the strongest one. Some of your 
customers might be able to get only 
one certain station, and the set must 
be operated on that station to check 
oscillator alignment, etc. 

Even if the TV signal is reasonably 
strong in your area, an outside TV 
antenna, mounted high and clear 
above your shop, is a good invest¬ 
ment. Such an antenna, particularly 
if it has colored elements, is sure to 
attract attention. 
You can mount a sign advertising 

your service on the mast supporting 
the antenna. A neat antenna installa¬ 
tion is a good advertisement for an¬ 
other reason: You can show it to 
customers as a sample of your instal¬ 
lation work. 

The lead-in from this antenna can 
be brought into the shop room just 
as it would be into a home: through 
the walls or through a window. If you 
need an antenna for a radio receiver, 
the TV lead-in will do very nicely. 
Most radios use no outside antennas, 
but now and then you will run into a 
farm set, or a communications re¬ 
ceiver that requires one. 
In addition to the TV antenna, 

there are other items of “built-in” 
test equipment that will prove help¬ 
ful. Chief among these is the test¬ 
speaker described in an earlier book 
of this series. We recommend you 
build one just as soon as possible. 

If you plan to service auto radios, 
you must have a bench-type power 
supply capable of furnishing the volt¬ 
ages necessary to operate this equip¬ 
ment. Be sure to purchase the type of 
supply that will furnish both 6 volts 
and 12 volts. Also, you should have a 
bench-mounted auto radio antenna 
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for use in testing the auto sets. 
As you go on in the service busi¬ 

ness, you will undoubtedly find other 
built-ins that will help you do some 
job better or more quickly. W hen you 
do, build them and install them on 
your bench; everything that helps 
you do a job faster or easier increases 
your income! 

PARIS STOCK 

Slocking parts has been covered 
previously and we will only mention 
that your repair and replacement 
parts stock requirements will differ 
according to the location and the type 
of business you do. For instance, a 
man located in a city, with several 
parts distributors and wholesale 
houses within easy reach, has a dif¬ 
ferent problem from that of a man 
who has a shop in a small town, and 
must depend upon mail-order service 
or weekly deliveries for his replace¬ 
ment parts. The small-town operator 
must maintain a somewhat larger 
stock of parts than the city dweller 
in order to give the quickest service 
to his customers. 
The best advice we can give you 

on this point is to be quite conserva¬ 
tive in buying parts until you see 
just what types of parts are needed 
in your locality. For instance, if you 
were in a town so far away from a 
TV station that no TV sets were in 
use, you would not stock any type of 
tube used exclusively in TV sets, such 
as picture tubes, special horizontal 
output types, etc. On the other hand, 
if you were in a large city, you 
wouldn’t stock tubes used only in 
home battery sets such as are used 
on the farm. 

Distributors. Your parts distribu¬ 

tor can be a great help to you if you 
will take advantage of the many serv¬ 
ices he has to offer. It is to his interest 
to see you make a success of your 
business. The better your business, 
the better his business. Almost all 
reputable parts distributors will go to 
great lengths to help the new shop 
get started and operate successfully. 
In the smaller towns, the salesman 
will call on you at intervals of about 
a week; he is an invaluable contact 
with the outside world, as far as new 
test equipment, tools, merchandise, 
etc., are concerned. Many servicemen 
try to concentrate their parts busi¬ 
ness with one supply house, usually 
the one nearest to them. Choose the 
one that can give you the best service 
as far as mail delivery is concerned, 
to speed delivery of special orders. By 
concentrating your business, you will 
build up a large enough account so 
that you can get quantity discounts, 
first chance at special sale merchan¬ 
dise, “tie-in deals”, etc. For instance, 
a TV serviceman's “tube caddy” 
would cost almost $30, if purchased 
outright, but almost all distributors 
have arrangements whereby a service¬ 
man can get it free, if he will buy a 
certain amount of tubes. This may 
be spread over a period of time, if 
necessary, and the actual saving is 
quite worthwhile. This would not be 
possible if the serviceman bought ten 
tubes from one supply house, ten 
from another supply house, and fif¬ 
teen from still another, and so on. 

Tn many cases, especially in the 
smaller towns, where everyone must 
depend upon parts bought by mail 
order, the town’s servicemen often 
set up a sort of informal working 
agreement, whereby they exchange 
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parts between shops. If one man need» 
a certain part, but is out of it, he can 
get it from one of the other shops 
having one of the items needed in 
stock. The servicemen in some towns 
have even gone so far as to make up 
lists of seldom-used parts; each shop 
buys and keeps a few of them, so 
that they will be available for all. 
This kind of cooperation is very nice 
for all concerned, as it makes for 
much better relations between all men 
in the same line of business, and 
helps to avoid friction. 

ADVERTISING 

When you open a full-time shop, 
advertising is essential. You must tell 
the prospective customers of your 
business and the service you offer. 
Stress your business name, address, 
and telephone number. 
Tube manufacturers make many 

useful advertising aids for service¬ 
men. They include outdoor signs, let¬ 
terheads, business cards, direct-mail 
advertising cards, and window display 
material. All of this is available at 
very reasonable prices. Talk with 
your local wholesaler; he can give you 
additional information. 

A business listing in the classified 
section of your local telephone di¬ 
rectory is very important. Persons 
looking for service will often check 
the classified listings first. A small ad 
here is a good investment. While we 
are on the subject of telephones, re¬ 
member that the telephone will often 
be your first contact with a new cus¬ 
tomer. Be businesslike. Make it a 
rule to answer the telephone with 
your company name, or a phrase such 
as “Good morning. Radio and Tele¬ 
vision service." 

Tube manufacturers publish book¬ 
lets of business and advertising hints 
from time to time. These are excellent 
sources of advertising ideas. Your 
wholesaler will know about these, or 
you may see notices in radio maga¬ 
zines. 

Direct mail advertising is very use¬ 
ful, particularly in getting new cus¬ 
tomers. From your local city direc¬ 
tory, you can get the names of people 
living nearby. Send them postal cards 
mentioning your service. This is par¬ 
ticularly good in a large city where 
you must limit your advertising to a 
relatively small area at first. Other¬ 
wise, you might get calls from areas 
so far from your location that it 
would be economically impractical to 
do the work. 

In smaller communities, newspaper 
advertising is good. Incidentally, some 
of the tube manufacturers will furn¬ 
ish complete newspaper advertise¬ 
ments needing only the addition of 
your business name, address, and tele¬ 
phone number. 

In any business, the best advertise¬ 
ment is a satisfied customer. When 
you get a new customer, remember 
that he is a potential advertisement. 
See to it that you make him a satisfied 
customer. 

HELPERS 

If you must be out of the shop, it 
would be a good idea to get yourself 
a helper, someone who could answer 
the telephone, and check sets in for 
repairs. There should be someone in 
the shop at all times, if possible. If 
your shop is in or near your home, 
you can solve this problem by install¬ 
ing an extension telephone. Then, 
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someone in the house can answer it 
for you. 

At first, the services of this assist¬ 
ant should cost as little as possible. 
Therefore, it will help if you can get 
some close relative to take over this 
job at little or no cost to you. If you 
must hire someone, bj’ all means get 
someone who can help you with your 
bookkeeping as well as answer the 
telephone. Of course, it would also be 
very handy to have a helper who 
could assist you in doing small service 
jobs, but it is unlikely that you can 
afford someone with such technical 
ability, when you’re beginning. 

One possible source of such assist¬ 
ance is the school. Many schools have 
on-the-job vocational training pro¬ 

grams, in which the students work 
part-time in the stores and shops of 
the community, in order to gain prac¬ 
tical experience in the line of work 
they have chosen. Although this is 
part-time, it can be a valuable source 
of assistance to you. Girls can do 
your typing and bookkeeping, and 
boys can act as your assistants, in 
return for practical training in busi¬ 
ness methods and practices. 

Local “hams” (amateur radio oper¬ 
ators) can also be helpful, in this re¬ 
spect. Often you will find younger 
hams, who will give you a few hours 
of work each day, in return for help, 
used parts, and the like. This assist¬ 
ance can be invaluable in such jobs 
as erecting TV antennas. 

ilow To Be A Businessman 
It has been said of the American 

radio-TV serviceman that he is the 
world’s best technician and the world’s 
worst businessman. Although that 
statement is a little exaggerated, 
there is a certain amount of truth in 
it. What it refers to is the unfortunate 
tendency of technical men to become 
so fascinated with the technical de¬ 
tails of their work that they neglect 
the equally important part of making 
a living out of it. 

As you will find when you gain a 
little more experience in running a 
full-time business, this is undoubtedly 
true. The technical parts of the busi¬ 
ness are so much more interesting 
than dull bookkeeping, making out 
tax returns, etc., that you tend to 
neglect them. They must not be ne¬ 
glected. Probably the only way to 

avoid this is to force yourself, at the 
very beginning of your career, to form 
a set of good habits in this respect, 
and then stick to them. 
By good habits, we mean taking 

care of the large amount of necessary 
paper work, making out monthly 
statements for your credit customers, 
checking up on your monthly volume 
of business to see if there isn’t some 
place where you can make a small 
change and save some money, paying 
your bills on time so as to gain the 
advantage of the cash discount al¬ 
lowed by most wholesalers for pay¬ 
ment before a certain date, checking 
up on your advertising seeing that 
there is just enough and not too much 
of it, checking the gross business to 
see if there is enough and if there 
is anything you can do to increase 
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it, and so on. The best thing to do is 
to set aside a certain day each month, 
do all these things at once, and then 
forget them until the next month. 

COLLECTING BILLS 

Most important of all these tasks 
is the collection of your bills; the 
money owed to you by your cus¬ 
tomers. If you do not get this money, 
you cannot pay your own bills, and 
must soon go out of business. Unfor¬ 
tunately, you will always be troubled, 
as are all merchants, by the credit 
problem. 

Your biggest trouble will be in the 
delinquent individual accounts; the 
customers who will “pay you Satur¬ 
day”. Unless you can manage to do a 
100% cash business, you will always 
have a certain number of these ac¬ 
counts in your unpaid account file. 
Send them a statement on the first of 
the month following the delivery of 
the set. If they do not pay by the 
tenth, send them a reminder notice. 
If this fails to bring any action, send 
another statement on the first of the 
next month. If this does not get any 
action, turn the account over to a 
collection agency immediately. There 
will probably be someone or some 
firm in your town who specializes in 
collection of accounts like this, and 
they can get amazingly good results, 
in most cases. The older the account 
is, the higher commission these agen¬ 
cies charge for collection. Therefore, 
turn the accounts over to them at the 
earliest possible moment. 

In many cases, when reputable cus¬ 
tomers see that they are going to en¬ 
counter one of these large bills, such 
as picture tubes, they will confess, 

beforehand, that they arc unable to 
pay such a large amount all at once. 
In such cases, he can always finance 
the transaction through a local bank. 
If the customer is known there, he 
will have no trouble getting the 
money. 

In some of the larger cities, and in 
many smaller communities, the au¬ 
thorities have set up “Small Claims 
Courts”, in which you can press 
claims for small amounts against 
your debtors. These take care of small 
claims, such as eight- or ten-dollar 
debts, too small to go through the 
whole process of law to reclaim, as 
court costs would take all the profit 
and more. If you have such a court 
in your home town, use it, whenever 
you are confronted with these prob¬ 
lems. 

There is no hard and fast solution 
to the credit problem for the small 
businessman. The only possible means 
by which he can avoid undue credit 
losses is to exercise great caution 
when granting credit. Quite often, 
with the good customers, you will 
gain a friend by allowing him an 
extension of time to pay off a bill. If 
he is a reliable person, your losses 
will be quite small from this source. 

SHOP RECORDS 

As we mentioned, there are quite a 
few taxes that the independent busi¬ 
nessman is liable for. This means that 
he must maintain a detailed set of 
business records, so that he can pre¬ 
pare the necessary reports, without 
losing too much time from more pro¬ 
ductive activities. If you can pick 
up your books and make out a tax 
return in a few minutes, you can use 
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tlie time saved for more profitable 
things. The records required for a 
service shop need not be elaborate, as 
long as they will give you an accurate 
picture of your business activities. 
This means that you must have three 
things: a record of all money re¬ 
ceived, and for what; a record of all 
money spent, and for what; and a 
record of what parts, materials, and 
stoic equipment is on hand, and its 
value. 

To keep the business records, you 
can buy small ledgers at a stationery 
store, or you can subscribe to a book¬ 
keeping service that will furnish the 
necessary books. There is at least one 
such bookkeeping service of this type 
that will furnish all the necessary 
books, tell you what records to keep, 
compute your taxes, and balance your 
books at the end of the year. Your 
banker or a local income tax office 
can toll you more about this service. 
The job record card discussed in 

an earlier book is the basic business 
form. It is your record of the cus¬ 
tomer’s name and address, the set 
repaired, the work done, and the date 
when done. It is also your record of 
the parts sold and the labor charges 
made. The customer’s name and ad¬ 
dress will be helpful if you plan to 
do any direct-mail advertising in the 
future. When you start full-time serv¬ 
icing, get a supply of job record cards, 
and use them. Make one for each set 
that comes in. When the set is picked 
up or delivered, mark the shop part 
of the job record card “paid”, and 
enter the information in a small 
ledger, or “Daybook”, under the date. 
rhe customer’s name is written in the 
renter, and the amounts received for 
parts and service in the appropriate 

columns. The card is then filed under 
the customer’s name. There, it serves 
as a permanent record of the job. If 
you must make sales tax returns in 
your state, you will have the neces¬ 
sary figures. Many states charge sales 
tax on parts (merchandise), but not 
on labor or service charges. There¬ 
fore, you must be able to divide your 
income into these two categories. 
Another small book is needed for 

recording money paid out. This can 
be another small ledger. Set up one 
page for each type of expense. You 
might use the following categories: 
Automobile expenses, parts, miscel¬ 
laneous items, utilities, postage and 
freight, wages, advertising, test equip¬ 
ment. 

Be sure to put down everything you 
spend even for ten cents worth of 
bolts. In a year even small items add 
up. 

As far as the income tax is con¬ 
cerned, this record need not be very 
detailed. Your tax is figured only or 
your net profit. The detailed break¬ 
down of the different expenses is for 
your benefit. In this way, you can tell 
almost at a glance just how much 
you are spending for each item, and 
make adjustments, if necessary. For 
instance, if your freight bills seem to 
be unusually large, you can make 
savings by ordering larger amounts 
at one time. Individual shipments of 
small parts use up large amounts of 
postage. Concentrate your orders, to 
take advantage of the bulk rates. If 
your advertising bill is running over 
the percentage of income you allotted 
it, cut it down. This kind of record is 
not difficult to keep and will tell you 
quickly and accurately just where 
you stand financially, at any time, 
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with only the need of adding one or 
two columns of figures. This is very 
important, especially to the beginning 
serviceman; he should be able to tell 
whether or not he is making any 
money ! 

Depreciation. When you make 
out your income tax return, you can 
save quite a bit of money by deduct¬ 
ing the depreciation on your test 
equipment, or on any piece of per¬ 
manent equipment such as your truck, 
etc. This means that you are allowed 
to charge-off a certain percentage of 
the initial cost of an item each year, 
until it has all been taken off. For 
instance, if you had a signal generator 
that cost $100, you could estimate 
its useful life at five years. It makes 
no difference what the actual service 
life of the instrument is; you can use 
any reasonable figure as its estimated 
life. In this case, you would be en¬ 
titled to deduct $20 each year as de¬ 
preciation for this one item. At the 
end of five years, the total cost would 
have been depreciated. If you then 
sold or traded in this instrument, pay¬ 
ing $100 for a new one, its cost could 
be depreciated at the same rate. Cars 
and trucks can also be depreciated; 
if you buy a used truck, for $1000, 
and estimate that it will last for three 
years, you can deduct 1/3 of its cost 
each year. The only requirement for 
this is that you keep a separate rec¬ 
ord of the cost of each item in these 
categories; don’t enter them along 
with your other expenses. The in¬ 
come tax collector may examine your 
books some day, and he will want to 
see these records. If there is any ques¬ 
tion, you may have to show him the 
original invoices for him to verify the 
lodger entries. 

For this reason, it is a good idea to 
save all invoices you receive. This, 
again, is not difficult, if properly done. 
Get a letter file box, about 12 x 20 
inches, and a few file folders from 
your stationer. Mark the tabs on each 
of these with the appropriate name. 
“Parts from John Smith & Co.”, 
“Automobile Expenses”, “Test Equip¬ 
ment”, or whatever is necessary. Place 
them in the box, and then file all in¬ 
voices under the appropriate names. 
At the end of the year, take them all 
out, empty the folders, tie the invoices 
in a bundle with string, and put them 
in another cardboard box. Tie this up. 
mark the year on the outside with 
a heavy pencil, and store it some¬ 
where in the back room. After three 
years, you may dispose of it, as far 
as the income tax people are con¬ 
cerned. 

Make up another set of file folders, 
to keep your tax returns—one for 
income tax, one for sales tax, etc. 
These can be kept in your regular 
file, and be available when needed. 

At the end of each year, you must 
make up a report of the operations of 
the business. This should be done for 
your own information, and must be 
done for income tax purposes. To get 
this data, you must know three 
things: how much you took in. how 
much you paid out, and how much of 
this is deductible. Also, you must 
have a profit and loss statement on 
the operations of your business. This 
means you must have an inventory of 
your stock, as well as records of 
money paid out and received. 

Inventory. To take inventory, you 
must make a thorough count of all 
parts and merchandise in your shop, 
and figure out the cost price on each 
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item. The total of this is your “end¬ 
ing inventory” for the year just con¬ 
cluded. At the end of your second 
year in business, you put down the 
inventory taken at the first of the 
year, your “beginning inventory”, add 
to this the cost of parts purchased 
during the year, and you have the 
total of the parts used during the year 
and left in stock at the end of the 
year. By subtracting the amount of 
your ending inventory from this you 
find out how much the parts you sold 
during the year cost you. This is your 
largest item of expense, usually, and 
is very important, in your tax report. 
For instance, if you had $500 worth 
of parts on hand at the beginning of 
the year and bought $5000 worth dur¬ 

ing the year, your total figure would 
be $5500. If your ending inventory 
showed $1000 worth of parts on hand, 
you would know the parts you had 
sold during the year cost you $4500. 
This, plus your other expenses of 
doing business such as lights, heat, 
transportation, tools, rent, deprecia¬ 
tion on test equipment, etc., is de¬ 
ducted from your gross income, which 
is the total money you take in, and 
the result is your net income for the 
year—what you have left after all 
expenses are taken out. We recom¬ 
mend that you have a talk with your 
local income tax man to get any 
points straightened out that you have 
any doubts about. He will be glad to 
help you with any details. 

Organizing Your Service Work 
When you get quite a bit of work, 

you will find that it goes much more 
smoothly if you work on a regular 
schedule. For instance, take the morn¬ 
ing hours to work on sets in the shop; 
the small radios, etc., that came in 
late yesterday afternoon. Get these 
all cleared away, with the job tickets 
made out, and then check up on the 
service calls that have come in. From 
one o’clock in the afternoon on until 
about four-thirty or five is a good 
time to run these. Make out your list 
so as to cover the most calls with the 
least mileage. 

When you finish a shop job, set it 
on the counter, or on the shelf re¬ 
served for finished work, and make 
out the job ticket in full, right then! 
If you put this off, you’ll wind up in 

such confusion that you’ll never get 
it straightened out. Notice that we 
didn’t allow any time for “catching 
up with back paper work”. This is 
deliberate; you should not accumulate 
any back paper work. Never let it 
pile up. Get it done and get it over 
with, and then you can get on with 
your more interesting work. 
If a shipment of parts comes in 

during the morning, let it sit there 
until you get through with the job 
you’re doing. Then, open it, check the 
contents against the packing slip, 
mark the right list prices on all items, 
and put them up on the shelves. In¬ 
cidentally, if you’re busy, the noon 
hour is a good time to do this kind of 
work. 
Notice that we mentioned marking 
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the list prices on each part as it was 
unpacked. This, in many a service 
shop, is neglected; consequently, the 
serviceman spends many a useless 
minute poring through catalogs look¬ 
ing for the correct list price on a 
given part. You can avoid this waste 
of time by marking the price on each 
item as it is unpacked. At that time 
you have the packing slip right there, 
with the price you have paid for each 
item plainly marked on it, and usu¬ 
ally the list price. Many components 
come in cardboard boxes, which will 
provide space for marking the price. 
Other items, such as capacitors, can 
be priced from a list, and a note 
posted alongside your capacitor stor¬ 
age bin. 

Tubes are an exception to this. You 
will always have the latest list prices 
for tubes, as all of the major tube 
companies issue new price lists at 
intervals. Have one posted in the 
shop. 
Almost all standard replacement 

parts are marked up by the same 
amount: the retail price is twice the 
cost. Tube prices are determined from 
the list supplied by the wholesaler. 

SERVICE INFORMATION 

Except for the simplest service 
jobs, the technician must have ac¬ 
curate service information, to avoid 
wasting valuable time. Even for such 
jobs as restringing a dial cord on a 
small radio, the service information 
will save time, and time is always 
money in a service shop. 

There are several publishers spe¬ 
cializing in service information; the 
two best known are John F. Rider and 
Howard W. Sams & Co., Inc. These 

firms publish service data, both in 
bound volumes covering one year of 
production, and in separate sheet or 
folder form covering omy a few sets. 
In addition to these, you can get serv¬ 
ice data from the set makers, either 
in the single-set folders or in bound 
volumes covering a full year’s pro¬ 
duction. Many manufacturers have 
service organizations to which you 
can belong by paying a small yearly 
fee. The company then sends you, at 
monthly intervals, the latest sche¬ 
matics on their current sets, both ra¬ 
dio and TV. All of these are worth¬ 
while. Through them ycu can get the 
very latest schematic diagrams and 
other service information on the new 
sets, often quite a while before the 
sets themselves even appear in your 
locality. It is not possible to have 
too much service information. Get all 
you can, and have some place to keep 
it, with some sort of filing system, so 
that it is accessible. 

This data file need not be elabo¬ 
rate; it can even be just a few paste¬ 
board boxes, at first. In some cases, 
you may be able to buy several bound 
volumes of service data from supply 
houses, or from ads in the magazines. 
Often full sets of these are available 
from some shop that is closing. These, 
if in good condition, can be a bargain. 
Later on, you can get hold of a used 
file cabinet to store your loose-leaf 
data sheets. If you can find a four-
drawer style, get it, as you will need 
it in the future. The number of dia¬ 
grams you will accumulate will be 
amazing, and you’ll need every one 
of them at one time or another! 
If you get the bound volumes of 

service data, they will have indexes 
already. If you have any loose-leaf 
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A convenient file of service information can be a great time-saver for you. 

data, you will have to have some way 
to keep it filed, so that you can locate 
any given schematic without losing 
too much time. If you have the filing 
cabinet, get a set of tall cardboard 
dividers, with a tab on top, showing 
a letter of the alphabet. File your 
diagrams under the first letter of the 
maker’s name. 

Later on, as you accumulate more 
and more schematics, it would be a 
very good idea to separate the TV 
diagrams from the radio diagrams: 
this will save you quite a lot of time 
in hunting up the schematic needed. 
You can further subdivide your file 
into auto radios, amplifiers and PA 
systems, etc. The standard by which 

anything like this must be judged is 
quite simple. Will it help you find any 
given diagram quicker? If it will, do 
it. 

All of the loose-leaf diagrams you 
will get will be punched for standard 
notebook binders; you might pick up 
a few of these and keep your most 
frequently used diagrams in them, for 
greater convenience. Larger binders 
are available at book and stationery 
stores, or from the manufacturers 
themselves, for binding a full year or 
more of their diagrams. 

Many technicians have built shelves 
above their benches, so that they can 
keep their service information at their 
fingertips. Others place the filing cab-
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inet at one end of the bench. Wher¬ 
ever you keep it, make every effort 
to keep it neat and orderly, as a dis¬ 
ordered or sloppy filing system, es¬ 
pecially for service information, can 
take up more time than it saves, and 
that is its major purpose: to save 
you time. Without it, you could 
doubtless puzzle out even the most 
complicated set in time; with it, you 
can go swiftly to the source of the 
trouble. 

SERVICE CALLS 

If a large part of your business is 
in TV, you will have to make several 
outside service calls every day. TV 
owners almost always call the service¬ 
man to the home, rather than bring¬ 
ing the set into the shop. If you can 
arrange for someone, such as a rela¬ 
tive, to watch the shop while you are 
out, by all means do so, to keep from 
missing any jobs during your absence. 
If you must leave the shop unat¬ 
tended, get one of the little signs with 
a clock face on it, saying “Will be 
back at —” and hang it on the front 
door. 

If you have several service calls, 
try to route them so that you will 
cover the most territory with the least 
travel. For instance, you might take 
the one farthest from the shop first, 
then work your way gradually back 
toward it. This saves traveling time, 
gas, etc. 
You must make it a point to be 

prompt. This is more noticeable to the 
customer than anything else. If you 
tell her that you’ll be at her house at 
2:00 PM, make every effort to be 
there at that time. When making es¬ 
timates on your time, it is always 

wise to leave yourself a little margin. 
If you expect to arrive at about 2:00, 
you might say, “I’ll be there before 
2:30”, leaving yourself some room for 
error. A previous service job may take 
longer than you anticipate, making 
you a little late. 
Customers will appreciate your 

promptness, both in arriving at their 
houses, and in making deliveries of 
repaired sets. If you make a delivery 
estimate on a set, therefore, be very 
sure that you can meet it. Always 
overestimate the time required to 
make a service call. If you can get 
there with the set an hour early, 
you’ll make a better impression than 
if you are an hour late. Whenever 
possible, avoid being pinned down as 
to the time you will complete the job. 
There are too many uncertain factors 
in any electronic job for even the 
most experienced technician to be 
absolutely sure how much time he 
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When making service calls, make it a 
habit to be prompt. 
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will take on even the simplest job. 
If the job is an intermittent set, 

don’t make any promises at all as to 
the time of completion. Simply tell 
the customer the truth: because of 
the intermittent nature of the defect, 
that you will have to have an un¬ 
limited amount of time to make a 
perfect repair job on it. It may show 
up within a few minutes, or it may 
take several days. The truth is the 
best policy, in this as in all other 
cases. 

DEALER SERVICE WORK 

In almost every town or city, there 
are TV and radio dealers who farm 
out their service and TV installation 
work to independent service shops, 
rather than go to the expense of 
purchasing the expensive equipment 
and hiring the technicians to run their 
own service departments. This can be 
a good field, especially if you can get 
several dealers to give you their ex¬ 
clusive business. In return for this, 
you can afford to do their service 
work at a small discount from the 
regular prices. This gives them an 
opportunity to make a small profit 
with no investment, and also an in¬ 
centive to send customers to your 
shop. 

Hardware stores, electrical appli¬ 
ance dealers, department stores, and 
even drug stores often sell radios and 
TV sets; many garages sell auto ra¬ 
dios. Check up on these merchants in 
your town, and talk to them about 
doing their service work. If they sell 
TV sets, they will often give you the 
entire antenna installation, in return 
for the installation of the set itself, 
which merely means that you pick up 

the set, take it to the home, and set 
it up, instructing the customer in the 
proper operation of the controls when 
the job is finished. If you give the 
dealer a small discount on the jobs, 
he may even act as a salesman for 
you, in selling TV antenna installa¬ 
tions and similar jobs. 

Often this dealer business will in¬ 
clude doing “warranty service” work 
on both radio and TV sets. This is 
service free to the customer during 
the initial warranty period, which is 
customarily 90 days after purchase, 
for all tubes and parts. During the 
first 90 days, the dealer pays the labor 
charges for replacing any defective 
parts. 

In doing this warranty service work 
for a dealer, you will have to work 
out some sort of arrangement with 
him about tubes and parts replaced. 
In most cases, this is a straight ex¬ 
change. Any defective parts from new 
sets are shipped to the state distribu¬ 
tor at regular intervals; he replaces 
them with good ones, shipped back to 
you or to the dealer. Most servicemen 
doing this kind of work maintain a 
small stock of the parts that give the 
most trouble, in the make on which 
the work is done. In this way war¬ 
ranty replacements in sets can be 
made with tubes and parts of the 
same make. You may be able to get 
the dealer to stock these parts himself 
or you may have to. The amount of 
these parts you should keep in stock 
will depend on the volume of work 
you do for this particular dealer. In 
any case, when making an arrange¬ 
ment of this kind with a dealer, be 
very sure that all points are clear to 
both parties, as to the procedure to 
be followed in exchanging defective 
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parts. Also, be sure to read a copy of 
the manufacturer’s warranty. 

When you are the one who handles 
this exchange, be sure that you do not 
leave the old parts lying around the 
shop until they run out of warranty. 
Tn that case, they will be a dead loss, 
and must be discarded. If you have 
several different makes to handle, it 
is a good idea to set up cardboard 
boxes for defective parts, each labeled 
with the name of the manufacturer. 
See to it that these are shipped in to 
the distributor on a certain date, once 
a month, at least. It would be better 
still to make shipments every two 
weeks. 

The dealer should agree to give you 
all of his service business in your 
line for you to give him a discount. 
This discount cannot be too big; in 
no case should it be over 10%, and 
in most cases, around 5%, of the total 
bill. If you have a dealer who will 
send his own delivery men out to pick 
up and deliver the sets, bringing them 
right to your shop, so that you do not 
have to take the time to pick up and 
deliver them, you can afford to extend 
him a larger discount than the dealer 
who makes you do all pickup and 
delivery work. 

Many garages and auto parts sup¬ 
ply stores also sell auto radios, and 
only a few of them have enough vol¬ 
ume to justify maintaining a service 
department for installing and repair¬ 
ing the sets. 

There is one final point about this 
type of service work. You must assure 
each of your dealers, if you have more 
than one, that his business will be 
kept strictly confidential between the 
two of you. Never tell one dealer any¬ 
thing about the other dealer’s busi¬ 

ness. If you do, he wili suspect that 
you are also talking about his busi¬ 
ness to others. Keep each dealer’s 
account strictly confidential to avoid 
trouble. In fact, it would be a good 
idea to mention this when beginning 
negotiations. Tell him that his busi¬ 
ness will always be strictly confiden¬ 
tial. 

There is another advantage to do¬ 
ing this kind of work. It is the affilia¬ 
tion with nationally known manufac¬ 
turers. Many of these people make 
available to the serviceman free sche¬ 
matic diagrams, emblems, advertis¬ 
ing, uniforms, etc., or make a reduced 
price on such material. The advertis¬ 
ing tie-in will often be of value to 
you, and the information available 
certainly will. 

SELLING 

Another thing you will have to de¬ 
cide when going into business for 
yourself is whether you want to sell 
radio and TV sets or stick just to 
servicing. 

Even though you may not want to 
set yourself up as a dealer who sells 
a full line of radio or TV sets, there 
are many items you can stock in 
small quantities, at small cost, and 
sell to increase your income. 

You will have your stock of reg¬ 
ular replacement parts, of course, 
tubes, transformers, etc., but these 
are the parts used in repair work. In 
addition to these, you can also keep a 
small stock of auto-radio antennas, 
phonograph needles of the many 
types used in both standard and high-
fidelity record players, phonograph 
cartridges, rear-seat speakers for auto 
radios, and quite a few other items. 
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Your distributor’s salesman will have 
many new items, from time to time, 
for this kind of selling, and he will 
be glad to show them to you. It would 
be advisable to keep only a small 
stock until you can see how rapidly 
they are going to sell. 
If your shop does a good bit of 

dealer service work, you may be able 
to pick up a few extra dollars by re¬ 
conditioning trade-in radios or TV 
sets for them, then setting them up in 
your shop, for sale. In this way, the 
dealer is relieved of the trouble of 
having the sets fixed up, and given 
the opportunity of disposing of them 
at a profit. 

Items such as a rear-seat speaker 
for a car are available in kit form 
which can be displayed on your 
counter. The speaker, switch, grille, 
and all wire needed are included. 
Most of these are packaged in a dis¬ 
play carton, which can be folded back 
so as to display the unit. When you 
deliver a car radio to the customer, 
you can suggest the installation of a 
rear-seat speaker; you’ll be surprised 
how many you can sell in this way. 
This is given only as an example. 
There are many different items suita¬ 
ble for this kind of merchandising, 
and they can make a small profit for 
you. with a little investment, if 
handled properly. 
Similarly, new record changers may 

be sold, for installation in older-type 
console radio-phonographs. There are 
still many single-speed changers in 
use, and the alert serviceman can 
often make a sale by telling the cus¬ 
tomer about the advantages of a 
modern multi-speed changer, which 
will play records at several different 
speeds. Because of the comparatively 

high net cost of these changers, it 
would probably be better to sell from 
the catalog at first. Show the cus¬ 
tomer a picture of the changer, and 
get the order before ordering the new 
changer yourself. Later on, you may 
want to stock one of these units, if 
they sell very often. 

TX antennas and accessories, such 
as new lead-in wire, lightning ar¬ 
resters, masts, etc., would be con¬ 
sidered more as a part of your reg¬ 
ular parts stock than as customer 
goods, but you can still sell some of 
this material to the “do-it-yourself” 
type of customer, who wants to put 
up his own antenna. In many areas 
near the TV stations, the serviceman 
can stock a few of the ornamental 
types of “rabbit-ears” TV antennas. 
Some of these include lamps or clocks, 
in their design, and can be sold over 
the counter as the customer can easily 
install them himself. 

Don’t go overboard in buying some 
item, merely because it appeals to 
you. Get one or two of them, and see 
if they appeal to your customers. You 
can later stock any fast-selling item 
in larger quantities. 

Intercommunication systems in par¬ 
ticular can provide the technician 
with a good source of income, both in 
installation and servicing. Basically, 
these are no more than small audio 
amplifiers, and the circuitry is quite 
simple. Almost any business estab¬ 
lishment with more than two employ¬ 
ees is a good prospect for an intercom 
installation. Check up on the busi¬ 
nesses near your shop, make a survey 
of their stores, and then approach the 
owner. There are also available small 
intercom units, using only two sta¬ 
tions, one master and one remote or 

22 



slave station, which are ideal for doc¬ 
tors' oilices, lawyers’ offices, etc., and 
can actually be installed in a few 
minutes. They require only one very 
fine pair of wires, which can be run 
around doors, over windows, etc., held 
in place by pins or tacks. If your 
shop has separate sections for the 
"business office” and the shop, install 
an intercom. Customers are sure to 
notice it ami ask questions. 

Check up, also, on the larger indus¬ 

trial establishments: garages, lumber 
yards, factories, etc. Any business 
which has several buildings, separated 
by more than a few feet, is always a 
prospect for one of the larger inter¬ 
com systems. An installation of this 
type can be very profitable, as you 
get not only the profit on the sale of 
the equipment, but also on the instal¬ 
lation. Your distributor’s salesman 
will help you to plan the installation 
from his catalogs. 

You and Your Customers 
Customer relations are one of the 

most important parts of your busi¬ 
ness, and unless you pay sufficient at¬ 
tention to them, you may well find 
yourself without customers, no mat¬ 
ter how skilled a technician you are. 
Large businesses employ highly-
trained men to manage their customer 
relations, and you’ll find it wise to do 
the same, in your own way. In this 
case, you’re your own customer rela¬ 
tions man, and you must take full 
advantage of every opportunity to 
make yourself popular with them! In 
almost all cases, this means only one 
thing; do the best job you can on 
their sets, and be willing to stand 
firmly behind your work! Try to 
make a friend out of every customer, 
and your business will prosper ac¬ 
cordingly. 

GUARANTEEING YOUR WORK 

One of the things which seems to 
make the best impression on the aver¬ 

age customer is a positive guarantee 
on all the work you do, and the parts 
or tubes you replace. Actually, this 
is not hard to do. If you use the 
proper kind of replacement parts, 
their life should be far beyond the 
period of the guarantee, which is 
usually 90 days from the date of 
installation. Just as an example, a 
good electrolytic capacitor should last 
for around five years; coils, trans¬ 
formers, etc., for similar or longer 
periods. Although the service life of a 
tube is impossible to predict, good 
tubes will last for a surprisingly long 
time, and the few which do fail dur¬ 
ing the guarantee period will be re¬ 
placed by your distributor. 

Of course, you must be very careful 
not to go overboard in making guar¬ 
antees to your customers. Most serv¬ 
icemen guarantee only the parts and 
services which they have done. It 
would be foolish to attempt to guar¬ 
antee the entire set. Be sure to explain 
to the customer that your guarantee 
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covers only the parts you have in¬ 
stalled. Show him the job card, listing 
these parts, with the date, and ex¬ 
plain that this is for his protection. 
Incidentally, here’s a good point in 
your public relations department. Be 
sure to remark that you want to be 
certain that the customer gets his 
money’s w’orth, and therefore, you are 
keeping a record of the job. If any 
part that you put in goes bad during 
the guarantee period, he is to be very 
sure to bring the set back, and you 
will cheerfully replace the bad part, 
at no extra charge. 

This is one of the best practices 
that you can follow in building up 
your reputation. If the customer gets 
the impression that you have confi¬ 
dence in your own work, and that you 
are primarily interested in making 
his set work well, he will be more apt 
to come back the next time. Better 
still, he will recommend you to all 
his friends. This, by the wray, is by 
far the best and cheapest advertising 
you can get: word-of-mouth. The 
potential customer is far more im¬ 
pressed by a casual recommendation 
from a neighbor than by the most 
elaborate advertising campaign that 
could be put on. Therefore, make 
every effort to get and keep the 
goodwill of every customer, from 
now on. This is a never-ending proc¬ 
ess, but it will pay off richly, in a 
continuous flow of customers. 

There is one thing which may give 
you some difficulty, the actual dating 
of the guarantee. The job card is one 
way to avoid arguments on this. You 
will find that the average customer 
has a very vague idea of the actual 
date on which his set was repaired, 
and his estimate of the elapsed time 

is invariably short, sometimes by an 
amazing amount. When making out 
the job card, or when delivering the 
set, always casually point out the 
date on the card. If they see this, they 
will be more apt to accept it, where 
they would naturally be tempted to 
argue with you if it were a question 
of your unsupported word against 
theirs 1 
Avoid arguments whenever possi¬ 

ble; even if you win an argument, 
you are likely to lose a customer, thus 
losing money in the long run. 

Most people are fair-minded about 
these things; there is only a small 
minority who will try to take advan¬ 
tage of you on guarantees. In time, 
you will learn to recognize the type 
when they come in, and take precau¬ 
tions to cope with them by very 
obviously marking dates on the job, 
and so on. Most of these people will 
be discouraged by this type of proof, 
and will not even attempt to argue. 
The honest customer is usually very 
easily convinced by your written rec¬ 
ords, and will readily admit that his 
memory is at fault. 

In justice to the customer, you 
must always remember that to him 
the symptoms may all be the same. 
No matter whether a picture tube 
has burned out, the horizontal output 
tube shorted, the horizontal oscillator 
quit, or whether a fuse has just blown, 
he has a dark screen! His precious 
radio or TV set will not work; there¬ 
fore, he is in quite a bad humor. Re¬ 
member this when beginning your 
first dealings with him. Most success¬ 
ful servicemen have adopted a sym¬ 
pathetic attitude, when discussing the 
repair job, at first; a “That’s too bad; 
your set won’t work. Let’s see what 
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we can do to help you" attitude. If 
the serviceman gives the impression 
that he is not interested in the custo¬ 
mer’s troubles, but that it is only 
another job to him; that all he wants 
is the money, the customer won’t 
like it. Therefore, take the sympa¬ 
thetic approach; let the customer 
know that you are actually interested 
in him and his problems, and that you 
will do your very best to get his set 
working again, at the least cost to 
him. Then you’ve taken the first big 
step toward making yourself into a 
successful professional serviceman. 

Actually, for the best results, you 
should have this attitude. The life¬ 
blood of your business is customers; 
unless you have plenty of them, 
you’re not in business for long. The 
best impression you can make on 
them is the sympathetic attitude, and 
they will come back again and again, 
and bring their friends with them. 

What if one of your jobs actually 
does fail before the warranty expires? 
Then, you must make good on it, if 
you are to retain the customer’s con¬ 
fidence and his patronage. The simp¬ 
lest case, of course, is the one in 
which your part is actually at fault. 
There is a small percentage of fail¬ 
ures, even in the best parts. In this 
case, if the tube is shorted, and your 
date shows that it was replaced only 
30 days ago. your only possible pro¬ 
cedure is to replace it with a new one, 
apologize to the customer, and return 
the bad tube to the distributor for 
credit. Incidentally, you will usually 
have a much longer warranty period 
on tubes from your distributor than 
you give to the customer; sometimes 
this is six or nine months. This is to 
cover the period of time that the tube 

may be on your shelf before it is sold. 
Now and then, you will find the 

customer who will attempt to pay you 
for either the tube or for your service, 
on making replacements under guar¬ 
antee. It is a better policy not to ac¬ 
cept payment. The impression made 
on the customer is worth far more 
than the small amount you would 
make on the service charge. In almost 
all cases, he will go back home and 
make it a point to spread the word 
all over the neighborhood, about 
what a fine, honest serviceman you 
are. Once again, this is the most effec¬ 
tive type of advertising you could 
possibly get. 

On the other hand, you will find 
yourself faced with the problem of 
explaining to the customer that the 
part that failed was nof one you re¬ 
placed the last time the set was serv¬ 
iced. Remember, as we just said, the 
symptoms may look the same to him; 
it has quit working, and he will al¬ 
most invariably suspect the brand-
new part you just installed, rather 
than the hundreds of old parts still 
remaining. It will be your job to show 
him as diplomatically as possible just 
what the trouble is, and then show 
him, by reference to the job card, just 
exactly what work you did, and which 
parts you replaced, on the last job. 
In some cases, it is best to let the 
customer watch you test the set, so 
that he can see just what you are 
doing. While making these tests, you 
might casually point to a part and 
and remark, “There’s the piece we put 
in last time. It’s still good!” 
We have taken up a good deal of 

time talking about customer rela¬ 
tions. but this is because we feel that 
it is important. 
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THE QUALITY OF YOUR WORK 

There is one more point on which 
you will have to be very careful, 
especially for the first year or so 
you’re in business as a full-time tech¬ 
nician. This is the quality of your 
work. We have made informal sur¬ 
veys among customers, as to what 
point made the most lasting impres¬ 
sion on them: price, workmanship, 
speed, etc., and the answer most often 
received was the quality of the work. 
The price charged was decidedly sec¬ 
ondary, and in many cases was not 
even mentioned at all. 

So, when you first set up your own 
shop, and begin repairing radios and 
TV sets for the public, take plenty 
of time on each job, no matter how 
small it is, to assure yourself that the 
set is in just as good shape as it can 
possibly be, before you return it to 
the customer. In the beginning, this 
is doubly important: if you should 
acquire a reputation as a slipshod, 
careless workman, it will take you a 
lot longer to live it down than it did 
to acquire it! 

KEEP UP WITH THE WORLD 

Even though you live in one of the 
larger cities with facilities for attend¬ 
ing service meetings and thus keeping 
posted on all of the latest develop¬ 
ments, there will be many new items 
that you will miss unless you’re care¬ 
ful to check up on things. The tech¬ 
nician living in the smaller towns 
does not have the opportunity to at¬ 
tend such meetings unless they are 
within a reasonable distance of his 
home. Even so, many country service¬ 
men will drive 75 to 100 miles to at¬ 

tend these meetings, and consider the 
time well spent. 

When color TV service clinics were 
held by the manufacturers, one serv¬ 
iceman used this system. Two weeks 
before the service clinic was to be 
held, he put some magazines with ar¬ 
ticles about color TV in his window 
with a note saying that the shop would 
be closed during the time of the clinic, 
and explaining the purpose of the 
clinic. Arrangements were made to 
switch all calls to his home during 
the time he was closed. He attended 

Keeping up your technical knowledge is 
an important part of a successful career. 

the clinic and got a lot of good adver¬ 
tising at the same time. 
When you enter a field as fast¬ 

growing as electronics, you must 
make a definite effort to keep up with 
the latest developments, or you will 
soon find yourself behind. Every day 
sees some new development or a new 
application of an old one, in this fast¬ 
moving field. In almost all cases, the 
alert serviceman will make a positive 
effort to keep himself posted on these 
new developments as they occur. 

This is not as difficult as it might 
seem, even for the man in a small 
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town. In the general field of electron¬ 
ics there are quite a few trade maga¬ 
zines. Some of these are aimed speci¬ 
fically at servicemen; some are for 
amateur radio operators only; several 
others cover the whole field, with ar¬ 
ticles and discussions on items of in¬ 
terest in all fields of electronics. We 
recommend that you pick out several 
of these magazines, and subscribe to 
them. Read them through carefully, 
and see just how much helpful infor¬ 
mation you can get from them. Each 
month there will be short technical 
discussions of new tube types that 
have been brought out by manufac¬ 
turers with characteristics and speci¬ 
fications; articles on new circuits used 
in commercial TV receivers, the latest 
developments in color television, the 
latest in new test equipment, etc. 
Many magazines have departments 
devoted to the serviceman, with let¬ 
ters sent in by servicemen from all 
over the country about unusual prob¬ 
lems. An expert diagnoses these and 
answers their questions. A companion 
to this is the department where the 
servicemen themselves send in case 
histories on peculiar problems that 
they have run into. In many cases, 
these will be helpful to you, as you 
may have the same problems. 
Some magazines publish complete 

schematic diagrams of TV receivers 
and radios that you can clip out and 
file with your other service data. 
They can be very valuable. Most of 
them are for very late sets, and it 
may be some time before the sche¬ 
matics are available elsewhere. 

Another source of much helpful in¬ 
formation is the advertisements in 
these magazines. It is through them 
that you can keep up with the latest 

types of test equipment, and above 
all, special tools. Many servicemen 
watch these ads with interest, and if 
they see a special tool that they know 
will make their work easier, they clip 
the ad and send it to their regular 
parts supplier, who will order the tool 
for them. 

Incidentally, all money spent for 
subscriptions to magazines and trade 
papers used in your job, is fully de¬ 
ductible from your income tax as a 
legitimate business expense, so don’t 
forget to put it down. So is the money 
spent for going to service meetings. 
You can deduct traveling expenses 
both ways, and living expenses while 
there, if the trip is for the purpose of 
attending a service meeting or trade 
convention connected with your busi¬ 
ness. 

Keep yourself abreast of all the 
new developments in electronics. In 
this way, if you do run into a new 
type of set or circuit, the chances are 
you’ll be at least familiar with it from 
reading about it in the trade maga¬ 
zines, and servicing it will be much 
easier. Some of the magazines even 
have regular series of articles on color 
TV, industrial TV, and other new de¬ 
velopments, giving the basic princi¬ 
ples of the new circuits. A few years 
ago, many servicemen who had been 
doing nothing but radio work, pre¬ 
pared themselves for TV work by 
taking a short refresher course, and 
then reading the many articles pub¬ 
lished in the magazines on TV. These 
same men are now keeping up with 
the latest circuits, ideas, etc., such as 
color TV, by reading the articles in 
the same magazines. 

Of course, by the time you have 
finished this course, you will be up 
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Good luck’ 
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IMPORTANT 

This is the LAST of the “Spare-Time Money-Making 

Aids” Books. Your servicing training will continue in 

your regular study lessons. There you will learn 

professional servicing techniques in more detail. 
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INITIATIVE 
'I lie man who does only the routine tasks, the 

ordinary jobs in his profession, always wailing for 
the other fellow to take the lead, can expect only 
moderate returns for his labors, lie who is continually 
on the alert to grasp each new opportunity gets the 
greatest profits. The immediate financial returns from 
work in a new' and specialized branch of your pro¬ 
fession may not be great, but the reputation you gain 
for progressiveness will soon result in more profitable 
routine jobs. It all boils down to these simple facts 
—you must do out-of-the-ordinary things, stand above 
the crowd in some way, to attract favorable attention. 
People remember you first for the unusual, then for 

your ability to do ordinary work well. 





Study Schedule No. 36 

For each study step, read the assigned pages first at your 
usual speed. Reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind. Study each other step in this same way. 

1. Introduction .Pages 1-2 

□ 2. The Customer's Complaint .Pages 2-11 
This section gives the different types of complaints, and tells you why 
it is important to listen to the customer’s description of the complaint. 

□ 3. Basic Defects in Radio Receivers.Pages 11-27 

This gives you in detail the various kinds of defects that can happen 

to each kind of part. 

□ 4. Complete Professional Servicing 
Procedures.Pages 27-36 

Here you learn a complete ten-step plan for servicing in a professional 

way. 

□ 5. Answer Lesson Questions. 

□ 6. Start Studying the Next Lesson. 
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yyHEN you as a serviceman are 
’’ called to service a radio or tele¬ 
vision receiver that has been in use 
for several months, it is reasonable 
to assume that some defects have de¬ 
veloped in that receiver. The cus¬ 
tomer’s complaint will be based upon 
a definite change in the performance 
of the receiver, and his description 
of this change can be an important 
clue to the actual cause of the trouble. 

Tn rare cases, you may be called to 
service a receiver that has been in 
use only a few days. Here it is en¬ 
tirely possible that the customer is 
expecting too much from that particu¬ 
lar set. Your job then is to explain 
the limitations of various types of 
receivers. 

One thing a serviceman must recog¬ 
nize right from the start is that no 
receiver is perfect. Modern receivers 
are the result of an engineering com¬ 
promise between desirable technical 
characteristics, cost, and sales-getting 
features. Good selectivity and excep¬ 
tionally high fidelity cannot both be 

obtained at the same time. A com¬ 
munications receiver has excellent se¬ 
lectivity at a sacrifice of fidelity; a 
high-fidelity broadcast-band receiver 
has less selectivity; the average home 
radio has a compromise between the 
two. 

A radio engineer or a well-trained 
musician might object to the sound 
from a receiver with more than 5% 
harmonic distortion, yet the average 
customer would not ordinarily notice 
a gradual rise in harmonic distortion 
up to 10%. It is only when a circuit 
defect garbles speech and music or 
makes reproduction raspy or unintel¬ 
ligible that the average customer calls 
a serviceman to eliminate distortion. 

Poor sensitivity is a typical ex¬ 
ample of a complaint that is some¬ 
times unjustified. A particular "eceiver 
may be entirely satisfactory to a 
person who is interested only in 
nearby powerful stations, yet this 
same set might be inadequate for a 
rural listener who must depend upon 
distant stations for his programs. 



Your job as a serviceman is to restore 
the original performance of the re¬ 
ceiver, not to change or improve the 
factory design. If the receiver itself 
is inadequate for the customer’s re¬ 
quirements, recommend that he get a 
more suitable set for his purpose. 

By checking the performance of 
each receiver you work on, you will 
quickly acquire the ability to predict 
the performance each type of receiver 
can give, and to tell whether or not a 
customer’s complaint is justified and 
the set should be worked on. 

The Customer’s Complaint 
Ordinarily, about all you will know 

after a customer phones is that his 
receiver is not working satisfactorily 
and that he would like you to fix it. 
You can often get more helpful in¬ 
formation from the customer, how¬ 
ever, over the phone, at his home, or 
at your shop if he brings in the set. 

First of all, let the customer de¬ 
scribe in detail exactly what he is 
complaining about in the performance 
of the receiver. He may have several 
complaints, so be sure to let him tell 
you about all of them. You must re¬ 
member that people’s tastes differ 
greatly as to what is and is not good 
in radio and television reception, and 
you cannot do a satisfactory repair 
job unless you know exactly what the 
customer expects. 

Don’t ask the customer outright, 
“What’s wrong with the set?” Use 
questions like these: “How is the set 
acting now? When did the trouble first 
start? Did it come suddenly or grad¬ 
ually? Did you notice any other 
trouble before this started?” 

After getting this information from 
the customer, turn on the set and 
check its performance yourself to 
verify the customer’s complaint and 
to see if there are other clues to the 

location of the trouble. 
If the receiver is dead when you 

first try it, always check for missing 
tubes, a disconnected power cord plug, 
a disconnected antenna, or other dis¬ 
connected leads. Oftentimes people 
will disconnect wires or remove tubes 
as soon as trouble develops, in the 
hope of preventing further damage to 
the receiver. 

Defects like howling, noise, hum 
or severe distortion are easy to rec¬ 
ognize, but they may mask other 
troubles. Furthermore, defects like 
occasional noise, inability to pick up 
certain stations, fading, blasting or 
intermittent troubles are not so obvi¬ 
ous and sometimes would not even 
be noticed during an initial check of 
performance. Considerable time can 
be saved by allowing the customer to 
tell how his receiver is misbehaving. 
Listening to the customer is an im¬ 
portant part of professional servicing. 
You’ll find that most people are will¬ 
ing and anxious to talk, if only you 
give them a chance and listen respect¬ 
fully to what they say. 

No matter how a customer describes 
the complaints, you can usually rec¬ 
ognize them instantly and place them 
in one or more of the following groups: 
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1. Dead receiver. 
2. Noisy reception. 
3. Excessive hum. 
4- Squealing or howling. 
5. Distortion. 
6. Low volume. 
7. Poor sensitivity. 
S. Poor selectivity. 
9. Station interference. 
10. Intermittent reception. 
We will now discuss each of these 

major complaints, and learn what 
clues to look for in each case in order 
to recognize and verify the customer’s 
complaint while checking receiver 
performance. In many cases, we will 
also take up effect-to-cause reasoning 
for localizing the trouble in a gen¬ 
eral way. However, this lesson is just 
a preview of the entire field of pro¬ 
fessional servicing. Later lessons will 
give you more detailed instructions. 

In this lesson, we will be concerned 
primarily with AM and FM radio 
receiver servicing techniques. Televi¬ 
sion receiver servicing techniques will 
be taken up later after you have 
studied TV receiver circuits. However, 
we will not ignore TV complaints 
entirely, because many of the servic¬ 
ing techniques used in repairing radios 
can also be used in TV sets. 

DEAD RECEIVER 

The customer may simply say that 
the set does not play, but even in a 
dead receiver there may be clues in¬ 
dicating the nature of the trouble. If 
the pilot lamp lights up, you know 
that the set is receiving power from 
its source. See if all the tubes light 
up or get warm. Listen for the low-
level hum and weak rushing sounds 
that are heard on almost any receiver 

when no stations are tuned in. If you 
hear these, you know that the power 
supply and loudspeaker are probably 
good. Also listen for the normal 
rushing sound usually heard when 
the volume is turned up with no sta¬ 
tion tuned in (proof that the stages 
between the volume control and loud¬ 
speaker are good). A popping or click¬ 
ing sound should be heard from the 
loudspeaker when the ON-OFF switch 
is turned on and off quickly after the 
receiver has been operating for a few 
minutes; failure to get it can mean 
a loudspeaker defect, a power supply 
defect, or an af output stage defect. 

In an AM-FM receiver, try to tune 
in stations on both bands. If you can 
get reception on only one band, then 
the trouble is in the preselector, mixer, 
i-f, or second detector section for the 
dead band. 

Even simple listening tests like this 
on a dead receiver can give valuable 
information. For example, a low-level 
hum heard all the time the set is on 
associated with a popping sound when 
the power switch is turned on and off, 
means that the main power supply is 
functioning. Absence of all of these 
symptoms indicates that the power 
supply or the last af stage is dead, the 
filament circuit is open, or the loud¬ 
speaker is defective. 
Other combinations of symptoms 

will give other clues as to the source 
of trouble, once you have learned te 
analyze the customer’s complaint and 
verify it by checking the performance 
of the receiver yourself. 

NOISY RECEPTION 

A certain amount of noise is always 
present in both amplitude and fre-
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quency-modulated receivers, in phon¬ 
ograph amplifiers, and in public ad¬ 
dress amplifiers, even when the units 
are operating properly. In television 
receivers, it appears as white spots 
on the screen. 

If it were not for noise, distant 
broadcast-band reception would be 
limited only by the gain of the re¬ 
ceiver, and it would be unnecessary 
to have high-powered transmitters. 
Noise is a problem only when it 

becomes greater than normal for the 
particular system in question. Here 
again, considerable judgment is re¬ 
quired to determine whether or not 
the amount of noise is normal. By 
checking the performance of good re¬ 
ceivers whenever you have an oppor¬ 
tunity, you will quickly learn how 
much noise to expect from various 
types of sets with various types of 
antenna systems. 
Noise due to something entirely 

outside of the receiver is called ex¬ 
ternal noise, to distinguish it from 
internal noise, which is due to a re¬ 
ceiver defect or to limitations in re¬ 
ceiver design. 

External Noise. Spark-producing 
devices like motors, generators, vibra¬ 
tors, diathermy apparatus, household 
electrical appliances with moving con¬ 
tacts, electro-medical devices, ignition 
systems in automobiles, and oil burner 
electrical system all produce a type of 
interfering noise, which is often called 
man-made static. Manufacturers of 
electrical equipment are today turning 
out units that produce a minimum of 
noise interference. Special noise filters 
are available for apparatus that does 
produce excessive noise ; they are cov¬ 
ered elsewhere in the course. 

In addition to man-made interfer 
ence, we also have nature’s source of 
noise, consisting of electrical dis¬ 
turbances produced by local or distant 
electrical storms and by lightning 
discharges. Natural noise is known as 
atmospheric disturbance or static. If 
you are near powerful broadcast sta¬ 
tions, it will take a local thunder¬ 
storm to produce static that will be 
able to override the carrier of the 
station. In an AM broadcasting sys¬ 
tem, little can be done to reduce the 
effects of atmospheric disturbances. 
With a good frequency-modulation re¬ 
ceiver, however, radio reception can 
usually be enjoyed right through the 
strongest local electrical storms. At¬ 
mospheric disturbance of this type 
does not interfere with TV reception 
because of the high frequencies of the 
VHF and UHF bands. 

Internal Noise. Noise originating 
inside a receiver can be due to either 
an actual circuit defect or certain un¬ 
avoidable and natural characteristics 
of tubes and circuits. 

A poor connection in a receiver can 
produce a crackling noise that inter¬ 
feres with reception and is, hence, a 
justifiable customer complaint. If you 
jar the receiver or tap on certain parts, 
the intensity of the noise will usually 
increase. Your job is to locate and 
correct the faulty connections or lo¬ 
cate the faulty part that is causing 
the internal noise. 

Circuit noise exists because of the 
erratic motions of free electrons in 
the conductors and resistors. Since 
these movements increase with tem¬ 
perature, the effect is called thermal 
agitation. The electron movements 
produce small voltages, and when 
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these voltages are in the input stage 
of a receiver, they are amplified thou¬ 
sands of times by the high-gain tubes 
in modern receivers. The result is a 
characteristic rushing noise. 

In addition, there is another type 
of noise produced in every radio tube 
known as the “shot effect.” It is due 
to the irregular movement of electrons 
from the cathode to the plate inside 
a vacuum tube. The sound produced 
from the loudspeaker as a result of 
this electron movement sounds like 
sand or raindrops falling on a tin roof. 

Tubes and circuit noises together 
produce a noise signal that is only a 
few microvolts at the most, except in 
the frequency converter tube where 
it is much higher. This internal noise 
is a sort of hissing sound. It is most 
evident when the set is tuned off a 
station and the volume control is ad¬ 
vanced for maximum loudness. The 
avc system is then set for maximum rf 
gain, and the af system is getting the 
entire output of preceding stages. 
To make sure that signals will 

override noise originating in the fre¬ 
quency converter tube, receiver design 
engineers place an rf amplifier stage 
ahead of the converter whenever cost 
and design considerations permit. This 
extra stage makes distant reception 
more enjoyable. Without an rf stage 
in a superheterodyne receiver, the 
noise in the frequency converter 
would be the chief factor limiting dis¬ 
tant reception. 

When confronted with a customer’s 
complaint of noisy reception, find out 
first whether it is an internal or an 
external noise. The simple procedure 
for doing this quickly is given else¬ 
where in the course. 

EXCESSIVE HUM 

If you listen intently, you will or¬ 
dinarily be able to hear hum from 
the loudspeaker of any receiver oper¬ 
ating from an ac power line, or from 
a vibrator-type of power supply. 
Keeping this normal hum below the 
level at which it becomes objection¬ 
able is an important design problem. 

In high-fidelity receivers, which 
produce sounds as low as 30 cycles, 
considerably more hum reduction is 
required than in midget or table 
model receivers, which do not repro¬ 
duce much below 150 cycles. In any 
receiver, the hum should be only 
barely audible, and listeners in the 
same room should not be conscious 
of its presence during a program. 

There are a number of receiver de¬ 
fects that can cause the amount of 
hum to increase considerably. The 
hum level may increase gradually as 
the electrolytic filter capacitors dry 
out. On the other hand, the hum level 
may rise suddenly through failure of 
a filter or bypass capacitor, or develop¬ 
ment of cathode leakage in a tube. 
Hum may become so intense that it 
overrides broadcast programs or may 
be annoying only when tuning be¬ 
tween stations. 

Hum is one trouble that definitely 
irritates the listener. The longer he 
listens, the more offensive the hum 
becomes, and the more critical he be¬ 
comes of hum. 

SQUEALING OK HOWLING 

In the days of regenerative receiv¬ 
ers, it was normal for a set to squeal 
and to cause squeals in nearby receiv¬ 
ers during tuning. This type of set 
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as fortunately almost extinct now, but 
modern receivers may still squeal or 
howl when certain defects occur in 
circuits or parts. 
Radiation from the horizontal 

sweep circuits of a nearby TV re¬ 
ceiver will result in squeals equally 
spaced across the entire broadcast 
band. Moving the radio to another 
part of the room to a different wall 
outlet, or turning it to take advantage 
of the directional characteristics of 
its loop antenna may reduce the inter¬ 
ference to an acceptable level. Shield¬ 
ing the circuits of the offending TV 
receiver (explained elsewhere in the 
course) will eliminate most of the in¬ 
terference. 

Image interference at low-frequency 
dial settings, caused by signals from 
high-frequency stations entering the 
preselector, will also cause squeals. 
This trouble is quite bad in some 
localities and is never found in others. 

Occasionally, an experimental re¬ 
generative receiver or the oscillator 
circuit of a superheterodyne will ra¬ 
diate a signal and produce an audible 
squeal in nearby receivers. You can 
recognize this external squeal source 
because it will be intermittent and 
its frequency will vary as the offend¬ 
ing set is tuned. 

Internal sources of squealing are 
more numerous, and are covered in 
detail elsewhere in the course. You 
may find squeals due to troubles in¬ 
herent in the process of frequency 
conversion in a superheterodyne re¬ 
ceiver. As a general rule, the number 
of tuned circuits in a receiver, its 
basic design, and its i-f value deter¬ 
mine just how much of this trouble 
will occur. Also, squealing may be due 

to oscillation caused by an open by¬ 
pass capacitor or misplaced connect¬ 
ing lead. The defect may be in the 
rf, i-f, or af system of the receiver, 
or can even be due to an open output 
filter capacitor in the power supply. 

Defects in the supply circuit filters 
of an af amplifier, or defective bypass 
capacitors that are common to two 
or more screen grids of rf or i-f tubes, 
can cause a putt-putt noise, commonly 
called motorboating. 

Loose or flexible elements in tubes 
or other radio parts, or even a thin, 
flexible chassis itself can give rise 
to a variable-pitched howl under the 
influence of powerful sound waves 
from the loudspeaker, giving an effect 
called microphonics. 

The ability to recognize, localize, 
and remove the cause of squeals, 
howls, motorboating and microphonics 
is an important part of servicing work. 

DISTORTION 

When a customer complains that 
voice or music is muffled, harsh, raspy, 
or unintelligible, you have a definite 
and justifiable complaint of distortion 
due to an internal receiver defect. 

Equally important cases of distor¬ 
tion, however, are those situations 
where the customer’s complaint is 
rather indefinite. He may say, “It 
just doesn’t sound right.” Careful 
questioning in cases like this will prob¬ 
ably reveal that the customer quickly 
gets tired of listening to the receiver, 
or reveals that listening for an hour 
or so gives him a headache or makes 
him so irritable that he gets up and 
turns off the set in disgust. Certain 
amounts of distortion are not notice¬ 
able as such by the average person, 
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but an hour or more of listening to 
distorted reproduction produces a def¬ 
inite reaction. 

In a case of distortion, it is im¬ 
portant to find out whether it is on 
local or distant stations or both, and 
whether it occurs only at high or low 
settings of the volume control or at 
all settings. Combining a thorough 
check of receiver performance with 

Distortion may be due to low emis¬ 
sion or gas in tubes, leakage in cou¬ 
pling capacitors, defects in supply cir¬ 
cuits that change operating voltages, 
oi' opens or shorts in some parts or in 
wiring. 

Distortion can be due to improper 
alignment, and this in turn may be 
either the result of normal aging of 
parts or of a breakdown in some part. 

A damaged loudspeaker cone like this 
will cause distortion. 

this additional analysis of the cus¬ 
tomer’s complaint is an important 
feature of radio service work, because 
it helps to isolate the probable loca¬ 
tion of the defect. For example, if the 
sound is distorted on all settings and 
all stations, you would suspect a defect 
in the audio output section of the 
receiver. 

There will be cases of distortion in 
which there is nothing you can cor¬ 
rect. For example, selective attenua¬ 
tion of the sidebands from sky-wave 
signals, or phase cancellation of sig¬ 
nals at a location near the skip dis¬ 
tance limits, can give distortion. 

Distortion may exist in the loud¬ 
speaker due to a rubbing voice coil, 
to a damaged or old cone or, if the 
speaker is an electrodynamic unit, to 
a complete absence of field excitation. 
It is your job as a radio serviceman 
to recognize and correct abnormal dis¬ 
tortion. In fact, it would be rare in¬ 
deed, that you would be called at all 
for distortion which was not definitely 
abnormal. 

LOW VOLUME 

The average radio receiver is de¬ 
signed so that reception of a fairly 
powerful local station with the volume 
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control fully advanced and with an 
antenna of average effectiveness will 
overload the loudspeaker and perhaps 
produce rattling. Fortunately, how¬ 
ever, the avc system in a receiver levels 
out variations in signal strength suffi¬ 
ciently to prevent excessive overload¬ 
ing of the loudspeaker or other stages 
at normal volume control settings. The 
average listener rarely advances his 
volume control fully; he is satisfied 
to know that the set has sufficient re¬ 
serve power to blast out if he does 
advance the control. 

With the possible exception of some 
three-way portable sets, modern re¬ 
ceivers will give more than sufficient 
volume for the average room in a 
home, even for weak local stations 
and for not-too-distant stations. It 
takes a little experience to be able to 
tell whether or not a receiver is de¬ 
livering a normal amount of volume, 
but you probably know already what 
the acceptable volume is for ordinary 
sets. 

When the volume is definitely lower 
than normal for both local and distant 
stations, but you can still tune in the 
distant stations, you can be sure that 
a defect exists in the audio system. 
It may be a low-emission tube, or 
low electrode voltages on an af tube. 
When low volume is associated with 
poor sensitivity (the next complaint 
to be discussed), so that distant sta¬ 
tions cannot be tuned in, look for a 
defect in the rf system. 

When local stations come in with 
adequate volume but both volume 
and sensitivity are poor for distant 
stations, you can suspect a poor 
pick-up system (loop or antenna). It 
is easy enough to recognize the defect 

of low volume, but in applying pro¬ 
fessional servicing techniques, you 
must go further and investigate every 
symptom that may help you to isolate 
the probable causes of the trouble. 

POOR SENSITIVITY 

A customer would probably describe 
the condition of poor sensitivity as 
inability to pick up his favorite dis¬ 
tant station. Your first step is to de¬ 
termine whether the trouble is actually 
poor sensitivity, or whether it is a 
natural condition. Some small ac-dc 
sets do not have enough gain to pick 
up distant stations, and the customer 
may be expecting too much from a 
set of this type. 

Ask if the customer has picked up 
that distant station regularly before 
both in summer and in winter, with 
that same receiver in exactly that 
same location. For example, a New 
Yorker moving to Washington, D. C. 
might complain of inability to get 
New York stations, yet his set was 
never capable of giving good distant-
station reception. 

If questioning indicates the possi¬ 
bility that the receiver is defective, 
check its pickup performance by try¬ 
ing to tune in one or more distant 
stations. Judge the sensitivity accord¬ 
ing to the manner in which the sta¬ 
tions come in, making due allowance 
for the time of day and season of the 
year. Memorize the frequencies of 
several near-distant stations that can 
be picked up regularly in your lo¬ 
cality with a good receiver, so you 
can tune them in quickly when check¬ 
ing the sensitivity of a receiver. 

If a receiver fails to give adequate 
volume on distant stations when used 
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with an antenna known to be in good 
condition, then poor sensitivity is def¬ 
initely the complaint, and is probably 
due to a circuit defect. It should be 
noted that the customer will generally 
complain of low volume rather than 
poor sensitivity, although both trou¬ 
bles are present when the defect is in 
the rf system. 

Complaints of poor sensitivity may 
also be due to normal variations in 
radio reception with changes in sea¬ 
son. Reception is generally far better 
in winter than in summer, and better 
at night than during the day for 
broadcast band stations. This is a 
situation most people recognize, but 
you will still find customers who will 
welcome an explanation of these pe¬ 
culiarities of radio. 
As you can see, a serviceman is 

more than a trouble-shooter and re¬ 
pairman. He must have a broad gen¬ 
eral knowledge of radio, covering the 
broadcasting system as a whole and 
basic design features. He should know, 
for instance, that a receiver with lim¬ 
ited rf gain but high audio gain pro¬ 
duces extremely loud signals on local 
and semi-local stations. 

POOR SELECTIVITY 

When the customer complains that 
a powerful local station prevents him 
from receiving a distant station on a 
nearby frequency, you have the con¬ 
dition of poor selectivity. It may be a 
condition inherent in receiver design, 
or it may be due to a circuit defect. 
A leaky tuning capacitor, a damp 

coil, conductive dirt on tube sockets, 
or dirt elsewhere in rf circuits can 
definitely produce poor selectivity. 
These defects lower the Q factors of 

resonant circuits, thereby lowering the 
sensitivity and selectivity of the re¬ 
ceiver. In extreme cases the symptom 
of low volume may also be present. 

On the other hand, poor selectivity 
may be due to the natural character¬ 
istics of the superheterodyne circuit, 
along with some local receiving con¬ 
dition. It may be the result of several 
stations operating on nearly the same 
frequency, with atmospheric condi¬ 
tions particularly favorable for recep¬ 
tion of the more distant of the two 
stations, so that both came in at the 
same time. 

Whenever a customer’s complaint 
of poor selectivity is found to be due 
to atmospheric conditions, an expla¬ 
nation in non-technical language will 
satisfy and please the customer in 
most cases. 

It is obvious that in this brief pres¬ 
entation of the complaints of low 
volume, low sensitivity, and poor se¬ 
lectivity, we can merely mention only 
a few of the causes. Remember that 
all these troubles are taken up in 
greater detail elsewhere in your course. 
They are mentioned here only to 
stress the need for more than casual 
recognition of the customer’s com¬ 
plaint. The value of a thorough check 
of receiver performance cannot be 
stressed too much in this study of pro¬ 
fessional servicing techniques. 

STATION INTERFERENCE 

There may be as many as 40 or 50 
low-power stations operating on some 
frequencies. Under certain atmos¬ 
pheric conditions, some are bound to 
interfere with each other, so that two 
stations having the same frequency 
are beard at the same time. This type 
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of interference usually occurs at the 
high-frequency end of the broadcast 
band, because most of the low-power 
stations are crowded together here. 
You can recognize troubles of this 
kind by the fact that they occur only 
for a few stations, not for all signals 
received. The interference usually oc¬ 
curs during the hours of darkness and 
shortly after daybreak on the east 
coast (the rest of the country is still 
dark). It is much more noticeable 
during the winter months. There is 
nothing you can do to eliminate this 
interference. 

When interference is due to a code 
station operating at or near the i-f 
of the receiver, or is due to image 
interference or to harmonics of the 
oscillator beating with a high-fre¬ 
quency station, you can use a wave 
trap tuned to the frequency of the 
interfering station to eliminate the 
interference. Many sets have a built-in 
wave-trap circuit. 

INTERMITTENT RECEPTION 

When a complaint exists for a short 
period of time and then corrects itself, 
you have the trouble known as inter-, 
mittent reception. As one example, a 
tube filament can break in such a way 
that it opens after being heated for 
a short period of time, causing a dead 
receiver, but makes contact after the 
filament has cooled off. Reception is 
thus alternately good and bad, with 
the cycle repeating itself at regular 
intervals. 

This condition occurs on all signals, 
local as well as distant. If only the 
signals from distant stations fade in 
and out, but local stations are re¬ 

ceived normally, then you do NOT 
have a receiver defect. Fading only 
on distant signals is due to natural 
atmospheric conditions, and there is 
no way of controlling it. You may 
have to explain this to your customer. 

A break in a connecting wire inside 
or outside a part can cause intermit¬ 
tent reception. For example, the in¬ 
ternal connection between the pigtail 
leads and the metal foil of a paper 
capacitor may break due to a strain 
during assembly of the capacitor or 
during the wiring of the receiver. The 
break may be such that any vibra¬ 
tion or heat in the chassis will cause 
a temporary open circuit. A loud por¬ 
tion of a program from the loud¬ 
speaker may break the connection; 
then if you jar the cabinet, you may 
cause it to make contact again. Heat 
may likewise intermittently make and 
break such a defective contact. 

In addition to being intermittently 
dead, the set may intermittently have 
any of the other receiver complaints, 
depending upon the location of the de¬ 
fect. Thus, if the capacitor in question 
happens to be a screen-grid bypass 
capacitor, the break will normally 
cause intermittent oscillation. If the 
capacitor is a plate-grid coupling ca¬ 
pacitor in an audio amplifier, the com¬ 
plaint could be intermittent weak 
reception or dead reception during 
those intervals when the capacitor is 
open. 

In the customer’s home, all you 
should do is confirm the customer’s 
complaint that an intermittent exists, 
and get as detailed a description as 
possible of the exact nature of the 
trouble during the defective operation. 
It is well to do this, because the in-
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termittent defect may not appear im¬ 
mediately when you turn on the re¬ 
ceiver and check its performance. Find 
out whether the trouble is intermittent 
dead reception, intermittent hum, in¬ 
termittent oscillation, etc. Knowing 
which one it is, you can localize your 
search to the defects that will produce 
the type of complaint observed. 

Another valuable clue to an inter¬ 
mittent defect is the rate at which 
the set becomes defective and the 
regularity of the trouble, so be sure 
to ask the customer how often the 

Basic Defects in 
A radio receiver is essentially an 

electrical assembly of tubes, resistors, 
capacitors, coils, transformers, a loud¬ 
speaker, switches, and connecting 
wires. 

To emphasize the large number of 
parts which make up an average radio 
receiver, we counted the connections 
in a typical modern ac-dc superheter¬ 
odyne. (We used the Motorola Model 
52X13U.) We found a total of 100 
connections. 

A defect in any one of the parts or 
connections can produce one or more 
of the receiver complaints you have 
just studied. Furthermore, this total 
is by no means a complete indication 
of the number of defects we can have 
in an average receiver. In a typical 
pentode tube, for example, there is 
a possibility of over two dozen defects. 
Resistors and capacitors can also 
cause a wide variety of troubles. 

In order to get a better over-all 
picture of the problems in radio serv-

trouble occurs. Intermittent troubles 
that occui- at a more or less regular 
rate are due to heat, whereas troubles 
that occur at irregular intervals are 
due to vibration of poor connections. 

In general, if an intermittent trou¬ 
ble does not reveal itself in ten or 
fifteen minutes while you are in the 
customer’s home, it is best to check 
over the antenna, ground, and power 
cord systems to clear them of sus¬ 
picion; then remove the chassis and 
take it to your shop for further obser¬ 
vation. 

Radio Receivers 
icing, let us now consider in detail the 
various kinds of defects that can hap¬ 
pen to each type of radio part. We 
need not consider mechanical defects 
like broken or crushed parts, since 
they can be spotted readily during 
the initial surface inspection of the 
receiver for obvious defects. 

TUBE DEFECTS 

A tube tester is an indispensable 
instrument for any service shop where 
a customer may bring tubes in to be 
tested. The serviceman uses the tube 
tester as a merchandising aid to help 
sell tubes. The bulk of a radio service¬ 
man’s profits, however, come from his 
labor charges and not from his dis¬ 
count on the new parts he may install. 
For this reason, a serviceman with a 
small business, who does not have a 
store, often will not get a tube tester 
until his business has increased. He 
will carry enough tubes on each serv¬ 
ice call so that he can substitute new 
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ones in the set for those he suspects 
are bad. 

Substitution is the best way to test 
a tube. A tube may test “good” in a 
tube tester, and yet not perform satis¬ 
factorily in every circuit in which it 
may be used. Mutual conductance 
tube testers are better in this respect 
than the more widely used emission 
testers, but there are troubles in 
tubes that will escape even the mutual 
conductance tube tester. In TV work, 
tubes are tested almost entirely by 
the substitution method instead of in 
a tube tester. Let us take up common 
tube defects. 

Low Emission. If the emitting 
coating on the cathode of a tube has 
been used up, the cathode will not 
emit a normal number of electrons, 
even when it is heated properly. An 
emission tube tester or a mutual con¬ 
ductance tester will readily show this 
defect. There are defects, however, 
that may be mistaken for the low 
emission just described. For example, 
if the tube has a filament defect, such 
as a partial short in the filament or 
excessive cathode-to-heater leakage, 
and the tube is in a circuit with a con¬ 
stant filament current (an ac-dc fila¬ 
ment string), the cathode temperature 
will not reach the normal operating 
value. Because of the short, the voltage 
drop will be less than normal, but the 
current will be near normal. The fila¬ 
ment power will be less, so there will 
be less heating, and emission will be 
low. When the tube is tested in a tube 
tester, the voltage will be normal, and 
the current will be high. Since the fila¬ 
ment power will be above normal, the 
heating and emission will be above nor¬ 
mal if the tube does not fail because of 

Courtesy RCA 

The structure of a miniature tube. 1— 
glass envelope; 2—internal shield; 3— 
plate; 4—suppressor grid; 5—screen grid; 
6—control grid; 7—cathode; 8—heater; 
9—exhaust tip; 10—getter; 11—spacer 
shield header; 12—insulating spacer; 13 
—spacer shield; 14-inter-pin shield; 15 
—glass button-stem seal; 16—lead wire: 
17—base pin; 18—glass-to-metal seal. 
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excess current. Therefore, the meter 
on the tester will probably read well 
up into the “good” section. As you will 
learn later, a tube with this defect can 
be spotted in an ac-dc receiver by 
measuring the voltage drops across 
each tube filament. 

Open Elements. Some types of 
tube testers will reveal open elements, 
but this defect can also be identified 
readily by the action of the circuit. 

An open filament is readily detected 
because the tube will feel cold when 
touched, and there will be no filament 
glow. It is always wise, however, to 
check the tube in a tube tester, too, be¬ 
cause an open in the socket or in a 
filament lead can cause the same 
symptoms. 

Shorted Electrodes. These are 
readily detected with a tube tester, by 
circuit action, by continuity tests with 
an ohmmeter, or by voltmeter tests. 

Leakage Between Electrodes. 
Cathode-to-heater leakage often oc¬ 
curs in heater-type tubes. Most tube 
testers will indicate this trouble, but 
leakage of this type is not in itself 
sufficient cause to discard a tube. 
Cathode-to-heater leakage may do no 
harm when the cathode and filament 
are both grounded or at the same po¬ 
tential with respect to ground. Leak¬ 
age is important only in series-string 
sets or when the cathode is ungrounded. 

Excessive Gas. All tubes contain a 
certain amount of gas. The gas causes 
grid current to flow, but it is objec¬ 
tionable only in high-resistance grid 
circuits. You can check for excessive 
gas in a tube by measuring the volt¬ 
age across the grid resistor. This test 
is valid, however, only if the preced¬ 
ing grid-plate coupling capacitor is not 

leaky ; a leaky coupling capacitor will 
give the same type of voltage indica¬ 
tion. You will learn how to make these 
tests in various types of radio receiv¬ 
ers later. Gas is one defect not or¬ 
dinarily revealed by tube testers. 

SOCKET DEFECTS 

Defects in tube sockets are some¬ 
times visible on inspection, but more 
often you will have to use professional 
servicing techniques to isolate the de¬ 
fect. It is important to realize that 
professional techniques are required to 
locate even simple socket defects. Let 
us go into some of these. 

Open Prong Contacts. If a tube 
is repeatedly removed and reinserted 
into its socket, the prong contacts 
may spread apart so much that they 
no longer grip the tube prongs. Faulty 
material used in the construction of 
a socket will cause the same trouble. 
When the defect cannot be detected 
visually, make a continuity check be¬ 
tween the bottom end of the suspected 
tube prong and its socket terminal. 

Shorted Prong Contacts. Shorts 
can occur between adjacent contacts 
on a tube socket, particularly if a 
number of wires are grouped together 
on the contact prongs, or if there is 
excessive solder on the lugs. You 
should suspect this trouble if noise 
occurs when the tube is wiggled in 
its socket. Bend the socket terminals 
and rearrange the leads so that they 
cannot short. Also, remove all excess 
solder from the lugs. 

Leakage. Dust, a conductive greasy 
film, or rosin on the surface of a tube 
socket will provide a leakage path 
between socket terminals. Leakage 
between any of the socket terminals 
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Dirt and rosin between tube soeket terminals as shown here can cause leakage between 
the terminals. Note also that too much solder has been used. 

can cause trouble, but it is most seri¬ 
ous if leakage occurs between the grid 

Courtesy Raytheon 
Transistors compared in size to an ordinary 

match book. 

and plate terminals. Usually you can 
clear up this trouble by brushing the 
socket with a small brush dipped 
in a suitable solvent. The leakage 
path between the high voltage plate 
terminal and other terminals may be¬ 
come so serious that the insulating 
material on the socket will become 
charred. The only remedy for charred 
sockets is to replace them. 

TRANSISTOR DEFECTS 

Although transistors are much more 
rugged and last longer than tubes, they 
do not last indefinitely. There are tran¬ 
sistor testers available that can be 
used to test transistors. These testers 
will detect most of the defects you are 
likely to find. However, an even bet¬ 
ter test is to try a new transistor in the 
circuit. If you have isolated a defect 
to a circuit using a transistor, and all 
the parts in the circuit besides the 
transistor check good, try a new tran¬ 
sistor. If the new transistor clears up 
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the trouble, the old one is defective and 
should be discarded. 

Some transistors fit into sockets 
somewhat like small tube sockets. De¬ 
fects in these sockets, similar to the 
defects described in the section on tube 
sockets, do occur, and often may lead 
you to suspect that the transistor is 
defective. Do not overlook the possi¬ 
bility that a socket defect could be 
causing the trouble. 

Many transistors are soldered di¬ 
rectly into the circuit. When replacing 
one of these transistors, avoid heating 
the transistor excessively; you may 
damage it. Use a small pencil-type 
soldering iron when replacing transis¬ 
tors. Also, hold the transistor lead you 
are soldering with your long-nose 
pliers, between the transistor and the 
point where you are soldering the lead 
into the circuit. The long-nose pliers 
will carry away most of the heat that 
might otherwise reach the transistor 
and damage it. 

DEFECTS IN PAPER, MICA, 
AND CERAMIC CAPACITORS 

The method used to test a capacitor 
depends on the nature of its defect 
and on its capacity value. 

Short«. A short can occur in a 
capacitor if a surge voltage punctures 
the dielectric, allowing the metal foil 
on each side of the dielectric to make 
contact. An ohmmeter will always re¬ 
veal shorts in capacitors. It is usually 
best to unsolder one capacitor lead 
when making an ohmmeter test to 
prevent resistance paths in the circuit 
from causing misleading meter read¬ 
ings. Voltage measurements also can 
reveal short circuits and leakage in 
capacitors. 

Leakage. If the resistance between 
the terminals of a capacitor is greatly 
lowered, current can “leak” through 
the capacitor. This lowered resistance 
may be the result of internal deterio¬ 
ration of the dielectric, or of an ac-

Courtesy típra^ue atec. co. 

Several typical capacitor types are shown above. 
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cumulation of conductive dirt on the 
surface of the capacitor between the 
terminal leads. As with the shorts test 
just described, one capacitor lead must 
usuallv be disconnected in order to 
make the leakage-resistance test with 
an ohmmeter. The leakage-resistance 
value may be hidden by the resistance 
value of parts usually shunted across 
the capacitors. 

housing. Fortunately, opens are rare 
in ceramic capacitors. The most prac¬ 
tical test for open bypass capacitors 
is simply to shunt each suspected ca¬ 
pacitor in turn with a good one of ap¬ 
proximately the same capacity while 
the set is in operation. 

An ohmmeter test for open capaci¬ 
tors is not very satisfactory, especially 
for a small capacitor, which will not 

I he best way to test a capacitor for an 
open is to bridge another known to be 

good across it, as shown here. 

A small amount of capacitor leak¬ 
age is unimportant in many radio and 
television receiver circuits. An alert 
serviceman will recognize these, and 
will not waste time making leakage 
tests. For example, leakage in a ca¬ 
pacitor shunted across a cathode re¬ 
sistor is relatively unimportant. A 
small amount of leakage in a grid¬ 
plate coupling capacitor, on the other 
hand, can cause distortion and other 
troubles. A properly trained radio 
serviceman nevér makes unnecessary 
tests. 

Opens. Both paper and mica ca¬ 
pacitors are apt to open, particularly 
at the point where the pigtail leads 
are bonded to the metal foil inside the 

hold a charge even when it is good, 
although an ohmmeter could be used 
to check a large capacitor for an open. 
If an ohmmeter is used, the capacitor 
should be disconnected from the cir¬ 
cuit. If it is not open, you will notice a 
momentary deflection of the meter 
pointer. The amount of deflection de¬ 
pends on the ohmmeter range you use, 
the size of the battery in the ohmmeter, 
and the value of the capacitor. Only 
capacitors above .05 mfd give a notice¬ 
able deflection; smaller capacitors can¬ 
not be checked in this way at all. 
Shunting a suspected capacitor with 
one known to be in good condition is 
the best test for open capacitors. 
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An open can often be detected by 
wiggling each capacitor in turn while 
the receiver is operating; noise will 
occur when the defective capacitor 
is touched. A capacity test in a ca¬ 
pacitor tester will reveal an open in 
the part. 

DEFECTS IN 
ELECTROLYTICS 

You will have to replace electro¬ 
lytic capacitors more often than any 
other type of capacitor in radio and 
TV equipment. Wet electrolytic ca¬ 
pacitors become ineffective when not 
used for a long period of time. Modern 
dry electrolytics are much better in 
this respect. They ordinarily give long 
life if they are not overloaded by ex¬ 
cessive voltage and not dried out by 
excessive heat. Nevertheless, voltage 
surges and unusual climatic conditions 
can cause dry electrolytics to become 
defective. 

Opens. Opens are rare in electro¬ 
lytics, but corrosion can cause high 
resistance joints to occur internally 
at the junction between the foil strips 
and the contact lugs or terminal leads. 
The most practical way to check this 
is to shunt a good capacitor across 
the suspected one. 

Shorts. A short will occur in an 
electrolytic capacitor if an excessive 
voltage is applied, or if voltage of 
the incorrect polarity is applied for 
any length of time. In a wet electro¬ 
lytic, the short will probably heal, 
but in dry electrolytics, the part will 
have to be replaced. An ohmmeter will 
reveal shorts. 

Leakage. All electrolytic capaci¬ 
tors have a certain amount of leakage, 
which is equivalent to a resistance 
shunted across the capacitor terminals. 

The leakage resistance can be meas¬ 
ured with an ohmmeter and its value 
will depend upon the polarity of the 
ohmmeter connection. The leakage re¬ 
sistance will be larger when the posi¬ 
tive terminal of the capacitor is con¬ 
nected to the positive terminal of the 
voltage source in the ohmmeter. This 
is the correct connection to make when 
checking the leakage in an electro¬ 
lytic. However, be sure to discharge 
the capacitor by shorting its terminals 
before reversing the ohmmeter leads. 

An ohmmeter test gives only a gen¬ 
eral check-up on the condition of an 
electrolytic capacitor. You can get 
more complete information with a ca¬ 
pacitor tester, or by a simple substi¬ 
tution test. If connecting a good elec¬ 
trolytic in place of the suspected one 
clears up the trouble, you can be sure 
you have found the defect. 

Poor Power Factor. A perfect ca-

Courtesy Sangamo 

Two types of dry electrolytic capacitors. 
1 lie one shown above is a single-section 
unit; the one shown below has two sec¬ 

tions. 
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pací tor would theoretically have a 
power factor rating of zero. When a 
capacitor develops a high power fac¬ 
tor, it is the same as if a resistor were 
installed in parallel with it. Thus, a ca¬ 
pacitor with a high power factor 
(approaching the characteristics of a 
resistor) dissipates energy just as a 
resistor does, and this produces heat 
in the capacitor. The heat causes evap-

ularly susceptible to mechanical dam¬ 
age, because they are usually entirely 
exposed and have moving parts. The 
following are some of the defects that 
can occur in them. 

Opens. The mechanical construc¬ 
tion of a tuning capacitor is such that 
an open in its circuit is extremely un¬ 
likely. If an open does occur, it will 
be at the terminals, and you can easily 

Courtesy Insuline Corp, of America 

A tuning capacitor. They arc particularly 
susceptible to mechanical (lainage. 

oration of the solution or chemical 
paste in the electrolytic capacitor, 
raising the power factor still more, 
and eventually drying out the unit 
entirely. 

A capacitor that feels hot is defi¬ 
nitely drying out and has a high power 
factor. It should be replaced, because 
it will break down in a short time. 

If you have no further trouble when 
you substitute a good electrolytic ca¬ 
pacitor, you have identified the origi¬ 
nal capacitor as defective. 

TUNING CAPACITOR DEFECTS 

Gang tuning capacitors are partic-

repair it by resoldering the connec¬ 
tion. Continuity tests between the 
connecting leads and the rotor and 
stator sections will reveal the trouble. 

Shorts. Shorts can occur between 
the rotor and stator sections of a tun¬ 
ing capacitor if mechanical strain is 
applied to the chassis, if the frame or 
plates of the capacitor become warped, 
if the mounting screws become loose, 
if the chassis is accidentally dropped, 
or if the tuning capacitor is tampered 
with. You can usually identify such 
a condition by a scraping sound heard 
when the tuning knob is rotated. When 
testing for shorts or leakage with an 
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ohmmeter, temporarily disconnect the 
coil associated with the gang tuning ca¬ 
pacitor if it is connected between the 
rotor and stator sections. Shorts usual¬ 
ly occur over the middle of the 
movable range. Be particularly on the 
lookout for bent plates in the outside 
rotor section, especially if the plates 
have split segments that can be indi¬ 
vidually bent for alignment. 

Leakage. You can use the high-
resistance range of an ohmmeter to 
detect leakage in gang tuning capaci¬ 
tors. One common cause of leakage is 
dust between the rotor and stator 
plates and on the insulating sections 
of the unit. The dust can be blown out 
or wiped out with a pipe cleaner 
of the type obtainable at any to¬ 
bacco store. 

Poor Contacts. Any resistance at 
the wiping contacts in the gang tuning 
capacitor or in the stator mounting 
screws is rather difficult to measure 
with ordinary test equipment. A re¬ 
sistance of only one ohm can cause 
trouble here. Poor wiping contacts in 
the rotor section is a frequent cause 
of low sensitivity and poor selectivity, 
and it can also cause rf oscillation, if 
the set uses a stage of radio frequency 
amplification. These symptoms are a 
direct clue to poor rotor contacts in 
many cases. 

TRIMMER DEFECTS 

Both the air-dielectric and mica¬ 
dielectric types of trimmer capacitors 
are reasonably free of trouble. They 
very rarely become open, shorted, or 
leaky. If defects do occur, they can 
be tested like any other variable ca¬ 
pacitor. 

The mica type is subject to capacity 
changes as a result of changes in 
temperature or normal aging, but this 
is usually easy to recognize because 
it affects the alignment of the receiver. 
The mica dielectric can crack or flake, 
causing changes in the capacity and 
eventual shorting between the plates. 
A change in capacity is one defect that 
cannot be located by simple meter 
tests; you must be able to recognize 
the effects of capacity changes on re¬ 
ceiver performance. 

FIXED RESISTOR 
DEFECTS 

As a general rule, low-wattage re¬ 
sistors (ranging from .1 watt to 2 
watts) are of the carbon or metallized 
type. Higher wattage resistors are 
wire-wound, and often covered with 
a ceramic cement. You will occa¬ 
sionally find small 1-watt and 2-watt 
wire-wound resistors molded in a 
Bakelite housing, which resembles 
that used on some carbon resistors. 
1 hese wire-wound units, however, will 
rarely have more than about 5000 
ohms resistance. 

Resistors that crack or break in 
any way can usually be spotted vis¬ 
ually. Therefore, we will concentrate 
here on defects that can be located 
only by tests. 

Opens. When a resistor is over¬ 
loaded due to excess current flow 

A “Candolim” resistor. In this type of re¬ 
sistor, you may find shorts to the meta] 

case. 
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through it, the resistance material 
may burn out or the resistor may open 
at the point where the wire lead makes 
contact with the resistance material. 
You can check for opens in resistors 
with an ohmmeter. 

Shorts. A direct short between the 
two terminals of a resistor is not com¬ 
mon. However, it is entirely possible 
for resistor leads to touch each other, 
the chassis, or other parts, and give 

In many receiver circuits, variations 
as great as 20% in resistance value 
are permissible. 

VARIABLE RESISTOR DEFECTS 

Variable resistors and potenti¬ 
ometers are far more subject to trouble 
than are fixed resistors. Since they are 
mechanical in operation, the moving 
parts will wear. You can easily locate 
the defect because noise or intermit-

Courtesy Öhmite MJg. Co. 

A typical volume control potentiometer. 

the same shorting effect. Also, resis¬ 
tors encased in metal can short to the 
metal case. A short in a resistor can 
be located with an ohmmeter. 

Changes in Resistance. Carbon re¬ 
sistors are particularly susceptible 
to changes in resistance; wire-wound 
resistors rarely change. If a carbon 
resistor is overloaded or operated at 
its normal temperature for a long 
time, its resistance will decrease, 
which increases the current flow 
through the resistor, and overloads it 
still more. You can check the resist¬ 
ance value with an ohmmeter. Re¬ 
member, however, that carbon resis¬ 
tors are generally used at points where 
a wide variation in resistance value is 
acceptable, or where the resistor is 
operated well under its rated wattage. 

tent reception will occur when you 
rotate the control knob. An open vol¬ 
ume control will not permit proper 
control of the receiver volume even 
though it may permit partial transfer 
of the signal. 

Opena. In both carbon and wire¬ 
wound controls, the movement of the 
contact arm over the resistance ele¬ 
ment may eventually wear away the 
metallic or carbon deposit, or wear 
down the nichrome resistance wire, 
and create an open. Loss of spring 
tension in the movable arm may also 
cause an intermittent or a complete 
open. 

When the resistance element wears 
away, the control may not be able to 
dissipate enough heat. In fact, a cur¬ 
rent-carrying control unit may be 
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overloaded by normal current or mo¬ 
mentary excessive current after it has 
worn down. This can cause the resist¬ 
ance element to burn out and cause 
the control to open. When the defect 
is not visible, an ohmmeter check will 
isolate the trouble. 

Shorts. As with fixed resistors, 
shorts are not common in variable 
resistors and potentiometers. However, 
if the metal case of the variable re¬ 
sistor or potentiometer is “hot” and 
an insulating bushing is used between 
the chassis and the mounting bushing 
of the control, a defective insulating 
washer or bushing will often create a 
short to the chassis. To locate a defect 
of this type, you usually have to un¬ 
solder all the leads, and test between 
each terminal of the control and chas¬ 
sis with an ohmmeter. 

Change in Resistance. When the 
carbon or metallized material in a 
variable resistor or potentiometer 
wears off, the total resistance of the 
control increases. In most circuits 
where potentiometers are used, the re¬ 
sistance value of the control can vary 
over a wide range without affecting 
the circuit operation. A worn resist¬ 
ance element will produce noise when 
the control is rotated. Therefore, if 
noise is produced in the loudspeaker 
when you manipulate the control, or 
if you are not able to control the vol¬ 
ume or tone with the control, you 
know that the potentiometer is defec¬ 
tive. 

AIR-CORE COIL 
DEFECTS 

Here we are concerned with air-core 
rf transformers, i-f transformers, and 
rf chokes. The coils on these devices 

consist merely of copper wire and in¬ 
sulation, but several types of defects 
can develop in them. 

Lowered Q Factor. A coil that 
becomes damp or coated with conduc¬ 
tive dirt will develop high rf resist¬ 
ance, which has the effect of lowering 
the Q factor. This, in turn, affects the 
operating characteristics of the stage 
in which the coil is used. For example, 
a lowered Q factor in an rf coil can 
cause poor sensitivity or poor selec¬ 
tivity even in a properly aligned stage 
and can cause low output in an oscil¬ 
lator stage. The Q factor of a coil can 
be measured with a Q merer, but this 
information will be of no value unless 
you know what the normal Q factor 
and the permissible tolerance in Q 
factor should be. 

You can isolate the trouble to a coil 
having lowered Q factor by inspecting 
the coil and by adjusting the resonant 
circuit trimmers. The trimmer adjust¬ 
ments will be sharp for a high Q coil, 
but quite broad for a low Q coil. Ex¬ 
perience in evaluating receiver per¬ 
formance and adjusting tuned circuits 
will help you to decide when a coil 
should be replaced because of lowered 
Q factor. 

Shorted Turns. These may de¬ 
velop in all coils, particularly those 
with special diamond, basket, or bank 
weaves to form the windings. If a 
great many turns are shorted out, 
these may be enough change in coil 
resistance so that an ohmmeter read¬ 
ing compared with the original resist¬ 
ance given on the schematic will indi¬ 
cate the short. Otherwise, the action 
of the circuit is the only clue to the 
trouble. For example, if an rf coil used 
in a resonant circuit has several 
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shorted turns, more capacity will be 
needed to align the receiver, and both 
the sensitivity and the selectivity will 
be poor even after alignment. 

Adjacent coils may also touch each 
other, particularly when wound close 
together or one over the other. Here 
an ohmmeter test from one coil to the 
other will verify the trouble. 

Opens. The windings in a tightly 

cerned with changes in Q factor. Ac¬ 
tual mechanical defects in the coil 
windings or failure of the insulation 
between the windings are the two chief 
problems here. 

Opens. Opens in iron-core coils can 
be readily detected with an ohm¬ 
meter. They can be caused by elec¬ 
trolysis at the terminals of a filter 
choke if fairly high currents are 

An iron-core filter choke. 

wound coil may break from expansion 
due to increased temperature, espe¬ 
cially at points where the wire passes 
through the coil form or connects to 
a terminal. More often, however, cor¬ 
rosion at a terminal will create a high-
resistance joint. In a primary coil 
that carries the plate current of a 
tube, the direct current flow may start 
electrolysis, which will cause a joint 
to corrode and eventually open. Noise 
will be the first symptom of this con¬ 
dition. An ohmmeter test will indicate 
above-normal coil resistance and high 
resistance due to corrosion at joints. 

IKON-CORF. COH, 
DEFECTS 

Since iron-core coils are used chiefly 
in audio frequency and power fre¬ 
quency circuits, you will not be con¬ 

flowing through joints formed by dis¬ 
similar metals. Of course, a sudden 
voltage surge or continued overload¬ 
ing of a coil by excessive current may 
melt the wire and cause an open. 

Short«. Shorts between turns due 
to failure of the insulation are not 
readily detected with an ohmmeter. 
However, you can usually detect 
shorts between layers of windings be¬ 
cause there will be a greater change 
in the coil resistance. 
You can easily locate shorts in 

iron-core coils by their effect on re¬ 
ceiver operation. For example, if there 
is a short in a choke coil, normal cur¬ 
rent flow through the coil will cause 
a lower ac voltage drop across the coil, 
and hum will also be heard in the re¬ 
ceiver output. If a short occurs in a 
power transformer (found in TV sets, 
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Power transformers with three different types of mountings. 

high fidelity equipment, and in many 
older radios) the transformer will 
overheat, the insulation will become 
charred, smoke will be produced from 
the transformer, and the output volt¬ 
age will be lower than normal. These 
same effects will appear when turns 
are shorted to a grounded iron core 
and the transformer circuit is grounded 
at some other point. You can find a 
short between the transformer winding 
and the core with an ohmmeter. 

In an iron-core transformer an odor 
of burned insulation and a charred ap¬ 
pearance is always an indication of a 
defect. It is normal for a transformer 
that is handling power to become hot 
when in operation. Therefore, if the 
transformer in a receiver is hot to the 
touch, it docs not mean that it is de¬ 
fective. The exact amount of heat 
produced by the transformer varies 
with different manufacturers and with 
different transformer uses. Some trans¬ 
formers will operate quite cool, while 
others are designed to operate at the 
heat limits set by the Board of Fire 
Underwriters. 
To check a power transformer for 

shorts, remove all the tubes from 
their sockets. If the smoking and over¬ 

heating stops when all tubes are re¬ 
moved, there is a shorted filter capaci¬ 
tor drawing excessive current, or there 
is a shorted tube or some other shorn 
to ground in the plate or screen sup¬ 
ply circuit. If smoking continues even 
with the tubes removed, the trans¬ 
former is probably defective, or there 
is a short in the rectifier tube socket 
or the transformer leads. 

LOUDSPEAKER DEFECTS 

Loudspeakers are subject to normal 
wear and aging because the voice coil¬ 
cone assembly is continually moving 
during operation. Once you isolate a 
defect to the loudspeaker, you have 
the following possibilities to contend 
with: 

Weak Flux. An open can occur in 
the field coil of an electrodynamic 
loudspeaker due to corrosion, elec¬ 
trolysis. or overloading. If the field 
coil is also serving as the filter choke, 
as is often the case, the receiver wilt 
be dead. If there is a separate filter 
choke, there may be enough residual 
magnetism in the iron core, of the 
loudspeaker to permit operation, but 
the sounds will be weak and generally 
distorted. A simple ohmmeter check 

23 



will reveal an open field coil. Although 
the electrodynamic speaker was widely 
used for years, its use in new equip¬ 
ment is almost totally confined to 
auto radios. In these sets, the field is 
never used as a choke coil in the B 
supply. 

Weak and distorted reception will 
also occur in the permanent magnet 
of a PM dynamic loudspeaker when 
it loses its magnetism. You must re¬ 
member, however, that there are many 
other possible defects in a receiver 
that can produce these same symp¬ 
toms. The defect should be definitely 
isolated to the loudspeaker before you 
make extensive tests on the loud¬ 
speaker. 

Open Voice Coil. The voice coil 
of a loudspeaker may open at one of 
its joints or in the flexible leads that 
connect it to the output transformer 
secondary. Although these leads are 
extremely flexible, they sometimes 
break because they are connected be¬ 
tween the fixed terminals on the loud¬ 
speaker frame and the rapidly moving 

terminals on the voice coil. An ohm¬ 
meter will detect an open in the voice 
coil if you first disconnect one voice 
coil lead from the output transformer. 

Grounds. A ground can occur in 
the field coil, the voice coil, or in the 
hum-bucking coil of a loudspeaker. 
You can find this defect easily by 
measuring with an ohmmeter between 
the suspected coil and the frame of 
the loudspeaker. 

Defective Spider. The flexible ma¬ 
terial of the spider may become brittle 
and crack, or may lose its elasticity. 
When the condition is serious, the 
symptoms will be a peculiar type of 
distortion. You can usually look at 
the spider and see the defect. 
Sometimes the spider will become 

loose at the point where it is glued to 
the cone, causing raspy sounds. You 
may be able to reglue the spider with 
cone cement. Loose dust caps in the 
center of the cone will also cause the 
same trouble. If the spider becomes 
unglued from the speaker frame, you 
will hear a popping sound on loud bass 

You can test for a rubbing voice coil by pushing the speaker cone in and out with 
your fingers as shown here, and listening for a grating sound. 
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notes, because the cone must move 
a considerable distance to reproduce 
the loud tones. This will also occur as 
you tune past stations. 

Off-Center Voice Coil. As a loud¬ 
speaker ages, the parts will usually 
warp and shift a certain amount from 
their normal positions. Rough han¬ 
dling can also cause warping and shift¬ 
ing of the parts. The condition be¬ 
comes serious, however, only when the 
voice coil rubs against the pole pieces. 

Iron filings, bits of metal, or hard 
particles of dirt lodged between the 
voice coil and the center pole piece 
can cause the same trouble as a shifted 
voice coil or other shifted parts. You 
can detect a rubbing voice coil by 
pushing the cone in and out with your 
fingers when the receiver is turned oS. 
The vibration due to rubbing will be 
transmitted to your fingers and you 
can hear the grating and scraping 
sound of the voice coil rubbing against 
the pole piece. The sound produced by 
an off-center voice coil will be dis¬ 
torted when the loudspeaker is repro¬ 
ducing low notes. There is much more 
voice coil movement at low frequen¬ 
cies than at high frequencies. There¬ 
fore, a rubbing voice coil may distort 
men’s voices without affecting wom¬ 
en’s voices. 

Cone Defects. A cone may become 
hard and inflexible due to aging and 
drying out. The fidelity of the sound 
produced by a loudspeaker having this 
defect will not be normal. Also, the 
outer edge of the cone, which is glued 
to the frame, may become loose and 
cause raspy, buzzing sounds and dis¬ 
tortion at low audio frequencies. A 
cone may become softer than normal 
due to absorption of moisture, causing 

distortion. In a few cases, the cone 
may actually crack or tear. You can 
easily see the crack or tear in the 
speaker cone. 

DEFECTIVE CONNECTIONS 

Under this classification, we can list 
the hookup wire used to connect the 
various parts and tube sockets, the 
terminals on the various parts, and 
the tie points used for supporting 
small parts by their leads. A defective 
connection is an excellent example of 
a trouble that may require many min¬ 
utes to locate, even with professional 
servicing techniques, but which ordi¬ 
narily can be repaired in a few sec¬ 
onds. 

Opens. An open at a soldered joint 
may be due to poor soldering at the 
factory. As a rule, however, soldering 
in factories is done by people with 
considerably more training in solder¬ 
ing techniques than the average serv¬ 
iceman has. Opens at soldered joints 
are more probable in equipment that 
has previously been serviced. Often¬ 
times a soldered joint looks good but 
is held together by rosin. Rosin, of 
course, is an insulator. Corrosion and 
electrolysis at joints may cause opens, 
partial opens, or even intermittent 
opens. Poor soldering occurs less often 
in new work in which printed circuits 
and dip soldering techniques are used. 

To find opens in receiver wiring, you 
would generally check the continuity 
from each tube electrode to the chas¬ 
sis, the rectifier plate, or the rectifier 
cathode. You can then compare the 
ohmmeter readings with the resistance 
values indicated on the circuit dia¬ 
gram for that particular receiver. 

When you have isolated the defec-



tive circuit, you can check the parts 
and connecting wires that make up the 
circuit by following a step-by-step 
ohmmeter procedure. However, the 
most common method that servicemen 
follow is to push or pull on each joint 
in the suspected circuit while the re¬ 
ceiver is in operation. You can use a 
special tool, called a soldering aid, or 
a pair of insulated pliers for this pur¬ 
pose. When you move or jar the de¬ 
fective joint, there will be a noise 
in the receiver output. Another pro¬ 
cedure is to heat each soldered con¬ 
nection with a hot soldering iron to 
make the solder flow freely over the 

An example of good soldering is shown 
above, and of poor soldering below. No¬ 
tice the lumpy cracked appearance of the 
poor joints, and the smooth neat appear¬ 

ance of the good joints. 

entire joint. If the joint smokes ex¬ 
cessively when you apply the hot 
soldering iron, you know that the joint 
contained an excessive amount of 
rosin. 

Shorts. Connections and bare leads 
sometimes short to the chassis or to 
an adjacent connection, particularly 
when the terminal lugs are close to¬ 
gether as on tube sockets and terminal 
strips. When wires go through holes 
in the chassis, frayed insulation may 
allow the wires to touch the chassis 
and cause a short. If it is a high-
voltage lead, such as the plate supply 
leads, you may be able to see sparks 
at the point of contact when you wig¬ 
gle the lead. 
Sometimes terminal lugs become 

loose or bent, or excessive solder is 
used in making connections at the 
lugs. This can result in a short circuit. 
Consult the circuit diagram of the 
receiver. If the diagram indicates that 
a complete circuit should be isolated 
from the chassis, use an ohmmeter to 
test between that circuit and the chas¬ 
sis to see whether or not a chassis short 
exists. 
Leakage between connections is 

common and may cause trouble in rf 
circuits. This defect can usually be 
cleared up by drying out the moist or 
damp chassis. Use a fan and an elec¬ 
tric heater to blow warm air on the 
parts and leads. If this procedure 
does not clear up the trouble, you 
may have to install new leads or 
parts. 

SWITCH DEFECTS 

The contacts of the various switches 
used in radio and television sets may 
corrode, causing opens or noisy par-
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liai opens. Loss of springiness in the 
movable contact arm can cause the 
same symptoms and troubles. In addi¬ 
tion, connections to the switch termi¬ 
nals may be open, shorted, or partially 
open. 

Circuit continuity tests will usually 
reveal switch defects quickly. It is 
not uncommon for a movable contact 
arm or a terminal lug of a switch to 
break off and cause an open. You can 
use an ohmmeter continuity test to 
reveal the defect. 

LOCATING DEFECTS 

Once the defective part in a re¬ 
ceiver is located, anyone with a little 
mechanical ability and a knowledge 
of soldering can make the necessary 
replacement or repair in a few min¬ 
utes. The real work of a trained radio 
serviceman is in locating the defective 
part or connection, or the cause of the 
trouble. 

When the trouble in a receiver is 
simply a defective part or connection, 
and an unlimited time is available, a 
person with a little training in the use 
of a tube tester, an ohmmeter, or per¬ 

haps a capacitor tester can test each 
part and connection in the receiver 
until he locates the defective one. Of 
course, the chances are good that he 
will locate the defective part long be¬ 
fore he has tested all the parts. How¬ 
ever, even if he were able to find the 
part in an average of fifty tests per 
chassis, you can readily imagine what 
an enormous amount of time he would 
spend. 

As a matter of fact, there are many 
servicemen without the type of pro¬ 
fessional training you are now acquir¬ 
ing, who actually do test various parts 
one after another until they find the 
defect. With experience, they learn 
that certain parts or connections 
should be checked first for each type 
of complaint. They become good at 
guessing defects without knowing the 
leasons for them. With professional 
servicing techniques, you can locate 
troubles faster than these men right 
from the start of your servicing career. 
Your techniques will work on all sets, 
whereas testing of individual parts 
will tell nothing at all about many 
kinds of receiver troubles. 

Complete Professional Servicing 
Procedure 

The preceding analysis of the many 
possible troubles that can occur in a 
radio receiver shows that a great 
many defects can be detected by 
checking voltages with a voltmeter or 
by checking continuity with an ohm¬ 
meter. Nevertheless, such random 
tests are highly inefficient and waste 

a lot of time. 
The man who relies on a guess-and-

try method of testing each part in 
turn will frequently find himself con¬ 
fronted with troubles that defy detec¬ 
tion. After wasting a great deal of 
time in testing parts, he will be forced 
to resort to such simple versions of 
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FIG. 1. The 10-step professional servicing 
plan. 

professional servicing techniques as 
lie is able to carry out. If given suf¬ 
ficient time, he may eventually be 
able to localize the defect, for as a last 
resort he can begin putting in new 
parts one by one until he eventually 
does find the trouble. 

The professional servicing procedure 
that you will learn in this course is 
designed to teach you to repair re¬ 
ceivers in the least possible time. This 
eliminates immediately the guess-and-
try test methods, which are the chief 
technique of the untrained mechanic. 
To become a professional radio serv¬ 
iceman, you must master a carefully 
planned series of professional servic¬ 
ing techniques. These make use of 
your training, ability, and experience 
to find the cause of the trouble quickly. 

HIE TEN-STEP PLAN 

A complete professional servicing 
procedure for repairing radio receivers 
involves a maximum of ten distinct 
steps, as indicated in Fig. 1. If you 
are successful in carrying out Step 3, 
however, you may be able to omit up 
to five of these steps. If you locate 
the trouble in Step 4, you will be able 
to omit the next four steps. 

These steps are so planned that you 
will be led directly to the trouble in 
a logical, step-by-step manner. As 
your training continues, however, and 
as you gain more practical experience, 
you will soon find Step 3 assuming 
more and more importance. Thus, you 
will get a logical, direct approach to 
the trouble with a minimum of wasted 
time and effort. As you become more 
like the thoroughly trained profes¬ 
sional, you will learn the short cuts 
that can be used. 

2« 



Since the professional technique 
you want to develop involves all of 
these steps, let us now look into these 
steps in detail, to see just how they 
are related to each other. 

1. Determine the Complaint. 
This has already been discussed in de¬ 
tail, and can be summed up here in 
just one sentence: Find out exactly 
what the customer thinks is wrong. 

2. Confirm the Complaint. Try 
out the set and check its performance. 
The things to watch for while checking 
performance vary with the nature of 
the complaint, as you learned earlier 
in this lesson. In general, however, 
this step involves turning on the re¬ 
ceiver, tuning to the dial settings of 
a few local stations and noting how 
they come in, then trying out the 
volume control, tone control, and any 
other controls there are. 

3. Effect-to-Cause Reasoning. 
When a receiver becomes dead, hums, 
distorts, howls, oscillates, has inade¬ 
quate volume, poor selectivity, poor 
sensitivity, or has some other symp¬ 
tom that you have verified by check¬ 
ing receiver performance, there is defi¬ 
nitely a cause for the observed condi¬ 
tion. If you can figure out what that 
cause is by means of reasoning, it is 
only logical to check the likely cause 
first. 

Usually, however, there are several 
possible causes for each complaint. 
To use effect-to-cause reasoning effi¬ 
ciently, you must know when to give 
up checking probable causes and start 
the next step in the procedure. Once 
you begin checking every possible 
cause for an observed symptom, you 
are really resorting to the guess-and-
try methods of the untrained man. 

Proper use of effect-to-cause rea¬ 
soning can be best explained by means 
of a few examples. Let us take first 
the case of a dead receiver. You know 
that a burned-out filament in a tube 
will ordinarily cause a dead receiver, 
so isn’t it logical to suspect tubes 
when the symptom is no reception? 
Since you are eventually going to test 
the tubes in the receiver anyway, it 
is quite logical and permissible to test 
the tubes after you have made sure 
that the receiver is getting power and 
its antenna-ground system is normal. 
When the tubes are cleared of suspi¬ 
cion, however, you have before you 
dozens of possibilities, because a break 
anywhere in a signal circuit can cause 
a dead receiver. This is where you 
should give up effect-to-cause rea¬ 
soning and proceed to the next step of 
inspecting for surface defects. 
How about oscillation or howling? 

You know that an open plate bypass 
capacitor for the power output tube or 
an output filter capacitor with greater 
than normal power factor can result 
in oscillation. So it is entirely logical 
to suspect and check the various ca¬ 
pacitors when oscillation is the symp¬ 
tom. This can be done quickly by the 
substitution method in the case of an 
open bypass capacitor, by placing a 
good capacitor of approximately the 
correct value across each suspected 
capacitor in turn while the receiver 
is in operation. You will have to in¬ 
stall a good electrolytic capacitor in 
place of the suspected one in the case 
of high power factor in the output 
filter. If none of these tests restore 
normal performance, however, and 
there are no associated symptoms to 
limit the trouble to a particular sec-
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tion, your next move should be an 
inspection for surface defects. 

A leaky input filter capacitor will 
cause weak reception, possible hum, 
overloading and perhaps damage to 
the rectifier. Therefore, if you observe 
all these symptoms, you would cor¬ 
rectly question the input filter capaci¬ 
tor. If it is leaking sufficiently to draw 
excessive current, it may burn out the 

that particular trouble. For example, 
if the symptom is hum, it would be 
wise to check the electrolytic filter 
capacitors and to check for cathode-
to-hcater leakage in the signal circuit 
tubes. If a selenium rectifier is used 
in the receiver, make a mental note 
to try a new one if the capacitors 
and tubes prove to be in good condi¬ 
tion. 

2ND DETECTOR AUDIO OUTPUT 

FIG. 2. The audio output stage of a typi¬ 
cal ac-dc receiver. 

filament tap on the rectifier as well 
as the pilot lamp, depending of course 
on the particular circuit used. If a 
power transformer is used, the recti¬ 
fier plates may run red hot and the 
transformer may be damaged. 

A thorough knowledge of circuit 
actions thus makes it possible at times 
to analyze a number of observed 
symptoms and reason out the exact 
location of the defect. It is unneces¬ 
sary to memorize long lists of symp¬ 
toms and possible defects when you 
are able to figure things out for your¬ 
self like this. 

In general, when there is only a 
single symptom, it is good practice 
to check first for common causes of 

If distortion is the only complaint, 
and you are convinced that it is not 
due to a loudspeaker defect, check 
for leakage in the grid-plate coupling 
capacitor in the audio stage before 
proceeding to the isolation tests. The 
audio output stage of a typical ac-dc 
receiver is shown in Fig. 2. If the .05-
mfd coupling capacitor, C13, is leaky, 
it will produce a positive bias on the 
grid of the audio amplifier stage, 
thereby causing distortion. Excessive 
gas in the output tube will also cause 
the same type of distortion and the 
same voltmeter indication across the 
grid resistor R8. 

4. Inspect for Surface Defects. 
Before going into the chassis, you 
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A typical ac-dc radio with the back removed to inspect lor surface defects. 

should inspect the top of the chassis 
for surface defects, such as tube 
burned out or out of its socket, the line 
cord plug out of the wall outlet, the 
loop antenna disconnected or un¬ 
plugged, etc. This inspection may pre¬ 
cede effect-to-cause reasoning, become 
a part of this step, or follow it, depend¬ 
ing on the complaint. It may even 
become a part of the second step, be¬ 
cause you may confirm the complaint 
by seeing if the tubes light or get 
warm, sniff for odors indicating over¬ 
loaded parts, and listen for noises as 
you rotate controls while trying the 
set. 

The nature of the trouble, together 
with effect-to-cause reasoning, will 
suggest possible surface troubles to 
look for. If the set plays but is noisy 
ami the tubes are not dead, there is 
probably a loose connection or inter¬ 
mittent shorts somewhere in the wir¬ 
ing. Thus, this step may be a part of 
the effect-to-cause reasoning process. 

Finally, if effect-to-cause reasoning 
does not suggest anything, it is still 
desirable to spend a minute or two 
looking over the surface of the set. 
However, don’t waste time; learn to 
go over the surface of the set with a 
quick glance. If you don’t see any¬ 
thing wrong, go on to the isolating 
steps immediately. 

5. Isolate the Defective Section. 
A single test, often without instru¬ 
ments, will in many cases enable you 
to localize the trouble to a defective 
section. 

If the receiver is dead, but all the 
tubes light up, the next logical step is 
to use an isolating technique to deter¬ 
mine which section of the receiver 
(power supply, af ampliner, rf ampli¬ 
fier, i-f amplifier, or local oscillator) 
is defective. In later lessons, you’ll 
learn exactly how to do this. 

6. Isolate the Defective Stage. 
By using appropriate techniques given 
later, you localize the trouble to a 

31 



defective stage in the defective sec¬ 
tion. 

7. Isolate the Defective Circuit. 
Once the defective stage is isolated, 
you can usually make a few simple 
circuit-continuity tests for de elec¬ 
trode voltage measurements to localize 
the trouble to a particular tube cir¬ 
cuit in the defective stage (to the 
grid circuit, plate circuit, screen¬ 
grid circuit, or suppressor grid circuit). 
This eliminates quite a few parts 
from your list of suspects for the next 
step. 

8. Isolate the Defective Part. 
Using either an ohmmeter or a de volt¬ 
meter, you make tests in the suspected 
defective circuit (or the suspected 
stage if circuit-isolating techniques 
cannot be applied) until you have 
tracked down the defective part. This 
should not be a haphazard task, how¬ 
ever, for a rational step-by-step pro¬ 
cedure will save time. 

A logical, general procedure for 
locating the defective part in the de¬ 
fective stage or circuit involves first 
checking the tube, if it has not al¬ 
ready been checked. Next comes the 
check of the tube electrode supply 
circuits, either with a de voltmeter 
or with an ohmmeter used with all 
power turned off. 

Check the electrode voltages with 
respect to B- or chassis, after making 
sure that the main plate supply volt¬ 
age to the stage is correct. If there is 
no voltage at a tube electrode, connect 
one probe to the chassis or B- and 
move the other probe along the sup¬ 
ply circuit, part by part, until you 
reach a point where you measure the 
normal voltage. By proper interpreta¬ 
tion of the voltage readings, you can 

easily detect shorts or grounds. By 
watching the meter pointer, you can 
also localize noisy connections and 
noisy parts. 

It is not always possible to locate 
a defect by means of de voltage meas¬ 
urements. For instance, a defect in 
a signal circuit that is not carrying 
direct current would not be revealed 
by a de voltage measurement. Coil 
defects, tuning capacitor defects, and 
certain grid circuit defects are ex¬ 
amples. Grid bias voltages in high-
resistance grid circuits can be meas¬ 
ured accurately only with extremely 
high-resistance vacuum tube volt¬ 
meters, and these are not always 
available. For these reasons, some 
servicemen prefer to use continuity 
tests for locating the defect in a stage. 
Continuity tests with an ohmmeter 
can be used to supplement de volt¬ 
meter tests or can be used exclusively. 
It is a matter of personal preference 
in some cases, and a necessity forced 
by instrument limitations in others. 

Continuity tests with a multi-stage 
ohmmeter are made with the receiver 
turned off and with the power plug 
removed from the wall outlet. Con¬ 
tinuity is checked first from each tube 
electrode (at the tube socket termi¬ 
nals) to some reference point, such as 
the rectifier cathode or to the chassis 
or B- as the case may be, to establish 
existence of continuity in complete 
supply circuits. 

An infinitely high ohmmeter read¬ 
ing for any particular step indicates 
an open circuit. To find which part 
in the circuit is actually open, you can 
move the ohmmeter probes along and 
check each part, or you can check 
small groups of the parts, or you can 
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leave one ohmmeter probe at one end 
of the circuit and move the other one 
back along the circuit, including fewer 
and fewer parts between the probes 
until you find the open. 
This procedure will also detect 

shorts when there is a large change in 
resistance due to the short, as com¬ 
pared to the total resistance being 
measured. If you had a 20-ohm coil 
in series with a 100,000-ohm resistor, 
and checked across both together, you 
could not tell whether the coil was 
shorted or not. The reading would 
be so little different from 100,000 ohms 
that you would be unable to detect the 
presence of the coil. A low resistance 
part must be checked for shorts di¬ 
rectly across the part itself. 

Of course, we are just giving the 
barest description of the methods 
used-—we’ll go into them in detail 
later. 

9. Repair or Replace the Defec¬ 
tive Part. If the defect is traced to 
a poor connection, the repair is a sim¬ 
ple mechanical procedure. If the trou¬ 
ble is traced to misalignment, the cor¬ 
rection of the trouble is likewise a 
mechanical procedure, but one requir¬ 
ing considerable technical knowledge 
and involving the use of test instru¬ 
ments. 

When the trouble is traced to a de¬ 
fective part, it might seem that the 
simplest procedure would be to get 
an exact duplicate replacement from 
the manufacturer of the receiver or 
one of his distributors. But remember 
that thousands of different receivers 
and amplifiers have been built by 
hundreds of different manufacturers, 
many of whom are no longer in busi¬ 
ness. Each of these sets contains a 

minimum of perhaps fifty different 
parts. If you insisted on making exact 
duplicate replacements and wanted to 
keep on hand a stock of all parts you 
might need, your stock would be tre¬ 
mendous. On the other hand, if you 
carried no parts at all in your own 
stock, you would be ordering parts 
every day for service work. 
Fortunately, radio and TV parts 

are standardized to a great extent, 
thus making exact duplicate replace¬ 
ments unnecessary in the majority of 
cases. Parts, such as tubes, pilot lamps, 
single fixed resistors, fixed capacitors 
of all types, and batteries, are replace¬ 
able with products of any make, pro¬ 
vided size and electrical characteris¬ 
tics are suitable. When space permits, 
even size can be ignored. Further¬ 
more, electrical ratings can be over¬ 
looked in many cases. For example, 
an rf bypass capacitor originally spe¬ 
cified as .01 mfd can be replaced with 
a ,1-mfd capacitor without a notice¬ 
able change in performance. Also, if 
the original capacitor is rated at 400 
volts, you can replace it with one hav¬ 
ing a higher voltage rating, such as 
600 volts. 

By stocking only basic parts and 
by making wise substitutions instead 
of exact replacements, you can con¬ 
duct your business with a minimum 
of overhead expense and a minimum 
of wasted time. It is a matter of good 
business to keep the stock of parts 
on hand as small as possible, because 
parts require a capital investment, 
and there is always the risk that pur¬ 
chased parts may never be used. 

The ability to tell whether or not 
an exact duplicate replacement is 
necessary for a particular part can be 
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acquired by experience, or can be 
figured out from your knowledge of 
how the part works in its circuit. A 
combination of experience and knowl¬ 
edge is ideal and you will soon have 
this combination. 

Only in a few cases will it be neces¬ 
sary to order an exact duplicate re¬ 
placement, and in these few cases the 
replacement part will usually be avail¬ 
able from your local parts distributor 
or from a mail order supply house. 

With such items as variable tuning 
capacitors, tuning-dial mechanisms, 
and rf, i-f and oscillator coils, the need 
for exact duplicate replacements be¬ 
comes considerably more important. 
Tn some cases the mechanical con¬ 
struction and styling make it impos¬ 
sible to use universal replacement 
parts. In the case of air-core coils, the 
entire receiver design is usually based 
on these coils; few receivers have 
identical circuit design. 

When exact duplicate replacement 
parts are not available from distribu¬ 
tors, you can usually get parts that 
will work as well as the original parts 
from local or mail order distributors. 
Power transformers, loops, iron-core 
choke coils, and audio transformers 
can be replaced with universal parts 
having necessary adjustments to fit 
in most receivers. On the other hand, 
a missing or broken knob of an unob¬ 
tainable type presents a problem that 
can be solved by replacing all of the 
knobs with a new design. 

If necessary, rf coils can be re¬ 
placed with standard types. The only 
coil that may give real trouble is the 
oscillator coil, because it controls 
the receiver dial readings. Naturally, 
greater care and more thought is nec¬ 

essary when selecting equivalent re¬ 
placement parts; thorough mastery of 
radio fundamentals is invaluable when 
you must decide between universal 
and exact replacement parts in a par¬ 
ticular circuit. 

10. Check Performance. Try the 
receiver out, to make sure that all of 
the customer’s complaints have been 
cleared up. It is often a good idea to 
let the set run for several hours 
(volume can be turned down for this) 
before making this final checkup, to 
see if any new troubles develop after 
the set is thoroughly warmed up. This 
is particularly desirable for sets that 
have not been in operation for a month 
or more, or when dealing with a cus¬ 
tomer who may be unreasonable re¬ 
garding future troubles that are not 
your fault. 

DISCUSSION 

In a sense, locating trouble in radio 
receivers is similar to expert detective 
work. The technique to use in each 
case depends upon the nature of the 
job, your analysis of it, and the test 
equipment you have on hand. Each 
complaint calls for its own careful 
selection of service steps. 

Noise, for instance, is a complaint 
for which only a limited use of effect-
to-cause reasoning is justified. It is 
usually best to start right away on the 
isolating techniques that reveal the 
section, stage, and circuit containing 
the defect. 

You can isolate a noisy stage with¬ 
out any test equipment simply by 
silencing each stage in turn while 
working from the loudspeaker towards 
the antenna. You can silence a stage 
by shunting a .25-mfd capacitor from 
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the control grid to cathode, or in an 
ac set by removing its tube. If the 
noise stops when this is done, you 
know that the defect is either in that 
tube or in the stages ahead of the tube 
(towards the antenna). If the noise 
continues with the stage silenced, you 
know that the trouble is between that 
tube stage and the loudspeaker, or is 
in the power supply. 

Of course, a simple isolation pro¬ 
cedure such as this has its limitations, 
and requires further tests for final 
verification. If you have an expensive 
signal-tracing instrument, you can 
listen to the signal at each stage while 
working from the antenna to the loud¬ 
speaker. The first stage at which noise 
is heard is the one that is likely to con¬ 
tain the defect. 

In this course you will learn still 
other methods of isolating the defect 
when the complaint is noise; some will 
be better for shop work where full 
equipment is available; others will be 
more suitable for work that has to be 
done in the customer’s home with 
minimum equipment. 

SUGGESTIONS FOR MASTERING 
PROFESSIONAL SERVICING 

TECHNIQUES 

Servicing does not follow an abso¬ 
lutely fixed pattern. You cannot say 
that hum is caused only by an open 
filter capacitor or that distortion is 
caused only by a leaky coupling ca¬ 
pacitor. These are common causes for 
the particular complaints. However, 
there are always exceptions to the 
general rule. To be a successful radio¬ 
TV serviceman, you must have a gen¬ 
eral approach that will localize the 
trouble regardless of the cause. Then, 

by effect-to-cause reasoning and from 
practical experience you can use short 
cuts where they are possible. You 
should never have to resort to the 
guess-and-try procedure of the in¬ 
efficient, untrained serviceman. 

Unlike many other skilled occupa¬ 
tions, that of a radio-TV serviceman 
is a one-man job. Once a serviceman 
starts a job, he is in the best, position 

Reviewing your early lessons will help you 
as you go along in your course. 

for completing the work. No one sit¬ 
ting on the sidelines can give definite 
advice unless the serviceman can state 
clearly the exact trouble, all the symp¬ 
toms, and all the results of his meas¬ 
urements. Even then, an adviser can 
only suggest more likely sources of 
trouble, and more efficient isolating 
techniques. 

In order to become an expert pro¬ 
fessional serviceman, you must know 
the various professional servicing tech¬ 
niques, you must acquire experience, 
and you must be able to figure out 
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technical problems. As you proceed 
to master the various techniques, as 
given in the following lessons, you will 
appreciate more and more the im¬ 
portance of knowing the fundamentals 
of radio circuits. 

Value of Reviewing Early Les¬ 
sons. A review of previous lessons 
on radio-TV fundamentals at the rate 
of two or three lessons a month will 
prove highly beneficial during your 
study of these advanced lessons. Early 
lessons will have an entirely new 
meaning, and the fundamentals of cir¬ 
cuits will seem far more practical now 
that you really recognize their value 
in radio servicing work. 

Following the NRI Plan. Else¬ 
where in the course, we have given a 
plan for acquiring practical radio 
servicing experience in your own 
home. If you have not already carried 
out this plan, we strongly recommend 
that you give this phase of your train¬ 
ing immediate attention, if you want 

to get the most out of these advanced 
lessons on radio servicing. Get a suit¬ 
able radio receiver chassis as soon as 
you can, and begin to carry out on it 
the NRI plan for gaining the experi¬ 
ence so necessary for efficient radio 
servicing. 

You can also use this chassis in con¬ 
nection with your advanced servicing 
lessons; whenever you study a par¬ 
ticular professional technique or learn 
about locating a parti miar defect, try 
it out on the chassis and demonstrate 
for yourself the relative effectiveness 
of the recommended procedures. Your 
studies will take on a new meaning 
when you do this, and you will have 
little trouble in remembering what 
you studied. You may not be able to 
test everything you study, but those 
tests that you do carry out will defi¬ 
nitely prove worth while. Later on in 
your course you will be given a similar 
plan for getting practical experience 
in television servicing. 
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Lesson Questions 
Be eure to number your Answer Sheet 36B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish the 
next lesson within a few days, send in two sets of answers at a time. Either 
practice is acceptable to us. However, don't hold your answers too long; 
you may lose them. Don't hold answers to send in more than two sets 
at a time, or you may run out of lessons before new ones can reach you. 

1. 

2. 

What value is there in letting the customer describe the way in which 
his receiver is operating? ’■ ' * h / 

fl V f O ' j ' , ; * . ' ) 'M 'J ’ 
Which section of a radio receiver would you suspect first if the customer 
complained that the sound from his set was distorted at all settings of 
the volume control and on all stations? ; 

3. What test procedure would you use to find a partially shorted filament 
in an ac-dc receiver? ,< > p, . * , . 

4. What is the easiest way to test a bypass capacitor that you suspect 
is open? ' 

5. Suppose you find that an electrolytic filter capacitor in a radio receiver 
is hot to the touch and that the B-|- voltage is lower than normal. What 
would you suspect is the matter with the capacitor, and what step or 
steps would you take to repair the receiver? ; 

6. Referring to the circuit diagram in Fig. 2, what is the most probable 
circuit defect if you can measure de voltage between B- and the screen 
grid of the output tube but no voltage between B- and the plate? 

7. If a radio receiver operates intermittently when the chassis is jarred, 
what is the probable cause of the trouble? 

8. Using effect-to-cause reasoning, what defect is indicated when the sensi¬ 
tivity and selectivity of a receiver is poorer than normal and realigning 
the set does not improve its operation? /" /, / y. / 

9. What part in the receiver would you suspect if low-frequency sounds, 
such as male voices and drums, are distorted, but high-frequency sounds, 
such as female voices, are reproduced faithfully? V 

10 Suppose you find a defective 90,000-ohm, 20% resistor in a radio receiver 
Will a 100.000-ohm, 10% resistor work in its place? 
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pays! 

The first essential of a success-getting attitude is 
nothing more or less than self-confidence. You must 
know what to do and when to do it, and must be able 
to go ahead and do it. 

No matter how much you know about the technical 
side of servicing, you will attain success much faster 
once you acquire a business-like attitude. 

customer, spend a few minutes figuring out what 
questions or problems might arise, and figure out 
your answer for each one. You will then be able to 
answer questions promptly and confidently, in a 
business-like manner which commands respect and 
inspires confidence in others. Be business-like—it 

Confidence in your own technical knowledge will 
come automatically soon after you complete the 
Course and engage in radio-TV work, because your 
NIU training ranks among the finest in the world. 

Equally important, however, is confidence in your 
ability to deal with people. This type of self assurance 
is developed by planning your moves carefully 
before tackling a job, and by being methodical, ac¬ 
curate and careful. Before each interview with a 
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HOW TO LOCATE 
DEFECTIVE PARTS 

À PROFESSIONAL serviceman is 
concerned with two vital points: 

first, to find what is wrong with a set 
he is servicing, and second, to do so as 
quickly as possible. There are many 
ways of finding a defect, but only a 
carefully planned procedure will lead 
you to it quickly and directly. 

Never lose sight of the fact that a 
serviceman is selling time. If you can 
shorten the time consumed on any re¬ 
pair job, you can handle mere jobs 
and have more time to plan your busi¬ 
ness and to advance yourself. It is 
important, therefore, that you learn 
the basic procedure for localizing 
trouble. A straightforward procedure 
of isolating the defective section, 
stage, circuit, and part, which is much 
faster than a guess-and-try procedure, 
can be followed even by a serviceman 
with little experience. 

Before going into the procedure for 
isolating the defective section, stage, 
and part, we should complete the four 
preliminary steps shown in Fig. 1. 
These preliminary steps may lead you 
directly to the trouble. If they fail to 
do so, they will at least indicate the 

correct isolation procedure to follow 
for the particular complaint, thus 
making other tests unnecessary. 

When you have isolated the trouble 
to a certain section or stage, you can 
usually tell by the way the set acts 
which part is probably causing the 
trouble. Even when you cannot tell 
which part in a section or stage is 
bad, you can usually make a few tests 
in the defective stage and quickly 
find the part. In making these tests, 
you are in effect isolating the trouble 
to a defective circuit in a defective 
stage. You are measuring the tube 

Once you have found the defective part, 
it is a simple matter to replace it. 
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electrode voltages or making contin¬ 
uity measurements in one or more 
electrode circuits. The test procedures 
are essentially the same in each circuit, 
so we will not give a detailed explana¬ 
tion of how to carry them out. If you 
know how to connect the meter probes 
to take the measurements in one stage, 
you will have no trouble making the 

same sort of tests in other stages. 
We have already covered the first 

two steps in another lesson, so we can 
now concentrate on Steps 3 and 4. In 
this lesson we are going to study Steps 
3 and 4 together, because the inspec¬ 
tion for surface defects often is part 
of the effect-to-cause reasoning proc¬ 
ess, as you will learn shortly. 

Effect-lo-Cause Reasoning And 
Surface Inspection 

The first thing you should do when 
servicing any set is to go over the 
external connections and as much of 
the top of the chassis as possible be¬ 
fore removing the chassis from the 
cabinet. However, with most receivers, 
you will have to remove the chassis 
from the cabinet before you can make 
a complete inspection. 
Remember that you are trying to 

save time. Therefore, concentrate on 

the surface defects that could be caus¬ 
ing the complaint, instead of making 
a minute examination of everything. 
If you do not find the trouble in a 
few moments, when checking for sur¬ 
face defects, go on to the next step in 
the servicing procedure. 

Examining a receiver and its in¬ 
stallation will often reveal an external 
defect and save the time you would 
otherwise spend in removing the chas-

Professionai servicemen use their eyes and their noses when inspecting 
for surface defects. 
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sis from the cabinet. If the prelimi¬ 
nary examination indicates internal 
trouble, however, you must proceed 
to localize the trouble. 

Effect-to-cause reasoning is the 
process of reasoning from the ob¬ 
served effect back to its possible cause. 
It can save you more time than any 
of the other steps, if you use it prop¬ 
erly. If you omitted this step, you 
could go on to the isolation procedures 
and would eventually find the trouble. 
However, a minute or two spent in 
diagnosing the trouble will frequently 
provide short-cuts around one or more 
of the servicing steps shown in Fig. 1. 
Furthermore, a little reasoning will 
help you choose the proper technique 
or test methods for each complaint. 

When you start your servicing ca¬ 
reer, you will probably find that 
effect-to-cause reasoning does not 
work for you every time. Keep trying 
to use this step, however, because the 
ability to use it will come to you with 
experience. Also, experience will add 
to your store of clues; you will soon 
learn that there are different kinds of 
hum, noise, etc., each indicating a par¬ 
ticular source of trouble. 

Now, let’s take up common receiver 
complaints, and see what might cause 
them. 

DEAD RECEIVERS 

There are so many defects that can 
make a receiver dead, that it is usually 
wiser to start right away on an isola¬ 
tion technique. Nevertheless, there are 
certain symptoms associated with a 
dead receiver that are worth watching 
for, because reasoning can often lead 
directly from them to the cause of the 
trouble. 

Tubes Do Not Light. If the pilot 
lamp does not glow, and none of the 
tubes heat up, first make sure that 

I. DETERMINE 
THE COMPLAINT 

BY QUESTIONING CUSTOMER 

t 
^2. CONFIRM 

THE COMPLAINT 
BY CHECKING PERFORMANCE 

_ ♦ _ 
3. Effect-To-Cause REASONING 

TRY TO FIGURE OUT THE LOGICAL CAUSE 
FOR THE OBSERVED EFFECTS 6 GO DIRECTLY 
TO THE DEFECTIVE SECTION, STAGE OR PART, IF 
POSSIBLE. IF NOT, FOLLOW REMAINING STEPS. 

★ 5. ISOLATE THE 
DEFECTIVE SECTION 

4. INSPECT FOR 
SURFACE DEFECTS 

BY USING EYES,EARS a NOSE 

BY PROFESSIONAL TECHNIQUES 

—-_t 
6. ISOLATE THE 

DEFECTIVE STAGE 
BY PROFESSIONAL TECHNIQUES 

★ 7. ISOLATE THE 
DEFECTIVE CIRCUIT 
BY PROFESSIONAL TECHNIQUES 

it 8. ISOLATE THE 
DEFECTIVE PART 

BY PROFESSIONAL TECHNIQUES 

FIG. 1. Tile complete professional serv¬ 
icing procedure. 
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A chassis removed from the cabinet for surface inspection. 

the receiver is getting power. See if 
the power cord plug is in the wall 
outlet, and inspect the plug. Hold the 
plug in one hand and pull on each 
wire. If the insulation on one lead 
stretches, the wire is broken. In the 
case of molded plugs, repairs in the 
plug are so difficult that it is best to 
install a new plug. 

Be sure the power source is of the 
correct type for the receiver. There 
are still a few 110-vo’.t de homes in 
large cities, and ac receivers will not 
work in these; in fact, the power 
transformer will burn out if an ac 
receiver is plugged into a de outlet. 
Furthermore, with universal ac-dc 
receivers and de receivers, the power 
cord plug must be inserted with the 
correct polarity for satisfactory de 
operation; try reversing the plug. 

With battery receivers, check the 

condition of all batteries with the 
set turned on, and check all battery 
connections. Failure of any battery or 
any battery connection can definitely 
cause a dead receiver. 

The wall outlet may be defective or 
it may not be getting power. If you 
suspect this, check the voltage at the 
outlet with a meter, or plug a floor 
lamp into the outlet. Wiggle the plug 
in the outlet, because it may not be 
making contact. 

When the tubes in an ac-dc receiver 
do not light, and the power cord is 
not open, the trouble is almost always 
due to a defective tube. Check indi¬ 
vidual tube filament continuity by 
removing each tube and touching your 
ohmmeter probes to the filament pins. 
If the rectifier tube uses a tapped fila¬ 
ment and it is open, look for causes of 
excess rectifier plate current before 
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installing a new tube. The points to 
check are covered in detail later in 
this lesson. 

Some Tubes Light. In an ac re¬ 
ceiver you may find that all tubes ex-
cept one heat up normally, yet the one 
tube may test good. Since other tubes 
heat, there must be a break in the 
wiring to this one socket or the socket 
itself must be defective. A break in 
any circuit will remove an operating 
voltage; but if the filament voltage 
is still applied to a tube, the tube will 
become slightly warm. Thus, a com¬ 
pletely cold tube indicates a filament 
circuit break. 

If one or more tubes do not light 
in an ac-dc set, look for a cathode-to-
heater short in another tube which 
;s shorting the filament of each tube 
that does not light. In an ac set, one 
using a power transformer, failure of 
one tube filament will affect that tube 
only. 

I ubes Light. If the tubes in a 
dead receiver light or heat up, inspect 
the loudspeaker leads, the loudspeaker 
plug or terminal connections if used, 
and the loop loads or antenna and 
ground connections, depending on 
which are used in the set. Look par¬ 
ticularly for an open voice coil lead 
if the set is completely dead (no hiss-

hum, or other sound from the 
loudspeaker). If there are any special 
switches at the back of the chassis or 
any front-operated push buttons, see 
if they are set correctly. 

NOISY RECEPTION 

When you are called to service a 
set with a complaint of noisy recep¬ 
tion, the first thing to do is to find 
out whether the noise is originating 
inside the receiver chassis, outside the 
chassis but in some part of the re¬ 
ceiver installation, or entirely apart 
from the receiver installation. 

If the noise becomes worse when a 
control, switch, or tuning knob is ad¬ 
justed, you would reason that the 
part itself is defective and would 
check it immediately. 
If you do not have such a clue, 

short together the leads from the loop 
or the antenna and ground terminals 
if used (you will find these in most 
old receivers). If the noise now stops 
or is greatly reduced, there is an 
external noise source, or the loop or 
the antenna-ground system is at fault. 
If the noise does not change apprecia¬ 
bly, the trouble is in the receiver it¬ 
self, or the noise is coming in through 
the power line. 

Rotate the loop or rotate the entire 
cabinet, and listen to the sound pro¬ 
duced. If rotating the set causes a 
change in the amount of noise, the 
trouble is external. 
Noise may originate in the power 

line system and enter the receiver 
through the power cord. If a line noise 
filter is available, the filter can be 
plugged into the wall outlet, and the 
receiver plugged into it to block any 
noise signals coming in over this path. 
Sometimes reversing the power plug 
reduces noise coming in over the 
power line. 

If the noise starts or stops when 
you turn a light or other appliance in 
the house on or off, you have localized 
the noise to the lamp, switch, or ap¬ 
pliance. If the noise occurs when 
someone walks across a room in the 
house, pipes in the plumbing system 
may be rubbing together, or the re¬ 
ceiver power plug may be making a 
poor contact in the wall outlet. Check 
by wiggling the power cord and plug. 
If the noise increases, examine the 
plug for broken wires, bend the prongs 
to make better contact, or replace the 
plug. Be particularly suspicious of any 
cube tap (three-outlet, plug-in de-



vice). Try plugging the radio into 
another outlet, using an extension 
cord if necessary. 

If the noise source is outside the 
set, and the set uses an outside an¬ 
tenna, check the antenna and ground 
leads. Turn the set on, and shake 
these leads vigorously. If this increases 
the noise, look for a poor connection 
or break. 

If you have localized the noise to 
the receiver, tap each tube while the 

to notice such combination symptoms, 
because they frequently lead you right 
to the trouble. 

EXCESSIVE HUM 

1 here are quite a few causes of hum 
that are external to the chassis. The 
polarity of the power plug may permit 
the receiver chassis to pick up stray 
ripple fields. The resulting hum cur¬ 
rent in the chassis can enter a grid 

This cube tap is a common source of noise. 
Poor contacts develop in these devices. 

receiver is in operation. Again, an in-
crease in the noise level indicates that 
you have found the trouble. Don’t be 
misled by this test, however. Some¬ 
times tapping a tube may jar the ac¬ 
tual defective part or terminal and 
thus lead you to believe the tube is 
defective. If a new tube acts the same 
way, you have an under-the-chassis 
defect. 

Variable capacitor plates just barely 
shorting together may cause noise. 
This trouble can be identified quickly, 
however, because the noise will in¬ 
crease when you move the rotor plates 
as you tune the receiver. 

A loose cone or loose turns on the 
voice coil of the loudspeaker may pro¬ 
duce a combination of noise and dis¬ 
tortion, which can be recognized after 
being heard a few times. Remember 

circuit and cause hum. The hum will 
usually decrease if you reverse the 
power cord plug in the wall outlet. 

Tubes in the af stages with cathode-
to-heater leakage can cause hum. 
Check the tubes in a tube tester for 
leakage, or better still try new tubes. 

Defective filter capacitors are the 
most common cause of hum, because 
their chief job is suppression of hum. 
An electrolytic capacitor which is 
open, or has a high internal resistance 
(high power factor) due to drying 
out, will be less effective in reducing 
ripple voltage than a good one. Shunt¬ 
ing each suspect with a good capacitor 
is a quick check for an open capacitor 
or one that has lost capacity. If the 
capacitor has leakage, high power fac¬ 
tor, or is short-circuited, you will have 
to disconnect the suspected one from 



the circuit and substitute a good one 
in its place. 

The output filter capacitor has more 
to do with hum than the input capaci¬ 
tor, so it should be checked first. As 
additional clues, an open output filter 
capacitor may result in motorboating 
(oscillation or squealing), and there 
may be a loss in the low-frequency 
response (a form of distortion). Also, 
a leaky output filter capacitor will 
draw excessive current through the 
choke, which results in excessive hum 
and a decrease in the de voltage. 
Hence, hum coupled with low de volt¬ 
age is a double clue to filter capacitor 
trouble. 

A defective electrolytic should be 
completely disconnected from the cir¬ 
cuit when you repair the receiver. 
Never connect a good capacitor perma¬ 
nently across a bad one, even though 
this clears up the trouble at the time, 
because the bad unit may eventually 
break down and short the power sup¬ 
ply-

Continuing with our reasoning, an 
open by-pass capacitor in an R-C fil¬ 
ter for a tube may allow ripple 
currents to enter the tube stage 
and produce hum. If a control grid 
circuit is open, the high input resist¬ 
ance allows small hum currents to 
set up large hum voltages which the 
tube will amplify. An isolation pro¬ 
cedure will save time in locating these 
troubles. 

SQUEALING OR HOWLING 

In general, squealing or howling is 
due to electrical or mechanical cou¬ 
pling between circuits. A missing tube 
shield can cause this. Excessively long 
speaker leads and ground leads are 
sometimes jammed into the cabinet 
and cause coupling between stages, 
resulting in squealing. Shortening or 

repositioning the leads is the remedy. 
Howling can occur when some part 

vibrates under the influence of sound 
waves from the loudspeaker. The elec¬ 
trodes in some of the tubes made some 
time ago were not well braced. The 
electrodes would vibrate when the 
tube or chassis was jarred. Hence, 
these tubes were particularly subject 
to microphonie trouble You can usu¬ 
ally identify a microphonie tube be¬ 
cause the howling will stop when you 
touch it. The best way to clear up the 
trouble is to replace the tube. 

If the rubber supports under the 
chassis becomes hard, mechanical 
feed-back from the speaker, through 
the cabinet, will cause howling. 

Front-panel control shafts should 
not touch the sides of the cabinet holes, 
and control knobs should be a short 
distance away from the panel. Felt 
washers are often used between the 
knobs and the panel to minimize 
chances for mechanical feedback that 
might cause howling. 

Mechanical vibration of the rotor 
plates on gang tuning capacitors will 
cause a howl, as this changes the ca¬ 
pacity at an audio rate. Rubber 
mountings are usually used under the 
capacitors to prevent this; be sure 
they have not hardened. 

Oscillation in any section of a re¬ 
ceiver can also cause howling. A sim¬ 
ple test will determine whether the 
trouble is in the af or the rf section. 
If tuning the receiver has no effect 
on the squeal, you can definitely say 
that it is originating in the second 
detector or the af amplifier. 

With the trouble isolated to the af 
amplifier, a putt-putt sound (motor¬ 
boating) indicates a low-frequency 
oscillation and leads you to suspect 
an open capacitor, either in the power 
supply or in an af stage. 

In the case of a high-pitched squeal 



originating in the af amplifier, suspect 
an open plate bypass capacitor in the 
output stage. This capacitor is put in 
the circuit to make the plate load ca¬ 
pacitive, thus preventing oscillation. 

A squeal in the rf or i-f sections 
can be produced only by two signals 
that differ in value by an audio fre¬ 
quency. Thus, a single stage may go 
into self-oscillation, producing a sig¬ 
nal that combines with the incoming 
signal to produce audio frequency 
squeals or a motorboating sound. Also, 
two stages may be oscillating at the 
same time, at frequencies which differ 
by an audio value. This produces a 
squeal that will be heard even when 
no stations are tuned in. 

Therefore, when a squeal is isolated 
to the rf system, reasoning would lead 
you to try to isolate the defective 
stage by bringing your hand near each 
rf tube in turn. When the pitch of the 
squeal changes or the frequency of the 
putt-putt sound varies as you ap¬ 
proach a particular tube, you have 
probably found the defective stage. 
Remember, however, that bringing 
your hand near the oscillator stage in 
a superheterodyne receiver will shift 
its frequency, thus detuning the set 
and causing a change in the pitch of 
the squeal. Disregard this indication. 
The first thing you would suspect 

if an i-f stage is oscillating is a de¬ 
fective output filter capacitor or an 
open in a paper capacitor shunting 
the output capacitor. An open plate 
bypass capacitor destroys the shield¬ 
ing action of the screen grid. In older 
ac receivers, check the screen bypass 
capacitor and look for excess screen 
voltage caused by an open bleeder re¬ 
sistor. 

DISTORTION 

Distortion is most commonly caused 

by a defect in the af system, so you 
would first check all the af tubes. As 
a general rule, it is a good idea to 
check all tubes in a tube tester when 
the complaint is distortion. A low-
emission af tube is a possible cause 
of distortion, because it changes the 
shape of the Eg-Ip characteristic 
curve. Strong signals then swing over 
a non-linear portion of the curve. Gas 
in the output tube, as you learned 
earlier, can also produce distortion. All 
tube testers do not have a provision 
to test the gas content in a tube. 
Therefore, if your tester does not have 
a “gas” test, substitute a new tube in 
place of the suspected one. The sub¬ 
stitution method also can be used to 
check for low-emission tubes. 

Defective loudspeakers are another 
common cause of distortion. Once you 
have learned to recognize the effects 
of loose turns on the voice coil, off-
center voice coils, excessively hard or 
excessively soft cones, broken spiders, 
etc., you will be able to recognize these 
troubles when checking performance. 

Leaky af coupling capacitors are so 
often encountered when distortion is 
the complaint that they should come 
to mind immediately. To check the 
possibility quickly in cither an ac-dc 
receiver or one using a power trans¬ 
former, measure the de voltage drop 
across the grid resistor. If the grid end 
of this resistor is positive with respect 
to the B- end, leave the receiver turned 
on, and disconnect the capacitor lead 
from the grid terminal. If the voltage 
drops to zero, you know the capacitor 
is leaky; if the voltage is still present 
with the capacitor disconnected, the 
tube is gassy. 

Since the tube filaments in an ac 
receiver are usually connected in 
parallel with the filament winding of 
the transformer, you can quickly tell 
whether the coupling capacitor is 
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leaky or the tube is gassy by removing 
the output tube from its socket. If 
the positive voltage on the grid re¬ 
mains, the capacitor is leaky. On the 
other hand, if the voltage disappears, 
the tube is gassy. The tube filaments 
in an ac-dc set are connected in series; 
so if you remove the output tube in 
this type of receiver, the filament 
voltage will be removed from all the 
tubes. 

If these preliminary tests fail to 
reveal the defect, it is time to begin 
the defective stage isolation procedure. 

LOW VOLUME 

When the complaint is low volume, 
be on the lookout for a phono-radio 
switch set in the phono position, par¬ 
ticularly when the switch is on the 
rear of the set or on the phonograph 
mounting board. The set owner will 
usually turn the knobs on the front of 
a set but will frequently overlook 
others. 

Suppose you find that volume is low 
for both local and distant stations. 
If the receiver will pick up distant 
stations at all, it must have normal 
rf sensitivity. Therefore, you would 
suspect a defect somewhere in the 
audio system. If you find on checking 
the avc voltage the expected variations 
when a station is tuned in, this should 
increase your suspicion that the defect 
is in the audio system. Low-emission 
tubes are a likely source of trouble, so 
you would check them. 

Combination defects give you clues 
that guide you more definitely. For 
example, if low volume is associated 
with a high-pitched tone (little or no 
bass), you can reason that an open in 
an af coupling capacitor is lowering 
the coupling capacity so much that 
only the higher audio frequency can 
get through. You would then check 

the coupling capacitors before start¬ 
ing isolation procedures. As a rule, 
however, when looking for the cause 
of low volume it is best to try to iso¬ 
late the defective stage immediately. 

POOK SENSITIVITY 

There are certain conditions you can 
do nothing about, such as seasonal 
changes in reception, differences be¬ 
tween day and night-time reception, 
or inability of the particular receiver 
to deliver the expected results, because 
of its basic design. If you don’t rec¬ 
ognize these, you may let yourself in 
for an impossible service job. 

When the receiver is designed for 
distant reception, but distant stations 
cannot be picked up, the symptom is 
poor sensitivity. Even local stations 
may not come in with normal volume 
if the sensitivity has dropped greatly. 
If there is a tuning indicator on the 
set, it can be quite helpful. In case of 
low sensitivity there will be little or 
no indication from a tuning indicator 
when stations are tuned in. Tuning 
indicators will be found only on older 
receivers. Unsatisfactory reception of 
distant stations can be due to a de¬ 
fective pickup system. Therefore, you 
should check the loop continuity 
thoroughly. 

An rf or i-f tube with low emission 
can cause poor sensitivity, so again it 
is wise to check the tubes. Poor sen¬ 
sitivity, accompanied by considerable 
hissing noise, indicates that the rf 
gain is all right, but that little signal 
is reaching the input of the set. This 
should suggest that you check the 
primary of the antenna transformer 
with an ohmmeter to see if the pri¬ 
mary is open, which would prevent 
the signal from entering the receiver. 
Lightning discharges often open the 
primary winding and cause this trou-

9 



ble. In more modern receivers, check 
the loop and the avc filter capacitor. 

Improper alignment will cause poor 
sensitivity ; all stages will not be prop¬ 
erly adjusted to give maximum re¬ 
sponse to the incoming signal. If 
stations come in at the proper dial 
settings, you know that the oscillator 
trimmer is all right. Effect-to-cause 
reasoning here would lead you to 
check only the preselector and i-f 
trimmer settings. If you find that the 
trimmers are badly out of adjustment 
or that stations do not come in at the 
correct dial settings, you must realign 
the entire receiver. 
When poor sensitivity is accom¬ 

panied by hum, check each filter ca¬ 
pacitor for an open by shunting it with 
a good capacitor. An open input filter 
capacitor lowers the operating volt¬ 
ages; an open output capacitor can 
cause degeneration. Both cause poor 
sensitivity. 

POOR SELECTIVITY 

First, determine whether the trouble 
is poor selectivity or station inter¬ 
ference. If the interfering station is 
on the same frequency as the desired 
station, you have station interference. 
Also, if the interfering station is more 
than 40 kc away from the desired sta¬ 
tion, the trouble is station interference, 
because the tuned circuits would re¬ 
move any such interfering signals 
under ordinary conditions. It is only 
when the interference is from a station 
or stations on adjacent channels that 
the selectivity of the set can be ques¬ 
tioned. Generally such stations are 
geographically located so as to make 
such interference very unlikely. For 
this reason poor selectivity can hardly 
be considered a complaint of a broad¬ 
cast-type superheterodyne. 
Next, some judgment is necessary 

in deciding whether the complaint is 
actually due to a receiver defect or 
is caused by local conditions. If the 
set uses an excessively long antenna, 
or the assigned frequencies of local 
stations are too close together for the 
particular receiver design, the selec¬ 
tivity may appear to be worse than it 
actually is. 

If the local oscilator stops, the re¬ 
ceiver is usually dead, but sometimes 
one station may spread out over most 
of the dial, giving the effect of poor 
selectivity. 

In actual cases of poor selectivity, 
something is wrong with the tuned 
circuits. Here the first thing to do is 
to check the alignment. This will 
either correct the trouble or will sug¬ 
gest further tests. 

If one particular trimmer will not 
peak, or peaks very broadly, you know 
that there is trouble in that tuned 
circuit. If the trimmer peaks broadly, 
you know that the Q of the circuit is 
low, and you should look for high-
resistance leakage paths across the 
tuned circuit. Also, look for resistance 
in the circuit itself, caused by poorly 
soldered connections. 

In the alignment procedure, adjust 
the trimmer capacitors one at a time 
and observe the receiver reaction to 
each adjustment. In this way, you 
may be able to isolate the defective 
stage. Of course, if the trimmer adjust¬ 
ment clears up the trouble, the circuit 
was out of alignment and no other 
defect exists. 

STATION INTERFERENCE 

Here, effect-to-cause reasoning plays 
a very important part in determining 
the correct cure. Reception of more 
than one station at the same dial set¬ 
ting need not be due to poor selec¬ 
tivity. For example, in the early morn-
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ing when part of the country is still 
dark, if you are in a lighted region, 
you may pick up a distant station 
from the darkened region, and find 
that it interferes with a weak local 
station operating at the same fre¬ 
quency. Turning the receiver cabinet 
to take advantage of the directional 
characteristics of the loop may help. 
This is natural and is not a set defect. 
Be on the lookout for such complaints 
during the winter months and explain 
the nature of the trouble to your cus¬ 
tomer. Don’t try to fix it. 

If you hear a code station all over 
the dial, you are safe in assuming that 
it is operating at the same frequency 
as the intermediate frequency of the 
set, or is at one-half this frequency so 
the second harmonic of the code sta¬ 
tion produced by the frequency con¬ 
verter will travel through the i-f am¬ 
plifier. Shifting the frequency of the 
i-f amplifier 5 or 10 kc will usually 
clear this up, but will prevent perfect 
tracking of the oscillator and prese¬ 
lector circuits in receivers not using a 
low-frequency padder capacitor. In 
addition, you can use a wave trap 
tuned to the frequency of the interfer¬ 
ing station to prevent the undesired 
signal from entering the set. 

In some cases you may hear a squeal 
at the dial setting for a low-frequency 
station, but not on other local stations. 
This is usually due to image inter¬ 
ference produced by a station operat¬ 
ing at the high-frequency end of the 
dial, and is due to the design of the 
receiver and the location of the par¬ 
ticular set. It is not a defect that can 
be repaired. 

INTERMITTENT RECEPTION 

If a radio receiver becomes weak or 
simply goes dead at intervals, effect-
to-cause reasoning tells us that prac¬ 
tically any part may have failed. You 
will save time if you use an isolation 
procedure first to localize the trouble 
as much as possible instead of trying 
to test each part and connection. 

In some instances, the intermittent 
condition does not take the form of 
weak reception or a dead set; instead, 
there may be hum, distortion, or per¬ 
haps squealing at irregular intervals. 
Here, effect-to-cause reasoning is a 
powerful tool. You may be able to de¬ 
termine what part could cause the 
particular symptom to occur. Use the 
same method of reasoning already de¬ 
scribed for these symptoms, but bear 
in mind, of course, that the defect 
must be such that it can occur inter¬ 
mittently. Because of its construction, 
an electrolytic capacitor would not be 
likely to open and close intermittently, 
and thus cause intermittent hum. 
However, cathode-to-heater leakage in 
a tube can be intermittent, because 
the heater expands when it heats and 
may touch the cathode occasionally. 

In some localities, the power line 
voltage drops considerably during cer¬ 
tain intervals of the day. In industrial 
localities this happens during working 
hours, and in residential districts, it 
happens in the early evening. Such 
variations in line voltage generally re¬ 
sult in complaints only on three-way 
portables. The lowered voltage stops 
the local oscillator. Sometimes a larger 
oscillator grid resistor will help. 

11 



Isolating 1 rouble to a 
CT 

Section, Stage, and Part 
There will be many jobs where an 

inspection for service defects and 
effcct-to-cause reasoning will not lead 
you directly to the defective part. 
Then you must use procedures which 
will pin-point the trouble to a section, 
to a stage, and then to the defective 
part. 

When we speak of isolating trouble 
to a section and to a stage, we mean 
to find the defective section of the re¬ 
ceiver and the defective stage in that 
section. There are several different iso¬ 
lation procedures or tests that you can 
carry out to find the defective section 
and stage. Which particular test 
method will be the most effective de¬ 
pends on the nature of the complaint. 
In this section of the lesson, we will de¬ 
scribe each isolation procedure and 
indicate when each should be used. 
Sometimes you will find that several 
methods will work satisfactorily in 
isolating the same complaint. ÃVith 
practice and experience, you will be 
able to tell which one will lead you to 
the defective stage in the least time. 
After you have isolated the trouble 

to a stage by one or more of the isola¬ 
tion procedures, you may have to take 
voltage or continuity measurements 
(sometimes both) in the defective 
stage to locate the part that is causing 
the trouble. By now, you know how to 
use a voltmeter and an ohmmeter; so 
we will give only a brief description of 
how to use these instruments. 

OPERATION OF A 
SU PE RHETERODYNE 

RECEIVER 

To make use of the section and 

stage localization procedures, you 
must thoroughly understand the basic 
actions that take place in a complete 
receiver. This is covered elsewhere in 
your course, but we will briefly de¬ 
scribe the operation of a superheter¬ 
odyne receiver again here. If you feel 
you need a more thorough under¬ 
standing of the actions that take place, 
a review of your earlier lessons will 
be well worth your while. 
A receiver may be broadly divided 

into three sections: 
1. The rf section (which includes all 

the stages between the receiver 
input and the second detector). 

2. The af section. 
3. The power-supply section. 
A schematic diagram of a typical 

ac-dc receiver is shown in Fig. 2. The 
various stages are identified as well as 
the parts in them. This is an arbitrary 
division since some parts, the volume 
control, for example, are actually 
common to two stages. However, the 
division shown will satisfactorily serve 
our purpose. 

In Fig. 2 the rf section includes the 
antenna and the preselector, the mixer, 
the i-f amplifier and the second detec¬ 
tor—avc stages. The af section in¬ 
cludes the first af amplifier, the second 
af amplifier, and the loudspeaker. The 
power supply section includes the rec¬ 
tifier, the pilot lamp, the power cord, 
all of the tube filaments, the filter 
choke and the filter capacitors. 

Passing radio signals induce volt¬ 
ages in the loop antenna. When a sta¬ 
tion is selected, the loop is tuned so 
the voltage induced by the desired 
station signal is higher than that in-
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FIG. 2. Schematic diagram of a complete superheterodyne radio, showing 
the rf section, the af section, and the power supply section. 



duced by undesired stations. The sig¬ 
nals across the loop are applied to the 
mixer input. The oscillator in the 
mixer stage produces a signal higher 
in frequency than that of the desired 
station by the i-f value of the receiver. 

Beat frequencies are produced be¬ 
tween the local oscillator signal and 
all of the signal voltages applied to 
the input of the mixer, but only the 
beat between the oscillator and the 
desired station will have a frequency 
equal to the i-f of the receiver. The i-f 
transformer selects this beat fre¬ 
quency, rejecting others, and applies 
it to the input of the i-f amplifier. The 
signal is amplified in the i-f amplifier 
and is delivered to the second detec¬ 
tor through the second i-f transformer, 
which rejects any small undesired sig¬ 
nals that may still be present. Here 
the amplitude modulation is removed 
from the i-f carrier, and the modula¬ 
tion appears across the volume con¬ 
trol. 

A de voltage whose strength is pro¬ 
portional to the rf carrier is also de¬ 
veloped across the volume control. 
After filtering, this de voltage is ap¬ 
plied to the control grids of the mixer 
and i-f stages as an avc voltage. 

Any part of the available signal be¬ 
tween the slider arm of the control 
and ground can be applied to the con¬ 
trol grid of the first af stage. It de¬ 
pends upon the setting of the volume 
control. The amplified signal pro¬ 
duced by this stage is applied to the 
input of the second af stage, and the 
signal produced by this stage is fed to 
the loudspeaker where the electrical 
variations are converted back into 
sound waves. 

There is one important point you 
should keep in mind. It is common 
practice to speak of the signal “flow¬ 
ing” through a receiver from the input 
to the loudspeaker. Actually, the sig¬ 

nal voltages do not flow from one stage 
to another. Each stage makes an en¬ 
tirely new signal, using the signal fed 
to it as a pattern. Thus each stage will 
reproduce what is fed into it and the 
effect is the same as a smooth and un¬ 
interrupted flow of a single signal 
through the receiver, which is in¬ 
creased in strength as it passes through 
each stage. 

Now, we will describe each of the 
following isolation procedures, and 
learn how they can be used in the re¬ 
ceiver circuits in Fig. 2: 

1. Circuit disturbance. 
2. Signal injection. 
3. Signal tracing. 
4. Stage blocking or interruption. 

Neither the circuit-disturbance nor the 
stage-blocking tests require a signal to 
be tuned in. If the trouble is distor¬ 
tion or intermittent reception, on the 
other hand, you must have a signal 
before you can localize the trouble. 
Here is where signal tracing and signal 
injection are useful. You can tell not 
only whether the signals are coming 
through, but also the condition of the 
signal. 

CIRCUIT DISTURBANCE 

The circuit-disturbance test is the 
simplest to use in locating the defec¬ 
tive stage in a dead receiver. Let us 
suppose the receiver in Fig. 2 is dead, 
and you want to use this test. To do 
so, you touch the control grid of each 
of the stages with your finger, or if 
it is hard to get at, with the end of a 
thin-bladed screwdriver at the same 
time touching the screwdriver blade 
with your hand. This puts your body 
into direct electrical contact with the 
control grid. Your body is at ac poten¬ 
tial with respect to ground because of 
the ac present in the room from the 
house wiring; so you will be introduc-
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if your signal generator does not have a built-in isolating capacitor, when you are 
using signal injection, make your connections to the receiver through a .01-nifd, 
600-volt capacitor in scries within the ungrounded signal generator lead, as shown here. 

ing a 60-cycle ac signal into the grid 
circuit of the tube. 

If the defect is in the first af stage, 
you will hear nothing from the speaker 
when you touch the control grid of 
that tube, but you will get a loud 60-
cycle buzz when you touch the control 
grid of the second af tube, showing 
that it and the speaker are good. 

If the defect is in the rf section, 
you can tell it, because you will get a 
signal from the speaker as far back 
as point A in Fig. 2, which shows that 
the entire audio section and also the 
power-supply section are working. 
Point A is the hot terminal of the vol¬ 
ume control. It is easy to find, and 
you can touch it with your finger 
without the danger of getting a shock 
from touching other parts at the same 
time. 

You can check the individual stages 
in the rf section by touching the con¬ 
trol grids with your finger, even though 
the rf stages cannot amplify a 60-
cycle signal. Touching the grid will 
introduce a voltage surge in the rf or 
i-f stages, which will shock-excite the 
resonant circuit and cause it to oscil¬ 
late for a few cycles at its resonant 
frequency. The momentary signal cre¬ 
ated will produce a thud or click in 
the loudspeaker instead of the con¬ 
tinuous buzz produced when you touch 
point A. 

If you hear the disturbance in the 
loudspeaker when you touch the i-f 
control grid, but not when you touch 
the mixer control grid, then you know 

that the mixer or the coupling between 
it and the i-f tube is defective. 

Touching the oscillator control grid 
will result in a loudspeaker disturb¬ 
ance whether or not the oscillator is 
working. The test is useful in locating 
a shorted oscillator tuning capacitor, 
but as far as the condition of the os¬ 
cillator is concerned, such a check has 
no meaning. 
If you get a disturbance at the 

mixer grid but the set is dead, you 
know that the oscillator is probably at 
fault and you should concentrate on 
it. 
At times the click heard when a 

control grid in the rf section is touched 
is so weak as to be inconclusive. Then, 
better results can be obtained by mo¬ 
mentarily shorting the control grid to 
B- or to the cathode of the tube. 

SIGNAL INJECTION 

When you are not satisfied with the 
results of a circuit-disturbance test in 
isolating the defective stage in a dead 
receiver, you can get a more conclusive 
test by injecting a signal from a test 
oscillator into the various stages. The 
same signal generator used for re¬ 
ceiver alignment is ideal for this pur¬ 
pose. 

Furthermore, you can feed the sig¬ 
nal not only into the control grid cir¬ 
cuit but also into the plate circuit, 
thus testing the coupling between the 
stages. The lead of the signa! generator 
must have an isolating capacitor to 
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avoid a short through the cable. Most 
commercial signal generators have 
such a built-in capacitor. You can 
check to see if yours has one by meas¬ 
uring for continuity between the signal 
generator leads with your ohmmeter. 
If you do not find continuity, there is 
a built-in isolating capacitor. If there 
is no capacitor, make your connections 
to the receiver through a .01-mfd, 
600-volt capacitor in series with the 
hot (ungrounded) signal-generator 
lead. 

The audio output of the signal gen¬ 
erator is used for tests in the af sec¬ 
tion, and the rf output of the signal 
generator is used for all tests ahead of 
the second detector. 

When checking in rf stages, tune the 
signal generator to the frequency nor¬ 
mally present at the point of injec¬ 
tion. In an i-f amplifier, the signal 
generator should be tuned to the i-f 
of the receiver. You can get this fre¬ 
quency value from the manufacturer’s 
service information. The signal gen¬ 
erator should be tuned to the receiver 
dial setting when injecting a signal 
into the mixer grid. When substituting 
the signal generator signal for the os¬ 
cillator signal (fed into the oscillator 
grid) set the signal generator to the 
receiver dial setting plus the i-f value 
of the receiver. Then the signal gen¬ 
erator will produce a signal having 
the same frequency as would be pro¬ 
duced by the receiver oscillator if it 
were present. 

SIGNAL TR ACING 

You can check the amount and 
quality of the signal at any stage in 
an improperly operating set. This 
method of checking section and stage 
operation is known as signal tracing. 

The most fundamental test to locate 
the defective stage in a dead receiver 
using this method is to measure the 

de diode load voltage with a vacuum 
tube voltmeter or a high-resistance 
voltmeter. If you measure normal 
diode load voltage as you tune from 
station to station, the gain in the rf 
section is normal, and all stages in the 
rf section are operating. No voltage at 
this point, or voltage which your ex¬ 
perience tells you is low for your loca¬ 
tion and for a receiver of the type un¬ 
der test, could mean that the trouble 
is in the rf section. If you check the rf 
section and find that it is all right, the 
trouble must be in the af section. 
Normal operation of either the rf sec¬ 
tion or the af section automatically 
clears the power supply section as a 
source of trouble. None of the receiver 
stages would operate if their operating 
voltages were not applied. 

The voltage at the diode load, when 
measured with a meter, is dependent 
on rf stage gain only. Such a meas¬ 
urement is not a chock of the quality 
of the signal. To check quality you 
must listen to the signal, using an am¬ 
plifier and a loudspeaker separate 
from the receiver. Special test equip¬ 
ment is available for this purpose. An 
instrument for doing this is called a 
signal tracer. It may be very simple 
or quite elaborate. In its simplest form 
the signal tracer consists of a high-
gain audio amplifier, a loudspeaker, 
and a slip-on detector probe so the 
signals in the rf section can be sam¬ 
pled. Most signal tracers use a tuning 
eye with a calibrated control so the 
difference between the signal at the 
input of the stage and at the output 
of the stage can be seen. The better 
signal tracers use very accurate meth¬ 
ods of measuring the stage gain; this 
is useful when servicing weak re¬ 
ceivers. 

The very best signal tracers use a 
preselector ahead of the built-in de¬ 
tector. This preselector stage can be 
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tuned to the i-f of the receiver, to any 
broadcast receiver preselector setting, 
or to any frequency produced by the 
receiver local oscillator. The tuned 
signal tracer will pick up only signals 
of the frequency to which it is tuned. 
An untuned signal tracer, on the other 
hand, will pick up signals of all fre¬ 
quencies both desired and undesired. 

The greatest disadvantage of the 
untuned signal tracer is in making 
tests in the preselector and at the 
mixer output. There are signals of 
many different frequencies at these 
points, and the untuned signal tracer 
cannot distinguish between them. As 
an example, you might be able to hear 
a signal at the mixer output. With a 
tuned signal tracer you can determine 
if there is an i-f signal present, which 
would indicate the oscillator is work¬ 
ing. With an untuned signal tracer 
you cannot distinguish between an i-f 
and rf signal. Further on in the receiver 
towards the loudspeaker only the de¬ 
sired signals are present. 
The problem, however, is not too 

serious, and the untuned signal tracer 
is perfectly all right once the operator 
understands his instrument and how 
to use it. 

All types of signal tracers can sam¬ 
ple signals in the af system, roughly 
measuring stage gain, giving a pre¬ 
view of signal quality, and showing 
whether there is hum or noise at vari¬ 
ous points. 

To the beginner the signal tracer 
may sound like the ultimate test in¬ 
strument, and it is good ; it helps make 
the beginner circuit wise, but the ex¬ 
perienced man can generally do just as 
satisfactory work using the circuit 
disturbance test and other procedures 
you will learn about. A beginner should 
look on the signal tracer as one of 
the most valuable training tools he can 
buy. 

STAGE BLOCKING 

When you are confronted with a 
noisy receiver or one that hums or 
oscillates, signal injection, circuit dis¬ 
turbance, or signal tracing tests will 
be of little use in isolating the defect. 
What you want to find out is where 
the undesired signal (noise or hum) is 
getting into the set. When you know 
this, you concentrate on that stage or 
on the section of the power supply 
feeding it. 
The stage-blocking procedure is 

basically similar to the circuit-dis¬ 
turbance test. However, here you are 
interested in blocking the circuit and 
preventing it from amplifying a sig¬ 
nal, not in introducing a surge voltage. 
Therefore, you can move in either di¬ 
rection in a receiver, although it is 

To kill a stage in an ac-dc receiver, you 
can short across the plate load resistor 
or from grid to B— with a piece of wire 

with clips attached. 

customary to start at the output and 
work back toward the antenna. By 
killing each stage, you can find where 
the trouble is originating. 

To kill a stage, you can use a wire 
with clips at each end to short out the 
plate load resistor or to short the grid 
to B-. You can also kill a stage by 
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shunting a large paper capacitor (.25 
mfd or larger) from the plate or grid 
to B-. 
In an ac receiver using a power 

transformer, you can kill a stage by 
pulling the tube out of its socket. This 
is possible because each tube in an 
ac set is connected in parallel with the 
filament supply, and removal of one 
tube will not upset the filament volt¬ 
age of the other as it would in ac-dc 
receivers. 
When using the stage-blocking 

method to locate hum or noise in a 
receiver, first determine whether the 
noise is in the rf or the af section. The 
easiest way to do this is to turn the 
volume control all the way down. If 
you can still hear the undesired signal 
in the set loudspeaker, it must be 
originating in the power supply or in 
the af stages; it is not coming from 
the rf section through the volume con¬ 
trol. On the other hand, if the volume 
control setting affects the hum or 
noise, the undesired signal is passing 
through the volume control and is in 
some stage in the rf section. 

Since the mixer and i-f amplifier 
cannot pass a hum (af) signal, the 
cause of hum in such a case will be in 
the second detector. Perhaps there is a 
leakage path inside the tube between 
a diode plate and the filament. There 
is one exception: if hum is heard only 
when a station is tuned in, further sec¬ 
tion localization is unnecessary. The 
fact that the hum is tunable shows 
that it is being modulated on the rf 
carrier in one of the rf stages. For 
further localization, you must use a 
signal tracer of the tuned type. How¬ 
ever, this is generally unnecessary be¬ 
cause there are only a few possible 
defects that will result in hum modu¬ 
lation. 

If you isolate the hum to the af sec¬ 
tion, you can usually locate the defect 

without too much difficulty. If you 
cannot stop the noise completely by 
killing any one stage, this isolates the 
trouble to the power supply section 
and shows that the noise pulses are 
being fed into the plate circuit of each 
stage. The most likely parts to suspect 
here are the filter capacitors. 

ELECTRODE VOLTAGE TESTS 

Voltmeter tests in a defective stage 
naturally begin with a check of plate 
voltage, followed by measurements of 
the other electrode voltages in turn. 
The receiver should be on but not 
tuned to a station. Abnormal voltage 
or lack of voltage will lead you to 
suspect some part or series of parts of 
being defective, and further tests will 
then isolate that part. The parts to 
be tested will of course be those in 
the supply circuit where voltages are 
missing or abnormal. 
Making voltage measurements has 

the advantage of checking the receiver 
while all parts are under normal volt¬ 
age stress. This is valuable because 
many troubles, particularly shorts in 
capacitors, may appear only when full 
voltage is applied. 

The serviceman has a wide choice 
of meters for use in voltage tests, but 
the meter should have a sensitivity 
of at least 20,000 ohms-per volt, and 
should have several ranges. The de 
vacuum tube voltmeter can be used to 
measure all voltage with respect to 
chassis and docs not usually load the 
circuit as does the ordinary voltmeter. 
Always remember to start on the 

highest range of a multi-range meter 
in testing an unknown voltage, and to 
disconnect the meter from the voltage 
under test when changing ranges. Fail¬ 
ure to follow these rules is likely to 
result in a burned-out meter or in arc¬ 
ing at the contacts of the range¬ 
changing switch. 
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What should be considered normal 
readings at the tube electrodes de¬ 
pends on the type of meter being used. 
The values shown in service manuals 
are generally based on measurements 
with a 20,000 ohms-per-volt meter or 
a vacuum tube voltmeter. Remember 
that voltages in radio circuits are in 
most cases dependent on resistor val¬ 
ues, and that these can vary as much 
as 20% from the stated value. 

If you keep these limitations in 
mind, you will find that as you gain 
experience in making voltmeter read¬ 
ings, using the de voltmeter can be a 
fundamental part of your servicing 
technique. 

ELECTRODE CONTINUITY 
TESTS 

After signal tracing and electrode 
voltage tests, continuity tests with an 
ohmmeter must be added to make 
your general servicing technique com¬ 
plete. Ohmmeter measurements must 

always be made with the receiver 
turned off and preferably disconnected 
entirely from any source of power. 
If you fail to turn off the set, voltages 
across the parts being tested will not 
only give erroneous readings, but will 
probably damage the meter. After 
turning the receiver off, wait for a 
minute or so for the filter capacitors 
to discharge, or short-circuit them 
with a screwdriver or test lead to be 
sure they are not storing voltage. 

The real value of a continuity test 
as a servicing procedure is that it gives 
a quick check of every part included 
in that circuit. This applies, of course, 
to every circuit having de continuity. 
By testing for continuity from each 
positive electrode of the tube to the 
highest positive point in the power 
supply, and from each negative elec¬ 
trode to the highest negative point in 
the power supply, you can quickly 
discover whether any part of the de 
supply lines is out of order. Checking 
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all of these supply paths will cover 
most of the parts of a stage. 

Many times you will find it most 
efficient to combine ohmmeter and 
voltmeter tests. However, some serv¬ 
icemen eliminate the voltmeter alto¬ 
gether and depend on the ohmmeter 
alone. They check the de supply con¬ 
tinuities from the tube to the power 
supply for opens, and check across 
from positive to negative to find 
shorts. These tests will be covered in 
detail later on, but you can easily see 
that the serviceman has some choice 
in his use of instruments. The volt¬ 
meter may be used to find trouble and 
the ohmmeter to check parts, or one 
instrument alone can be used. As you 
become more experienced, you may 
find that one or the other works better 
for you. However, the serviceman who 
can use either instrument as the need 
arises will never be at a loss for means 
of finding the defective part in a re¬ 
ceiver. 

FINDING THE DEFECTIVE PART 

When effect-to-cause reasoning or 
an inspection for surface defects does 
not lead you to the defective part, you 
should first localize the trouble to a 
section and then to a stage in the re¬ 
ceiver. 

After finding the defective stage, 
you can again use effect-to-cause rea¬ 
soning, by trying to imagine a part 
defect that could cause the particular 
symptom you wish to correct. You 
might decide that a leaky capacitor 
could be causing the trouble, but an 
open in the same capacitor would re¬ 
sult in an entirely different symptom. 
Thus, you would check the capacitor 
only for leakage. It would be a waste 
of time to check it for an open, for a 
loss of capacity, or for a high power 
factor. If you had some other symp¬ 

tom, you might be able to ignore the 
possibility of leakage, and concentrate 
on a possibility of high power factor 
in the capacitor. 

Suppose the suspected part is diffi¬ 
cult to reach for testing. Then you 
need additional facts to back up your 
suspicion of the part. Then you would 
consider the effect of the suspected 
part trouble on the operating voltages 
of the stage and on the stage circuit 
resistance values and check the volt¬ 
ages and the resistance values. If they 
indicated trouble in the suspected 
part, it would be worthwhile to make 
the necessary arrangements to check 
the part, or if necessary to try another 
part. 
Sometimes you will not get any 

ideas as to the possible cause of the 
trouble. Then you should check the 
operating voltages in the defective 
stage and the point-to-point resistance 
values. These are checked against 
what you think should exist or, if they 
are available, against the manufac¬ 
turer’s published values. Often there 
will be a variation in the measured 
values that will point to a possible 
part defect. 

To service receivers in this way, you 
can see that you must not only know 
the purpose of each and every part 
in the defective stage but must also 
know what will happen if the part 
changes in value, shorts, or becomes 
open. You must also know how any of 
the possible defects in a part will 
change the operating voltages or cir¬ 
cuit resistance values. There are parts 
whose failure, although affecting stage 
operation, will have no effect on nor¬ 
mal voltage and resistance values, and 
you must be aware of this. 

Your study of fundamentals in ear¬ 
lier lessons will give you the necessary 
background to begin servicing in this 
way. Experience will also be a great 
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teacher. As you start servicing re¬ 
ceivers, your ability will increase with 
each job. You must have a thorough 
knowledge of Ohm’s Law and current 
and voltage distribution to interpret 
the meaning of variations in the volt¬ 
age and resistance measurements in 
a defective stage. 

There will be occasions, which will 
become rarer as you gain experience, 
when you get no ideas or recognize no 
clues as to the cause of the trouble 
in a defective stage. Voltage and re¬ 
sistance tests should then be made to 
see if a clue will turn up. Sometimes 
no clue will appear, and you will have 
to check individual parts in the stage. 
If there are some parts you are not 
able to check using the test instru¬ 
ments you have on hand, substitute 
new parts in their place. In this way, 
the most baffling troubles can usually 
be cleared up. 

Testing all the parts in a stage and 
trying new ones is certainly not a 
scientific or profitable approach to the 
problem, and an expert will avoid this 
method as long as he has any ideas 
with which to work. It is expensive and 
time-consuming to try new i-f trans¬ 
formers, output transformers, or loud¬ 
speakers. 
In most cases, if the serviceman 

must fall back on the hit-and-miss 
method of checking all parts, he has 
not interpreted the results of his tests 
correctly or he had made the wrong 
tests. Let us look at some examples 
where additional tests or clearer think¬ 
ing could have avoided much unneces¬ 
sary work and wasted time 

The defect in the first case that 
we will discuss is rather unusual, but 
one that you may encounter in your 
service work. 

Case No. 1. Weak reception; set 
almost dead. 

Circuit Affected: Af section wired 

CON 
VTI VT2 

S- B + 

FIG. 3. Af section of receiver having 
weak reception. 

exactly as shown in Fig. 3. 
Circuit Disturbance Test: Touching 

volume control resulted in very weak 
speaker buzz. Touching the control 
grid of tube VTI caused no change in 
the level of the buzz. Shorting the con¬ 
trol grid of VT2 to the cathode pro¬ 
duced a loud click in the speaker. 

Diagnosis: Trouble in first af stage. 
Tests: Tried new tube for VTI; 

plate-to-cathode voltage normal ; 
value of RI, R2, and R3 normal as 
checked with ohmmeter; Cl and C2 
checked by shunting with test capaci¬ 
tors; filament voltage of VTI found 
to be normal. 

Conclusion: Since all of the tests 
given above were negative as far as 
showing up the trouble was concerned, 
it was obvious that the difficulty was 
not in the first af stage as suggested 
by the circuit disturbance test. Fur¬ 
ther testing showed the value of VT2 
grid resistor, R4, to be 470 ohms. As 
you have learned, the grid resistor in 
this type of output stage should be 
anywhere from 100,000 ohms to 470,000 
ohms. So the 470-ohm resistance is 
much too small. With such a low value 
of grid resistance practically all sig¬ 
nals were being dropped across C2 and 
very little across R4. Only the signals 
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across R4 are amplified by VT2. 
This can happen in actual radio 

and TV servicing if the receiver has 
been worked on previously by the set 
owner or by someone who did not 
know how to read the resistor color 
code. Often these sets arc the most 
difficult to repair because of the er¬ 
rors in wiring and parts values you 
may find in them. In extreme cases, 
you may have to consult the sche¬ 
matic diagram of the set and check 
the circuit wiring and parts values 
before you can repair the defect. 

This case also brings out another 
important servicing point. The results 
of the circuit disturbance test were 
misleading because they indicated that 
the defect was in one receiver stage 
when it was actually in another. 
Therefore, one of the other test pro¬ 
cedures would have been more effec¬ 
tive in localizing the defect. It is true 
that touching the control grid of VT2 
produced only a slight buzz in the 
loudspeaker, but no great amount of 
buzz was expected. On the other hand, 
shorting the control grid of VT2 to 

its cathode produced a loud click in 
the speaker, showing that VT2 would 
amplify anything fed to it. A check 
with a signal tracer would have at 
once shown a strong signal at the 
plate of VT1 and a weak signal at the 
control grid of VT2. This would have 
indicated a check of C2 and finally of 
R4. 

An actual signal tracer would not 
have been needed because an ac vac¬ 
uum tube voltmeter would have shown 
the much stronger signal at the plate 
of VT1 than at the control grid of VT2. 

Case No. 2. Signal badly distorted 
as if some tube were biased almost to 
plate current cut-off. 

Circuit Affected: The af circuit 
shown in Fig. 4. 

Clues: Touching the control grid 
of VT1 and the chassis with hand 
cleared up distortion and permitted 
normal operation. A signal tracer 
showed distortion first appeared at the 
plate of VT1. Shunting C6 with a 
100,000-ohm resistor cleared up the 
trouble as did shorting resistor R8. 

Conclusions: The distortion occurs 

FIG. 4. Power supply and af circuit of a receiver. 
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in the grid circuit of VT1, and since 
reducing the bias (by touching the 
control grid and chassis, by shunting 
a resistor across C6, or by shorting 
bias resistor R8) clears up the trouble, 
it is apparent that VT1 is overbiased. 
The question is: Why is VT1 over¬ 
biased? 

This circuit has been used in thou¬ 
sands of receivers. It was popular for 
years with many set manufacturers. 
When it was discovered that the first 
af tube could be self-biased by using 
a grid-to-cathode resistor of several 
megohms, the fixed bias method shown 
in Fig. 4 fell into gradual disuse. 
We chose it here for an example 

because there are many receivers us¬ 
ing this circuit still in existence, and 
a similar bias arrangement is being 
used in some TV receiver circuits to¬ 
day. It also permits an excellent ex-
amnle of effect-to-cause reasoning. 

Hundreds of cases of distortion in 
sets using this circuit were “repaired” 
by shorting out R8 or bv connecting 
a resistor across 06. Although this 
cleared ur> the distortion temporarily, 
more serious defects developed, and 
the customers often finally had to pay 
for a new power transformer, rectifier 
tube, or other part, that would not 
have been damaged if the original 
serviceman had exercised a little 
effect-to-cause reasoning. 

Finding that the voltage across B8 
was excessive, the good serviceman 
would have realized at once that either 
B8 had increased in value or that 
excess current was flowing through this 
resistor. He knows this from Ohm’s 
Law, which states that voltage equals 
current times resistance. For the volt¬ 
age to increase, either the current or 
the resistance must increase. The first 
test to make would be to measure the 
value of R8 with an ohmmeter since 
these resistors can increase in value. 

If R8 had a normal resistance, the 
thing to look for would be a possible 
cause of excess current through R8. 

Looking at the partial schematic 
in Fig. 4, you can see that the plate 
currents of VT1 and VT2 flow through 
resistors R7 and R8. Anything that 
caused abnormal plate current would 
increase the voltage drop across R7 
and R8. Also a short, or excess leakage 
in output filter capacitor C7 would 
result in excess current through R7 
and R8. 
An ohmmeter connected from B-|-

to the chassis with the set turned off 
will show if excess leakage is present. 
If the resistance measured is correct, 
it follows that the tubes must be draw¬ 
ing excess plate current. Obviously, 
VT1 docs not have excess plate current 
because it is biased almost to the 
plate current cut-off point. 

Since the voltage across R7 is also 
excessive and tends to overbias VT2, 
how could it have excess plate cur¬ 
rent? An examination of the diagram 
and a little thought will tell you that 
leakage in coupling capacitor C3 will 
place a positive voltage on the control 
grid of VT2. The resulting increase 
in bias voltage across R7 and R8 will 
not overcome the positive grid voltage, 
and the plate current of the output 
tube will he abnormallv high. Follow¬ 
ing this line of reasoning, you would 
check C3 for leakage and if necessary 
replace it. 

Gas in VT2 would also cause the 
same thing, since it too would produce 
the positive voltage across R5 and 
would result in abnormally high plate 
current and excess bias voltage on 
VT1. Thus, a defect in one stage can 
cause a symptom in another stage. 
This is a very worthwhile point to 
remember. 

A similar condition, in which the 
distortion clears up when the bias is 
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reduced, can occur, but in this case the 
bias voltage across R8 might be nor¬ 
mal. Again, just a little thought can 
point out the defective part. 

If the normal fixed bias is too high 
for a tube, it indicates that the plate 
voltage is too low. A check of the plate 
voltage would confirm this reasoning, 
and you would find it to be below 
normal. 

An examination of the circuit would 
show that the trouble could be due to 
a very large increase in the value of 
R3 or R4 or to leakage in the by¬ 
pass capacitor C2. Since leakage in 
the capacitor is probably the cause of 

the trouble, disconnect one capacitor 
lead from the circuit, and check the 
part with an ohmmeter. 

Modern radio receivers usually do 
not have circuits as complicated as 
those in Fig. 4. However, there are 
many of these receivers still being 
serviced, and in TV sets you will find 
many stages whose operation is de¬ 
pendent upon circuits in other stages 
or even in other sections of the re¬ 
ceiver. It always helps to study the 
circuit diagram of the set to see what 
possible defect you can imagine that 
could have a bearing on the trouble 
you wish to correct. 

Defects in the RF Section 
Now we are ready to examine the 

parts in the various stages of a typical, 
modern ac-dc receiver. We will go 
through each stage of the set shown 
in Fig. 2, and will consider the troubles 
that could be caused by defects in the 
various parts. In this way, you will 
see how the defects would be located 
and tested by a service expert. 

PRESELECTOR-MIXER STAGE 

The preselector and mixer stages 
are grouped together in Fig. 5 because 
the preselector in this particular re¬ 
ceiver is a part of the mixer It also 
acts as the supply link for the applica¬ 
tion of avc voltage to the mixer grid. 

The I.oop Antenna. Generally, the 
only trouble that will develop in a 
loop antenna is an open circuit. This 
may result in a dead receiver, but is 
more likely to cause squealing and 
hum modulation. Touching your fin¬ 
gers across the rotors and stators of 
the rf section of the tuning capacitor 

may clear up the squealing and hum, 
but it will not bring the receiver gain 
up to normal. 

To check for an open in the loop, 
turn the set off, and use your ohm¬ 
meter to check from the control grid 
of the mixer or from the stator of the 
rf tuning capacitor to the avc circuit. 
The hot side of the volume control 
(the point marked A in Fig. 2) is a 
reference point that is easy to find. 

In this test, you are interested only 
in finding out whether the loop an-

FIG. 5. Preselector-mixer stage. 
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tenna has continuity, not in the exact 
de resistance value of the loop itself. 
The exact resistance cannot be meas¬ 
ured because of the presence of the 
avc fdter resistor, which generally has 
a value of about 2 meg as compared 
to only a few ohms for the loop. How¬ 
ever, if the meter shows continuity, 
you know that the loop is not open. 
The loop may absorb moisture, 

which will reduce its Q. If the receiver 
complaint is weak reception, and you 
find that the rf trimmer peaks very 
broadly even at the high-frequency 
end of the dial, you should try a new 
loop. The average serviceman does not 
have facilities to check the Q of cir¬ 
cuits, and set manufacturers do not 
publish Q values. 

The AVC Bypass Capacitor. The 
fixed capacitor, Cl, in Fig. 5, con¬ 
nected from the loop to the chassis, 
offers a low-impedance path in the 
resonant circuit consisting of the loop 
and the tuning capacitor. The avc by¬ 
pass in addition acts with the avc 
filter resistor (R4 in Fig. 2) to deliver 
a pure de, free from af and rf ripple, 
to the mixer and i-f control grids. 

The avc bypass capacitor can be¬ 
come open, leaky, or shorted. If the 
capacitor becomes open, very little 
signal will be fed to the mixer input 
and the gain of the receiver will be 
quite low. A circuit disturbance test 
may show nothing wrong, but a signal 
tracer will indicate little signal voltage 
at the mixer grid. You will not be able 
to peak the rf trimmer on the tuning 
capacitor. To check the capacitor, 
shunt it with another of about the 
same size known to be in good condi¬ 
tion. If the capacitor under test is 
open, the volume will increase when 
you put the test capacitor in the cir¬ 
cuit. . 

If the avc bypass capacitor becomes 
leaky or shorted, the gain will be 

abnormally high, and oscillation may 
take place. There will be no avc on 
either the mixer or the i-f stages, and 
overloading, distortion and/or blast¬ 
ing may occur when you tune from a 
weak to a strong station. This type oí 
reception is characteristic of a defect 
in the avc circuit, which completely 
removes the control voltage. 

To check for this, measure the re¬ 
sistance from the mixer control grid 
to B-. With the tubes cold or removed, 
it should be over 2 meg, the value of 
the avc filter resistor and the volume 
control. If the resistance is consider¬ 
ably less, disconnect one lead of ca¬ 
pacitor Cl so it can be individually 
checked. 

If someone has replaced this capac¬ 
itor with one of insufficient capacity, 
af signals may be fed back to the 
mixer and i-f tubes, causing the gain 
to decrease. In noisy locations, the 
momentary avc surges due to noise 
will be fed back and the gain will be 
drastically reduced. 

RF Tuning Capacitor. The plates 
of the rf section of the tuning capaci¬ 
tor, C2, may be bent and may short 
out at some dial settings. Dust and 
dirt may also accumulate between the 
plates, causing partial shorts. 

Partially shorted tuning capacitor 
plates show up as noise when the re¬ 
ceiver is tuned. If the short is com¬ 
plete, the receiver may go dead at the 
dial settings where the short is pres¬ 
ent. You can usually see the bent 
plates that are causing the short. You 
can use a pen-knife to straighten them. 
You can blow the dust or dirt out, or 
if the plates are spaced sufficiently far 
apart, run a pipe cleaner between 
them to remove the dirt particles. ■ 

If you cannot see a short, discon¬ 
nect the lead to the stator of the tun¬ 
ing capacitor and connect a high-range 
ohmmeter between the stator and the 
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rotor. You should not get a meter 
reading if the part is not shorted. If 
you get a reading, continue working 
on the capacitor until the reading dis¬ 
appears. 

The Mixer Tube. Low emission in 
the mixer tube will result in either a 
dead set, due to oscillator failure, or 
in weak reception. If the cause of 
weak signals or a dead set is traced 
to this stage and nothing else seems 
to be wrong, try a new tube in the 
mixer circuit. 
Gas in the tube can cause weak 

signals, a positive mixer grid voltage, 
and perhaps hum modulation. When 
the mixer grid is positive, try a new 
tube. A gassy i-f tube will also make 
the mixer grid positive, because the 
two grids are tied together through 
their tuned circuits. 
Cathode-to-heater leakage will 

short out the feedback portion of the 
oscillator tank coil and will stop the 
oscillator. If the parts in the oscillator 
circuit seem to be in good condition, 
try a new tube. 

The Oscillator Grid Resistor. If 
the value of resistor RI in Fig. 5 in¬ 
creases considerably, the oscillator will 
block intermittently and the reception 
will be chopped up. If the resistor 
opens, the oscillator may block or may 
not operate at all. If the resistance is 
too low, the oscillator will not work. 
When looking for trouble in the oscil¬ 
lator circuit, be sure to check the 
value of the oscillator grid resistor 
with an ohmmeter. 

Oscillator Grid Capacitor. The 
oscillator grid capacitor, C3, in Fig. 
5, seldom becomes defective. How¬ 
ever, the capacitor may short or de¬ 
velop leakage which will stop the 
oscillator. An open in the capacitor 
will also stop the oscillator or make 
it very weak. Check for leakage or a 
short with your ohmmeter. If you 

think the capacitor may be open, try 
another. The value is not critical; any 
value between 25 mmf and 50 mmf 
will make a satisfactory replacement. 

The Oscillator Coil. The oscilla¬ 
tor coil, L2, in Fig. 5, sometimes opens. 
When you have oscillator trouble, you 
should always check the oscillator coil 
with an ohmmeter. The coil may also 
absorb moisture and develop a low 
Q, killing the oscillator. If everything 
else, including the tube, checks all 
right, try a new oscillator coil even 
though the original is found to have 
continuity. 

The Oscillator Tuning Capacitor. 
The oscillator section of the tuning 
capacitor, C4 in Fig. 5, is subject to 
the same troubles as the rf section. 
If the oscillator seems io be dead, try 
shorting the oscillator tuning capaci¬ 
tor with a screwdriver blade. If no 
noise is heard, look for a short be¬ 
tween the capacitor plates. 

The First I-F Transformer. The 
first i-f transformer is common to the 
mixer and i-f stages. The windings 
may open completely or partially, or 
moisture absorption (rare in modern 
parts) may cause the trimmer adjust¬ 
ment to be abnormally broad. As a 
rule, you will have little or no trouble 
with the adjustments. 

A partial open in the primary wind¬ 
ing (L3) will result in machine-gun¬ 
like bursts of static. Check for this 
condition by measuring the mixer plate 
voltage. If the voltage varies in time 
with the noise, the primary is proba¬ 
bly defective and should be checked 
with an ohmmeter. With the set off, 
connect the ohmmeter test leads be¬ 
tween the mixer plate and the screen. 
If the resistance is high or varies, the 
transformer should be replaced. An 
idea of the correct resistance for the 
winding may be had by checking the 
secondary. All i-f transformer wind-
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ings in a receiver should have about 
the same resistance. 
The secondary winding, shown as 

L4 in Fig. 6, may be open completely 
but not partially. An open winding, 
which is very rare, will kill reception 
or make it quite weak. Check from the 

HC. 6. I-F Amplifier. 

i-f control grid to the avc line with 
your ohmmeter to see if the winding 
is open. 

THE I-F AMPLIFIER 

tube. If the resistor opens, it will re¬ 
move plate-to-cathode voltage and the 
receiver will be dead. The trouble may 
be isolated to this stage by means of 
a circuit-disturbance test. An open 
cathode resistor will be indicated by 
excess cathode voltage and no con¬ 
tinuity between the cathode and B-. 

If the resistor increases in value, 
the stage may be weak or dead. A 
decrease in the resistance value or a 
short may not produce any symptom. 
In some cases, however, a low value 
cathode resistor could cause i-f oscil¬ 
lation. 
The Second I-F Transformer. 

The defects that can occur in the 
second i-f transformer are the same 
as those described earlier for the first 
i-f transformer. Again the primary 
may partially open or the secondary 
may open completely. 

SECOND DETECTOR 

Fig. 6 shows the i-f amplifier stage. 
We have included the secondary of 
the first i-f transformer, even though 
the transformer is common to this 
stage and to the mixer stage. 

The I-F Tube. The i-f tube, V2 in 
Fig. 6, may have low emission or ex¬ 
cess gas, just as the mixer tube de¬ 
scribed earlier. Check the tube and 
replace it if you find that it is bad. 
Cathode-to-heater leakage may cause 
hum modulation or could prevent the 
mixer and first i-f tubes from light¬ 
ing. A short between the plate and 
the suppressor grid or between the 
suppressor and screen grids could 
cause the cathode resistor R2 to burn 
out. If this happens, be sure to check 
the tube before installing a new resis¬ 
tor in the circuit. 

The I-F Cathode Resistor. As 
pointed out above, the resistor may 
open because of a defect in the i-f 

Although the second detector and 
the first af amplifier are actually in 

FIG. 7. The second detector circuit. 

one tube, the af amplifier is in the 
audio section of the receiver, not the 
rf section, so we will consider only 
the second detector here. Fig. 7 shows 
the second detector circuit. 

The I-F Filter Resistor. If resis¬ 
tor R3 opens, the set will be dead. 
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However, an open in this part is rare. 
A marked increase in the value of 
the resistor is also rare; but if it oc¬ 
curred, the volume would be reduced 
because more of the signal would be 
dropped across this resistor than 
across the volume control. The resis¬ 
tor usually has a value of about 47,000 
ohms. 

'rhe I-F Filter Capacitor. Defects 
in capacitors C9 and CIO are rare. 
However, an open in the output ca¬ 
pacitor, CIO, could result in oscilla¬ 
tion and overloading of the first af 
tube with i-f signals. 
An open in input capacitor, C9, 

would reduce the signal applied be¬ 
tween the plate and cathode of the 
detector and would lower the detector 
output. A signal tracer would show 
normal signals at the diode plate, but 
the avc voltage and audio voltage 
developed across the volume control 
would be lower than normal. A test 
capacitor shunted across the suspected 
one would clear up the trouble. 

The Volume Control. If you hear 
noise when you rotate the volume 
control shaft, you usually will not 
have to make further tests. Just in¬ 
stall a new control. 

The control may also be open. The 

effect is the same as if the avc filter 
resistor opens, but you may hear hum 
which will vary with the volume con¬ 
trol setting. In such a case, check the 
control with an ohmmeter. The resist¬ 
ance of the control is unimportant. 
A control having any value from 
250,000 ohms to 2 megohms will make 
a satisfactory replacement. 

The Second Detector Tube. Cath-
ode-to-heater leakage in tube V3 may 
cause hum. If you find that the more 
common defects, such as defective 
filter capacitors are not causing the 
hum, try a new tube. Low emission 
will result in low gain in the stage 
and higher than normal plate voltage. 
If the plate load resistor has the cor¬ 
rect value, high plate voltage indi¬ 
cates that the plate current is lower 
than normal, and the tube is probably 
bad. 

Leakage between the diode plate 
and the filament will also cause hum. 
Thus, try a new tube if the volume 
control varies the hum and is not it-
seif defective. A short between the 
diode plate and the cathode would kill 
reception and no avc voltage would 
be developed. This defect is unusual. 
However, if you suspect that this is 
the trouble, try a new tube. 
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Defects in the Audio Section 
The first audio amplifier tube is in 

the same envelope as the second de¬ 
tector tube, which you studied in the 
last section. Let us take up the other 
parts in the first af stage now. 

FIRST AF STAGE 

Fig. 8 shows the schematic of the 
first af stage. We have omitted the 
connection to the diode section of the 
tube, which you have already studied. 

The Grid Coupling Capacitor. An 
open in grid capacitor, Cll, will make 
the audio response very weak. You 
will hear a loud buzz when you touch 
the grid side of the capacitor, but 
only a weak signal when you touch 
the volume control side. Shunting a 
capacitor across an open capacitor 
will cause the set to operate normally. 

Leakage in the capacitor will cause 
distortion when the volume control is 
advanced, because the negative avc 
voltage developed across the volume 
control will be applied across R6 and 
over-bias the stage. 

The Grid Resistor. Trouble sel¬ 
dom occurs in resistor R6 in Fig. 8. If 
the resistor becomes open or increases 

FIG. 8. First af stage. 

to a very high value, hum may result 
or the stage may block, killing recep¬ 
tion. A check of the control grid volt¬ 
age would show that it is abnormally 
high. This is true, however, only if 
you use a vacuum tube voltmeter. If 
the resistance is too low, insufficient 
bias will be developed, and the stage 
may overload and distort on strong 
signals. This is a point to check if 
•the grid coupling capacitor proves to 
be in good condition. 

The Plate Load Resistor. If re¬ 
sistor R7 became open, the first audio 
amplifier stage would be dead. The 
best isolation procedure to use here 
is the circuit disturbance test. Of 
course, you could also measure the 
plate voltage with a voltmeter. No 
voltage on the plate would indicate 
that the plate load resistor had opened 
up. 

A marked increase in the value of 
resistor R7 might cause audio oscilla¬ 
tion or might reduce the gain, depend¬ 
ing on the amount of change and on 
the circuit layout. Low plate voltage 
indicates the possibility of excess re¬ 
sistance. You can use an ohmmeter 
to check the value of the part. 

If the plate load resistor decreases 
in value, the stage gain will be low 
and the plate voltage will be higher 
than normal. 

TIIE SECOND AF STAGE 

The Grid Coupling Capacitor. 
Capacitor C12 in Fig. 9, used to cou¬ 
ple the plate circuit of the first af 
stage to the grid circuit of the second 
af stage, frequently breaks down and 
becomes leaky. When distortion is the 
complaint, this is the first part to 
check. Frequently, leakage in the cou-
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pling capacitor will cause gas to be 
produced in the output tube because 
of the positive control grid voltage, 
which is the result of leakage. 
Both conditions can be checked by 

connecting a de voltmeter across the 
grid resistor, with the positive meter 

FIG. 9. The second af stage. 

lead on the grid end of the resistor. 
No voltage should be present. If you 
measure a positive de here, either the 
capacitor is leaky, the tube is gassy, 
or both. To find out which is defec¬ 
tive, just cut one lead of the capacitor 
(whichever is more convenient) close 
to its terminal lug so it can be resol¬ 
dered if the capacitor proves to be 
good. If the voltage drops to zero, the 
the capacitor is leaky, and the tube 
is not gassy. In this case install a new 
capacitor. 

If the voltage is unchanged, the ca¬ 
pacitor is good, and the tube is gassy. 
In this case resolder the capacitor lead 
and install a new tube. 

If the voltage drops when you cut 
the capacitor lead but some is still 
present, the capacitor is leaky and the 
tube is also gassy. Here replace the 
capacitor and the tube. 

The Grid Resistor. Trouble in re¬ 
sistor R8 is very unusual. No voltage 
is present, and no defect can occur 
that will result in sufficient current 
flow to damage the resistor or to cause 
it to change in value. The thing to 
watch for is a pact of the wrong value. 

If the value of the grid resistor is 
too high, it can cause the output tube 
to become gassy. On the other hand, if 
the resistance is too low, the reception 
will be weak, and the low-frequency 
response may suffer. Exactly what 
happens depends upon the amount of 
change. 

The Cathode Bias Resistor. Re¬ 
sistor R9 seldom changes in value, but 
it will burn out if the cathode current 
of the tube becomes excessive. By 
looking at the circuit in Fig. 9, you 
can see that a short between the plate 
and suppressor grid or between the 
suppressor and screen grids would ap¬ 
ply the full B supply voltage to the 
cathode resistor. The excess current 
flow through the resistor, of course, 
would burn it out. If no such short 
exists, check the tube for gas or for 
a leaky coupling capacitor as soon as 
the set is turned on. The methods 
previously given should be used. This 
will avoid damage to the replacement 
resistor. 

Also be on the lookout for a defec¬ 
tive plate bypass capacitor connected 
from the plate to the cathode. The 
capacitor can be installed between the 
plate and cathode, plate and screen, 
or, as shown in the illustration as C14. 
from plate to B-. The action of the 
capacitor is the same in all three 
cases, but a short in the capacitor will 
cause damage to the bias resistor only 
if one end of the capacitor is connected 
to the cathode. 

If a cathode bypass capacitor, such 
as C13, is used and the bias resistor 
opens, the leakage resistance of the 
electrolytic bypass will complete the 
circuit. Since its resistance is high, the 
bias voltage will be very high, causing 
distortion. When you suspect this 
trouble, check the bias voltage and 
the bias resistor. 

The Cathode Bypass Capacitor. 
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Capacitor C13 in Fig. 9 may short, 
develop a high power factor, or may 
become open. The two latter defects 
result in similar symptoms. The stage 
gain will be below normal because de¬ 
generation will occur. Check for an 
open in the part by shunting the sus¬ 
pected capacitor with another electro¬ 
lytic (capacity is not important). Be 
sure to observe the polarity markings 
of the test capacitor. The positive 
terminal invariably goes to the cath¬ 
ode. If the symptom disappears wdien 
you try the new capacitor in the cir¬ 
cuit, the part should be replaced. 

If the capacitor shorts, which is un¬ 
likely to happen, the bias will be re¬ 
moved, the plate current will be ex¬ 
cessive, and distortion will result. The 
rectifier tube could also be damaged 
by the excess current drain. The tap 
on the rectifier filament could burn 
out, preventing the tube from lighting. 
When the rectifier filament tap burns 
out, check the cathode bypass capaci¬ 
tor to see if it is shorted. 

The Output Tube. The tube in 
the audio output stage may become 
gassy as explained in the section un¬ 
der the grid coupling capacitor. This 
is a frequent occurrence. 
Low emission will result in weak 

reception and insufficient bias across 
the bias resistor. If the bias is low, 
but the plate and screen grid voltages 
are normal, try a new tube. 

Hum not due to an electrolytic fil¬ 
ter defect is often caused by cathode-
to-heater leakage in the output tube. 
Try a new tube in the stage when the 
complaint is hum. 

The Plate Bypass Capacitor. Ca¬ 
pacitor C14 in Fig. 9 is a weak point 
in the receiver because it frequently 
breaks down, especially if it is con¬ 
nected from the plate to B-. If the 
capacitor breaks down, no B-|- will 
be applied to the tube plate. The 

drain on the power supply, due to 
a short in the plate bypass capaci¬ 
tor, may burn out the rectifier tube 
filament. Use an ohmmeter to check 
for a short in the B supply when the 
rectifier filament is open. 

A short in this capacitor also could 
burn out the primary of the output 
transformer. Usually, however, the 
rectifier tube will be ruined before a 
short in the plate bypass will cause 
the output transformer primary to 
open. If there is no plate voltage and 
the plate bypass capacitor is shorted, 
be sure to check the output trans¬ 
former primary. 

In replacing the plate bypass, try 
connecting it between the plate and 
B-, and then between the plate and 
the screen grid. Use the latter connec¬ 
tion if the results appear to be the 
same with either connection. If the 
capacitor is between the plate and 
screen grid, there will be less voltage 
across the capacitor, and the life of 
the replacement will be increased con¬ 
siderably. 

If capacitor C14 is open, af oscilla¬ 
tion may occur. Such oscillation will 
take place regardless of the tuning 
dial setting and will be controlled by 
the volume control setting. In such a 
case, try shunting a new capacitor 
across the suspect. If the trouble clears 
up, remove the old capacitor and in¬ 
stall a replacement rated at 600 volts. 

The Output Transformer. Little 
trouble is encountered in transformer 
T3, except that the primary may open 
as previously explained. Universal re¬ 
placement transformers are available 
and come with instructions explaining 
how they should be installed. If you 
install a new transformer, keep the 
lead to the plate of the tube as short 
as possible. If the lead gets near the 
grid of the first af stage or the grid of 
the power output tube, audio oscilla-
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cion may result. Before trying a new 
transformer, check the bias resistor, 
cathode bypass capacitor, and the 
plate bypass capacitor. Connect your 
de voltmeter across the output tube 
grid resistor so you can see as soon 
as the tubes heat up whether the out¬ 
put tube is gassy or if the grid-cou¬ 
pling capacitor is leaky. Any of these 
troubles could damage the output 
transformer because of excess current 
flow in its primary winding. 

With the output transformer pri¬ 
mary open, the set will be completely 
dead, and no voltage will be applied 
to the plate of the output tube. A cir¬ 
cuit-disturbance test will localize the 
trouble to the output tube. A contin¬ 
uity test with an ohmmeter between 
the plate and the screen grid pins of 
the tube will show an open circuit. 

In an ac-operatcd receiver, the 
screen grid of the output tube will be¬ 
come red-hot if the transformer pri¬ 
mary is open, because the screen grid 
would then be carrying both its nor¬ 
mal current and the current that 
should flow to the plate. In an ac-dc 
set, the combined currents will not 
overheat the screen grid, because the 
plate and screen grid voltages are 
much lower than in an ac set. 

The Loudspeaker. There are sev¬ 
eral defects that may occur in loud¬ 
speakers. First, the voice coil may be 
open. This can be found with a cir¬ 

cuit disturbance test. However, you 
can also spot an open voice coil by 
watching the pilot lamp. With the vol¬ 
ume control turned all the way up, 
the pilot lamp in an ac-dc set will 
flicker when you tune to a powerful 
station, because of the variation in 
the output tube plate current flowing 
through the rectifier tube filament and 
the pilot lamp. 

If you notice this flickering when a 
set is dead, you know that signals 
are present up to the plate of the out¬ 
put tube. This shows that the primary 
of the output transformer is all right. 
Since trouble is rare in the secondary 
of such transformers, the voice coil is 
probably open. Check for this by dis¬ 
connecting one voice coil lead and 
measuring between both voice coil 
leads with a low-range ohmmeter. No 
continuity shows that the voice coil 
is open. If you cannot make repairs 
easily, install a new loudspeaker. 

If the pilot lamp circuit is designed 
so that the output tube plate current 
does not flow through the pilot lamp, 
you must use a circuit disturbance 
test to localize an open voice coil. 

Most of the other defects that can 
occur in a loudspeaker, such as off-
center voice coils, loose cones and dust 
covers, particles in the air gap, etc., 
are discussed elsewhere in your course. 
The tests to use to localize the trouble 
are primarily mechanical. 



Defects in the Power Supply Section 
Most defects in the operation of an 

ac-dc receiver are due to power sup¬ 
ply defects. Tn the vast majority of 
cases, the electrolytic filter capacitors 
are at fault. 

Notice the two types of filter cir¬ 
cuits shown in Fig. 10. The main dif¬ 
ference between them is that a choke 
coil is used in Fig. 10A, and a resistor 
is used in the circuit in Fig. 10B. Both 
circuits, however, operate in essenti¬ 
ally the same way. 

The Electrolytic Filter Capaci¬ 
tors. The filter capacitors seldom 
short or become excessively leaky be¬ 
cause they usually cause other re¬ 
ceiver troubles before deterioration 
has progressed that far. Excess leak¬ 
age is almost sure to ruin the rectifier, 
but before it does, the receiver recep¬ 
tion will be weaker than normal be¬ 
cause of the lower B-|- voltage, and 
the hum level will increase. 

To check for leakage in the capaci¬ 
tors, turn the set off and discharge 
them completely by shorting the ca¬ 
pacitor terminals with a wire or a 
screwdriver blade for about thirty 
seconds. Then, make the ohmmeter 
connections so that the probe (positive 
lead) connects to B-]- and the ground 
clip (negative lead) connects to B—. 
This connects the ohmmeter battery 

with the proper polarity across the 
capacitors. Convenient test points for 
B ) arc the rectifier cathode shown 
in Fig. 10 or the screen grid of the 
power output tube. For B- -, use the 
chassis if it is an electrical part of the 
circuit. If you are uncertain and it 
is an ac-dc set, use the lug of the ON-
OFF switch going to the receiver cir¬ 
cuits as B—. If the resistance reading 
is too low (less than 100 ohms), you 
arc justified in taking the time and 
trouble to locate the positive leads of 
the electrolytic capacitors and to dis¬ 
connect them for an individual check. 

The electrolytic filter capacitors 
frequently develop high power factor 
or opens. One or both capacitors may 
be affected. If a filter capacitor is 
hot to the touch, it probably has high 
power factor. The best way to test the 
part is to substitute a good one in its 
place. On the other hand, if the re¬ 
ceiver output is weak and the B sup¬ 
ply voltages arc low, the input capaci¬ 
tor is probably open. Don’t take the 
trouble to locate the capacitor or its 
leads. Put the positive lead of the test 
capacitor on the cathode of the recti¬ 
fier and the negative lead on B—-. IT 
the trouble becomes less bothersome 
or clears up, find the capacitor and re¬ 
place it. If the two capacitors are in the 

circuits are shown. At A. a filter 
choke is used; at B, a filter resistor is used. 
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same container, always replace both 
capacitors at the same time to avoid a 
call-back. A 20-mfd, 150-volt electro¬ 
lytic capacitor in good condition is 
satisfactory for test purposes on all 
filter capacitors you will find in ac-dc 
sets. The working voltage should be 
higher for a test capacitor used in ac-
operated receivers. 

Trouble in the output filter capaci¬ 
tor is characterized by hum, oscilla¬ 
tion, and motorboating. Check this 
part in the same way as the input 
capacitor, but place the positive lead ? 
of the test capacitor at some point on 

When a capacitor is mounted like this, 
leakage may develop between the mount¬ 
ing strap and the case of the capacitor, 

the set side of the filter choke or re¬ 
sistor For example, you can use the 
screen grid of the output tube as the 
B-f- point. 

Sometimes, the symptoms definitely 
point to a defect in the electrolytic 
filter capacitors, but shunting the ca¬ 
pacitors, even both of them simulta¬ 
neously, will not clear up the trouble. 
When this happens, the positive leads 
of the capacitors are probably shorted 
together inside the capacitor case, and 
shorting the filter resistor or choke. 
To check this, find all leads of the 
original filter capacitors, disconnect 
them, and install test capacitors. If 
the trouble clears up, the original ca¬ 
pacitors were at fault. 
Sometimes leakage occurs between 

the capacitor and the strap that 

anchors the capacitor case to the 
chassis. This happens when cardboard 
encased capacitors are used. Move the 
case back until you expose the part 
of the case that was under the strap. 
If you see green corroded spots on 
the capacitor case, replace the capaci¬ 
tor. 
When the common negative lead be¬ 

comes open, the two capacitors will 
be connected in series across the filter 
element (choke or resistor). Again dis¬ 
connect the positive leads, and install 
two test capacitors in the circuit. This 
is necessary to prove the capacitors 
are the cause of the trouble. Install 
new capacitors if the original ones 
are bad. 

Filter Choke or Resistor. Note 
from Fig. 10A and 10B that either a 
choke or a filter resistor may be used 
in the filter circuit of an ac-dc re¬ 
ceiver. The resistor is by far the more 
common. When it is used, as shown in 
Fig. 10B, the B-|- lead of the output 
transformer primary is connected to 
B++ at the rectifier cathode. Since 
with this connection, the plate current 
of the output tube does not flow 
through the filter resistor, we can use 
a larger resistor and still get ample B 
supply voltage with low ripple out¬ 
put. AC ripple voltage is applied to 
the plate of the audio output tube, but 
the ripple voltage does not produce 
hum in the output. The other de volt¬ 
ages must be free from ripple, or 
otherwise the hum will be objection¬ 
able. In this circuit, notice that the 
filter capacitors must have higher 
values than those used with a filter 
choke. 

The defects that occur in the filter 
resistor are the same as those that can 
occur in any resistor in the set. If the 
resistor becomes open, check for a 
short in the B supply that could cause 
excess current drain, before installing 
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a new one. Also look for excessive 
leakage or a partial short in the sup¬ 
ply if you find that the value of the 
resistor has changed a large amount. 

If the choke coil in Fig. 10A be¬ 
comes open, check for a short in the 
B supply, and for possible causes of 
excess plate current drawn by the 
power output tube. Do not ignore the 
possibility of a short between the 
choke windings and its grounded core. 
Disconnect both choke leads, and 
check the continuity between either 
lead and the chassis to see if such a 
short exists. Trouble of this type is 
more common in TV sets and in ac-
operated receivers where the de volt¬ 
age between the choke windings and 
the core are higher than in the stand¬ 
ard ac-dc set. 

The Rectifier Tube. The rectifier 
tube frequently loses emission, and 
causes the receiver to be weak or dead. 
A tube having low emission, of course, 
can be checked on a tube tester. How¬ 
ever, if you do not have a tube tester, 
measure the voltage on the plate and 
screen grid of the output tube. Lower 
than normal voltage here could mean 
that the rectifier tube has low emis¬ 
sion. 

Most rectifier tube troubles in ac-
dc sets are the result of an open fila¬ 
ment tap. This can occur through a 
failure of the tube filament itself, a 
short in the power supply, or by de¬ 
fects that result in excess cathode 
current in the power output tube. All 
those trouble spots should be checked 
before considering repairs to be com¬ 
plete. 

The Pilot Laron. Pilot lamns fre-
quently burn out. They mav fail for 
internal reasons not connected with 
any other part failure. They mav also 
burn out because of an open filament 
tap on the rectifier tube. 

If no tubes light and the pilot lamp 

is burned out, check the rectifier tube 
filament continuity before you install 
a new pilot lamp. If the tap on the rec¬ 
tifier is open, and you install a new 
pilot lamp, it will burn out as soon 
as the receiver is turned on. 

The On-Off Switch. The On-Off 
switch seldom causes trouble, but it 
may be sluggish when switched off, or 
fail to cut off power or turn it on. In 
such a case, remove the power plug 
from the wall outlet and connect a 
low-range ohmmeter across the switch 
terminals. The resistance should be 
zero when the switch is turned on, and 
infinite when the switch is turned off. 
If you don’t get the correct readings, 
and the volume control and switch 
are controlled by the same shaft, in¬ 
stall a new combination volume con¬ 
trol and On-Off switch. 

The Power Cord and Plug. The 
power cord may break in the molded 
rubber plug, preventing the tubes from 
lighting. In such a case, see if the in¬ 
sulation will stretch when you pull on 
either wire going into the plug. If so, 
the wire is broken. Cut off the old plug 
and install another. 

Caution the customer against dis¬ 
connecting the receiver from the power 
line by pulling on the cord. This will 
cause the wires to break near the plug. 
To disconnect the receiver, grasp the 
plug in the fingers and pull it out of 
the wall outlet. 

The Power-Line Filter Canacitor. 
A small value paper capacitor like 
capacitor C19 is used in receivers to 
prevent or decrease the effects of noise 
and unwanted rf signals from causing 
interference in the set. Defects rarely 
occur in this part. If it should short, 
the line fuse in the customer’s home 
would blow out. An open in the part 
would permit interference signals to 
enter the set from the power line and 
cause the receiver noise to increase. 
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FIG. 11. The NRl Professional filament 
checker shown above can be used Io 
quickly locate a tube with an open fila¬ 

ment in a scries filament siring. 

The Tithe Filament String. An 
open in the filament string prevents all 
of the tubes from lighting. This is a 
frequent occurrence. Servicemen, after 
inspecting the power cord, check the 
tube filaments one at a time. This can 
be done with an ohmmeter, or with 
the convenient filament checker shown 
in Fig. 11. If the rectifier tapped 
filament section is open, the test for 
excess current described previously 
should be made. If the other tubes arc 
burned out, just replace them. 

If you have continued trouble with 
a particular tube filament burning 
out, some of the other tube filaments 
may be partially shorted, causing ex¬ 
cessive filament current. A tube tester 

is generally ineffective in locating 
such trouble. Check for it by measur¬ 
ing the filament voltage of the other 
lubes while they are in the receiver. 
If one tube has abnormally low fila¬ 
ment voltage, replace that tube; its 
filament is partially shorted. 

If you find that one or more tubes 
remain dark while the others light, 
one of the tubes has a cathode-to-
heater short that is shunting the unlit 
lube filament to ground. The offender 
is the one in the string next to the first 
unlit tube. In Fig. 10, for example, if 
the mixer and first af tubes do not 
light, look for a cathode-to-heater 
short in the i-f tube. The cathode re¬ 
sistance of the i-f tube shown in Fig. 
6 will limit this effect, but in many 
sets such a resistance is not used. The 
cathode is connected directly to B_. 

LOOKING AHEAD 
In this lesson we have given rather 

thorough coverage to the difficulties 
that may occur in an ac-dc receiver, 
and the methods of finding the defec¬ 
tive component. The ideas in this les¬ 
son may be applied to more compli¬ 
cated receivers, but we will have a 
more detailed study of service prob¬ 
lems in ac, auto, and portable receiv¬ 
ers later in the course. 

In the following lessons, we will de¬ 
scribe in more detail than we have 
been able to in these introductory 
lessons the probable causes of 
hums, squeals, motorboating, distor¬ 
tion, noisy and intermittent reception, 
and tuning circuit troubles. These les¬ 
sons will demonstrate how to locate 
the receiver troubles in the least 
amount of time. 
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Lesson Questions 
Be sure to number your Answer Sheet 37B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers too 
long; you may lose them. Don’t hold answers to send in more than two 
sets at a time, or you may run out of lessons before new ones can reach you. 

1. Which step in the Professional Servicing procedure, if used effectively, can 
save the most time in locating the cause of the trouble in a defective 
receiver? 

2. What is the effect on the B-f- voltage and overall receiver performance of 
an open input filter capacitor in the power supply of an ac-dc receiver? 

3. What receiver circuit would you suspect is defective if you get very loud 
reception and sometimes distortion on strong local stations when you tune 
across the dial? 

4. What effect will be produced in the receiver reception when a defect in the 
oscillator circuit kills the oscillator? 

5. What is the advantage of a tuned signal tracer over an untuned signal 
tracer in locating a defective section in a receiver? 

6. Suppose capacitor C2 in Fig. 4 short circuits. How would it affect the re¬ 
ceiver reception, and what voltage reading would you get if you measured 
from the plate of VT1 to B—? 

7. Which stage isolation procedure is the easiest to use in localizing the 
trouble in a dead receiver? 

8. Which is the most easily identified B— reference point in an ac-dc re¬ 
ceiver where the chassis is not an electrical part of the circuit? 

9. Suppose capacitors Cll and C12 in Fig. 2 are both leaky. How does the 
voltage polarity across resistor R6 due to leakage in Cll differ from the 
voltage polarity across resistor R8 due to leakage in C12? 

10. Suppose you are carrying out a stage-blocking procedure to isolate the 
source of excessive hum in an ac-dc receiver. The hum, however, can still 
be heard in the receiver output when you block the grid and plate circuits 
of each stage in the set. Which receiver section would you suspect to be 
the source of the hum? 
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If you lack self-confidenc you lack a sense of 
mastership, 
ous mental 
confidence, 
fidence anti 
work a little harder, keep going a little longer, and 
soon you’ll have the self-confidence which carries you 
speedily to success. 

Many of us struggle along just like that poor Boer 
farmer, never dreaming that success could be ours 
if we dug a little deeper right where we are. Millions 
of men are just barely getting along today, when 
they have the ability to do much better things, 
simply because they lack confidence in themselves. 
They are victims of mental defeat; they don’t believe 
they can do anything better. 

DIG A LITTLE DEEPER 
A poor South African farmer struggled for years 

to gain a living out of his rocky soil, then finally gave 
up in despair and sought his fortune elsewhere. 
Years later, more wealth was being dug out of his 
rocky old farm every day than he had ever dreamed 
existed. His farm had become a diamond mine! 

a consciousness of power, and a victori-
attitude, begin now to cultivate self-
How? Make your decisions with con-
speed, and stick to them. Dig into your 





STUDY SCHEDULE NO. 3K 

Lor each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind. Study each other step in this same way. 

□ 1. Introduction.Pages 1-4 
Here you get a general idea of what alignment consists of and why 
it is necessary. 

1 I 2. Symptoms of Misalignment .Pages 5-9 

The symptoms of misalignment in each section of the receiver are 
taken up here. 

□ 3. Equipment Required for Alignment.Pages 9-14 

Alignment tools, signal generators, ami output meters are discussed. 

□ 4- Aligning AM Receivers.Pages 15-25 

ou learn how to align each section of an AM broadcast receiver. 

0 5. Aligning FM Receivers .Pages 26-31 

You learn that lhe main difference in aligning an FM receiver is in the 

I'M detector. Both the discriminator and the ratio detector are discussed. 

O 6. Aligning Special Receivers .Pages 31-36 

You learn to align combination AM-FM sets and all-wave AM sets. 

□ 7. Answer Lesson Questions. 

□ 8. Start Studying the Next Lesson. 
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A LIGNING a receiver means ad-
justing various tuned circuits to 

resonance at predetermined frequen¬ 
cies, so that the receiver will respond 
properly to the desired signal at the 
correct dial setting. 

In this lesson, we will concentrate 
on AM and FM receivers. You will 
learn about aligning TV receivers in a 
later lesson. 

Aligning a superheterodyne receiver 
can be very simple or it may be quite 
complicated, depending entirely on 
your knowledge of the subject. This 
lesson contains all you need to know 
about radio receiver alignment. If you 
learn the material in it, you will find 
that aligning most receivers is an easy 
job. 

To align a superheterodyne receiver, 
you must know just what circuits have 
to be tuned, and how the adjustments 
are made. First, let us see what is in¬ 
volved. 

As you know, the loop antenna sys¬ 
tem of a radio set picks up energy 
from any nearby station putting out a 
signal. The receiver must separate the 
desired signal from all others that 
it is picking up. This is done by cir¬ 

cuits that can accept the desired signal 
and reject all others. These are called 
“tuned” circuits because they can be 
tuned to the desired signal. 

In the modern broadcast superheter¬ 
odyne, at least five tuned circuits, not 
including the local oscillator, are used 
for signal selection. This was not al¬ 
ways true. A very brief review here of 
the development of tuning circuits 
used in radio receivers will help you 
to understand the problems associated 
with modern set alignment. 

TRF RECEIVERS 

When radio broadcasting began, 
there were only a few stations on the 
air. These were well separated both 
geographically and in frequency. The 
desired station could be selected by 
varying the capacity in a single tuned 
circuit with one control knob. 

As more stations began broadcast¬ 
ing, additional tuned circuits, each 
with its own control knob and scale, 
were added to receivers. Soon, tuning 
a radio set became a complicated pro¬ 
cedure. 
To make the receivers more com-



mercially acceptable, simplification in 
tuning became an absolute necessity. 
To get single-dial control, manufac¬ 
turers used tuning capacitors with 
several individual sections on one 
shaft. As the shaft was rotated, the 
capacity of the various sections was 
varied the same amount, so that at any 

ADJUSTING SCREW 

FIG. 1. A trimmer capacitor like this 
has a screw adjustment that varies the 

capacity. 

point in the rotation, the different 
sections of the capacitor were practi¬ 
cally identical in capacity. The coils 
used with them had to have practi¬ 
cally identical characteristics. 

With identical capacitor sections 
and identical coils, the resonant fre¬ 
quencies of the sections would be the 
same. In other words, all the circuits 
were automatically adjusted to the 
same station, and it was no longer 
necessary to tune each circuit sepa-
•ately. The circuits were set to “track”. 
Slight variations in capacitor and 

coil values were compensated for by 
means of a semi-fixed capacitor of the 
type shown in Fig. 1, mounted on and 
across (in parallel with) the variable 
capacitor for each tuned circuit. These 
trimmer capacitors were the first 
aligning adjustments. They presented 
no particular problem, because it was 
only necessary to tune in any station 
at the correct dial setting and to ad¬ 
just the trimmers foi maximum sound 
from the sound reproducer. Tn these 
early single-dial receivers, each tuned 

circuit accepted the frequency of the 
desired station and rejected all others. 
These sets were known as tuned ra¬ 
dio frequency (trf) receivers. 

As the number of broadcast stations 
increased, poor selectivity became a 
common complaint. If two stations 
broadcast at frequencies only a few 
hundred kilocycles apart, they were 
apt to come in at the same dial set¬ 
ting. To avoid this, more tuned cir¬ 
cuits were added, until five-section 
tuning capacitor gangs were quite 
common. Even so, strong local sta¬ 
tions often interfered with each other. 
The wiring in the set would act as an 
antenna and pick up stations, thus 
defeating the purpose of the tuned cir¬ 
cuits. Expensive and bulky shielding 
became necessary to prevent this. 
Consequently, the cost of receivers in¬ 
creased sharply. 

THE SUPERHETERODYNE 
RECEIVER 

At about this time the superheter¬ 
odyne receiver was introduced. This 
receiver solved the problem of selec¬ 
tivity. The cost of the sets decreased 
because a large amount of shielding 
was not needed. Since the frequency 
of the i-f amplifier was outside the 
broadcast band frequency, the set 
could not pick up stations through its 
wiring. Thus, cheaper chassis with less 
shielding came into gradual use. The 
trf receiver gradually fell into disuse, 
and today it is no longer being made 
at all. 
Since you are familiar with the 

principles of the superheterodyne re¬ 
ceiver from earlier lessons, we will 
not make a detailed review of its cir¬ 
cuit operation at this time; we will 
cover only the points that are related 
to alignment problems, and discuss 
some of the adjustments you will have 
to make. There are small variations 
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ir> the number and type of adjust¬ 
ments in different receivers, but the 
basic superheterodyne circuit and ad¬ 
justments are always essentially the 
same. 

The main purposes of aligning a re¬ 
ceiver are to adjust it for maximum 
performance and to make the dial in-
dicate the frequency of the station 
being received with 2% or 3% ac¬ 
curacy. The adjustments in most su¬ 
perheterodyne sets are made by trim¬ 
mer capacitors, in the i-f amplifier, the 
oscillator, and the preselector sections. 
In the i-f section, the trimmers are on 
top of the i-f transformer cans. In the 
preselector and oscillator circuits, the 
trimmers are usually on the tuning 
capacitor. 

Although most receivers use varia¬ 
ble capacitors and trimmers for tuning 
and alignment, some receiver manu¬ 

facturers prefer inductance tuning, 
sometimes called permeability tuning. 
As you have learned, the resonant fre¬ 
quency of a tuned circuit can be varied 
by varying either the capacity or the 
inductance. The inductance of the coils 
in the tuned circuit is varied by mov¬ 
ing powdered iron cores in and out of 
the coils. Pushing the core further into 
the coil increases the inductance and 
lowers the resonant frequency. The 
capacity in the circuits is usually 
provided by fixed capacitors. In the 
preselector and oscillator circuits, 
however, trimmer capacitors are also 
used. 

The cores in the i-f transformer are 
generally threaded so that they can be 
screwed in and out of threaded coil 
forms. Usually the adjustment for one 
winding of the transformer is on top 
of the transformer and the other is at 

\n example of a permeability tuner. This is used in some sets instead of a tuning 
capacitor. 
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the bottom, and reached from under¬ 
neath the chassis. 

The oscillator and preselector sec¬ 
tions in a receiver are not tuned to 
the same frequency. The preselector 
is tuned to the frequency of the de¬ 
sired signal, and the oscillator is 
tuned to the frequency of the desired 
signal phis the i-f. Therefore, although 
both sections must be tuned over the 
same number of kilocycles, the actual 
frequency of the oscillator section is 
higher. For example, if the range of the 
preselector is from 550 kc to 1600 kc, 
and the receiver has an i-f of 450 kc, 
the range of the oscillator would have 
to be from 1000 kc to 2050 kc. In each 
case the range of frequencies covered 
is 1050 kc. 
As you have learned, the same 

amount of capacity has more effect 
at high frequencies than at low fre¬ 
quencies; therefore, the capacity range 
of the tuning capacitor in the oscilla¬ 
tor section must be smaller than the 
capacity range of the tuning capacitor 
in the preselector section, and the two 
capacities must always be in the 
proper proportion to each other. 

Tn modern receivers this is accom¬ 
plished by specially cut plates in the 
oscillator section of the tuning capaci¬ 
tor, smaller than those in the preselec¬ 
tor section. However, in older receiv¬ 
ers, which you may sometimes have 
to service, the two sections of the tun¬ 
ing capacitor were the same size, and 
a semi-fixed capacitor, similar to a 
trimmer, was used in series with the 
oscillator section of the tuning capaci¬ 
tor. As you have learned, when a ca¬ 
pacitor is added in series with another 
capacitor, the capacity is lowered. 
This extra capacitor is called a “pad¬ 
der”. When the padder is properly ad¬ 

justed, the oscillator frequency will be 
above the preselector frequency by 
the i-f value of the receiver over the 
entire tuning range. 

Let us sum up the adjustments you 
would make in aligning a radio: 
either trimmer adjustments or pow¬ 
dered iron core adjustments in the i-f 
transformers, trimmer adjustments 
and sometimes both trimmer and core 
adjustments in the oscillator and pre¬ 
selector, and if the set uses identical 
tuning capacitor sections, an oscilla¬ 
tor padder capacitor. As we have said, 
the padder capacitor is not used in 
most modern receivers. The oscillator 
tuning capacitor plates are shaped to 
compensate automatically for the dif¬ 
ference in frequency between the os¬ 
cillator and the preselector so that the 
circuits will have the correct frequency 
relationship over the tuning range of 
the receiver. 

Before we take up a detailed align¬ 
ment procedure for the various re¬ 
ceiver sections, let us discuss some of 
the symptoms that can be caused by 
misalignment. Tn the following section 
of the lesson, we will discuss only the 
symptoms that are the result of mis¬ 
adjustment of a trimmer or padder 
capacitor or a powdered iron coil core 
in the various receiver circuits. De¬ 
fects, of course, can occur in the re¬ 
ceiver tuning circuits just as in any 
other receiver circuit. The actual de¬ 
fect may be an open circuit, a short 
circuit, increased series resistance, 
change in the Q of a coil, or any num¬ 
ber of other defects, but we will not 
be concerned with defects of this type 
here. These troubles cannot be re¬ 
paired merely by realigning the set. 
You must use effect-to-cause reason¬ 
ing to isolate the defect to a receiver 
section, stage, and circuit. 
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Symptoms of 
You can save a great deal of time 

in your service work if you know 
which symptoms can and which symp¬ 
toms cannot be caused by misalign¬ 
ment. 'Die alignment of the average 
receiver is so simple that this pro¬ 
cedure can be made a part of each 
service job. However, never touch the 
alignment adjustments unless you are 
sure that there is no other defect in 
the set that could cause the same 
symptom. If the symptom is hum, lack 
of audio gain, static, noise, or inter¬ 
mittent reception, repair the defect 
first, and then realign the set. Let us 
take the alignment adjustments in 
each section of the receiver, and learn 
what, to expect when the circuits are 
misaligned. 

THE I-F AMPLIFIER 

There are many degrees of mis¬ 
alignment in the i-f amplifier. The 
tuned circuits in an i-f amplifier may 
drift, slightly as the receiver ages. Fa¬ 
tigue may reduce the spring tension 
in a trimmer or vibrations may move 
the powdered iron slug in a tuned coil 
slightly. If either of these happens, 
one circuit might be tuned to a higher 
frequency and another to a lower fre-
quency. This would cause a slight re¬ 
duction in selectivity and could result 
in interference between stations op¬ 
erating on adjacent channels. Also, 
when the circuits are misaligned in 
this way, there will be a loss in sensi¬ 
tivity, characterized by weak recep¬ 
tion. 

If all the circuits shift in the same 
direction, the i-f amplifier will be 
peaked at the wrong frequency, and 
stations will not be received at the 
proper dial settings. The tracking and 
the low-frequency sensitivity will be 

Misalignment 
poor. Readjustment of the oscillator 
trimmer will make stations come in 
at the correct setting at the high-fre¬ 
quency end of the (liai, but they will 
still be off at low frequencies. The 
sensitivity at these low frequencies 
will also be below normal. 

Usually, this is about all that can 
happen to the alignment of an i-f 
amplifier. However, the transformer 
trimmer adjustments are located 
where someone may tamper with them. 
Perhaps the customer has seen a serv¬ 
iceman touch up a trimmer and no¬ 
ticed that the volume increased. He 
tries to do the same thing, with dis-
asterous results to the alignment. The 
customer usually goes from one trim¬ 
mer to the other until it is impossible 
for him to return them to their original 
settings. This is not serious, from the 
serviceman’s viewpoint. With his sig¬ 
nal generator he can quickly reset the 
trimmers to the right frequency. How¬ 
ever, if permeability tuning is used, 
the customer may tighten the slugs so 
much that he will damage the adjus¬ 
tors. When this happens, the i-f trans¬ 
former must be replaced. 
A typical permeability tuned i-f 

transformer is shown in Fig. 2. Notice 

FIG. 2. A phantom view of a permeabil¬ 
ity-tuned i-f transformer showing the 

form, the coils, and the iron cores. 



that there are two powdered iron slugs 
in the coils. The outsides of the slugs 
are threaded to fit into the threads 
pressed in the cardboard form on 
which the coils are wound. If the 
slugs are turned in until they touch, 
and additional pressure is applied, two 
things may happen. First, the slot in 
the end of the slug into which the 
alignment tool fits may break, making 
it necessary to replace the trans¬ 
former. If the slot does not break, the 
threads pressed into the hollow card¬ 
board form will straighten out, and 
you will not be able to move the slug 
in or out. Repair is not possible. 
Watch for this when you adjust such 
slugs. If you feel the slugs touching 
each other, don’t force the adjust¬ 
ments or you may have to install a 
new transformer. 
Mica compression trimmers can 

usually be forced tight with a screw¬ 
driver without breaking. However, 
sometimes the mica between the trim¬ 
mer plates will break, creating a short 
or making it impossible to adjust the 
trimmer correctly. If this defect oc¬ 
curs in an i-f trimmer, the trans¬ 
former will have to be replaced. 
Another thing that may happen is 

that the local oscillator may cease to 
function and the customer may notice 
that all he can pick up is a weak sta¬ 
tion at the low-frequency end of the 
dial. If the i-f amplifier is then ad¬ 
justed to a higher frequency, the gain 
at the low-frequency station will in¬ 
crease to the point where the station 
comes in at any dial setting. No great 
harm results, but the serviceman has 
two jobs (repair of the oscillator and 
realignment of the i-f amplifier) 
rather than one. Also if he does not 
recognize the condition, he may waste 
time in needless troubleshooting. 

Tampering with the i-f transformer 
trimmers can also cause the i-f ampli¬ 
fier to be tuned to about twice its 

normal frequency. Let us see what 
effect this would have. Stations that 
are picked up will be weak, because 
the correct i-f will still be formed in 
the mixer, and its second harmonic, 
which is weaker, will act as the i-f and 
will pass through the i-f amplifier. 
When the receiver is tuned to a dial 
setting of about this same frequency, 
the mixer itself will go into oscillation, 
acting as a tuned-grid, tuned-plate 
oscillator, and the receiver will squeal. 
This will happen over the middle sec¬ 
tion of the tuning range and will not 
be confined to a single dial setting. 
When the preselector circuit (usually 
the loop if one is used) acts as a part 
of the oscillator tuned circuit, the fre¬ 
quency will change if your hand is 
brought near the loop. This will vary 
the pitch of the squeals from the loud¬ 
speaker. In such a case check the i-f 
alignment. On the other hand it is 
natural for the squeal to vary when 
your hand is brought near the local 
oscillator coil. Disregard this effect, 
as it is meaningless in diagnosing 
trouble. 

Improper alignment will sometimes 
cause oscillation in an i-f stage. If 
the secondary of an i-f transformer 
is tuned away from resonance, the 
primary plate load impedance in¬ 
creases sharply, and the stage gain 
may increase to the point where oscil¬ 
lation will occur. Realignment will 
clear up this condition. 

In the illustration in Fig. 2, each i-f 
transformer winding is tuned by a 
separate powdered iron slug. In ad¬ 
justing a slug, it is possible to turn it 
until it is all the way into the form and 
comes out the other side of its coil. 
If this is done with both cores, a peak 
may be obtained. The amplifier will 
be aligned properly, but the coupling 
between the two coils will be changed. 
The i-f amplifier will tune broadly 
This may cause adjacent channel in-
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terference. The correct adjustment is 
the one that enables you to peak the 
coil with the slug turned farthest out 
of the coil. 

If the i-f shifts about 10 to 20 kc, it 
may result in incorrect tracking at 
the low-frequency end of the dial. If 
the shift is much greater, the receiver 
may be completely dead. 

To sum up, look for the following 
symptoms when considering the possi¬ 
bility of i-f misalignment: 

1. Low sensitivity. 
2. Poor selectivity (noted on sta¬ 

tions separated by 10 or 20 kc). 
3. Oscillation over entire dial. 
4. Oscillation over a section of the 

dial. (Squeals at the low-frequency 
end are due to image interference and 
are natural in some localities, because 
of the frequency assignment of local 
stations.) 

5. Low sensitivity at the low-fre¬ 
quency end of the dial caused by poor 
tracking of the preselector and oscilla¬ 
tor. (Only on those sets using special¬ 
cut oscillator tuning capacitor plates.) 

6. Receiver dead—sounds alive but 
no stations are picked up. (Be sure 
to check the oscillator operation be¬ 
fore you realign the set.) 

THE OSCILLATOR 

Since the oscillator sets the point 
on the dial at which stations will be 
received, if it is misaligned, stations 
will be received at incorrect dial set¬ 
tings, and reception will be weak. This 
is true, whether the adjustment is a 
trimmer, a powdered iron core, or a 
padder. 

As you know, the oscillator fre¬ 
quency in the average receiver is 
above the incoming signal by the i-f 
value. However, it may be possible 
to adjust the oscillator trimmer so 
the oscillator frequency will be below 
the desired station. Either adjust¬ 

ment will give satisfactory recep¬ 
tion at the high-frequency end of 
the dial. However, if the trimmer ca¬ 
pacity is increased sufficiently to make 
the oscillator resonate below the de¬ 
sired station, the oscillator frequency 
will not decrease at the correct rate as 
the set is tuned to the lower frequen¬ 
cies. Let us see why. The capacity of 
the trimmer will be so much larger than 
that of the tuning capacitor that 
changing the capacity of the tuning 
capacitor will have little effect on the 
total capacity. Therefore, the resonant 
frequency of the oscillator will remain 
about the same. 

Let us take an example. Suppose the 
desired signal is 1500 kc, and the re¬ 
ceiver i-f is 262 kc. If the oscillator 
is set so that the resonant frequency 
of the oscillator will be the desired 
frequency minus the i-f, it will be 
1238 kc. With the trimmer capacity 
set so high, the oscillator frequency 
will remain at approximately 1238 kc 
no matter where the set is tuned. 
Therefore, at a station near 1238 kc, 
the desired signal and the oscillator 
frequency will be equal; and at a sta¬ 
tion near 976 kc, the oscillator fre¬ 
quency will be above the desired fre¬ 
quency by the i-f. We speak of this 
action as cross-over because the os¬ 
cillator is first below and then above 
the frequency of the preselector. It is 
characterized by normal sensitivity 
at the extreme ends of the dial, and 
low sensitivity toward the middle of 
the dial. Usually, a receiver with 
crossover will be dead at the middle 
section of the dial. 
This trouble is seldom found in 

modern receivers that have an i-f of 
about 450 kc, and there is not enough 
adjustment in the oscillator trimmer 
to permit the oscillator to be either 
above or below the desired station by 
the i-f value. However, cross-over is 
a common occurrence in sets with 
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permeability tuning in the oscillator 
and in sets using low intermediate 
frequencies—175 kc or 262 kc. In all-
wave receivers, it is easy to set the 
oscillator either above or below the 
incoming signal so you will have to be 
careful when working on them. 
When an adjustable slug is used in 

the oscillator circuit and a trimmer is 

HC. 3. With the plates all the way open 
like this, the trimmer is at its minimum-

capacity position. 

provided, the trimmer is always ad¬ 
justed at the high-frequency end of 
the dial and the slug at the low-fre¬ 
quency end. 

If you find that there are two set¬ 
tings of a trimmer that permit a signal 
to come through, use the setting with 
less capacity, that is, with the plates 
open wider. An example of the mini¬ 
mum capacity position is shown in 
Fig. 3. Then you know the oscillator 
is above the incoming signal. If you 
choose the maximum capacity setting, 
the oscillator frequency will be below 
the desired station. 

THE PRESELECTOR 

The preselector tracks the dial— 
that is, the dial shows the frequency 
to which the preselector is supposed 
to be tuned. In most sets there is only 
one preselector trimmer. 
Misalignment of the preselector 

trimmer does not affect the point on 
the dial at which stations are received. 
However, if the trimmer is not ad¬ 
justed correctly, the sensitivity will 
be low and you may hear converter 

hiss (a rushing noise) when stations 
are tuned in. 

Since a trimmer adjustment is more 
sensitive when the circuit capacity is 
low, the trimmer adjustments for both 
the oscillator and preselector are usu¬ 
ally made near the high-frequency end 
of the tuning range. If the adjustment 
is made at the extreme end of the 
range, however, the tracking error-
over the low-frequency end will be 
greater than if an alignment point is 
chosen some small distance from the 
extreme high-frequency end of the 
tuning range, for instance 1400 kc or 
1500 kc for the broadcast band. If 
there is a short-wave band on the same 
receiver, it is a good practice to align 
the rf and oscillator trimmers with the 
tuning capacitor gang in the same 
positions as when the broadcast band 
was aligned. 

On some sets, both the preselector 
and the oscillator coils have tuning 
slugs in addition to the high-frequency 
trimmers. If an adjustable slug is used 
in the preselector coil, it should be set 
at the low-frequency end of the dial. 
This will insure correct tracking of 
the preselector, the oscillator, and the 
dial. 

The wave trap is another adjust¬ 
ment you may find in the preselector 
section of some older receivers. It is 
a tuned circuit, composed of a coil 
and a trimmer, which is connected 
between the antenna and the input of 
the set, and is tuned to the i-f used in 
the set. The purpose of the wave trap 
is to trap or attenuate any signal of 
the same frequency as the i-f ampli¬ 
fier before it can reach the mixer. If 
the wave trap is not correctly ad¬ 
justed, interference, usually by a code 
station, will blanket the entire dial, 
regardless of where the receiver is 
tuned. Unlike the trimmers, the wave 
trap is adjusted for minimum rather 
than maximum output. 
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Wave traps are found in receivers 
using antenna coils rather than loops, 
and in sets using a stage of rf ampli¬ 
fication ahead of the mixer. In a mod¬ 
ern set in which the loop is connected 
directly to the mixer input, a wave 
trap cannot be effectively installed. 
However, they are generally unneces¬ 
sary since a loop antenna is tuned and 
will reject signals at the receiver i-f. 

On the other hand, a straight wire an¬ 
tenna will pick up all signals, and if 
there is a code station nearby operat¬ 
ing at the i-f of the receiver, interfer¬ 
ence may result if there is no wave 
trap. In a great many locations, such 
interference is not present. If you 
find that such is the case in your lo¬ 
cality, you may ignore the wave trap 
adjustments. 

Equipment Required ior Align men I 
Touching up the trimmers on a typ¬ 

ical ac-dc set tuned to a station can 
ordinarily be done without any equip¬ 
ment except a small screwdriver. 
However, when more than just a 
touchup is required, you will need a 
signal generator, an output meter, and 
perhaps a special alignment tool. 

In this section we will describe the 
various types of alignment tools used 
in aligning AM and FM radios. Then 
you will learn which type of signal 
generator to use and the frequency 
range it should have for aligning the 
various receiver sections. You will 
also learn where to connect the output 
meter to get the most reliable indica¬ 
tion. 

ALIGNMENT TOOLS 

The process of adjusting a trimmer 
capacitor or powdered iron core of a 
coil for maximum output is known as 
peaking. When the adjustment has 
been made for maximum output, the 
trimmer or core is said to be peaked. 
This is done by turning the adjust¬ 
ment continuously in one direction, 
which will increase the output of the 
receiver up to a certain point, beyond 
which the signal will begin to drop 
again. The adjustment is then turned 

back to the point where the signal 
was maximum. 

One type of variable core is fas¬ 
tened on a plunger held by a friction 
locking nut. To adjust the core, the 
nut is released, and the plunger is 
then pushed in or pulled out, and the 
nut is retightened. 

However, most adjustments of ei¬ 
ther trimmers or variable slugs are 
made with an ordinary screwdriver or 
hexagonal socket wrench. If the trans¬ 
former or other device being adjusted 
is grounded, any ordinary screwdriver 
or socket wrench of a suitable size can 
be used for alignment. However, if the 
adjustment is not grounded, the metal 
screwdriver or socket wrench and the 
operator’s hand will add capacity to 
the circuit. When the tool is removed, 
the circuit will no longer be peaked. 
It is possible to compensate for this 
by over-adjusting; but that takes a 
good deal of skill and luck. To avoid 
such a time-consuming procedure, 
servicemen use a tool made of a rod 
of Bakelite, fiber, bone, or other in¬ 
sulating material. The rod has a very 
small metal screwdriver blade or a 
suitable socket at one end for adjust¬ 
ing purposes. Since the body of the 
rod is an insulating material and there 
is only a very small amount of metal 
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MG. 4. Aligning tools. A, is u bone or liber hex wrench; B, a bone or liber tool with 
a small metal screwdriver tip; C, a tuning wand. 

in the device, capacity effects are 
practically eliminated. Typical align¬ 
ment tools are shown in Figs. 4A and 
4B. 

Another interesting alignment tool 
is the tuning wand shown in Fig 4C. 
It consists of a fiber or plastic rod 
with a band of brass at one end and 
steel or powdered iron at the other. 
When the brass end is inserted into a 
coil, it causes the coil inductance to 
decrease. Insertion of the end contain¬ 
ing the powdered iron increases the 
coil inductance. Thus, when a tuned 
circuit is adjusted properly, inserting 
either end will change the inductance 
and throw the circuit out of resonance, 
causing the output to decrease. If in¬ 
serting one end of the wand increases 
the output, and inserting the other end 
decreases the output, then the tuned 
circuit is not in resonance and must be 
aligned. 
Actually, these wands are not in 

wide-spread use, except in aligning 
some TV and FM receiver coils, be¬ 

cause it is just as easy to turn an ad¬ 
justment slightly to see if the output 
increases or decreases. Most service¬ 
men use ordinary screwdrivers and 
socket wrenches for alignment since 
most trimmers are grounded and the 
metal tool is not inserted far enough 
into the coil to vary its inductance. 
However, it is a good idea to have 
one of the inexpensive non-metallic 
alignment tools which consists of a 
combination screwdriver and hex 
wrench, as there are times when they 
are required. 

THE SIGNAL GENERATOR 

The type of signal generator used 
to align TV sets is somewhat different 
from that used for radios. You will 
learn about them later in your course. 
For now we will consider only the type 
used for AM and FM radios. 
A signal generator used in radio 

servicing must be able to produce sig¬ 
nals from about 170 kc to at least 
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110 me, which will include the lowest 
i-f used in AM radios (175 kc) to the 
highest broadcast frequency used in 
FM receivers (108 me). Actually, a 
calibrated frequency is needed only 
for i-f alignment. Broadcast station 
signals can be used for aligning the 
preselector and the oscillator. How¬ 
ever, all signal generators are made to 
produce these high frequencies so that 
the instrument can be used to make 
signal injection tests in the preselector 
and oscillator sections. 

All signal generators to be used for 
alignment have provisions for modu¬ 
lating the rf test signal with an audio 
signal of about 400 cycles per second. 
With today’s receivers, a modulated 
signal is not really necessary because 
alignment can be made by measuring 
the avc voltage in the set rather than 
by listening to the audio signals from 
the loudspeaker. Actually it makes no 
difference whether the signal is modu¬ 
lated or unmodulated during align¬ 
ment. If you want an audible output, 
you modulate the rf signal. In the bet¬ 
ter signal generators, the audio signal 
by itself is available for signal injec¬ 
tion tests in the af amplifier. 
The signal generator is equipped 

with an attenuator, corresponding to 
the volume control on a receiver. The 
attenuator makes it possible to adjust 
the strength of the signal fed from the 
signal generator. Sometimes, two 
separately adjustable attenuators are 
used—one for making large adjust¬ 
ments in signal strength and one for 
fine or small adjustments. You deter¬ 
mine the required strength of the sig¬ 
nal from the generator by the action 
of the receiver being aligned, as you 
will see later. 

To get the necessary frequency cov¬ 
erage, a band switch is required to 
change the coils for various ranges in 
the signal generator. For example, the 
first range may be from 170 kc to 550 

kc. Before you can tune to any fre¬ 
quency between these values, you 
must set the band switch to this posi¬ 
tion and adjust the tuning knob of 
the signal generator until its pointer 
is over the desired frequency on the 
dial scale. The next range might cover 
550 kc to 1600 kc, the third range 
1600 kc to 5 me, the fourth 5 me to 
15 me, the fifth 15 me to 30 me, and 
the last 30 me to 60 me. You can use 
the second harmonics of the last range 
to get a frequency coverage of from 
60 me to 120 me for preselector-oscil¬ 
lator alignment in all short-wave AM 
and FM receivers. 
Only two leads are used to feed 

signals from the generator to the re¬ 
ceiver. One lead is the “ground” lead, 
and connects to B— on the receiver; 
the other lead is known as the “hot” 
lead, and is used to feed signals into 
the i-f amplifier or the preselector. 
Just where the connections should be 
made in the receiver circuits will be 
described later. 

The illustration in Fig. 5 shows a 
signal generator of the type used in 
radio service shops. Let us describe 
the purposes of the various knobs. 
The function switch on the left¬ 

hand side of the panel can be set to 
produce either an unmodulated, a 
modulated, or a fixed-frequency audio 
signal. The range switch is also pro¬ 
vided so that you can choose the cor¬ 
rect frequency range, and the tuning 
knob is used to set the tuning capaci¬ 
tor in the signal generator to produce 
any frequency covered by the band 
in use. 

The signal output from the instru¬ 
ment in Fig. 5 is controlled by two 
attenuators. The coarse attenuator, 
which in this instrument is a switch 
in the lower center portion of the 
panel, produces large changes in sig¬ 
nal strength output; the fine attenua¬ 
tor produces small changes in the out-
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FIG. 5. A typical signal generator, the NKI Professional Model 89. 

put selected by the coarse attenuator 
control. Notice that the fine atten¬ 
uator is also used to turn the generator 
on and off. 

The output leads terminate in clips 
that can be easily attached to the re¬ 
ceiver circuits. 

There are, of course, slight varia¬ 
tions in the controls in signal genera¬ 
tors of different manufacture, but bas¬ 
ically, they are all similar to the one 
shown in Fig. 5. 

If you purchase a signal generator, 
you will receive with it instructions 
on setting the various control knobs. 

However, you can usually see what 
the various adjustments are used for 
by merely studying the signal genera¬ 
tor panel. 

OUTPUT METERS 

In aligning a broadcast receiver that 
does not have a wave trap, all adjust¬ 
ments are made to increase the re¬ 
ceiver sensitivity. When the receiver 
sensitivity increases, the sound from 
the loudspeaker also increases. It may 
seem that you could just make all ad¬ 
justments using a modulated signal, 
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for maximum sound from the loud¬ 
speaker. Many servicemen do depend 
on their ears alone during alignment. 
However, a great deal of experience is 
required to notice small changes in 
the sound output, and the adjust¬ 
ments must be made with a small 
signal fed into the receiver to keep the 
receiver audio signal at a low value. 
This is necessary because the ear is 
not sensitive to small loudness changes 
at high volume levels. 

Unless you have experience in align¬ 
ing by ear, use a meter to indicate 
when the alignment adjustments have 
produced maximum sensitivity. 
Years ago, before avc systems were 

developed, the only way to judge re¬ 
ceiver sensitivity was by measuring 
the strength of the demodulated sig¬ 
nal in the audio system. In fact, if you 
modulate the rf signal with a constant 
amplitude audio signal, and feed it 
into the receiver input, you can de¬ 
termine the sensitivity of any type of 
receiver by measuring the audio volt¬ 
age at the output of the audio ampli¬ 
fier. This ac signal exists at the plate 
and grid circuits of all audio tubes and 
across the loudspeaker voice coil. The 
points that can be used for making 

output meter connections are marked 
B, C, D, E, and F in Fig. 6. Because 
it is easy to get at the voice coil ter¬ 
minals, the audio voltage is generally 
measured at point F. It is also often 
measured at the plate of the final 
power output tube, point E. The volt¬ 
age, however, is generally too weak 
at preceding points to give useful in¬ 
formation. 

The audio signal is an ac voltage, 
and hence an ac voltmeter must be 
used to check its value. The audio 
voltage at the plate of the output tube 
may be between 100 and 200 volts. 
Here a meter range must be chosen 
that will not permit the meter pointer 
to be driven off-scale. 
If you are using a vtvm, simply 

connect it in the circuit and watch 
the meter pointer during alignment. 
On the other hand, if you are using 
an ordinary ac voltmeter at point D 
or E, some of the current in the cir¬ 
cuit will flow through the meter move¬ 
ment. For this reason, a .1-mfd, 600-
volt capacitor must be placed in series 
with one meter lead when this type 
of meter is connected from point E 
to B— or from point D to B—. The 
capacitor blocks the tube de plate 

FIG. 6. Typical output meter connections are at points A, B, C, D, E, and F. There 
áre ac voltages at B, C, D, E, and F ; and de voltage at A, B, and C. 
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voltage, but allows the ac signal volt¬ 
age to be applied to the meter. This 
precaution is not necessary if the me¬ 
ter is connected at the voice coil since 
de is not present at this point. With a 
vtvm, a blocking capacitor built into 
the meter circuit eliminates the neces¬ 
sity for an external capacitor. In 
many manufactured multimeters not 
using the vtvm circuit, a special out¬ 
put jack is provided, which automat¬ 
ically connects a blocking capacitor 
in series with the meter. 

In modern superheterodyne sets, it 
is not necessary to measure the audio 
signal strength to determine the re¬ 
ceiver sensitivity. This method is 
much less satisfactory than a check 
of the de avc voltage; the avc voltage 
varies directly with the receiver sen¬ 
sitivity. Thus, by making the align¬ 
ment adjustments for maximum avc 
voltage, maximum sensitivity is as¬ 
sured. Furthermore, if you measure 
the avc voltage, you can turn the vol¬ 
ume control of the receiver all the way 
down during alignment so there is no 
sound from the loudspeaker to dis¬ 
tract you. 
The avc voltage can be checked be¬ 

tween B— and points A, B, or C 
shown in Fig. 6. The connections are 
generally made from point B to the 

B— side of the circuit, because point 
B is the hot terminal of the volume 
control and is easy to locate. Point 
C may not be easy to find and might 
even be inside the last i-f transformer 
shield can. Point A is often used if 
the volume control does not serve as 
the diode load resistor. You can easily 
find point A by tracing from the black 
lead of the first i-f transformer (not 
shown in Fig. 6) to resistor RI. 

The chassis, of course, is used only 
when it is an electrical part of the 
circuit. If the chassis is not an elec¬ 
trical part of the circuit, then the 
negative lead of the output meter must 
be connected to B—. This applies to 
both types of output meters. 
When reading the output meter, 

remember you are looking for max¬ 
imum meter response rather than any 
particular amount of response. You 
do not care whether the output meter 
reads 10 volts, or 12 volts, or 25 volts, 
just so you get the maximum meter 
indication possible for any particular 
trimmer. Actually, a serviceman does 
not look at the meter scale, much less 
attempt to read the voltage during 
alignment. He just watches the meter 
pointer, and makes the adjustments 
for greatest movement of the pointer 
to the right. 
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Aligning AM Receivers 
Alignment of AM broadcast receiv¬ 

ers is usually not a difficult job. There 
is a definite sequence of adjustments 
that you must make, and certain pre¬ 
cautions that you must keep in mind, 
however, to align the receiver circuits 
quickly and accurately. For example, 
you should align the i-f amplifier sec¬ 
tion first. Then, you should adjust the 
oscillator, and finally the preselector 
section. Also, both the set and the sig¬ 
nal generator should be turned on for 
at least a half hour before you begin 
the alignment, so that the set can be 
aligned at its operating temperature. 
The heat produced by the set during 
operation may change the values of 
trimmers and other parts slightly. 
These points and others will be cov¬ 
ered in this section. 

I-F AMPLIFIER ALIGNMENT 

Suppose you are to align the tuned 
circuits of a typical AM receiver as 
shown in Fig. 7. The i-f amplifier is 
always aligned first. To do this, you 
must connect an output meter to the 
receiver, feed the correct i-f signal 
into the set, and adjust the trimmers 
for maximum output. This sounds 
easy, but there are a number of points 
to be considered. Let’s list them in 
order: 

1. How is the signal generator con¬ 
nected to the set? 
2. What output meter connections 

should be used? 
3. What is the i-f value of the re¬ 

ceiver? 
4. Where should the receiver tuning 

and volume control knobs be set? 
5. What should be done if a signal 

of the correct intermediate frequency 
does not result in any output? 

6. Where should the signal gener¬ 
ator attenuator controls be set? 

7. Where are the trimmer adjust¬ 
ments located? 

8. Is it necessary to adjust the trim¬ 
mers in any particular order? 

When you know the answers to the 
above questions, you will find any i-f 
alignment job on a broadcast receiver 
to be quite easy. 

Connecting the Signal Generator. 
The first thing to do is to connect the 
signal generator so it will feed a sig¬ 
nal into the input of the i-f amplifier. 
There are a number of points where 
you can make the connections, but 
there is no one best connection for 
all receivers. The method most often 
used is to clip the ground lead of the 
signal generator to the frame of the 
tuning capacitor, and the hot lead of 
the signal generator to the mixer con¬ 
trol grid circuit. The most convenient 
point for this connection is at the hot 
trimmer lead of C2 on top of the tun¬ 
ing capacitor gang. C2 is easy to lo¬ 
cate because it is over the preselector 
section of the gang, and the plates in 
this section are physically larger than 
those in the oscillator section. 

Frequently such a connection will 
result in so much hum from the loud¬ 
speaker that you will not be able to 
hear the modulation from the signal 
generator. The hum is caused by a 
difference in ac potential between the 
chassis (ground lead) of the signal 
generator and the receiver. It com¬ 
monly occurs in ac-dc and three-way 
portable sets. The hot signal generator 
lead is at the same potential as the 
signal generator chassis as far as 60-
cycle ac is concerned, and the hum gets 
into the set by way of the signal gen¬ 
erator hot lead. A small capacitor of 
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about .001 mfd or less will block out the 
60-cycle ac and permit only the i-f sig¬ 
nal to be fed into the set. You must 
solder one lead of the series capacitor 
to the hot lug of C2-C1. Another way 
to avoid this hum is to use an isolation 
transformer between the receiver and 
the power line. This is very satisfac¬ 
tory if such a transformer is available. 
Since these transformers have other 
uses, it is a good investment. 

Another method of reducing hum is 
to connect the signal generator to the 
antenna and ground terminals of the 
loop. These are abbreviated ANT and 
GND in Fig. 7. The coupling between 
the single turn LI to which the an¬ 
tenna and ground terminals connect, 
and L2 will block a signal with a low 
frequency such as 60 cycles, but will 
permit the i-f signal to be fed into the 
mixer input. This method is often used 
and is satisfactory if sufficient signal 
reaches the mixer to result in an out¬ 
put signal or reading. 

Some receivers do not have antenna 
and ground leads. Then you must clip 
the signal generator ground lead to 
the receiver chassis or to the frame 
of the tuning capacitor and place the 
jaws of the hot lead on the loop frame, 
over one or two loop wires. If these 
wires are insulated so there is no di¬ 
rect connection between the hot lead 

and the wires, the method is very 
satisfactory and easy to use. 

It is also possible to feed the signal 
into the plate circuit of the mixer 
stage without making a direct con¬ 
nection. This can be done by slipping 
a shield over the mixer tube, so that 
the shield does not ground to the chas¬ 
sis. Then, connect the hot lead of the 
signal generator to the shield and the 
ground lead to the receiver chassis. 
The capacity between the shield and 
the plate will induce a signal in the 
plate circuit. This method is com¬ 
monly used in TV and FM alignment. 
The coupling is so slight that the pri¬ 
mary of the first i-f transformer will 
not be loaded, and you can peak the 
trimmer without fear that the tuning 
will change when the shield is re¬ 
moved. 

In some cases, transformers Tl and 
T2 are so far out of alignment that a 
signal fed to the input of VT1 in Fig. 
7 will not pass through the amplifier 
and there will be no output. In this 
case you can roughly align the trim¬ 
mers, or you can align T2 with the 
signal generator first, and then align 
Tl. 

To align Tl and T2 to roughly the 
same frequency, when the transform¬ 
ers use trimmers, screw all four trim¬ 
mers up tight and then back each of 
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them off about one-eighth to one-
quarter of a turn. The circuits will be 
roughly tuned to about the correct fre¬ 
quency, and the signal generator will 
force the signal through the ampli¬ 
fier. Then the transformers can be ex¬ 
actly aligned to the correct i-f value. 
This method cannot be used on ampli¬ 
fiers having adjustable powdered iron 
cores in the i-f transformers because 
there is no way to preset these cores. 
In such a case, the i-f transformers 
must be aligned one at a time. 

If you want to align T2 by itself, 
first connect the ground lead of your 
signal generator to B—, and the hot 
lead either directly or through a small 
capacitor to the control grid of VT2. 
Then align T2 by peaking its trim¬ 
mers for maximum output. After the 
trimmers are peaked, feed the i-f sig¬ 
nal from the signal generator to the 
input of VT1 as previously described, 
and adjust the trimmers for T1 for 
maximum output. 

Connecting the Output Meter. 
The output meter connections have 
been previously described. Connect a 
vtvm or high resistance de voltmeter 
across the diode load, which is the 
volume control marked R5 in Fig. 7. 
The polarity of the hot terminal of 
R5 in this circuit will be negative with 
respect to its grounded end. 

Finding the I-F. The manufactur¬ 
er’s alignment instructions will always 
give the i-f value used in the receiver. 
If these instructions are not available, 
it is usually rather easy to find the 
proper i-f value. Connect the signal 
generator to the input of the receiver 
by any of the methods just described. 
Start with the signal generator tuned 
near 500 kc, and reduce its frequency 
slowly but steadily. The first signal 
that comes through the set when pro¬ 
ceeding from 500 kc downward is at 
or near the correct i-f value. In the 
past, intermediate frequencies of 175 

kc, 202 kc, 370 kc, 455 kc, 460 kc, 465 
kc, and 480 kc have been standard. If 
the value indicated by your signal 
generator is near one of these frequen¬ 
cies, you can shift to this standard fre¬ 
quency and proceed with the align¬ 
ment. If there is any doubt whether 
or not this is the correct signal to use, 
tune the receiver over a 20 or 30-kc 
range. If the signal varies or disap¬ 
pears, a signal generator harmonic is 
coming through the regular preselector 
channel. On the other hand, if the sig¬ 
nal strength remains about the same, 
the signal coming through is at the 
correct i-f value. 

The possibility of the signal gen-
erator harmonics beating with the lo¬ 
cai oscillator to produce an i-f signal 
that will go through the i-f amplifier 
can be troublesome. You can tune the 
receiver as suggested above, or you 
can stop the local oscillator by plac¬ 
ing your finger on the rotor and stator 
plates of the oscillator tuning capaci¬ 
tor. If the signal comes through un¬ 
changed, it is not due to a beat. How¬ 
ever, if the signal disappears or 
changes, a beat is involved, and you 
should tune the receiver to a point 
where this docs not occur. 

Setting the Receiver Controls 
and the Signal Generator Controls. 
When aligning the i-f section, tune 
the receiver to a point at the low-fre¬ 
quency end of the dial where a station 
does not come in and where the oscil¬ 
lator does not beat with the test 
signal or with its harmonics. Some 
servicemen stop the oscillator during 
the entire i-f alignment by soldering 
a wire across the oscillator tuning ca¬ 
pacitor, or by slipping a metal screw¬ 
driver blade between the oscillator 
tuning capacitor plates. If you use the 
latter method, you must be careful 
that you do not permanently spring 
the plates out of position so that they 
need to be restraightened. 
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The receiver volume control can be 
set wide open or turned all the way 
off. Most servicemen leave the volume 
control wide open, because they want 
to hear the signal generator modula¬ 
tion during alignment. The loudness of 
the sound is then controlled with the 
signal generator attenuator. This is a 
good procedure, because it will prevent 
you from feeding too much energy 
into the receiver. Generally, you will 
keep the sound down to a point where 
it can barely be heard. Only a small 
amount of energy is entering the i-f 
amplifier and, therefore, the amplifier 
will not be overloaded. 

Finding the I-F Adjustments. 
The next problem is to find the i-f ad¬ 
justments. In practically all ac-dc 
sets, the trimmers are on top of the 
i-f shield cans, as shown in Fig. 8. If 
slug-tuned i-f transformers are used, 

one adjustment will be on top and one 
on the bottom of each can. In a few 
very old sets, the i-f trimmers are not 
in the shield cans, but are located 
nearby. They can be found from the 
manufacturer’s service information, or 
by tracing the wiring. 
The trimmer capacitors need not 

be adjusted in any particular order, 
and you do not need to know which 
trimmer tunes the primary and which 
tunes the secondary. During align¬ 
ment you will go over the adjustments 
a number of times. The actual align¬ 
ment of the i-f amplifier is a very sim¬ 
ple matter. 

With the output meter and the sig¬ 
nal generator properly connected, and 
the correct i-f signal coming through 
the amplifier to produce sound in the 
loudspeaker and an output indication 
on the meter, adjust the trimmers one 

HG. 8. lop of a typical ac-dc chassis, showing the location of the various trimmers. 
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at a time in any order to increase the 
receiver sensitivity. As the gain in¬ 
creases, the output also increases. 
Turn the signal generator attenuators 
down so the sound does not become 
unpleasantly loud and so the ac volt¬ 
age remains near its original value. 
When you have peaked each trimmer, 
go over all the adjustments again to 
see if a further improvement can be 
made. When no further adjustment 
will increase the output of the i-f am¬ 
plifier section, the trimmers are prop¬ 
erly peaked and the adjustments 
should not be touched again. 

To sum up, the following are the 
points to watch when aligning an i-f 
amplifier in an AM broadcast re¬ 
ceiver: 

1. Feed the signal generator into 
the amplifier in such a way that hum 
does not occur. 
2. Tune the receiver to a point 

where a station is not received and 
where the local oscillator does not beat 
with harmonics of the signal genera¬ 
tor to produce an i-f signal. 

3. Determine the correct i-f value 
from the manufacturer’s instructions 
or experimentally. 

4. Reduce the signal generator out¬ 
put as the receiver sensitivity in¬ 
creases. Use just enough signal so the 
output can be identified. 
5. Do not touch the tuning knob 

of the signal generator once you have 
started alignment. If you do so, it is 
very likely that you will not be able 
to reset the knob to the same position, 
and you will have to realign the entire 
i-f amplifier section. 

6. Go over all adjustments at least 
twice to overcome any interaction 
between them. 

7. When the i-f trimmers have been 
peaked, do not touch the adjustments 
again. 

ALIGNING A VARIABLE 
SELECTIVITY 

I-F TRANSFORMER 

In a high-fidelity receiver, the i-f 
stages are designed to pass a wide 
band of frequencies. This is usually 
accomplished by the use of critical 
coupling between the primary and 
secondary coils of the i-f transformer. 
However, a wide pass band is not de¬ 
sirable in a receiver intended also to 
pick up distant stations located on the 
dial near powerful local stations. 
Therefore, such receivers have a con¬ 
trol of selectivity from peak to near 
flat response. Several methods for ob¬ 
taining variable selectivity are shown 
in Fig. 9. Although they are not found 
in the latest high-fidelity sets, where 
special tuners operating in the FM 
bands are generally used, there are 
many in old AM receivers still in use, 
and you should know how to align 
them. 

Elsewhere in the course you will 
learn to use a cathode-ray oscilloscope 
for band-pass alignment. This visual 
method allows you to see the resonant 
response curve of the rf system. In 
this lesson, however, we will consider 
only systems in which a peak adjust¬ 
ment is made in the peak position of 
the system, and band-passing is auto¬ 
matically obtained when the switch 
is placed in the high-fidelity position. 
When you have to align a receiver 
containing a variable coupling i-f 
transformer, set it for selective recep¬ 
tion, and align the section for maxi¬ 
mum output. 

Fig. 9A shows a double-tuned reso¬ 
nant transformer with variable cou¬ 
pling between primary coil LI and 
secondary coil L2. To make a peak 
alignment, set the control for mini¬ 
mum mutual inductance and adjust 
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FIG. 9. Several examples of methods used for variable selectivity. 

the trimmers for maximum output. 
Band-pass action is produced auto¬ 
matically as the control is adjusted 
for increased M (highest magnetic 
flux linkage between the windings). 

When a critically-coupled, double 
resonant circuit is peaked, the re¬ 
sponse may be made broad by load¬ 
ing the circuits with resistance. A 
third winding, shown in the circuit 
of Fig. 9B, is sometimes used to intro¬ 
duce loss, which is equivalent to 
loading the transformer with a re¬ 
sistor. When R is zero, coil L3 is 
short-circuited and, through mutual 
coupling, acts as a load on both tuned 
circuits, giving broad response. When 
R is at its maximum resistance value, 
negligible loading exists, and the 
circuits can operate with peak re¬ 
sponse. 

To align an i-f stage with this i-f 
transformer, set R at its maximum 
value, and adjust both trimmers for 
maximum output. Band-pass action 
is then obtained by decreasing the re¬ 
sistance of R. 

The circuit shown in Fig. 9C is a 

similar band-pass circuit. In this ex¬ 
ample, there are three resonant cir¬ 
cuits, Ll-Cl, L2-C2, L3-C3. When 
C3 is properly adjusted, the third 
winding introduces reactance into the 
other two circuits, so as to provide 
double peak response. Increasing the 
resistance of R reduces this apparent 
detuning of input and output reso¬ 
nant circuits, and returns the system 
to peak response. Note that this i-f 
transformer has three trimmers 
mounted on it. Do not, however, mis¬ 
take a combination AM-FM i-f trans¬ 
former for one of these. We will take 
up alignment of combination AM-FM 
receivers later. 

To adjust the circuit, set R at max¬ 
imum resistance, and adjust trimmer 
capacitors Cl and C2 for maximum 
output. Reset R for minimum or zero 
resistance, and adjust C3 for minimum 
output. 

Some receivers have a fidelity con¬ 
trol with two positions, a selective 
position and a high-fidelity position. 
Two such circuits are shown in Figs. 
9D and 9E. In both circuits, the seiec-
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tive reception is obtained in position 
1 ; so use this position for peak align¬ 
ment. 

With the switch shown in Fig. 9D 
in position 2, coil turns LM are added 
in the Ll-Cl circuit, lowering the reso¬ 
nant frequency of the primary cir¬ 
cuit. The primary current flowing in 
LM and closely coupled to L2 is out 
of phase with the secondary current. 
The out-of-phase current reduces the 
flux in L2, reduces its inductance, and 
increases the resonant frequency of 
the secondary circuit. This produces 
double-peak response automatically 
by resonating one circuit above and 
the other circuit below the i-f peak 
value. 

Tn the circuit shown in Fig. 9E, with 
the switch in position 1, C3 is shorted 
and capacitor C4 is inactive; the cir¬ 
cuit is then peaked. With the switch 
set in position 2, 03 is in series with 
Cl, which reduces the circuit capacity, 
and increases the resonant frequency. 
At the same time, C4 shunts C2, and 
thus reduces the resonant frequency 
of the secondary. This provides double 
peak response. 

PRESELECTOR AND 
OSCILLATOR ADJUSTMENTS 

One purpose of aligning the pre¬ 
selector and the oscillator in any radio 
receiver is to make stations come in at 
the proper dial settings. Thus, you 
should make certain the dial pointer 
is correctly set before aligning this 
section of the receiver. With the tun¬ 
ing capacitor plates fully meshed, the 
pointer should be directly over the 
marker to the left of 55 (550 kc), if 
the scale runs from left to right. The 
general procedure is to turn the tuning 
capacitor shaft until the plates are 
fully meshed. Then slip the pointer 
along the cord so that it is over the 
last mark at the low-frequency end 

of the dial as shown in Fig. 10. If 
there is danger that the pointer may 
shift, seal it in place with a drop of 
fingernail polish. The same procedure 
is used on FAI and short-wave re¬ 
ceivers. On multiband sets, the adjust¬ 
ment is made on only one band, gen¬ 
erally the broadcast band. 
Now let us discuss the trimmer 

alignment procedures for the oscillator 
and preselector sections in an ordinary 
ac-dc set. We will discuss the align¬ 
ment of sets using slug tuning and 
padder and wave trap adjustments 
later. 

Trimmer Adjustments. The os¬ 
cillator trimmer capacitor shown on 
the tuning capacitor in Fig. 8 is ad¬ 
justed to bring in a high-frequency 
signal at the correct dial setting. Then 
the preselector trimmer is adjusted for 
maximum output at a somewhat lower 
dial setting. 

Servicemen generally use broadcast 

SHAFT 

FIG. 10. With the tuning capacitor fully 
closed, the dial pointer should he over 
the first mark at the low-frequency end 

of the scale. 

stations rather than a signal gen-
erator for setting the padders and 
trimmers in tuners of broadcast sets. 
If you have a station near you in the 
high-frequency end of the dial near 
1500 kc, and another station near 600 
kc, your signal generator is necessary 
only to identify the stations. 

If you can definitely identify the 
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HG. 11. How lo place a test loop with respect to the receiver loop when using it 
for alignment. 

station, tune it in and proceed to align 
the oscillator. However, if you are 
not able to identify the high frequency 
station, connect the signal generator 
to the receiver input, tune in what you 
believe to be a station operating at 
or near 1500 kc, and then swing your 
signal generator tuning knob back and 
forth across this frequency. If the 
modulated 1500-kc signal from your 
signal generator comes in at the same 
place as the station program, you 
know the frequency of the station and 
can proceed to use it as a signal source 
when aligning the set. 

Of course, you can use your signal 
generator to align the oscillator and 
preselector instead of using broadcast 
stations. There are several ways in 
which the instrument can be con¬ 
nected. For example, the signal gen¬ 
erator can be connected to the receiver 
by attaching the ground lead to the 
receiver chassis or B—and the hot 
lead to the loop frame. It should not 
be necessary to have the hot lead in 
direct contact with the loop. If the 

receiver has antenna and ground ter¬ 
minals, the signal generator leads may 
be connected to them. If in such a case 
you use the signal generator for the 
complete alignment, be sure to touch 
up the preselector trimmer when the 
receiver is connected to its antenna 
and a station is tuned in. This slight 
readjustment will eliminate the detun¬ 
ing effect of the signal generator on 
the tuned circuit and will give the best 
results with that particular antenna. 

Another method of feeding the sig¬ 
nal generator output to the set is to 
radiate a signa] into the receiver loop 
antenna. This can be done by con¬ 
structing a loop consisting of a few 
turns of wire on a cardboard form, 
and connecting the two leads of the 
loop thus formed to the signal genera¬ 
tor. A loop discarded from an old 
receiver but not open will be satisfac¬ 
tory to use for this purpose. Fig. 11 
shows how the test loop should be 
placed with respect to the receiver 
loop. Energy radiated from the test 
loop will be picked up by the loop an-
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tenna of the set being aligned. Keep 
the test loop at least several inches 
from the receiver loop so as not to 
introduce undesired reactance into 
the receiver circuits being aligned. Do 
not change the relative positions of 
the receiver loop and the test loop 
after you start the alignment. 

If the receiver loop is not mechani¬ 
cally fastened to the chassis, place it 
so that it is in about the same posi¬ 
tion as when the receiver is in its 
cabinet. 

To adjust the receiver circuits using 
a station signal, you will have to 
measure the avc voltage. To do this, 
connect a de voltmeter across the di¬ 
ode load. It is not satisfactory to mea¬ 
sure the audio signal at the voice 
coil leads, because the strength of the 
modulating signal from the station 
will vary constantly, and it will be 
impossible to tell when the set is 
aligned for maximum sensitivity. 

After you have a signal, either from 
a broadcast station or from your sig¬ 
nal generator, at the receiver input 
and the output meter connected prop¬ 
erly, you can proceed to adjust the 
oscillator and preselector trimmers. To 
set the receiver oscillator, tune the 
receiver to a station at the high-fre¬ 
quency end of the dial, around 1500 
kc. If you are using your signal gen¬ 
erator, set both the receiver and the 
signal generator at 1500 kc. Adjust 
the oscillator trimmer so the signal is 
picked up. If you are able to pick up 
the signal at two settings of the oscil¬ 
lator trimmer, use the one having less 
capacity (the plates open wider). 

Now tune to a signal 100 or 200 kc 
lower in frequency, and adjust the 
preselector trimmer for maximum in¬ 
dication on the output meter con¬ 
nected across the diode load. 

Next, check the tracking by tuning 
the receiver and signal generator to 
the low-frequency end of the band, 

around 600 kc. If available, a broad¬ 
cast station can be used. Adjust the 
preselector trimmer tn see if it is 
peaked. If it is within % of a turn 
of peak output, the oscillator and pre¬ 
selector are tracking as well as can be 
expected. However, if you have to 
tighten the screw on the preselector 
trimmer capacitor a large amount, the 
i-f is too low for the particular prese¬ 
lector and oscillator coils being used. 
You can go back over the i-f align¬ 
ment and increase the i-f 5 or 10 kc. 
Then, when you readjust the oscilla¬ 
tor and preselector trimmers at the 
high end, you should find the tracking 
improved at the low end. 

Of course, if you have to loosen 
the preselector trimmer excessively 
when checking the tracking at the low 
end, the i-f is too high and should be 
lowered. Remember that this applies 
only to sets using specially cut oscil¬ 
lator plates. In the vast majority of 
these receivers, correct tracking will 
be obtained the first time if the i-f 
amplifier has been aligned to the fre¬ 
quency specified by the manufacturer. 

This completes the alignment on sets 
that do not use the low-frequency os¬ 
cillator padder or slugs in the cores^of 
the oscillator and rf coils. 

Padder and Permeability Adjust¬ 
ments. The preliminary trimmer ad¬ 
justments of receivers containing a 
slug-tuned oscillator coil or a padder 
capacitor are the same as described 
in the preceding section. The trim¬ 
mers in the oscillator and preselector 
sections are adjusted first at the high-
frequency end of the dial. Then, the 
nadder capacitor or the permeability 
adjustments are made with the re¬ 
ceiver tuned to the low-frequency end. 
around 600 kc. These adjustments, 
usually called 600-kc rocking adjust¬ 
ments, are used primarily to improve 
the preselector and oscillator tracking 
at the low-frequency end of the dial. 
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Fig. 12 shows a circuit using slug 
tuning in the oscillator coil and in 
the i-f transformers. The symbol on 
the diagram of three parallel lines with 
arrows through them is one method of 
indicating an adjustable core. 
Capacitors Cl and C3 are the gang 

tuning capacitors, C2 is the rf or pre¬ 
selector trimmer, and C4 is the oscil-

FIG. 12. Slug tuning in the oscillator 
coil and i-f transformer. 

lator trimmer. C5 and C6 are fixed 
capacitors; the i-f transformer is 
peaked by means of the adjustable 
cores. Coil L2 capacity-couples the 
oscillator grid to the oscillator coil. It 
serves the same purpose as capacitor 
C5 in Fig. 7. 

Fig. 13 shows an oscillator circuit 
similar to that used in Fig. 12, except 
that instead of slug tuning in the os¬ 
cillator coil, there is a padder capaci¬ 
tor, C7, in series with the oscillator 
tuning capacitor C3 and the coil L3. 
Although the padder adjustment is 
rarely used in sets manufactured to¬ 
day, you may find it in some of the 
older sets, so you will need to know 
how the adjustments are made. 

The 600-kc Rocking Adjustment. 
After you have adjusted the oscillator 
and preselector at the high-frequency 
end of the dial, there will usually be a 
small amount of mistracking at the 
low-frequency end. You cannot adjust 
the preselector to compensate for the 
tracking error, because any adjust¬ 

ment you make will also change the 
preselector tracking at the high-fre¬ 
quency end of the dial. In receivers 
using padders or slug adjustment, 
however, the oscillator frequency can 
be changed at the low-frequency end 
of the dial without appreciably affect¬ 
ing the high-frequency dial setting. 

The preselector will be tuned to ex¬ 
actly 600 kc at only one dial setting. 
Your job is to locate this correct set¬ 
ting so that you can make the oscil¬ 
lator adjustment at this point. When 
both the oscillator and the preselector 
are tuned to this same setting, they 
will track at both the high-frequency 
end and the low-frequency end of the 
dial. 

You could turn the dial to 600 kc, 
and adjust the padder or slug so that 
a signal of 600 kc would come in at 
exactly that dial point. However, if 
you made the adjustment in this man¬ 
ner, you would not get all the possible 
gain at the low frequencies. Instead, 
you should try many dial settings to 
find the point at which the preselector 
is tuned to 600 kc. Let us see how to 
do this. 

Pick up a station at 600 kc. or a 

FIG. 13. The circuit in Fig. 12 may use 
a padder capacitor. C7, as shown above, 

instead of slug tuning. 

signal from your generator at or near 
600 kc. Use a slightly higher signal gen¬ 
erator frequency if there is an inter¬ 
fering station at 600 kc. Connect your 
output meter across the diode load and 
note the meter reading. Now tune the 
receiver to a frequency slightly higher 
or lower (about 5 kc) and adjust the os¬ 
cillator padder or slug for maximum 
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output. If the output meter reading 
increases, the preselector is tuned 
nearer to the desired frequency. If the 
reading decreases, you have tuned the 
preselector away from the desired fre¬ 
quency by adjusting the dial. Con¬ 
tinue turning the knob and readjusting 
the oscillator low-frequency padder or 
slug until you get no further improve¬ 
ment in output reading. Now, the os¬ 
cillator and preselector are tracking 
each other perfectly at the low fre¬ 
quencies, regardless of the actual dial 
reading. 

This does not complete the adjust¬ 
ment, however. The variation in the 
oscillator tuned circuit at the low 
frequencies will have some effect on 
the high frequencies, and will cause 
mistracking between the oscillator, the 
preselector, and the dial at the high 
end. Return the dial and signal gen¬ 
erator setting to the high-frequency 
adjustment spot. Do not touch the 
preselector adjustment. Tune to the 
correct dial setting, and adjust the os¬ 
cillator high-frequency trimmer until 
the signal comes in. Return to the 
low-frequency spot, and go through 
the oscillator low-frequency adjust¬ 
ment again. Continue making the two 
adjustments at the high- and low-
frequency ends of the dial until you 
find that the low-frequency adjust¬ 
ment does not make necessary a read¬ 
justment of the oscillator high-fre¬ 
quency trimmer. When this occurs, the 
oscillator and preselector are tracking 
each other over the tuning range of 
the receiver and are exactly tracking 
the dial at the high frequencies. Any 
mistracking at the low-frequency end 
of the dial will be slight and can be 
ignored. 

Instead of shifting the dial setting 

a few kilocycles at a time when ad¬ 
justing the oscillator at low frequen¬ 
cies, you can “rock” the dial as follows. 
Turn the receiver tuning knob slowly 
and continuously back and forth 
across the setting of the desired sig¬ 
nal, first turning the oscillator adjust¬ 
ment in, noting the output reading, and 
then turning it out. As the output 
reading increases, you decrease the 
movement of the tuning knob until it 
comes to rest at the point of the max¬ 
imum output. Either method is satis¬ 
factory. Use the one that is easiest 
for you. 

The following are the steps to take 
in adjusting a receiver having a pad¬ 
der capacitor or slug tuning in the os¬ 
cillator circuit: 

1. Adjust the oscillator and prese¬ 
lector trimmer capacitors at or near 
1500 kc. 
2. Tune to about 600 kc, rock the 

receiver tuning knob, and adjust the 
oscillator padder or slug for maximum 
output. 

3. Reset the oscillator trimmer to 
track the dial at the high frequency 
in use. 

4. Repeat Steps 2 and 3 only until 
no further improvement is noted. 

Wave-Trap Adjustment. The last 
step in receiver alignment is adjust¬ 
ment of the wave trap. If you find 
from the schematic that there is a 
wave trap, you will find the ad¬ 
justment on the chassis near the an¬ 
tenna coil. Connect the signal genera¬ 
tor to the antenna and ground ter¬ 
minals of the receiver, and feed the i-f 
signal into the set. Then adjust the 
wave trap to give minimum response 
on the output meter. This completes 
the alignment of the standard AM 
broadcast receiver. 
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Aligning FM Receivers 
The alignment procedures for an 

EM receiver are similar to those for 
an AM receiver. It is standard prac¬ 
tice to align the i-f amplifier of an 
FM receiver before the preselector 
and oscillator circuits. The main dif¬ 
ference is the additional adjustments 
in the FM detector that are not found 
in the AM detector. These must be 
made after you have aligned the i-f 
section. 
Two different types of detectors 

have been widely used in FM receiv¬ 
ers. These are the ratio detector and 
the discriminator shown in Figs. 14 
and 15. These two detectors have been 
covered in earlier lessons, and you 
should be familiar with their opera¬ 
tion. You should remember that when 
the discriminator is used alone, it will 
pass noise pulses, while the ratio de¬ 
tector is relatively insensitive to noise 
pulses in the received signal. To avoid 
noise when a discriminator is used, the 
signal is applied to the discriminator 
through a limiter stage, which clips 
off any peaks on the FM signal. 

I-F AMPLIFIER— 
FM DETECTOR ALIGNMENT 

The basic procedures for aligning 
the i-f amplifier section of an FM re¬ 
ceiver are essentially the same, re¬ 
gardless of whether the set uses a 
discriminator or a ratio detector. The 
procedures for adjusting the detectors 
vary. We will first consider discrim¬ 
inator alignment, then we will discuss 
ratio detector alignment. 

You can tell whether a set uses a 
discriminator or a ratio detector be¬ 
cause in the ratio detector, one out¬ 
side lead of the last i-f transformer 
secondary connects to a diode plate, 
and the other connects to a diode 
cathode, but in the discriminator both 
outside transformer leads connect to 
diode plates. 

The frequencies used in aligning an 
FM receiver are much higher than 
those used in an AM set. Therefore, 
small variations in the receiver and 
signal generator oscillator frequencies 
will affect FM alignment more than 

FKk 14. Au I'M discriniinutor circuit. 
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AM alignment. It is very important 
that you turn both the receiver and 
signal generator on for at least thirty 
minutes before you make any adjust¬ 
ments. 

Discriminator Alignment. In most 
FM receivers, the i-f section up to the 
input of the limiter tube is aligned 
first, then the output of the limiter 
and the input of the discriminator are 
aligned as a separate step. 

In many cases, FM receivers use 
tuned circuits that are loaded by 
resistors. Hence, they have a broad 
peaked response. For this reason, it is 
possible to align an FM receiver by 
using a standard signal generator, the 
same kind you would use on an AM 
receiver, as long as it covers the re¬ 
quired frequency band. 

Since the trimmer adjustments are 
relatively broad, you must have some 
means of indicating the output. This is 
done by measuring the limiter grid 
current. The limiter grid current is 
used for two reasons. First, the limiter 
grid current varies directly with the 
signal strength. Secondly, since the 
limiter draws a grid current of 50 mi¬ 
croamperes or more when stations are 
tuned in, it loads the preceding re¬ 
sonant circuits. By feeding a signal 
from a signal generator into the set 
during alignment, it is possible to 
duplicate this loading. You would, 
therefore, measure the limiter grid 
current to be sure it is normal and to 
make sure the limiter input circuit is 
properly aligned. 
A recommended output indicator is 

a microammeter having a range of 
about 200 microamperes. If one is 
available, it can be inserted in the grid 
return circuit at the point marked X 
in Fig. 14. It should be bypassed by 
a ,05-mfd capacitor. 
Instead of measuring the limiter 

grid current, you can use a vacuum 
tube voltmeter or a 20,000 ohm-per-

volt multimeter to measure the voltage 
drop across resistor R caused by 
the limiter grid current. The voltage 
should be at least .00005 (50 micro¬ 
amperes) times the resistance of R in 
ohms. Connect the positive meter 
probe to the ungrounded end of resis¬ 
tor R. 

For alignment, the signal generator 
is connected to the receiver by any of 
the methods described for broadcast 
AM receivers. Making the connection 
to an ungrounded shield placed over 
the mixer tube is very satisfactory. 

After connecting the signal gener¬ 
ator and the output meter to the set, 
align the i-f amplifier section. Tune 
the signal generator to the i-f of the 
set; this is generally 10.7 me. Adjust 
the i-f transformers for maximum 
meter reading. Reduce the signal gen¬ 
erator output if the grid current ex¬ 
ceeds the range of your output 
indicator. When you reach the limiter 
input, be sure that at least 50 micro¬ 
amperes of current is flowing before 
you adjust the trimmers corresponding 
to Cl and C2 of Fig. 14. 

If the i-f amplifier is so badly out 
of alignment that you cannot get an 
output indication, start with the hot 
probe of the signal generator con¬ 
nected to the control grid of the last 
i-f tube (the one just ahead of the 
limiter), and then work back a stage 
at a time, aligning each stage as you 
go. Finally, you can make an over-all 
i-f alignment from the mixer to the 
input of the limiter. You cannot preset 
the trimmers as in the i-f amplifier 
of an AM receiver, because a slight 
variation in the adjustment of the 
trimmers will cause such a wide varia¬ 
tion in tuning that the signal may not 
go through the amplifier. 
When the i-f amplifier has been 

aligned satisfactorily, remove the out¬ 
put indicator from the limiter stage. 
If you used a microammeter in the 
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grid circuit, remove the meter and re¬ 
solder the circuit connections. 

You are now ready to adjust the 
output of the limiter and the input 
of the discriminator. Leave the signal 
generator connections and its fre¬ 
quency setting just as they were for 
the limiter and the i-f adjustments. 
You will need either a vacuum tube 
voltmeter or a high resistance multi¬ 
meter as an output meter. Connect 
your meter between point A and 
ground in Fig. 14, with the negative 
probe at point A. Then, adjust ca¬ 
pacitor C3 for maximum meter read¬ 
ing. 

Remove the meter probes from the 
circuit, and adjust the zero set on the 
meter so that the pointer reads center 
scale. This center-scale reading then 
corresponds to zero voltage. Read¬ 
ings to the left correspond to negative 
voltages; those to the right correspond 
to positive voltages. Connect the neg¬ 
ative meter probe to point B and the 
positive probe to ground. 

Now adjust capacitor C4 for zero 
reading on the output meter or for a 
reading as close to zero as possible. 
Remember, zero is now in the center 
of the meter scale. Theoretically, the 
reading should decrease to zero, but 
if it does not, use the adjustment giv¬ 
ing the lowest meter reading. This 
completes the i-f, limiter, and discrim¬ 
inator adjustments, and none of these 

trimmers should be touched again. 
Ratio-Detector Alignment. In a 

set using a ratio detector, a limiter 
stage is not generally used. In align¬ 
ing such a set, all the i-f amplifier 
adjustments are set for maximum out¬ 
put before the secondary of the ratio¬ 
detector transformer is adjusted. 

An output meter must be used when 
peaking the i-f amplifier trimmers. A 
vtvm connected across electrolytic 
capacitor C7 is ideal. A 20,000 ohm-
per-volt voltmeter is also satisfactory, 
but it is not as good as a vtvm because 
it cannot be adjusted for center-scale 
zero readings. The polarity of the test 
leads of the meter should be the same 
as that marked on capacitor C7. Use 
a modulated signal from your signal 
generator, and connect the output of 
the signal generator to the receiver as 
described for AM receivers or feed the 
signal in by placing an ungrounded 
shield over the mixer tube. 

Set the attenuator control on the 
signal generator for about 3 volts 
across C7, and adjust the various 
trimmers for maximum output volt¬ 
age. As the sensitivity of the receiver 
increases, as indicated by a rising volt¬ 
age, reduce the signal generator output 
until there is approximately 3 volts 
across capacitor C7. 

This completes the alignment of the 
i-f amplifier, and only the secondary 
of the ratio detector transformer 

2ND I-F 

FIG. 15. A ratio detector circuit. 
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(T2) needs to be adjusted. One way 
of doing this is shown in Fig. 15. To 
use this method, connect two 100,000-
ohm resistors, RI and R2, into the cir¬ 
cuit as shown by dotted lines in Fig. 
15. Connect the meter between point C 
and ground, and adjust the secondary 
of the ratio-detector transformer. 
There may be a trimmer adjustment, 
such as C5 in Fig. 15, or there may be 
an adj astable slug. Whichever it is, ad¬ 
just it for zero voltage. This completes 
the i-f alignment. Remove resistors RI 
and R2 from the circuit. 

Tt is not necessary to use an output 
meter or to install the two resistors 
when adjusting the secondary of a 
ratio-detector transformer. Most serv¬ 
icemen make this adjustment simply 
by turning file adjustment screw or 
slug until the audio modulation dis¬ 
appears or is at a minimum. There 
will be two or more points at which 
audio output is lower. However, you 
can recognize the correct point, be¬ 
cause as you approach it, the output 
drops rapidly; also, the output at the 
correct point is much lower than at 
any incorrect point. 
When adjusting the trimmers or 

cores of the first and second i-f trans¬ 
formers (not the ratio detector trans¬ 
former T2 in Fig. 15) some manufac¬ 
turers suggest alternate resistor loading 
of the windings to provide accurate 
observation of the peaks. Tn general, 
this is not necessary and need not be 
done unless the manufacturer specif¬ 
ically suggests it, and unless you find 
that adjusting one winding upsets 
the adjustment of the other winding 
on the same transformer. If the trans¬ 
former windings are over-coupled, the 
adjustment of one winding will upset, 
the adjustment of the other. 
When the alternate loading method 

is used, a resistor of about 680 ohms 
is put in to load the plate winding of 
a transformer, while the grid winding 

of the same transformer is being 
peaked. Then the grid winding is 
loaded with the resistor while the 
plate winding is peaked. Only one 
winding is loaded at any one time. 
The resistor is installed in the circuit 
by temporarily soldering it to the 
transformer terminals or across the 
transformer leads. Be sure to remove 
the 680-ohm resistor after you have 
aligned the first two i-f transformers. 
It is not used when adjusting the 
transformer feeding the detector. 

While you are aligning the i-f am¬ 
plifier section of an FM set, you must 
not touch the signal generator tuning. 
If you shift the signal generator fre¬ 
quency during i-f alignment, you will 
have to repeat the entire process from 
the beginning. 

FM PRESELECTOR-OSCILLATOR 
ALIGNMENT 

The oscillator and preselector sec¬ 
tions of an FM receiver are aligned 
in much the same way as those in an 
AM receiver. As in an AM receiver, 
the oscillator is adjusted to bring in 
a station near the high-frequency end 
of the dial. This would be approxi¬ 
mately 106 me for FM. The preselec¬ 
tor trimmers are adjusted for maxi¬ 
mum output at the same frequency. 
If any low-frequency adjustments are 
required in the preselector, they can 
be made in the vicinity of 90 me. 
These signal frequencies compare to 
the 1500-kc and 600-kc signals used 
in an AM receiver. 

Signal Generator Connections. 
The signal generator connections to 
the antenna input terminals of an FM 
receiver must be made through a 
dummy antenna to place the proper 
load on the receiver input circuit. The 
dummy antenna is made by connect¬ 
ing resistors to the receiver antenna 
terminals. If the receiver uses dual 
antenna posts, as shown above in Fig. 
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16, connect a 150-ohm carbon resistor 
in series with each of the leads of the 
signal generator. On the other hand, 
if the set uses an antenna terminal 
and a chassis ground, as shown below, 
connect a 300-ohm carbon resistor in 
series with the hot signal generator 
lead and the receiver antenna ter¬ 
minal; connect the ground lead of the 
signal generator directly to the re¬ 
ceiver ground terminal. 

additional rf trimmer capacitor ad¬ 
justment to make on the gang tuning 
capacitor. This is of little importance, 
because all the trimmers in the pre¬ 
selector section are adjusted for max¬ 
imum output at the same frequency, 
approximately 106 me. 

Unless the manufacturer’s instruc¬ 
tions state otherwise, you can assume 
that the oscillator frequency is higher 
than that of the preselector. Conse-

ÎO MIXER 

TO MIXER 

I IG. 16. Signal generator connections to 
lhe antenna terminals of an FM receiver 
are made through a dummy antenna. If 
the receiver uses dual antenna terminals, 
a 150-ohm carbon resistor is used in 
series with each signal generator lead 
as shown above; if it uses one antenna 
terminal and a chassis ground, connect a 
300-ohm carbon resistor in series with the 
hot signal generator lead as shown below. 

Output Meter Connections. The 
output meter connections are made at 
the same points in the receiver as for 
aligning the i-f section of the receiver. 
That is, if the set uses a discriminator, 
the output meter should be connected 
to measure the limiter grid current or 
the voltage from point A to ground 
in Fig. 14, and if it uses a ratio detec¬ 
tor, the meter should be placed across 
the detector electrolytic capacitor, and 
the adjustments made for maximum 
voltage at this point. 
Many FM receivers have an addi¬ 

tional stage of rf amplification in front 
of the mixer. In that case, there is an 

quently, if in adjusting the trimmer, 
you find maximum output at two 
points, use the one where the capacity 
is lower. 

In a few cases, the manufacturer 
may suggest an adjustment of the pre¬ 
selector and oscillator coils at the 
low-frequency end of the dial to im-
prove the tracking. Padders are not 
used, and the adjustment is made by 
spreading or squeezing together the 
few turns of which these coils are com¬ 
posed. If you carry out this part of 
the alignment procedure, you will 
find that a tuning wand is a time 
saver. 
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As you learned earlier, if the cir¬ 
cuit is correctly aligned the receiver 
output will always decrease when you 
insert the wand in the coil, regardless 
of which end of the wand you insert. 
However, if the output increases when 
you insert the brass end, less induc¬ 
tance is required, and you should 
spread the coil turns apart slightly. 
Make the adjustment and recheck 
with the tuning wand. If inserting the 
end containing the powdered iron core 

causes the output to increase, more 
inductance is required, and you will 
have to squeeze the coil turns together 
a slight amount. 

After the coils are adjusted, you 
should then go back and readjust the 
oscillator and preselector trimmers at 
106 me. Then return to 90 me and re¬ 
check the coils. When further adjust¬ 
ment does not result in any improve¬ 
ment, you know the receiver is prop¬ 
erly aligned. 

Special Receivers Aligning 
In preceding sections of this lesson, 

we have given alignment instructions 
for each section of AM and FM re¬ 
ceivers, and have pointed out some of 
the variations you will find in the 
alignment procedures. Now we will 
describe how to align combination 
AM-FM sets and all-wave AM sets. 
You will learn how to avoid excessive 
interaction between the tuned circuits 
during alignment. Also, you will find 
out how to do the job in the least time. 

COMBINATION AM-FM 
RECEIVERS 

Because the two bands in an AM-
FM receiver use separate i-f trans¬ 
formers. there is little interaction be¬ 
tween the 10.7-mc i-f of the FM sec¬ 
tion of the receiver and the relatively 
low i-f in the AM section. There is a 
slight interaction of adjustments on 
the tuning capacitor between AM and 
FM, however, even though separate 
timing capacitor sections and trimmers 
are used for each band. If a large 
amount of adjustment is required in 
any circuit, all other adjustments 
should be checked in the following 

order, unless the manufacturer’s in¬ 
structions suggest some other proce¬ 
dure. 

1. FM i-f amplifier and detector 
adjustments. 

2. AM i-f amplifier adjustments. 
3. AM oscillator and preselector 

adjustments. 
4. FM oscillator and preselector 

adjustments. 
The procedures to use in the various 

sections were discussed in detail ear¬ 
lier in this lesson. Therefore, we will 
not go through them again here. Fol¬ 
low the instructions, and you should 
have no trouble aligning an AM-FM 
set. There are a few additional points 
that you will need to know, such as 
where to set the band switch and how 
to identify the various adjustments. 
Let us discuss these now. 
When making adjustments, the 

band switch must be set to the band 
being aligned. Ignore the trimmers or 
core adjustments for the other band. 

If possible, get the manufacturer’s 
instructions so you can identify the 
various trimmers. However, even if 
you cannot get the manufacturer’s 
instructions, you can soon tell which 
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trimmers are used in which band be¬ 
cause only those used in the band to 
which the switch is set will peak. For 
example, if you start the alignment on 
FM, you will find that only some of 
the trimmers will peak. You will know 
that all other trimmers on i-f cans are 
for the AM section. You can identify 
the oscillator and preselector trimmers 
in the same way. 

You can identify the adjustment for 
the secondary of the detector trans¬ 
former in the FM section because it 
is the only one on which the output 
meter will swing either positive or 
negative from zero. If you are using 
a modulated signal, this adjustment is 
the one which will give the minimum 
sound output. The sound in the output 
will increase as you adjust the trim¬ 
mer to either side of the zero adjust¬ 
ment point. 

If you have to identify the various 
adjustments in this manner, it is a 
good idea to make a rough sketch to 
identify them so that you will not 

make any mistakes during the align¬ 
ment procedure. 
An example of a combination AM-

FM receiver is shown in Fig. 17. No-' 
tice that this set uses a stage of rf 
amplification in front of the mixer, 
and that additional sections are in¬ 
cluded in the tuning capacitor gang 
to tune the input of the rf amplifier 
stage. These sections are labeled “AM 
ANT” and “FM ANT” to distinguish 
them from the sections used between 
the rf amplifier and the mixer. The 
latter sections are labeled “AM RF” 
and “FM RF”. 

Separate i-f transformers are used 
for the two bands of the receiver 
shown in Fig. 17. All the transformers 
are permeability tuned, and the loca¬ 
tions of the primary and secondary 
adjustors are indicated on the dia¬ 
gram. 

As we have said, any receiver, in¬ 
cluding the combination AM-FM re¬ 
ceiver, is aligned a section at a time. 
You align the i-f amplifier and detec-

FIG. 17. A combination AM-FM receiver showing location of adjustments. 
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FIG. 18. An all-wave receiver with independent bands. 

tor in the FM section first, and then 
the i-f amplifier in the AM section. 
Then you align the oscillator and the 
preselector in the AM section and 
then the oscillator and the preselector 
in the FM section. 

Notice also in the diagram in Fig. 
17 that there is a 600-kc oscillator 
rocking adjustment for the AM band. 
This adjustment is made to permit 
accurate tracking on the low-fre¬ 
quency end of the dial. 

Align each section as described in 
this lesson. Make the adjustments 
carefully, and you should have no 
trouble even in the most complex 
alignment jobs. 

ALL-WAVE RECEIVERS 

With an all-wave superheterodyne, 
which is not common today, the i-f 
stages are always aligned first in the 
usual manner. Then, the rf adjust¬ 

ments for each band are made inde¬ 
pendently. Often the band-switching 
circuit in an all-wave receiver makes 
it necessary to align the bands in a 
definite order. Two typical multi¬ 
band circuits are discussed below. 

Independent Bands. Fig. 18 shows 
a conventional, highly flexible prese¬ 
lector system for all-wave reception. 
Each of the bands except the highest 
one use one stage of rf amplification. 
The highest band, with the switches 
in position 1, uses an additional stage 
of rf amplification. Each tuned cir¬ 
cuit in the preselector has a high-
frequency trimmer, C. When a differ¬ 
ent range is switched in, another set of 
high-frequency trimmers is used. 
Hence, the readjustment of C for one 
band in no way affects another band. 

The oscillator circuit for each range 
has its own high-frequency trimmer 
C and its low-frequency padder X. 
The tracking adjustment can be car-
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ried out in any order, because the 
bands are completely independent. 
Follow the usual procedure for each 
band, and make the adjustments at 
the high and low ends, as described 
for the single band AM set described 
earlier. 

You may find a receiver with this 
preselector system that has trimmer 
capacitors on the gang tuning capaci¬ 
tors. They will be used to adjust only 
one of the ranges. Check to see which 
range does not have the high-fre¬ 
quency trimmers on the coils, and 
align this band first, using the trim¬ 
mers on the ganged capacitors. As a 
rule, they will be used on the highest 
frequency range. If you use them to 
align the wrong band, you may add 
so much capacity to the circuit that 
you will not be able to adjust the 
trimmers for some other band to a low 
enough capacity for alignment. 

Cascade Alignment. Some multi¬ 
band receivers were made in which 
all the preselector coils are wound on 

FIG. 19. The preselector and oscillator 
circuits of a receiver requiring cascade 

alignment. 

one form and all the oscillator coils 
on another form. This reduced costs, 
but introduced a problem in align¬ 
ment that you should recognize. Such 
a construction is used in the circuit 
shown in Fig. 19. Oscillator coils L4, 
L5, and L6 are all wound on one coil 
form; preselector coils LI, L2, L3, and 
the broadcast primary coil L are all 
wound on another coil form. 
Switches SW1, SW2, and SW3 to¬ 

gether make up the wave-band switch. 
With the switches in position 1, the 
receiver is set to the highest frequency 
band. Notice that coils L3 and L2 are 
shorted by switch SW2, leaving coil 
LI to be tuned by capacitor CP. The 
highest frequency preselector trim¬ 
mer is Cl. In the oscillator section, 
when switch SW3 is in position 1, it 
shorts coils L6 and L5, leaving coil L4 
to be tuned by capacitor CO. The 
high-frequency trimmer is C4. 

When all the switches are set to 
position 2, only coils L3 and L6 are 
shorted. In this position, coil L5 is 
the major oscillator inductance, but 
coil L4 is still in the resonant circuit 
and is also included in any tuning 
performed by CO. In this case, capac¬ 
itor C4 (the trimmer) has the effect 
of reducing the effective inductance of 
L4 for this band. Similarly, preselector 
coil L2 is the major inductance, but 
Ll-Cl is also in the tuning circuits. 
So, if you adjust band 2 first, and then 
band 1, adjusting capacitors Cl and 
C4 will upset the previous alignment. 
Therefore, align the high-frequency 
band first; all the trimmers for the 
other bands are then shorted and are 
of no importance. 

When bands 1, 2, and 3 are adjusted 
in order, each adjustment is made to 
include the next one. That is why it is 
called cascade alignment. 

To align this all-wave preselector, 
connect the signal generator to the re¬ 
ceiver input. Set the receiver at a fre-
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quency near the high-frequency end 
of the highest frequency band, set the 
signal generator to the same fre¬ 
quency, and adjust C4 and Cl for 
maximum output. There is no low-
frequency oscillator padder capaci¬ 
tor in this band. 

Next, align band 2, the L2-C2 and 
L5-C5 circuits. Leave the dial pointer 
set in approximately the same posi¬ 
tion at the high-frequency end as for 
band 1, and reset the signal generator 
to the frequency at which the pointer 
is set. Adjust C5 and C2 for maximum 
output. Under no condition should you 
touch trimmers previoushr adjusted. 
Set both the receiver and the signal 
generator to a low frequency, and 
make a rocking adjustment with C7 
for maximum output. Check align¬ 
ment at the high-frequency end, and 
adjust C5 if necessary. 

The third broadcast band is handled 
in the same way, by adjusting C6 and 
C3 at the high-frequency and C8 at 
the low-frequency points. 

Reasonable dial tracking can be ex¬ 
pected on band 1, without a padder 
capacitor, because of careful manu¬ 
facture and the proper choice of the 
oscillator coil value. The low fre¬ 
quency padder C7 in the second high¬ 
est band may be omitted in some re¬ 
ceivers or may be a fixed capacitor. 
If the trimmers are mounted on the 
variable capacitor, use them for align¬ 
ing the highest frequency band. 

Special Data on All-Wave Re¬ 
ceivers. Identifying trimmers on an 
all-wave receiver is quite a problem. 
The trimmers may be mounted on 
strips in some definite order, or they 
may be scattered throughout the set. 
If at all possible, get the manufac¬ 
turer’s instructions for such jobs. 
Otherwise, you will have to spend 
some time finding the proper adjust¬ 
ments. This problem is complicated by 
the fact that padder capacitors, or 

even high-frequency trimmers, may 
not be used on all bands. 
You may be able to identify the 

trimmers by tracing from the coils, if 
the coils are not in shields. Sometimes 
you may also be able to trace them 
to the band switch and identify the 
trimmers. 

If you cannot identify the trimmers 
in this way, turn the band switch to 
the highest frequency band, tune in a 
signal, and then touch the trimmers 
one after the other with a metal 
screwdriver. You will hear noises or 
detune any signals being received 
when you touch the trimmers in that 
band. Repeat this procedure for the 
other bands to identify the remaining 
trimmers. 
Padder capacitors usually have 

more plates than the trimmers. How¬ 
ever, you cannot always use this as a 
means of identifying the part. The 
trimmers themselves may be larger 
or have more plates for the lower fre¬ 
quency bands. 
The manufacturer’s instructions 

should give you any unusual data, 
such as if the oscillator frequency is 
below instead of above the incoming 
frequency, as in a few cases on the 
highest frequency short-wave band. If 
you have no instructions, you should 
go ahead with the standard procedure 
and note the results. 

Be careful in adjusting the oscil¬ 
lator in the high-frequency (short¬ 
wave) bands, to avoid cross-over. If 
the i-f value is low compared to the 
frequency of alignment (usually 18 me 
or higher), the usual two points of 
maximum response will be close to¬ 
gether. Select the setting at which the 
trimmer capacity is less (plates far¬ 
ther open) when aligning, to keep the 
oscillator frequency above the incom¬ 
ing frequency. Then check the response 
at the low-frequency end of the band. 
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You may hear a third signal be¬ 
tween the two strong ones. This results 
if the incoming and local oscillator 
signals differ by one-half the i-f value, 
producing a signal that the frequency 
converter may double. If you keep 
the level of the signal generator down, 
this signal can be readily detected by 
its low output. 

SUMMARY 

Most of your alignment work will 
be on the typical 5-tube ac-dc re¬ 
ceivers and the three-way portable re¬ 
ceivers. Most of the jobs will be ex¬ 
tremely simple and in many cases 
only a touch-up without a signal gen¬ 

erator and an output meter will be 
required. At the start, however, we 
suggest that you use both an output 
meter and a signal generator in all 
cases to familiarize yourself with the 
correct procedures. 
The alignment of FM and combina¬ 

tion AM-FM receivers is a little more 
difficult, but if you take your time, 
you should have no particular trouble. 

The number of all-wave receivers 
in use is steadily decreasing, but 
alignment instructions on such sets 
are still available. You should get the 
instructions when possible so that you 
can refer to them and quickly identify 
the adjustments. After that, the ac¬ 
tual alignment will be simple. 
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Lesson Questions 

Be sure to number your Answer Sheet 38B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, semi in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to semi in more than 
two sets at a time, or you may run out of lessons before new ones can 
reach you. 

1. What are the two main purposes of aligning a radio receiver? 

2. What is the purpose of having specially cut plates in the oscillator section 
of the gang tuning capacitor? 

3. Suppose the sensitivity of the receiver you are working on is very poor, 
and you also notice that the selectivity is poor. What would you do to 
correct the conditions? 

4. \\ hat precautions would you take to make sure the oscillator frequency 
in a receiver is above the frequency of the incoming signal? 

5. Briefly tell what is meant by “peaking”. 

6. In aligning modern AM superheterodyne receivers, which output indication 
is more satisfactory: measuring the sound output with an output meter, or 
measuring the avc voltage with a vtvm? 

7. List the sections of a modern AM superheterodyne receiver in the order 
in which they are usually aligned. 

8. How can you determine the i-f value used in an AM receiver if you do 
not have the manufacturer’s service sheet and the frequency is not marked 
on tl;e receiver chassis? 

9. What are the two reasons why the limiter grid current is used in an FM 
receiver as an output indication during the i-f amplifier alignment? 

10. At which end of the receiver dial do you adjust the oscillator trimmer 
capacitors in an AM or an FM receiver? 
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MAKE BELIEVE IT’S TRUE 

wa; 
sen 

well. 
David Bush states this same thought in this 

A young man once asked a successful friend to 
state just one rule for success. “Look as though you 
have already succeeded,” the friend advised. Follow¬ 
ing this rule eventually made this man president of a 
great bank in New York City. 

As Shakespeare expresses it: “Assume a virtue if 
you have it not.” Dress like a successful man, act 
like a successful man. Be successful in all your 
thoughts, and you will be successful in the world as 

‘receiver.’ We get what we think. If we are going to 
he timid, selfish, penurious and picayunish in our 
thinking, these thought waves will go forth until they 
come to a mental receiving station of the same cali¬ 
ber. ‘Birds of a feather flock together,’ and minds 
of like thinking are attracted one to the other.” 

Once your learn that you have a legitimate control 
over your own affairs, that you have the right to win, 
you will win. 

“If we think poverty thoughts, we become the 
tiding and receiving station for poverty thoughts. 

We send out a ‘poverty’ mental wireless, and it 
reaches the consciousness of some poverty-stricken 





Study Schedule No. 39 
For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

Q 1. Introduction. Pages 1-4 
A general discussion of hum and what is to be covered in this book is 
given in this section. 

□ 2. Causes of Hum in the Power Supply. Pages 4-8 
Defects in vacuum tube and selenium rectifiers, filter capacitors and 
filter resistors are considered as causes of hum. 

3. Causes of Hum in Signal Circuits Pages 9-17 
Defects in control-grid circuits, poor connections, improper ground con¬ 
nections and cathode-to-heater leakage are discussed, and then causes 
of modulation hum are taken up. 

□ 4. Causes of Hum in AC Receivers.Pages 17-21 
Here you study decoupling circuits, reversed hum-bucking coil, induc¬ 
tive coupling, unbalanced push-pull output tubes, and mechanical hum. 

Q 5. Localizing Hinn.Pages 21-26 
You learn the procedures for localizing both steady hum and modula¬ 
tion hum. 

6. Oscillation, Squealing, and Motorboating.Pages 26-36 
You study causes of oscillation in the rf and af sections of both ac-dc 
and ac receivers, and also squeals and howls not due to receiver defects. 

2 ] 7. Answer Lesson Questions. 

8. Start studying the next Lesson. 
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HOW TO ELIMINATE HUM, 
SQUEALS, AND MOTORBOATING 

ALTHOUGH hum is a very com¬ 
mon service complaint, there is no 

definite point at which we can say it is 
there or it is missing. Only a battery-
operated set can be completely hum¬ 
less; there is always some residual hum 
in even the best receiver operating 
from a power line or a power converter. 
The object in servicing a set for hum is 
not to remove the hum altogether, but 
to reduce it to an acceptable level. This 
lesson will teach you the many ways 
in which this can be done. 

In this lesson you will also study un¬ 
wanted oscillation in receiver circuits, 
which produces squeals and motor-
boating in the output. As you will 
learn later, any stage in a receiver can 
go into oscillation under certain condi¬ 
tions. Some defects cause the rf or the 
af section to oscillate independently, 
some cause both sections to oscillate at 
the same time. The oscillation can be 
confined to one stage, or it may take 
place in several stages in the same re¬ 
ceiver section. The causes of unwanted 
oscillation and the procedures to follow 
to locate the defect in a receiver will be 
discussed in the last part of this lesson. 

Let us take up hum, first. You can 

learn to recognize hum very easily. 
Listen carefully to the output of any 
properly operating power line receiver 
when the surroundings are quiet and no 
program is coming through the loud¬ 
speaker. Turn the volume control to 
zero to eliminate stray noises and other 
signals. You will soon become con¬ 
scious of a low-pitched humming 
sound, if your ears can hear low-fre¬ 
quency sounds. If the receiver is out of 
its cabinet, the lack of bailie may pre¬ 
vent the loudspeaker from setting up 
sound waves at the hum frequency. In 
such a case, touch the cone lightly with 
your finger tips. Any vibration you 
feel is due to hum voltages in the voice 
coil. 
The type of hum we will be con¬ 

cerned with in this lesson usually has 
the same frequency as the power line 
and its source is the power line. In 
some cases, the hum frequency may be 
a multiple of the power-line frequency. 
This is true in receivers using full-wave 
rectification. Then the ripple in the 
power supply will have a frequency of 
120 cycles per second rather than 60 
cycles per second as in an ac-dc receiv¬ 
er using half-wave rectification. 
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IDENTIFYING THE FREQUENCY 
OF THE HUM 

It will be worth your while to be¬ 
come acquainted with the difference 
between 60-cycle and 120-cycle hum. 
You can do this easily, if you can find 
a set using a power transformer (an 
ac receiver). Such a set uses full-wave 
rectification. Find the filter choke or 
filter resistor and measure the de volt¬ 
age across it, noting the polarity of the 
voltage. Next, connect an electrolytic 
capacitor across the filter resistor or 
choke. Be sure to use the correct pol¬ 
arity. The capacitor will nullify the ef¬ 
fect of the filter element, and you will 
hear considerable hum from the loud¬ 
speaker. This will be a 120-cycle hum. 
Next, remove the capacitor and con¬ 
nect a small paper capacitor, .01 to .1 
mfd, between the hot side of the vol¬ 
ume control and the ungrounded fila¬ 
ment lead of the first af tube. This 
will supply a 60-cycle signal to the 
volume control; and by turning the 
volume up slightly, you will be able to 
hear the 60-cycle signal reproduced by 
the loudspeaker. Once you have heard 
the difference between 60- and 120-
cycle hum, you will find this knowledge 
an aid in servicing ac receivers. If you 
hear a 120-cycle hum, you know that 
the trouble is due to a defect in the B 
supply, whereas if you hear a 60-cycle 
hum in an ac-operated receiver, the 
hum is probably coming from a 60-
cycle source directly—at least it is not 
due to an ordinary power supply filter 
circuit defect. 

NORMAL AND EXCESSIVE 
HUM LEVELS 

Usually the hum level is considered 
satisfactory if the hum is not noticeable 
when the device is in normal operation, 
but this standard allows wide vari¬ 
ations in the amount of hum present. 
For example, an outdoor public ad¬ 

dress system can have more hum than 
a radio receiver, because in its normal 
use, surrounding noises will make hum 
less noticeable. 

Incidentally, there may be consider¬ 
able difference between the amount of 
ac hum voltage in the output circuit 
and the amount of hum sound actually 
coming from the radio loudspeaker. 
Inexpensive table model receivers give 
relatively little hum output, because 
the speaker and the output trans¬ 
former are not designed to favor the 
passage of low frequencies. As a 
result, a defect must usually be quite 
serious before the hum level rises an ap¬ 
preciable amount. On the other hand, 
even an extremely small amount of 
voltage at the voice coil of a loud¬ 
speaker in a high-fidelity system may 
produce a relatively large amount of 
hum sound, both because the system is 
capable of reproducing low frequencies, 
and because the speaker baffle or 
speaker cone may have a response peak 
at low frequencies or have resonant 
points at or near the hum frequency. 

Practical experience is the only guide 
to the amount of hum normally found 
in any particular kind of set. Make a 
point of noticing the hum level of radio 
receivers you service for other com¬ 
plaints so you will learn to know the 
amount of hum to expect in various 
models. 

If you have a very sensitive ac volt¬ 
meter like those used in the better 
vacuum tube voltmeters, you should 
make it a point to measure the ripple 
voltage at the filter output of various 
sets so you will know what to expect. 
Also measure the input ripple voltage 
and any ac voltage at the plate of the 
power output tube when a signal is not 
being received. These values will be 
helpful in trouble-shooting for hum in 
defective receivers and, as we will show 
later on, will be useful in localizing hum 
to a section or stage in a set. 
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Remember—the amount of hum per¬ 
missible depends to a great extent upon 
the listener. Some ears do not hear 
low-frequency sounds well. If you find 
that you cannot hear hum unless you 
bring your ear quite close to a loud¬ 
speaker, be careful about handling cus¬ 
tomer complaints; your customers may 
hear hum much more readily than you 
do. In such a case a knowledge of the 
amount of ripple voltages normally 
present throughout a receiver is quite 
helpful. 

Usually you will be asked to service 
a set for hum only if some defect or 
change in the circuit has raised the hum 
level to an abnormal degree. Surpris¬ 
ingly large amounts of hum may be 
tolerated by the receiver owner until 
his attention is called to the fact that 
the receiver is humming, or until some 
defect suddenly causes an even louder 
hum. But once he has become defini¬ 
tely conscious of the hum, he may then 
be so critical that he listens for the hum 
instead of the program. 

Incidentally, when you are working 
on a receiver with an elusive case of 
hum, you may yourself reach a point 
where even a normal hum level seems 
excessive. Getting away from the re¬ 
ceiver for a while will frequently re¬ 
store your sense of proportion. This 
will often work for the customer—just 
keeping the radio in your shop for an 
extra day or two, so that he begins to 
forget the hum annoyance, may satis¬ 
fy a customer if his radio is apparently 
normal and the usual hum elimination 
procedures do not lower the hum level. 

Before we study hum location pro¬ 
cedures, we will review the causes of 
excessive hum in the radio circuits. 
This will make it easier for you to see 
just what must be done to localize and 
eliminate hum troubles quickly. This 
material also applies to TV sets, since 
the audio systems of TV receivers are 
similar to those in radio receivers, and 

the low voltage power supply in most 
TV sets is about the same as that of an 
ac radio receiver. For this reason we 
will give considerable information on 
ac sets which use power transformers, 
although these do not make up the 
bulk of the radio receivers you will 
service. 

In this lesson, we have assumed that 
a standard 60-cycle power line is used. 
If some other line frequency is used, 
then the frequencies will be different. 
For a 25-cycle line, the frequencies 
will be 25 and 50 cycles instead of 60 
and 120 cycles as in these examples. 

WHAT IS HUM? 

Hum is an interfering signal which 
in one way or another comes from the 
power line. Hum may modulate rf sig¬ 
nals from broadcast stations that are 
picked up by the power line. In this 
case, the power line acts as an antenna. 
These signals, carrying the hum along 
with the regular program modulation 
may enter the preselector of a receiver 
directly, through reradiation from the 
power line, or through the power sup¬ 
ply of the receiver, or the hum may be 
modulated on the carrier in the re¬ 
ceiver circuits. Any of these result in 
tunable hum. Tunable hum is heard 
only when a station is tuned in. 
Most hum is of the non-tunable 

type, in which the hum gets into the 
loudspeaker voice coil directly or en¬ 
ters a grid-cathode circuit, where it is 
amplified. If the hum is in the receiver 
power supply, the variations in the 
plate voltage caused by the hum will be 
transferred to the grid of the following 
stage where it will be amplified. 

Hum can enter the grid-cathode cir¬ 
cuit of the tube from the filament sup¬ 
ply. Such hum has the same frequency 
as the power line, regardless of the type 
of rectification used. 

As a quick check before you remove 
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the chassis of an ac-dc set from the 
cabinet, reverse the ac plug in the wall 
outlet to see if this has any effect on 
the hum level. Some receivers will pro¬ 
duce hum when the ac plug is connect¬ 
ed to the ac line in such a way that the 
high side of the line is connected to B — 
in the receiver. When the plug is re¬ 

versed, the hum will disappear, or at 
least it will decrease in strength. When 
servicing a receiver, always insert the 
plug so that the hum is at a minimum. 
In this way, you will save considerable 
time. 

Let us now study some of the most 
common defects resulting in hum. 

("arises Of Hum Tn Power Supply 
Diagrams of two power supply sys¬ 

tems widely used in ac-dc receivers are 
shown in Figs. 1 and 2. We will use 
these diagrams in describing the power 
supply defects resulting in hum. 

VACUUM TUBE RECTIFIERS 

The purpose of any rectifier is to 
provide, from an ac source, a one-way 
flow’ of current to charge the input fil¬ 
ter capacitor in the power supply. 

Cathode-to-Heater Leakage. In a 
lube rectifier, shown in Fig. 1, leakage 
can develop between the cathode and 
the heater, which will apply ac directly 
along with rectified de to filter capaci¬ 
tor CT. If sufficient leakage develops, 
hum will result. If a direct short oc¬ 
curs, Cl will be ruined and the hum 
will be excessive. Cathode-to-heater 
leakage can be found by checking for 
leakage in a tube tester or by substitut¬ 
ing a new tube. 

FIG. 1. Power supply of an ac-dc receiver 
using a vacuum tube rectifier. 

Leakage Between Socket Pins. An¬ 
other point to watch is leakage be¬ 
tween tube socket terminals on the 
rectifier. All of the terminals on the 
rectifier socket are not needed by the 
rectifier, and some of the spare termi¬ 
nals may be used as tie points. Leak¬ 
age between the terminals at a high ac 
potential and the tie-point terminals, 
due to excess rosin and dirt, may cause 
hum. 

Sometimes you can burn up the ex¬ 
cess rosin by applying a hot soldering 
iron to the terminals. However, if 
there is a large amount of dirt between 
the terminals, you will have to scrub 
the bottom of the socket with a tooth¬ 
brush dipped in carbon tetrachloride or 
some other solvent. In extreme cases 
where you can actually measure leak¬ 
age with your ohmmeter, you will have 
to install a new socket. 

If you measure the leakage resis¬ 
tance, disconnect anything connected 
to the terminals between which tests 
are being made. This will keep you 
from getting a false reading through 
some external circuit. Trouble of this 
type is unusual, but you should be 
aware of the possibility and know what 
to do about it. 

SELENIUM RECTIFIERS 

A selenium rectifier, shown in the 
power supply in Fig. 2, sometimes loses 
its ability to act as a one-way device, 
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FIG. 2. Power supply of an ac-dc receiver 
using a selenium rectifier. 

and may start passing current in the 
reverse direction in sufficient quanti¬ 
ties to cause considerable hum. The B 
supply voltage will generally be below 
normal when this takes place. Also, if 
the reverse current becomes great 
enough, the electrolytic capacitors in 
the filter circuit may be permanently 
damaged by the application of ac. A 
smell like that of rotten eggs around a 
selenium rectifier indicates that it has 
failed. The only sure check is to sub¬ 
stitute a new rectifier and note the 
results. 

Testing Selenium Rectifiers. There 
are special selenium rectifier testers on 
the market, but many servicemen find 
it just as easy to substitute a new rec¬ 
tifier for the suspected one. To prepare 
a selenium rectifier that you can use 
for test purposes, use a rectifier rated 
at about 65 ma, and solder leads to 
each of its terminals. Then, attach an 
alligator clip to the end of each lead as 
shown in Fig. 3A. After you have as¬ 
sembled the test unit, you can easily 
check the rectifiers used in ac-dc sets. 
Just remove the leads from one termi¬ 
nal of the suspected unit, and clip the 
test unit into the circuit. Make sure 
you connect it with the same polarity 
as the original part. If the receiver 
now operates normally, install a new 
selenium rectifier. 

FILTER CAPACITORS 

Hum in the power supply is usually 
due to a defect in the filter circuit 
rather than to trouble in the tube or 

selenium rectifier. The filter circuit in 
Figs. 1 and 2 is the most widely used in 
ac-dc sets, and the one we will use in 
this discussion. You may find receivers 
using variations of this circuit, but the 
basic operation will be essentially the 
same. 

Note that instead of the convention¬ 
al choke used in some of the older ac-dc 
receivers and in most ac and TV sets 
there is a filter resistor R. The plate of 
the audio output tube is fed from the 
input of the filter, where the ripple 
voltage is rather high, so the tube plate 
current does not flow through filter re¬ 
sistor R. As a result, the de voltage 
drop across R is reduced, which is de¬ 
sirable because a large value of R will 
give efficient filtering and still leave 
enough plate voltage for the other re¬ 
ceiver tubes. There may be 7 to 10 
volts of ripple applied to the plate of 
the output tube, but since a tube am¬ 
plifies signals applied to its grid rather 
than to its plate, no hum develops. 
Furthermore, the output transformer 
to which the hum ripple voltage is then 
applied is a step-down device, so the 
resulting hum current is too slight to 
result in audible hum in most receivers. 

If, on the other hand, we were to ap-

FIG. 3. You can make up two test parts like 
this to speed up your servicing. A, a selenium 

rectifier, and B, a test capacitor. 
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ply this same ripple voltage to the 
screen grid of the output tube, it would 
be amplified, and hum would result. 
There would be even more hum if the 
plate of the tube preceding the final 
power amplifier were fed from the in¬ 
put of the filter. Then, the hum would 
be transferred from the plate of that 
tube directly, along with desired sig¬ 
nals, to the control grid of the power 
output tube. For this reason, only the 
power output tube can be fed from an 
unfiltered source; all other tube plates 
and screens must receive pure de, as 
free from hum as possible. 

Since the filter is supposed to remove 
ripple and deliver hum-free voltage to 
the plates and screens of the receiver 
tubes, it is logical to suspect the filter 
first when hum is the complaint. 

In the filter circuit itself, defects in 
the filter capacitors are the most fre¬ 
quent cause of hum. If the receiver is 
not used for long periods of time, the 
dielectric film in the electrolytic capa¬ 
citors will deteriorate and they will lose 
capacity. This is not likely to happen 
if a receiver has been in normal use. It 
can also occur in replacement capaci¬ 
tors that have been sitting on the shop 
shelf. If these capacitors are installed 
in a receiver, the film will gradually 
build up with the application of volt¬ 
age, and in an hour or so the capacitors 
may be normal. This is worthwhile to 
try if hum results when new capacitors 
are first put in a set. 

The dielectric material can also dry 
out because of the heat in the chassis; 
this, too, results in lowered capacity. 
Drying out often increases the power 
factor, giving the same effect as plac¬ 
ing a resistor in series with the capaci¬ 
tor plates. All these will cause hum, 
and are the most common troubles en¬ 
countered in servicing. 

Checking Filter Capacitors. You 
can check for loss of capacity by shunt¬ 
ing a good test capacitor across each 

suspect. Check a capacitor having a 
high power factor by substituting a 
good one in its place. If the trouble 
clears up, partially or completely, the 
capacitor under test is defective. 
Fig. 3B shows how to assemble a 

capacitor that you can use for test pur¬ 
poses. The unit does not have to have 
the same capacity as the capacitor it 
shunts, but it should have the same or 
a higher working voltage. Servicemen 
often use a 20-mfd or 30-mfd capacitor; 
this is sufficient even when the capa¬ 
city of the unit under test is consider¬ 
ably more. The test capacitor should 
be rated at 450 volts. Then, it can be 
used for ac-dc, straight ac, and TV sets. 

If you use a cardboard encased test 
capacitor, its leads will generally be 
long enough to span across the leads or 
terminals of the capacitor to be tested. 
A metal-clad test capacitor will also be 
satisfactory, but leads should be per¬ 
manently soldered to the capacitor ter¬ 
minals, and a jaw clip should be placed 
on the end of each lead. Be sure to 
cover the metal case, which is generally 
the negative terminal, with rubber tape 
so that it cannot short to the receiver 
chassis when in use. Use a red lead for 
the positive terminal and a black lead 
for the negative terminal to make it 
easy to identify the polarity. The test 
leads must be connected with the same 
polarity as the terminals of the capa¬ 
citor in the set. Otherwise, the test 
capacitor may be destroyed by the ap¬ 
plication of negative voltage to its posi¬ 
tive terminal. 

Multi-Section Capacitors. The ca¬ 
pacitor defects just described do not 
by any means exhaust the list of 
troubles found in electrolytic filter 
capacitors. Most capacitors used in 
the filter circuits contain several sec¬ 
tions in a single container. Some de¬ 
fects cause interaction between these 
sections. In such a case, shunting one 
capacitor will have no effect on the 
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hum level, and this may lead you to be¬ 
lieve that the trouble is elsewhere in 
the receiver. As you get practical ex¬ 
perience, you will be able to judge 
whether it is worthwhile to pass up the 
possibility of trouble in the capacitor 
block. 

At the start of your career, however, 
you will save much time if you check 
the entire block of capacitors when 
shunting a single section of the block 
does not eliminate the trouble. To 
make this check, remove all of the old 
capacitor leads except one (any one 
lead may be left connected in the re¬ 
ceiver), and temporarily put new capa¬ 
citors in the circuit. Your regular test 
capacitor may be one of the new capa-

typical capacitor block is shown in 
Fig. 4. These may be the capacitors 
used in the filter section of Figs. 1 and 
2. Through corrosion or a mechanical 
defect, the common negative lead may 
open inside the case. If this happens, 
neither capacitor connects to B —, but 
their common negative plate puts them 
in series across the filter resistor. This 
will remove all filter action and practi¬ 
cally no ac voltage (ripple) will be 
dropped across the resistor. Conse¬ 
quently, the hum level will be as high 
at the output of the filter as at the 
input. 

Since the input filter capacitor is no 
longer in the circuit between the recti¬ 
fier cathode and B —, the B supply volt-

YELLOW 

BLACK 

FIG. 4. A two-section electrolytic capacitor 
with a common negative lead. 

citors. If this clears up the trouble, the 
capacitor block is defective and a new 
one should be permanently installed. 
If necessary, separate capacitors can 
be substituted. 

Sometimes you may find that only 
one of the sections is defective. If you 
just cut the lead or leads to the bad 
section and connect a single replace¬ 
ment, the set may work fine for a 
while. However, doing this is asking 
for trouble because the set will soon 
come back with the same complaint. 
The customer will find it very hard to 
believe that additional charges are 
justified. Therefore, if one capacitor 
in a group is defective, replace all of 
them. 

Let us see what can happen in a 
capacitor block to cause trouble. A 

age will be quite low, causing either 
weak reception or a dead set. You can 
increase the de voltage by shunting Cl 
with your test unit and the receiver 
gain will increase to normal. However, 
Cl and C2 are still acting as a bypass 
across R, and the increased gain will 
cause more hum rather than a reduc¬ 
tion in hum with the test capacitor in 
place. This is a pretty sure sign that 
both electrolytics should be removed 
and replaced. 

Most modern ac-dc sets do not use 
the chassis as an electrical part of 
the circuit. When replacing defective 
electrolytics, be sure that the negative 
leads are connected to B —. If the con¬ 
nection is made to the chassis when 
the chassis is not an electrical part of 
the circuit, the effect is the same as an 
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open in a common negative lead of an 
electrolytic. The hum in such a case 
will be excessive, and the B supply 
voltage will be abnormally low. 

Another failure that is common is an 
internal short or leak between the two 
positive plates. When this occurs, the 
de voltages will be normal but there 
will be no hum reduction across R. 
Also, there will be no appreciable re¬ 
duction in the hum level when you 
shunt either or both capacitors. You 
can find the trouble only by removing 
the leads to the old capacitors and try¬ 
ing new capacitors. 

The action of the electrolyte on the 
cardboard case frequently results in a 
short between the case and the capa¬ 
citor plates. If this occurs under the 
metal mounting strap, the two plates 
are coupled together at this point, and 
the filtering action of R is again 
shunted out. 

You can tell if such leakage has de¬ 
veloped by inspecting the case under 
the mounting strap. If such leakage 
has developed, there will be green cor¬ 
roded spots on the surface of the capa¬ 
citor case. 
Sometimes just moving the capa¬ 

citor case with respect to the strap will 
restore normal operation. Some ser¬ 

vicemen remove the strap and allow 
the capacitor block to hang by its leads 
in the hope that no more trouble will 
result. This is a bad policy, and the 
cost of a new electrolytic capacitor 
block is not worth the risk to your 
reputation as a reliable serviceman. 

FILTER RESISTOR 

The filter resistor is an infrequent 
cause of trouble. The resistor may de¬ 
crease in value due to overloading, or 
someone may install a replacement 
that is too small. Check the resistance 
of the part with an ohmmeter, and 
compare your reading with that given 
on the schematic diagram of the re¬ 
ceiver. 

BYPASS CAPACITORS 
If leakage develops in rf bypass ca¬ 

pacitor C3 shown in Figs. 1 and 2, the 
rectifier will be shunted by the leakage 
in the capacitor, and as a result, ac will 
be applied to the input of the filter. 
Leakage in capacitors connected as 
shown by C4 and C5 would not result 
in ac being applied to the filter. (Note 
that C5 is used only in Fig. 1.) Trouble 
of this type is not common, but the 
possibility of a defect in C3 should not 
be overlooked. 
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Causes Of Hum In Signal Circuits 
Although you will think of the filter 

section of the power supply, and parti¬ 
cularly the filter capacitors first when 
you are servicing a receiver for hum, 
there are many other possible points 
where hum voltage can enter the re¬ 
ceiver circuits. These must not be 
overlooked. 

The wiring in a receiver chassis con¬ 
tains many hum fields. For example, 
electromagnetic and electrostatic lines 
of force at a frequency of 60 cycles per 
second exist near every lead or cable 
carrying ac. If you have a vtvm with a 
high resistance ac voltmeter, you can 
readily demonstrate this fact. Just let 
the ground lead of the vtvm hang free, 
set the range selector to a low voltage 
position, and hold the hot probe tip in 
your hand. You will find that your 
body picks up anywhere from a few 
volts to 20 or 30 volts ac. 

It takes only a fraction of a volt at 
the input of an af amplifier stage to 
cause an unbearable hum in the loud¬ 
speaker. Fortunately, conditions are 
not as bad as the ac pickup of your 
body would seem to indicate. The 
wires and parts at the input of an af 
amplifier simply do not cover enough 
space to pick up much hum. Also, the 
impedance in the control grid circuit 
of a tube is generally too low to support 
much electrostatic hum induction. 
Most hum not due to filter trouble is 
caused by hum voltages applied direct¬ 
ly in the grid-cathode circuit. However, 
with certain defects, hum fields from 
nearby wiring can be a problem. 

CONTROL-GRID CIRCUITS 
If the grid circuit of a tube (particu¬ 

larly a first audio tube) increases in 
impedance or becomes open, hum is 
practically certain to result. To see 

why, let’s look at the circuit in Fig. 5. 
Here the stray hum field is represented 
by a generator G, and the capacity be¬ 
tween the grid wiring and the hum 
source by a capacitor C. 

Since the hum generator feeds into 
the voltage divider formed by C and R, 
the hum voltage divides between the 
reactance of C and the resistance of R. 
The capacity of C is very small, so its 
reactance is high at the hum frequency. 
The larger the value of R, the more 
hum voltage appears across it between 
the grid and ground, and the greater 
the hum output. 

When the grid input circuit has low 
impedance (R is small), it takes a con¬ 
siderable amount of stray hum voltage 
to develop an appreciable hum signal 
at the grid. On the other hand, when 
the grid circuit has high impedance, 
very small amounts of stray hum volt¬ 
age may cause trouble. Sometimes a 
set develops hum because of an in¬ 
crease in the grid circuit impedance; 
the most common cause of such an in¬ 
crease is a defective volume control. 
As the resistance element in the con¬ 
trol wears, a poor contact develops be¬ 
tween the rotating arm and the resis¬ 
tance strip, causing an increase in the 
resistance between the grid and ground. 
In many types, the strip may open; 
this, of course, increases the resistance 
a great amount. 

FIG. 5. Capacity coupling between the grid 
wiring and the hum source is shown by ca¬ 

pacitor C. 
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FIG. 6. Two methods of connecting volume 
controls. 

This effect may even occur when 
the volume control is decoupled from 
the grid circuit, as in Fig. 6A. Here, 
the ac impedance between grid and 
ground is formed by the parallel com¬ 
bination of R3 and C1-R2. Since the 
capacitor reactance is negligible, R3 is 
in parallel with R2 when R2 is set for 
maximum volume at point 1. If R2 
opens at the ground end, point 2, the 
ac impedance between the grid and 
ground will increase, because R3 will 
no longer be shunted by R2. The cir¬ 
cuit impedance will also increase if R3 
increases in value. 

Similarly if Cl opens, hum will be 
produced because the impedance of 
the grid circuit will increase. Also, 
there will be no sound, because no sig¬ 
nals will be fed from R2 to the grid of 
the first audio amplifier stage. 

In a circuit like that shown in Fig. 
6B, where the volume control serves 
as the grid resistor, a defective control 
can break the de grid return path. The 
ac impedance rises to a high value, 
causing a loud hum. A volume control 
defect also produces a “floating grid” 
(no de path for the electrons striking 
the grid to return to the cathode), and 
will frequently cause distortion as well 
as hum in the signal output. In either 
case, the volume will not be properly 
controlled, which is an additional clue 
to the trouble. 

Hum may also become evident even 
though the impedance of the grid 
circuit has not increased, if the first af 
tube becomes gassy. Then the tube be¬ 
comes extremely sensitive, and since 
the gain in the stage has increased, any 
slight hum voltage in the grid circuit 
which would otherwise be unnoticed 
becomes quite evident as hum in the 
loudspeaker. When you suspect this 
trouble, try a new tube. 

POOR CONNECTIONS 
It is possible for a poor connection 

to cause hum, particularly when the 
connection is common to more than 

FIG. 7. A poor connection between tube pin 
3 and ground lug G will introduce hum into 

the grid circuit. 
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one circuit, as shown in Fig. 7. Here 
the grid resistor R and one filament 
terminal must both be grounded. It 
may be difficult, because of other cir¬ 
cuit parts, to solder the lower end of 
resistor R to ground lug G. For this 
reason it may be easier to connect it 
between pins 1 and 3. 

As long as the ground at the chassis 
is in good condition, this will not cause 
any trouble. The wire between pin 3 
and lug G is usually too short to have 
appreciable resistance, so there will be 
no voltage drop of any consequence be¬ 
tween these points. However, suppose 
a poor connection develops at G. This 
is the same as adding a small resistor 
in the circuit between pin 3 and lug G. 
The ac filament current flowing through 
the resistance of this poor connection 
produces a voltage drop across it. If 
you trace from the grid to ground in 
Fig. 7, you can see that this ac voltage 
drop will be introduced into the grid 
circuit. Even a small ac voltage, if it 
feeds directly into the grid circuit, can 
produce a very loud hum. You can cure 
the condition, after isolating its source, 
by resoldering the connection or by 
using a different ground for the grid re¬ 
turn. 

Hum may also be introduced into a 
circuit by poor ground connection to 
a shield. A wire in a critical circuit is 
often shielded—particularly a grid lead 
if it must be run any great distance. 
The shield around the wire must be 
grounded to be effective. If the ground 
connection is poor or nonexistent, the 
effect of the shield is lost, and hum can 
be introduced into the shielded wire. 
Sometimes, but not always, the 

shield must be grounded at both ends, 
as in Fig. 8, to reduce the hum level. 
A poor ground at points 2 and 3 at the 
ends of the shield can permit the 
shield itself to pick up hum voltages 
and to transfer them to the wire 
within. 

IMPROPER GROUND 
CONNECTIONS 

Stray hum currents in the chassis 
can cause voltage drops that can pro¬ 
duce hum in the receiver circuits. For 
example, in Fig. 8 you can see that the 
filament current of the tube flows be¬ 
tween points 4 and 5. Ordinarily you 
would not think of the current flow 
through the chassis as being important 
because the chassis of a receiver has a 
very low resistance. However, the cur¬ 
rent flow between these points may be 
high. This high current flow through 
the very low resistance between points 
4 and 5 can cause an ac voltage drop 
across the chassis path. 
Now, suppose you change the ground 

connection of the volume control from 
point 1 to point 5. From Fig. 8 you 
can see that the cathode is grounded at 
point 4. Any signal or hum between 
the control grid and the cathode, of 
course, will be amplified. Connecting 
the volume control to point 5 instead 
of point 1 puts the ac voltage drop be¬ 
tween points 4 and 5 in the grid return 
circuit, and hum will be heard at all 
times regardless of the volume control 
setting. 

In the same way, improperly con¬ 
necting point 2 to the chassis where 
there would be an ac potential between 
it and point 3 would also result in ac 
flowing through the shield, and a hum 
voltage being introduced into the con¬ 
trol grid lead. 

Troubles of this type are not found 

FIG. 8. Sometimes a shield must be ground¬ 
ed at both ends to prevent hum. 
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COMMON GROUND 

FIG. 9. Two examples of audio circuits. Using a common ground point prevents hum 
currents in the chassis from producing hum voltages in the stage. 

in properly designed receivers, unless 
they have been worked on by someone 
who has carelessly made ground con¬ 
nections wherever convenient. To be 
on the safe side and to avoid trouble, 
do not change the ground connection 
points. Where possible always use the 
original points. If you do change them 
and then notice hum, remember that 
the choice of a grounding point can be 
the cause of the trouble. 

The problem of stray hum currents 
in the chassis may become quite 
troublesome in high-gain audio ampli¬ 
fiers and high-fidelity work. Examples 
of audio circuits are shown in Fig. 9. In 
Fig. 9A, if terminals 1 and 2 are not 
grounded to the same point on the 
chassis, any stray hum currents be¬ 
tween these points will produce a volt¬ 
age drop in the chassis, which is effec¬ 
tively in series with the grid circuit and 
can cause hum. 
There are four ground symbols 

shown in Fig. 9A. It is desirable to 
have all of these grounded parts in a 
single stage come to a single ground 
point. This kind of connection will re¬ 
move the effects of stray chassis cur¬ 
rents. Of course, these four terminals 
must each make good contact to the 
ground point, without any common 
lead, so as to avoid the situation shown 

in Fig. 7. In Fig. 7, the resistor R 
should be brought to the ground lug G 
directly instead of to pin 3 on the tube 
socket. 

In a circuit like that shown in Fig. 
9B, you may find four separate ground 
points. If hum is traced to this circuit, 
grounding all of the points shown to 
the same point will prove helpful. If 
the hum is caused by stray chassis cur¬ 
rent, removing ground C altogether 
may help. 

Try shielding the leads subject to 
hum pickup to reduce the amount 
picked up. Shielding must be used 
with care, however, because there is a 
considerable capacity between a lead 
and its shield. This capacity shunts the 
circuit and will lower the high fre¬ 
quency response of an audio amplifier 
considerably. Therefore, use no more 
shielding than is absolutely necessary 
and use low-capacity cable, such as co¬ 
axial TV lead-in, if space permits. 
This type of cable has a large amount 
of insulating material between the in¬ 
ner wire and the shield, thus reducing 
the wire-to-shield capacity by increas¬ 
ing space between them. Sometimes 
you can avoid shielding altogether by 
rerouting the leads. 

Stray capacity coupling may also 
prove annoying if you have filter capa-
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citors and a cathode bypass capacitor 
in the same electrolytic capacitor 
block. In Fig. 10, the filter capacitors 
are Cl and C2; the cathode bypass is 
C3. The value of the cathode bypass 
capacitor will usually be about 20 mfd, 
so it will have a relatively low imped¬ 
ance to ripple current. However, if 
there is sufficient capacity coupling be¬ 
tween the filter capacitor leads and 
this capacitor, shown by the capacitors 
marked C, an appreciable hum level 
may appear. This will certainly be 
true if the cathode bypass capacitor 
loses capacity or develops a high power 
factor. In such cases, using a separate 
capacitor for the cathode bypass, to 
get it out of the same container with 

due to cathode-to-heater leakage in a 
tube is generally, but not always, 
louder than that resulting from a capa¬ 
citor defect. Capacitor defects fre¬ 
quently lower the de operating volt¬ 
ages, causing the receiver to operate at 
low volume levels. Cathode-to-heater 
leakage, on the other hand, seldom af¬ 
fects the de voltages unless the power 
output tube is involved. 

Let us see why cathode-to-heater 
leakage is such a potent source of hum 
in an ac-dc set. 

A typical filament string as found in 
ac-dc receivers is shown in Fig. 11. 
Notice that the cathode and control 
grid return circuits to B— are also 
shown. Any ac signal between the grid 

FIG. 10. If a cathode bypass capacitor, C3, 
is in the same capacitor block with the filter 
capacitors there may be enough capacity 

coupling to cause hum. 

the filter capacitors, will help consid¬ 
erably in lowering the hum level. 

CATHODE-TO-HEATER LEAKAGE 

Cathode-to-heater leakage in tubes 
is almost as frequent a cause of hum in 
ac-dc receivers as defects in the filter 
capacitors. Therefore, it is a good idea 
to check the tubes as soon as the elec¬ 
trolytics have been cleared of suspi¬ 
cion. Many servicemen will check 
tubes first, because it is easier to try 
new tubes than to check the filter 
capacitors. 

With experience you will often be 
able to distinguish between tube and 
electrolytic capacitor trouble. Hum 

and cathode of the tube will be ampli¬ 
fied by the stage. 

The point of highest ac potential 
with respect to B — is point A. There¬ 
fore, the closer a filament is to point A, 
the higher is the ac voltage from its 
filament to its cathode. When this ac 
voltage is high, only a small amount of 
leakage can cause considerable ac to 
appear in the control grid-cathode cir¬ 
cuit for amplification. 

The rectifier tube, of course, does 
not have a control grid. However, 
cathode-to-heater leakage in the recti¬ 
fier can add to the ripple at the output 
of the B supply filter. The higher ripple 
voltage in the B-f- circuit can cause 
hum in the receiver output. 

13 



FIG. 11. Filament string of an ac-dc receiver. 

Suppose leakage develops between 
the filament and the cathode of the 
power output tube. This means that 
the voltage from the filament to B — 
divides between the leakage path (fila¬ 
ment to cathode) and the cathode bias 
resistor RI. Since RI is in the control 
grid-cathode circuit of the tube, any ac 
across RI will be amplified by the tube. 

Of course, if RI is bypassed by a 
large value capacitor, less ac will ap¬ 
pear across RI, and the loudspeaker 
hum will be reduced. If the ac is great 
enough to overcome the de normally 
across RI, the voltage polarity will be 
reversed each half cycle and current 
may flow through the electrolytic by¬ 
pass in the wrong direction. This re¬ 
verse current flow may damage the 
capacitor. Also, the bias may be re¬ 
duced and the increased cathode cur¬ 
rent can lower the B supply voltage. 
Thus, cathode-to-heater leakage can 
cause hum, or hum with low volume 
and distortion. You may find one or all 
symptoms present. 

Looking at Fig. 11, you may think 
that cathode-to-heater leakage in the 
first af tube could not cause hum be¬ 
cause one side of the filament and the 

cathode are both connected to B —. 
This, however, is not the case. If 
there is a small amount of leakage re¬ 
sistance between the cathode and the 
ungrounded side of the filament, ac 
will flow through the cathode and its 
lead to ground. There will be sufficient 
resistance in the cathode lead to pro¬ 
duce a slight ac voltage drop. Since 
this ac voltage drop is also in the con¬ 
trol grid-cathode circuit, the ac volt¬ 
age will be amplified by the first af 
tube, and then transferred to the power 
output tube for further amplification. 
Because the first af tube usually gives 
higher amplification than the other af 
tubes, it is more sensitive to hum sig¬ 
nals. Again, the easiest check is to 
substitute a new tube, although test¬ 
ing the tube for shorts in a tube tester 
will also show up the trouble. 

Cathode-to-heater leakage in the 
i-f tube will introduce ac into the 
control grid-cathode circuit. How¬ 
ever, hum will probably not result be¬ 
cause the following circuit is tuned to 
the i-f signal and cannot pass audio 
signals. However, if there are other 
defects that make the i-f stage act like 
a detector, hum modulation of the i-f 
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signal will occur, resulting in tunable 
hum. 

The cathode of the mixer-oscillator 
tube connects to ground through part 
of the oscillator coil. Cathode-to-
heater leakage in this stage will shunt 
the oscillator coil. This will usually 
stop the oscillator, causing the receiver 
to be dead. If the leakage resistance is 
very high, however, the oscillator sig¬ 
nal will be hum-modulated, again 
causing tunable hum. Since the opera¬ 
tion of the mixer is nonlinear (it oper¬ 
ates as a detector), it is easy for hum 
modulation of the i-f signal to occur at 
this point. We will discuss hum modu¬ 
lation in detail later in the lesson. 

From the foregoing discussion you 
can see that if you suspect hum is 
caused by cathode-to-heater leakage in 
a tube, check the tubes in the af sys¬ 
tem, and the rectifier, first. Steady 
hum due to cathode-to-heater leakage 
in the i-f or rf tubes is extremely un¬ 
likely. Notice that we say extremely 
unlikely rather than impossible. As you 
gain experience, you will learn that 
few defects are impossible. If the de¬ 
fects you would logically suspect are 
not at fault, you should analyze the 
effect produced, and try to find some 
other defect that could cause the same 
circuit action. 

For example, there could conceivably 
be leakage between the control grid 
and the heater of the i-f tube, due to 
dirt and grease bet ween the tube socket 
pins. AC would be fed back through 
the avc circuit (not shown in Fig 11) 
to the input of the first af tube. In such 
a case, cleaning the tube socket will 
usually eliminate the hum. Of course, 
you would not be led directly to this 
tube by symptoms alone. It would 
probably be necessary to localize the 
point of hum entrance into the af am¬ 
plifier before it would occur to you that 
a defect in the i-f stage may be the 
trouble. Later in this lesson, you will 

study hum localization methods. 

MODULATION HUM 

Hum that is tunable, that is, it can 
be heard only when a station is tuned 
in, is called “modulation hum.” It can 
develop in the rf amplifier or outside 
the receiver. Since an audio signal will 
not travel through the rf or i-f stages 
by itself, except through the avc cir¬ 
cuit to the volume control, it- must mix 
with or modulate an incoming carrier 
to cause hum. Modulation hum can be 
heard only when you are tuned to a 
station; it is most evident during a 
pause in the program when a station is 
temporarily not modulating. 

To have modulation hum, two con¬ 
ditions must exist. There must be a 
hum signal present in an rf or i-f stage, 
and the tube must be operating on the 
curved portion of its characteristic 
curve so that it will act as a detector 

When an rf amplifier has a linear 
Eg-Ip tube characteristic, the presence 
of both rf and hum voltages will not 
ordinarily produce hum. If you were 
to take a cathode ray oscilloscope 
picture of the plate current when there 
are both ripple and rf components in a 
stage that is operating as a linear am¬ 
plifier, the pattern would be as shown 
in Fig. 12A. As you can see, although 
the hum voltage is varying the rf sig¬ 
nal, the amplitude (height) of the rf 
pulses remains exactly the same. That 
is, if you measure the distance between 
points X and Y and compare it to the 
distance M-N, or the distance S-T, 
you will find that they are the same. 
This means we have an audio voltage 
as well as an rf voltage, but it does not 
modulate the rf voltage. In the plate 
circuit of this stage, the tuned circuit 
will pick out the rf voltage, and the 
audio voltage will be ignored. Thus, 
a hum voltage introduced into a linear 
rf amplifier will not be passed on to the 
next stage. 
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FIG. 12. How hum modulation occurs. 

This does not mean, however, that 
only a detector stage can produce hum 
modulation. The Eg-Ip characteristics 
of all amplifiers, including those in the 
rf system, are not perfectly linear; so 
in practice we may get modulation 
hum from any amplifying stage. If 
the hum voltage is high enough to 
drive the tube into plate current cut¬ 
off, modulation hum can be produced 
in a stage that normally operates on 
the linear portion of its curve. This is 
not common, however. 

Operating an amplifier at a curved 
point, as shown in Fig. 12B, permits 
normal variation in one direction, but 
tends to cut off variations in the other 
direction. This does not matter to the 
incoming signal, because the flywheel 
effect of the following resonant circuit 
will restore the original shape. How¬ 
ever, if hum is introduced, the plate 
current will be as shown. Comparing 
the height at X, M, and S in this 
figure shows that the rf signal has 
been changed in amplitude by the 
hum voltage—in other words, it has 
been modulated. The following tuned 
circuit will now reconstruct a com¬ 
pletely modulated wave like Fig. 

12C, so the hum voltage will be carried 
along on the rf voltage just like any 
original modulating signal. At the 
detector, it will be demodulated, and 
the hum will be fed through the audio 
amplifier. 
Causes of Modulation Hum. When 

you have a case of modulation hum, 
notice whether it is heard on all sta¬ 
tions, only on certain stations, or just 
on one. These are important clues. 

Usually, if the source is within the 
set, you will notice that the modula¬ 
tion hum is heard on all reasonably 
strong local and distant stations. The 
most common sources of such hum are 
cathode-to-heater leakage in the tube 
and a defective filter system in the 
plate supply for the oscillator stage. 
In older ac receivers, a separate re¬ 
sistor-capacitor filter combination is 
frequently used in the oscillator plate 
supply because any hum in the supply 
can modulate the oscillator voltage and 
mix with the incoming signal in the 
first detector. 

If these points appear normal, then 
check the operating voltages carefully. 
Note in particular the grid bias and 
screen grid voltages in the rf ampli¬ 
fiers. Excess bias or lower than nor¬ 
mal screen grid voltage can cause the 
tube to operate on the nonlinear part 
of its characteristic curve. 

If modulation hum appears to be 
stronger at one end of the receiver 
dial, often some stage is regenerative, 
so it is easily affected by stray hum 
fields or hum voltages. Eliminating 
the cause of the feedback, by realign¬ 
ing the set or checking the bypass 
capacitors, will frequentlj' remove the 
modulation hum. 

If the modulation hum appears only 
on the stronger local stations, it may 
be originating outside the receiver. 
The power line picks up a considerable 
amount of rf energy; if the loop anten¬ 
na is in poor condition, this power line 
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rf may feed through the chassis to the 
input of the set. The power line may 
have nonlinear characteristics. There¬ 
fore, it is possible for these rf signals 
to arrive with a hum modulation and 
to be so much stronger than those 
normally picked up by the loop as to 
override them. Also, if the loop or the 
antenna system is near power lines, a 
poor connection may cause rectifica¬ 
tion and mixing right in the antenna 
system. 

The cure is to go over the connec¬ 
tions in the antenna circuit with a hot 
soldering iron, and to check the rf by¬ 
pass capacitor at the input of the 
power line to the receiver. On an ac 
set try connecting a capacitor from 
each side of the power line to the chas¬ 
sis, and ground the chassis. On ac-dc 
receivers, only a single capacitor is re¬ 
quired from the rectifier plate to B —. 
Never connect a ground to the chassis 
of an ac-dc set. However, try reversing 
the power plug at the wall socket. 
Sometimes this has considerable effect 
on hum modulation. 

If modulation hum is heard on only 
one station, either the signals from 

Causes Of Hum 
As you have learned, in an ac-dc 

receiver, an rf bypass capacitor is con¬ 
nected from the power line to the recti¬ 
fier plate to prevent hum-modulated 
signals from entering the receiver. 
This is not done in ac receivers. The 
usual practice is to connect a capacitor 
from one side of the power line to the 
chassis, instead. Some receivers use a 
capacitor from each side of the power 
line to the chassis, such as C8 and C9 
in Fig. 13. This arrangement is some¬ 
what more effective. When a single 
capacitor is used, reversing the ac plug 
at the wall outlet will sometimes re-

that station are strong enough to drive 
one of the tubes into the curved region 
of its characteristic curve, there is ex¬ 
ternal hum modulation, or the hum is 
originating in the station itself. Sta¬ 
tion hum is much more noticeable on 
high fidelity receivers because they 
have a better low-frequency response. 
To determine which of these possibili¬ 
ties is the cause of the hum, try an¬ 
other receiver at the location or move 
the suspected receiver to your shop. 
If you hear hum regardless of the loca¬ 
tion, the hum is probably originating 
at the station. If the test receiver hums 
at the location of the defect, overload¬ 
ing or external hum modulation is oc¬ 
curring. 

If some nearby station or some very 
powerful station actually drives a tube 
into detection, the avc circuit should 
be inspected. Perhaps the avc filter 
capacitor is leaky, thus reducing the 
avc to that particular stage. 

Since ac sets operate on power trans¬ 
formers, there are some causes of hum 
in ac sets that are not found in ac-dc 
sets. Let us take up some of these, 
now. 

In AC Receivers 
duce hum and will sometimes affect 
the volume. Use the polarity of the ac 
plug that gives best results. 

AC sets are subject to many of the 
same hum defects as ac-dc sets, both 
power supply defects and circuit de¬ 
fects that introduce hum into the con¬ 
trol grid-cathode circuits. Cathode-
to-heater leakage, however, is not as 
great a problem because the ac voltage 
between the cathode and the heater in 
ac sets is lower than in ac-dc sets. 

The frequency of the ripple voltage 
in an ac receiver using full-wave recti¬ 
fication is 1'20 cycles. This frequency 
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FIG. 13. Two widely used methods of ob¬ 
taining C bias for control-grid circuits are 

shown at A and B. 

is more easily filtered than the 60 
cycles found in ac-dc sets. However, 
120-cycle hum will usually receive 
more amplification if it gets into the af 
circuits, and will also be more easily 
reproduced by the loudspeaker. 

Because the ripple frequency in the 
power supply circuit of an ac receiver 
is 120 cycles, smaller electrolytic filter 
capacitors may be used. However, 
there are defects that can change the 
operation from full-wave to half-wave 
rectification. For example, one of the 
plate-cathode sections of the rectifier 
tube may not operate, or there may be 
an open in half of the high-voltage 
secondary winding of the power trans¬ 
former. The circuit will then act as a 
half-wave rectifier, and the filter sys¬ 
tem may be unable to eliminate the 
resulting 60-cycle ripple. Defects of 
this type are rare, but you should be 
on the lookout for them. 

DECOUPLING CIRCUITS 
Fig. 13 shows typical decoupling net¬ 

works used in the control-grid and 
plate circuits of an ac receiver. Where 
steady hum is concerned, we are inter¬ 
ested in decoupling networks in the af 
section. 

Parts A and B in Fig. 13 show two 
widely used methods of obtaining C 
bias voltage for the control-grid cir¬ 
cuits. At A the voltage drop across R6 
is used; at B the voltage divider across 
CH formed by R7 and RS furnishes 
the required de bias voltage. In either 
case, a large amount of 120-cycle ripple 
voltage is mixed with the de bias 
voltage and must be removed before 
the bias voltage is applied to the con¬ 
trol grid of the tube. In Fig. 13, the 
ripple voltage is removed in the C bias 
circuit by the filter circuit formed by a 
high value resistor R2 acting with 
capacitor C2. The capacitor is gen¬ 
erally a paper one and is much smaller 
than the electrolytics used in the B 
supply. 

Although the primary purpose of 
C2-R2 is to prevent power supply 
ripple from reaching the grid, this 
filter also prevents signals applied 
through Cl from traveling back into 
the power supply. As you will learn 
later, this feedback voltage can pro¬ 
duce degeneration or regeneration, de¬ 
pending on its phase. If there is an 
open in C2 or a short across R2, the 
ripple voltage normally existing across 
the dropping leg of the power supply 
filter choke will be applied to the con¬ 
trol grid of the tube. This, of course, 
results in a high hum level at the loud¬ 
speaker. 

Filter C1-R4 in Fig. 13 like C2-R2 
acts to prevent any ripple across the 
output filter capacitor from being ap¬ 
plied to succeeding stages in the cir¬ 
cuit through C5. However, there is 
usually very little ripple across the out¬ 
put filter capacitor, and the main pur-
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pose of C4-R4 is to decouple the sig¬ 
nals from the power supply to prevent 
feedback. 

If the signals amplified by the tube 
are permitted to get back into the 
power supply, they may be transferred 
to some other stage and cause regen¬ 
eration or degeneration. Again an 
open in C4 or a short across R4 will 
prevent the decoupling network from 
functioning. Shunting C4 with an¬ 
other capacitor of equal or larger ca¬ 
pacity will restore normal operation if 
C4 is open. R4 can be checked with an 
ohmmeter. 

REVERSED HUM-BUCKING COIL 

Sets in use today generally have 
permanent-magnet loudspeakers, and 
hence require no hum-bucking coil. 
However, electrodynamic loudspeak¬ 
ers were widely used in older receivers, 
many of which are still in use. 

In an electrodynamic loudspeaker, 
the magnetism needed to operate it is 
obtained by passing de through the 
windings of a large coil, known as the 
field coil. These coils have considerable 
inductance, and were usually used also 
as filter chokes. Therefore, since con¬ 
siderable ripple current passes through 
the field coil, the variations in the mag¬ 
netic field will produce ripple current 
in the voice coil, which in turn will 
produce hum from the loudspeaker. 
The purpose of the hum-bucking coil 
is to prevent the current variations in 
the field coil from causing a movement 
of the voice coil and cone. 
The hum-bucking coil is wound 

around the end of the field coil, and is 
connected in series with the voice coil, 
as shown in Fig. 14. The number of 
turns in the hum-bucking coil are 
chosen so the same amount of ripple 
voltage is induced in it as in the voice 
coil. The two coils are connected in 
such a way that the induced voltages 
oppose each other. Consequently, no 

ripple current flows through the cir¬ 
cuit, and the voice coil and cone do 
not move. 

You can determine whether or not 
a hum-bucking coil is used by examin¬ 
ing the voice coil connections. If there 
is no hum-bucking coil, the two voice 
coil leads will be connected to the 
secondary of the output transformer. 
If a hum-bucking coil is used, it will 
be in series with one output trans¬ 
former lead and one voice coil lead. 
The other voice coil lead will be con¬ 
nected directly to the remaining out¬ 
put transformer secondary lead. 
This method of preventing hum 

sounds fool-proof, but you will find in 
servicing that nothing is fool-proof. It 
is easy to reverse the hum-bucking or 
voice coil connections when replacing 
the output transformer. With the con¬ 
nections reversed, the hum will be 
twice what it would be if no hum¬ 
bucking coil were used. In such a case, 
hum will be heard as soon as the set is 
turned on—even before the tubes 
warm up. It is easy to check on the 
effectiveness of the hum-bucking coil; 
just short it out with a piece of wire. 
If the hum level rises, the hum-bucking 
coil is working properly. If the hum 
decreases, the hum-bucking connec¬ 
tions should be reversed. 

Do not attempt to add a hum-buck¬ 
ing coil to a loudspeaker not equipped 
OUTPUT 
TRANSFORMER 

HUM- BUCKING 
TnnnnnnRnn coil 

SPEAKER FIELD 
USED AS CHOKE 

FIG. 14. The hum-bucking coil is connected 
in series with the voice coil. It is used only 

with an electrodynamic speaker. 
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with one. Also, if you replace an 
electrodynamic loudspeaker with a pm 
speaker, the hum-bucking coil is not 
furnished and is not required. The 
voice coil is connected directly to the 
output transformer secondary. Of 
course, in this case you must use a 
choke or resistor to replace the old 
loudspeaker field coil, and trial will 
show if increasing the filter capacity 
is necessary to compensate for any 
reduction in filter effectiveness. 

INDUCTIVE COUPLING 

Iron-core transformers and chokes 
have leakage magnetic fields in the 
space surrounding them, which fre¬ 
quently travel through the chassis. 
Most of the transformers and chokes 
use soft iron magnetic shields to limit 
this field, but even so, audio trans¬ 
formers must usually be placed well 
away from power transformers and 
filter chokes to avoid hum pickup. 

When you are replacing an iron-core 
choke or transformer, if you cannot 
get an exact replacement, you must 
take special precautions not to intro¬ 
duce hum into the receiver. If you 
cannot get an exact replacement, you 
may find after making the installation 
that the leakage magnetic field of this 
particular part is different, or the 
shielding is poorer, so that there is 
some magnetic coupling to another 
circuit or part, and hum develops. 
The amount of hum increase will usu¬ 
ally be slight, but it may be noticeable 
to the owner of the receiver. 

Frequently, a simple change in the 
position of the transformer, such as 
rotating it or tilting it at an angle, will 
clear up this trouble. Usually, how¬ 
ever, there are so many wires con¬ 
nected to such parts and the mounting 
space is so limited that this is not 
practical. If you cannot reposition the 
transformer, try using a shield. Soft 
iron is the best shield at these low 

frequencies. Make a practice of sav¬ 
ing the cases from defective trans¬ 
formers for possible future use as 
shields for other transformers. 

Since both inductive and capacitive 
coupling can exist between wires, any 
wires carrying large amounts of ac 
must be kept away from the grid and 
plate leads to prevent hum. Often the 
filament leads are twisted together to 
minimize induction from them to 
neighboring wires. 

Because of inductive and capacitive 
coupling, you may accidentally raise 
the hum level by moving the wires 
about while hunting for trouble or 
while making a replacement. Be care¬ 
ful about this. Before moving wires 
apart, make a mental note of their 
exact location, and return them to 
these positions after you have made 
the repairs. 

Set owners sometimes tuck lengths 
of the line cord into their radios. 
Watch out for this—the ac cord may 
be close enough to a tube grid or plate 
to cause hum. 

UNBALANCED PUSH-PULL 
OUTPUT TUBES 

When push-pull output tubes are 
used, any hum picked up in the grid 
circuits (not hum fed from a previous 
stage) will be canceled by the push-
pull action. However, canceling occurs 
only if the two tubes give the same 
amount of amplification to the inter¬ 
fering hum signal. If one tube is better 
than the other, its hum output will be 
greater; and the difference, after can¬ 
cellation has occurred, will be passed 
on to the loudspeaker. 

Generally you can eliminate the hum 
by trying several tubes in the power 
output stage. However, sometimes 
the serviceman will have to test several 
output tubes in his tube tester until 
he finds two that give almost identical 
readings. Using tubes whose meter 
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readings are equal or balance each 
other will eliminate hum picked up or 
introduced into the control grid-cath¬ 
ode circuits of the push-pull output 
stage. Watch for this in sets where a 
push-pull output circuit is used, par¬ 
ticularly in high-fidelity equipment. 

MECHANICAL HUM 
All the examples so far discussed are 

classified as electrical hum, because 
they cause a hum voltage, which is re¬ 
produced as sound by the loudspeaker. 
Hum may also be caused mechanically 
by a vibrating part that produces 
sound directly. Almost invariably, 
mechanical hum is produced by an 

audio or a power transformer whose 
core laminations are so loose that they 
can vibrate under the influence of the 
varying flux. Sometimes a coil itself, 
which is loose on the core, will vibrate. 

The source of mechanical hum can 
easily be discovered by careful listen¬ 
ing. You can remedy it just as easily, 
either by tightening the clamping bolts 
or by driving a small wedge between 
the transformer laminations. If the 
coil is vibrating on the core, a small 
wooden wedge between it and the core 
will tighten it up. If you can get noth¬ 
ing driven between the laminations, 
painting the exposed edges with shellac 
will usually keep them from vibrating. 

Localizing Hum 
Some of the procedures, such as sig¬ 

nal tracing and stage blocking, used 
for finding the cause of other circuit 
defects can be used to localize hum. 
However, signal injection, used to lo¬ 
cate a weak or dead stage in a receiver, 
is of no value in localizing hum. In 
this section, we will discuss stage 
blocking and signal tracing techniques, 
and point out how to use an ac volt¬ 
meter to find where the hum signals 
enter the receiver circuits. 

When hum is the complaint, it is 
seldom necessary to use a localization 
procedure. In ninety percent of the 
cases, routine tests of the filter ca¬ 
pacitors and tubes show you the 
trouble. Only when these common de¬ 
fects are not present will you have to 
narrow your search by finding the 
point where the hum is entering the 
set. 

In localizing hum, you should first 
confirm the customer’s complaint and 
decide whether you have a case of 
tunable hum (hum modulation) or 
steady hum. Steady hum, the type 

that is present at all times, regardless 
of where the set is tuned, is the type 
you will most frequently find. There¬ 
fore, we will discuss the procedures 
you can use to localize the cause of 
steady hum first. Later in this section, 
we will discuss the localization pro¬ 
cedures for modulation hum. 

STEADY HUM 

If steady hum is the complaint in 
the receiver you are servicing, you can 
begin to localize the hum source before 
you remove the set from the chassis. 
Turn on the set, and tune to a point 
on the dial where no signals are picked 
up. Then, turn the volume control 
from minimum to maximum, and back 
to minimum. If turning the volume 
control has no effect on the hum, you 
know that there is no hum voltage 
across the control. The hum is origi¬ 
nating between the grid of the first 
audio stage and the loudspeaker. If 
adjusting the volume control does vary 
the hum level, you have localized the 
point of hum entrance to the volume 
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FIG. 15. The af section of (A) an ac receiver, and (B) an ac-dc receiver. 

control. Then, it is only necessary to 
remove the chassis and find out if the 
control is open, or if some defect in a 
preceding circuit is causing an ac volt¬ 
age across the control. 

In an ac set using full-wave rectifi¬ 
cation in the power supply, find out by 
listening whether the hum has a fre¬ 
quency of 120 cycles or 60 cycles. If 
the hum is 120 cycles, look for a defect 
in the power supply that would permit 
the ripple voltage to get through the 
filter. If it is 60-cycle hum, it is coming 
directly from the power line or the 
filament circuit. 

In ac-dc sets, the power supply 
ripple is the same frequency as the 
power line, and there is no positive 
way to tell, by listening, where the 
hum is originating. 

Except for this, there is not a great 
deal of difference between hum locali¬ 
zation in ac and in ac-dc receivers. 
In the ac set there are more parts to 
consider, particularly R-C filters; but 
on the other hand, stage-blocking 
techniques can be used more easily. 

Fig. 15A shows the af section of a 
typical ac receiver, and Fig. 15B shows 
the af section of an ac-dc receiver. 
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Stage Blocking. Stage blocking con¬ 
sists of blocking the passage of hum 
signals in each stage, starting at the 
receiver output and working back to 
the input. If the hum stops when you 
block a stage, you know that the hum 
is not getting into the stages between 
that point and the loudspeaker. If, 
in proceeding toward the input of the 
af amplifier, you find that blocking 
one stage stops the hum, but blocking 
the stage ahead of it has no effect, you 
know that the hum is originating in 
the stage nearer the loudspeaker (the 
one in which the hum stopped). 

To block a stage in an ac set, you 
can remove the various tubes from 
their sockets or short the grids of each 
tube to ground with a piece of wire or 
through a capacitor. As you know, 
you cannot remove the tubes in an ac-
dc set. If you did, the set would be 
dead. Therefore, you can only short 
the grids in a set of this type. 

Suppose you want to localize hum 
in the ac receiver like that shown in 
Fig. 15A by blocking the signals. The 
easiest way is to pull tube VT2 from 
its socket. If you still have hum from 
the loudspeaker, it is probably coming 
from the power supply. However, if 
you cannot hear the hum with VT2 
out of its socket, replace VT2 and pull 
out VT1. If you now hear the hum, 
it is originating in the circuits of VT2 
or is being fed to its grid from the 
power supply by way of R5, R4, and 
C6. Check this possibility by ground¬ 
ing the control grid of VT2. If the 
hum stops, check for an open in RG or 
C5, or for a short in R5. 

If the hum stops with VT1 removed, 
reinsert the tube and ground its con¬ 
trol grid. If grounding the control 
grid stops the hum, check R3, C4, and 
R2. If the hum continues with the 
grid shorted to ground, there is a possi¬ 
bility of cathode-to-heater leakage in 
VT1. The easiest way to check for this 

is to try substituting a new tube. 
Of course, it is not necessary to re¬ 

move a tube to block a stage. Service¬ 
men do it in ac sets because it is easy 
and fast. The stage-blocking technique 
that you can use in both ac and ac-dc 
sets is to short the grid circuits of each 
stage with a piece of wire or a large 
value capacitor. 

If the receiver gets its bias voltage 
from a bias source, as was shown in A 
and B of Fig. 13, you should use a ca¬ 
pacitor rather than a piece of wire. If 
you use wire, you will also short the 
bias circuit. The easiest way to carry 
out this procedure, therefore, is to 
short the grids of each stage to ground 
or B —, depending upon whether the 
set is ac or ac-dc, with a capacitor. The 
value of the capacitor can be any¬ 
where from .25 mfd to several micro¬ 
farads. 

In either circuit in Fig. 15, connect 
the capacitor from the grid of VT2 to 
ground (or B —). If the hum disap¬ 
pears, move the capacitor to the grid 
of VT1. If you can now hear the hum, 
it is in the grid circuit of VT2 or is be¬ 
ing fed into the circuit from the power 
supply. On the other hand, if shorting 
the grid of VT1 also kills the hum, 
check resistors R2 and R3, and ca¬ 
pacitor C4. Also, check for the possi¬ 
bility of cathode-to-heater leakage in 
the first audio tube. 

If you use a capacitor to block the 
various stages, you can also short the 
plate circuits of each stage to localize 
the hum source further. When you 
connect the capacitor into the plate 
circuit, the capacitor will become 
charged. Therefore, you must always 
discharge the capacitor before block¬ 
ing the grid circuits. If you do not, a 
positive potential will be placed on the 
grids, and this potential could damage 
the tubes. 

By blocking the signals in the grid 
and plate circuits in this way, you can 
quickly find out where the hum sig-
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nais are getting into the set. This is 
the same procedure you would use in 
tracking down noise signals caused by 
a defect in the receiver circuits. 

Signal Tracing. The serviceman has 
another method he can use to localize 
hum. This is signal tracing, which 
makes it possible to pick up the hum 
at the point where it is entering the 
amplifier circuits. To use this method, 
you -will need a very sensitive pick-up 
device. The ideal instrument is a 
signal tracer equipped with a loud¬ 
speaker or with headphones. 

The amount of hum at a given point 
is of no particular importance. What 
you are trying to find is the last point 
where hum is heard (working from the 
loudspeaker to the input), and the 
first point where hum is not heard. 

When using a signal tracer in an 
ac-dc set like the one shown in Fig. 
15B, you connect the ground lead of 
the signal tracer to B— and touch the 
hot probe to points of possible hum 
entry. These are points 6, 5, 4, 3, 2, 
and 1 in Fig. 15B. Any hum at point 7 
must be fed from the output trans¬ 
former because this is a pm loudspeak¬ 
er, and there is no varying field to in¬ 
duce hum voltages in the voice coil. 
Hence, the voice coil would not be a 
point of hum entry. 

Suppose we have a case of cathode-
to-heater leakage in VT1. You will 
pick up a moderate hum signal at 
point 7 and a much stronger signal at 
point 5 because of the step-down action 
of the output transformer. If you get 
no hum when you connect the signal 
tracer to point 6, you know that the 
hum is not originating in the power 
supply. 
Now, continue moving the signal 

tracer probe toward the receiver input. 
You will notice a weak hum signal at 
point 4 and about the same amount of 
hum at point 3. However, there will 
be no hum at point 2, and you have 

localized the trouble to VT1. 
You can localize the trouble further. 

If you had found hum at point 6 and 
about the same amount at point 3, 
you would suspect a defect in the 
power supply. Since there is no hum 
at point 6, any hum at point 3 must be 
coming from VT1. Also, since none is 
present at point 2, you know that the 
hum is originating within the tube 
itself. 

If the hum is due to excessive im¬ 
pedance in the control grid circuit of 
the first af tube, caused by an open 
in R3, you may find that it disappears 
when the signal tracer probe is touched 
to point 2. This is natural, because the 
input impedance of the signal tracer 
is in parallel with R3 and lowers the 
grid circuit impedance to the point 
where hum pickup no longer occurs. 
The trouble is automatically localized 
to this point by the fact that the hum 
stops when the signal tracer probe is 
touched to the control grid circuit. 

Signal tracing for hum in an ac re¬ 
ceiver, as shown in Fig. 15A, is similar 
to that just described. You check the 
hum level of the power supply at point 
8, and compare this to sets in good con¬ 
dition that you have checked at other 
times. There will usually be some hum 
at point 8. There should be less hum 
present at point 3 if the RC decoupler 
consisting of R5 and C5 is in good con¬ 
dition. This completes the testing of 
the power supply system. You can now 
check the hum at points 7, 6, 5, 4, 2, 
and 1. Look for a point where there is 
hum, preceded by a point where there 
is no hum. 

There are a few precautions to ob¬ 
serve when using a signal tracer, par¬ 
ticularly if it is equipped with a pair 
of headphones instead of a loudspeak¬ 
er. The signal tracer may be more sen¬ 
sitive to hum voltages than the re¬ 
ceiver amplifier. Since you hold the 
headphone close to your ear, hum 
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levels will always sound louder from it 
than those produced by the receiver 
loudspeaker. Even the normal residual 
hum level may sound loud when you 
are listening directly to the receiver 
stages. Be careful not to confuse this 
hum level with the abnormal hum 
level for which you are looking. 
Voltage Measurements. A low-

range, sensitive ac voltmeter of the 
vtvm type is also helpful when check¬ 
ing for fairly high hum voltages in the 
power output stage and the power 
supply. An ac voltmeter, however, is 
not capable of measuring sufficiently 
low voltages to be of much value in lo¬ 
cating small amounts of hum in the 
first af receiver stage. 

If you have a good low-range, high-
resistance ac voltmeter, you can try it 
out when confronted with hum prob¬ 
lems to see if it has sufficient sensi¬ 
tivity to be useful. 

The cathode ray oscilloscope is as 
useful in locating the cause of hum as a 
signal tracer, if the hum level is high 
enough to give a noticeable deflection. 
By using a 60-cycle sweep and noticing 
whether you have one or two-cycle 
patterns, you can tell whether you 
have 60- or 120-cycle hum. If two 
cycles appear, you have 120-cycle hum. 
This would indicate a power supply 
defect in an ac receiver using full-wave 
rectification. The hum in an ac-dc 
set, of course, will always be 60-cycle 
hum and will produce a single cycle on 
the oscilloscope screen. 

By following these simple methods, 
you can find where the hum enters the 
amplifier and then concentrate on this 
section of the receiver. 

MODULATION HUM 

When you are tracing a steady hum, 
all interfering signals from radio sta¬ 
tions must be tuned out. When you 
are hunting for the source of modula¬ 
tion hum, you need an rf voltage 

source. To isolate a defective stage, 
you can use a broadcast signal and a 
signal tracer with an audible output 
indicator, or you can use a signal 
generator. 

If you use a signal tracer, first tune 
in some station that has the modula¬ 
tion hum. Then, start at the input of 
the receiver and move toward the out¬ 
put with the signal tracer, listening to 
the signals in the grid and plate cir¬ 
cuits of each stage. As you move 
toward the output, the signal will be 
hum-free until you pass through the 
stage where the hum is introduced and 
is modulated on the carrier. Have the 
signal tracer tuned to the frequency 
of the incoming signal until you pass 
the first detector, then, change to the 
intermediate frequency of the receiver. 

If you use a signal generator, tune 
the receiver away from the broadcast 
station. Starting at the second de¬ 
tector and moving back toward the 
input, feed the signal into the stage 
being tested, and listen to the output 
of the receiver. Turn on the audio 
modulation of the signal generator to 
make sure you are tuned to the proper 
frequency; then turn the modulation 
off so you can hear the hum. As you 
move back toward the input with the 
unmodulated signal generator, you will 
not hear hum until you have passed 
through the defective stage, provided 
no stage is overloaded. Of course, the 
signal generator should be set to the 
i-f value until you pass the first de¬ 
tector, moving back toward the input. 

As you move toward the input, the 
signal strength will increase; this may 
overload some stage previously passed 
through, causing another modulation 
hum to be set up. To prevent such 
overloading, reduce the output of the 
signal generator enough, as you move 
back, so that the output of the set will 
be approximately constant. To check 
on this you can use a de vtvm across 

25 



the second detector diode load to 
measure the avc voltage. 
When you reach the input of the 

first detector, be sure to change the 
signal generator to the frequency for 

which the receiver dial is set. 
Once you have found the stage in 

which the modulation occurs, concen¬ 
trate on it. Check the various parts 
to find which is defective. 

COMMON CAUSES OF HUM 
This tabic covers only the more common causes, with the most common first. If you 
do not find the trouble by checking these, use a localization procedure. 

Type Location Causes 

Steady 60-cycle (or 
120-cycle if full¬ 
wave rectification is 
used) hum 

1. Power Supply 
2. A F Stages 

1. Defective filter capacitors. 
2. Cathode-to-hca ter leakage. 

Open control grid return circuit. 
Open decoupling capacitor. 
Poor connection. 
Unbalanced push-pull tubes. 

Modulation hum 1. KF Stages 

2. Outside Set 

1. Cathode-to-hcater leakage. 
Improper de operating voltages. 
Hum voltage in avc circuit. 
Open rf bypass at power line. 
Input to receiver avc circuit grounded. 

2. Power line modulation. 
Nearby fluorescent lamps. 
Poor ground if one is used. 
Reversed power plug at wall outlet. 
Defect at station. 

Oscillation, Squeals, Motorboating 
Squeals and motorboating, when due 

to an internal receiver defect, are the 
result of excessive feedback or regen¬ 
eration resulting in oscillation in some 
stage or section of the receiver. 

The oscillation may be confined to 
the rf section or to the af section. If 
squeals, which vary in frequency, are 
heard as you tune past stations, the 
oscillation is occurring in the rf section, 
in some stage preceding the second 
detector. If tuning the receiver does 
not have a great deal of effect on the 
squeal, and particularly if the tend¬ 
ency to squeal cannot be stopped by 
reducing the setting of the volume con¬ 
trol, the oscillation is in the af section 

of the receiver. 
Motorboating is due to oscillation in 

either the rf or the af section, which is 
causing intermittent blocking of some 
stage. The R-C values in the grid cir¬ 
cuit or in the plate circuit determine 
the frequency of the blocking, and 
hence, the frequency of the motor¬ 
boating sound. However, the R-C net¬ 
work involved is not the cause of the 
oscillation. This accounts for the fact 
that shunting a capacitor from B+ to 
B— may change the frequency of the 
motorboating without stopping it. 

In a well-designed ac-dc receiver, 
motorboating and squealing are not 
much of a problem. There are only a 
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few defects that will cause oscillation. 
If an ac-dc receiver has been work¬ 

ing properly and oscillation suddenly 
starts, the first thing to check is the 
output filter capacitor. The signals 
from the plate and screen of each tube 
are impressed across this capacitor, 
and usually it has a very low reactance 
at rf and af frequencies. However, as 
electrolytics age, they become very 
poor at bypassing high frequencies al¬ 
though they may still be able to do an 
excellent job of filtering power supply 
ripple. To check for this, shunt a .1-
mfd paper capacitor across the output 
filter capacitor. If this clears up the 
trouble, the test capacitor should be 
permanently installed. The best ac-
dc receivers have such an rf bypass 
installed at the factory. 

New tubes should also be tried be¬ 
cause some defect may have raised the 
stage gain to an abnormal point, re¬ 
sulting in oscillation. 

If the symptoms point to a defect in 
the af section, shunt the af plate by¬ 
pass capacitors with others of about 
the same size to see if this clears up the 
trouble. 

If the trouble occurred after some¬ 
one else serviced the receiver, your 
problem becomes more difficult, be¬ 
cause the previous serviceman could 
have made changes affecting the basic 
design. 

AC-DC receivers, where the chassis 
is not connected directly to B— but 
is only bypassed to that point, must 
be carefully designed to prevent re¬ 
generation and hence the tendency to 
oscillate. 

The isolation of the chassis from 
B —, which is usually one side of the 
power line, eliminates the shock haz¬ 
ard otherwise present if the chassis is 
connected directly to the power line. 
Every ac voltage and every signal volt¬ 
age in the set causes small currents to 
flow through the capacity between the 

receiver parts and the chassis. This re¬ 
sults in current flow through the chas¬ 
sis to the isolating capacitor and back 
to B —. As a result, voltages with a 
mixture of frequencies, amplitudes, 
and phases, which cannot be deter¬ 
mined in advance, will be present 
across the isolating capacitor. This 
capacitor is also in the input of the re¬ 
ceiver. Some of these voltages are re¬ 
generative, some degenerative, some 
cause trouble at only certain dial posi¬ 
tions, others cause trouble at any dial 
setting. Moving the physical position 
of the capacitor or changing its capa¬ 
city may result in uncontrolled feed¬ 
back. When the capacitor has been 
replaced and oscillation results, try 
various chassis ground points to find 
the connection that causes least squeal¬ 
ing or motorboating. 

The fact that servicemen sometimes 
change circuit conditions so oscilla¬ 
tion occurs means that the expert man 
should not only know what parts to 
suspect when a properly operating set 
starts squealing but should know a 
little about the problems of the de¬ 
signer and how oscillation can occur 
in a section or a stage. 

Now let us discuss the causes of 
oscillation, squeals, and motorboating 
in the rf section of both ac and ac-dc 
sets. Later we will take up similar de¬ 
fects in the af section. 

RF SECTION 

You are of course familiar with the 
operation of the local oscillator in a 
superheterodyne. To have oscillation 
in the circuit, energy must be fed back 
from the output of the oscillator to its 
input, and this feedback must not only 
be of the proper phase to re-enforce the 
signals at the input of the oscillator 
but must also be strong enough to 
overcome the losses in the circuit. If 
any one of these three conditions is not 
met, oscillation stops. 
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The same conditions must be present 
if a single amplifier stage in a receiver 
goes into unwanted oscillation produc¬ 
ing an audible beat (squeal) with the 
signal it is supposed to amplify. There 
is nothing you can do about the phase 
of the feedback. As a matter of fact, 
if you reverse the phase of the feed¬ 
back, the stage gain and the signal 
strength will be greatly reduced. 
Therefore, to prevent unwanted oscil¬ 
lation in a stage, you must either elimi¬ 
nate the feedback path or reduce the 
amount of feedback to the point where 
the natural circuit losses will prevent 
oscillation from taking place. 

First let us investigate the possible 
feedback paths in the typical i-f stage 
shown in Fig. 16. Remember, for the 
feedback to cause oscillation, it must 
take place from the output to the in¬ 
put circuit. The diagram shows that 
the two i-f transformers are shielded, 
so magnetic coupling from the coils of 
the output transformer cannot occur 
as long as both shields are grounded to 
the chassis. The magnetic fields 
around the leads from the transformers 
are too slight to induce voltage in other 

leads. This leaves capacity coupling as 
a means of feeding back energy from 
the output to the input. 

If the plate lead of VT2 is run close 
to the control grid lead, there will be 
enough capacity between the two leads 
to feed considerable energy from the 
plate to the grid circuit. The stage will 
go into oscillation. You can reduce the 
feedback and stop the oscillation by 
separating the leads. 

Actually there is a certain amount 
of capacity inside the tube between 
the plate and the control grid. The 
capacity is quite low because of the 
presence of the screen grid, and most 
of the feedback voltage will be dropped 
across the capacitive reactance. 

Fig. 17 shows the part of the circuit 
in which we are interested. The plate 
and control grid are drawn as two 
plates of a capacitor to show that ca¬ 
pacity exists between them. The large 
signal voltage across L4 is impressed 
across L3 through C8 and C3 and 
through the grid-to-plate capacity. 
The reactances of C3 and C8 are so 
small that as far as signal frequencies 
are concerned the lower ends of L3 and 
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L4 may be considered as being at 
B— potential. The reactance of the 
grid-to-plate capacity is very high com¬ 
pared to the reactance of L3, and most 
of the feedback voltage is dropped 
here, leaving only a small amount to 
be fed across L3. The voltage across 
L3 is ordinarily too small to sustain 
oscillation. However, if the reactance 
of the grid-to-plate capacity is re¬ 
duced, the reactance of L3 is increased, 
or the signal across L4 is increased, the 
signal fed back may be large enough 
to cause oscillation. 

The manufacturers try to keep the 
grid-to-plate capacity in their tubes 
below a certain level. Sometimes, how¬ 
ever, a tube with excess internal ca¬ 
pacity will get through, and this tube 
may oscillate in certain circuits. 

In the older octal-based tubes, those 
with glass envelopes are usually inter¬ 
changeable with those using metal en¬ 
velopes. However, the interelectrode 
capacity of the GT type (glass) is con¬ 
siderably more than that of the metal 
type. Many stubborn cases of oscilla¬ 
tion have been traced to glass tubes 
used to replace their metal equivalents 
in high gain rf circuits. 

If the i-f transformers in Fig. 16 are 
replaced with others having a higher 
Q, the input and output impedances 
will increase. As a result, more signal 
will be produced in the plate circuit, 
and more of the feedback voltage will 
find its way into the input circuit. Un¬ 
controllable oscillation may occur that 
no amount of bypassing or rearrange-

GRID , , PLATE 
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FIG. 17. The plate and control grid of VT2 
drawn as a capacitor to show that there is 

capacity between them. 

ment of circuit leads will help. In this 
case you must use lower Q transformers 
or deliberately reduce the stage gain. 
This can be done by increasing the 
value of RI in Fig. 16. If RI is by¬ 
passed, removing the bypass capacitor 
will introduce degeneration which will 
also cut the stage gain. 

When replacing i-f transformers do 
not install ones with iron cores unless 
they were used originally by the manu¬ 
facturer. Iron-core transformers gen¬ 
erally have a much higher Q than the 
air-core, capacity-tuned type. The 
trimmer-capacitor tuned transformers 
are the most popular, and the kind 
you will find in most of the receivers 
you service. 

Misalignment can also increase the 
grid and plate circuit impedance to the 
point where feedback becomes trouble¬ 
some. If Cl and C5 in Fig. 16 are 
tuned slightly away from the resonant 
frequency and C2 and C4 remain 
peaked, the loading on the grid and 
plate tuned circuits will decrease. The 
impedances of the tuned circuits will 
increase, sometimes to the point where 
oscillation will occur. 

Signal currents of course flow in the 
screen circuit, but no signal voltages 
can build up on the screen because it 
is held at the same potential as B — as 
far as signals are concerned. This, as 
stated previously, is accomplished by 
the bypass action of the output filter 
capacitor. If the capacitor fails as an 
rf bypass, then signal voltages will be 
applied to the screen grid. Since the 
capacity between the screen grid and 
the control grid is quite high compared 
to the plate-to-control grid capacity, 
there will be enough feedback from the 
screen grid to the control grid to result 
in oscillation. 

The troubles just discussed result 
in oscillation in the i-f stage. Since no 
other stages are involved, this is known 
as single-stage oscillation. If two or 
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more stages are involved, we have 
what is known as over-all oscillation, 
somewhat comparable to that which 
occurs in a multivibrator circuit. Over¬ 
all oscillation, however, is a rare con¬ 
dition in the rf section of a modern re¬ 
ceiver. For over-all oscillation to oc¬ 
cur, the stages involved must operate 
at the same frequency. In the modern 
receiver the mixer operates at one fre¬ 
quency and the i-f amplifier at an¬ 
other. Therefore, feedback from the 
output of the i-f to the mixer input will 
not result in oscillation. 
In the af amplifier we have two 

stages—the first af and the power out¬ 
put stage, both amplifying the same 
signals. If energy from the plate of the 
power output tube is fed back so that 
it is in phase with the signal at the in¬ 
put of the first af, the entire audio sec¬ 
tion will go into oscillation. To pre¬ 
vent oscillation in the audio section, 
you must keep the plate and screen 
grid leads of the power output tube 
away from the first af control grid cir¬ 
cuit, and use a good plate bypass on 
the power output tube. 

Under certain conditions the rf sec¬ 
tion can go into over-all oscillation. 
If an unskilled person tampers with 
the i-f alignment, he may loosen the 
i-f trimmers until the i-f amplifier is 
tuned somewhere on the broadcast 
band. Then, when you tune the pre¬ 
selector to the low-frequency end of 
the band, the mixer input and the i-f 
amplifier will be working at the same 
frequency. Any feedback from the i-f 
output to the mixer input will result 
in oscillation. Also, the mixer can go 
into single-stage oscillation, because 
its input and output circuits are tuned 
to the same frequency. Any i-f signals 
flowing through the chassis and C9 to 
B— (see Fig. 16) will be in the mixer 
input circuit consisting of bypass ca¬ 
pacitor C3, coil LI, and tuning ca¬ 
pacitor C. 

Thus, when oscillation occurs over 
the lower part of the dial (not at a 
single frequency only) suspect incor¬ 
rect i-f alignment. 
As you can see, not much can go 

wrong with a standard ac-dc receiver 
to cause oscillation. Older super¬ 
heterodyne sets had a greater tendency 
to oscillate because there were usually 
two or more stages in the rf section 
operating at the same frequency. The 
old trf receivers were even worse in 
this respect than the early super¬ 
heterodyne sets. In both types of re¬ 
ceivers elaborate shielding was used 
around the tuning capacitor gang, the 
tubes, and the individual rf trans¬ 
formers. Also, RC decoupling circuits 
were used in the individual control 
grid, plate, and screen supply leads. 

Most shields are made so they can 
be easily removed. If the connection 
between the shield and the chassis be¬ 
comes corroded, producing a high-
resistance rf joint, oscillation can take 
place in the receiver circuits. The best 
way to prevent oscillation is to use 
sandpaper to clean the contacts be¬ 
tween the shield and the chassis. 

An open bypass capacitor, particu¬ 
larly in the screen grid circuits, is an¬ 
other cause of oscillation. If the ca¬ 
pacitor is open, the rf voltage can feed 
back through the power supply circuits 
to other receiver stages. Shunting a 
good capacitor across an open one will 
stop the oscillation and show that the 
capacitor under test should be re¬ 
placed. 

When a tuning capacitor with more 
than two sections is used, grounded 
springs wipe against the capacitor 
shaft at each section of the gang. A 
high-resistance contact here also causes 
oscillation. Scraping off the oxidation 
will clear up the trouble. 

In many cases part connections are 
made to the chassis through rivets, 
and there are likely to be high-resist-
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anee rf joints at rivet connections. 
Where possible, securely solder the 
rivets to the chassis. Make sure the 
solder flows from the rivet head to the 
chassis. 

In ac sets using 250 volts on the tube 
plates and about 100 volts on the 
screen grids, a bleeder resistor, such as 
R15 in Fig. 18, from the screen to 
chassis is used to keep the screen volt¬ 
age constant. An open in this bleeder 
increases the screen-grid voltage and 
oscillation will take place because of 
excess gain in the stages. 

Note how complex the circuits in 
the ac set shown in Fig. 18 are com¬ 
pared to those in Fig. 16. When oscil¬ 
lation takes place in an ac set, first 
check the screen grid voltage and the 
grounds on the various shields. Then, 
shunt a test capacitor across each of 
the capacitors in the set which would 
result in oscillation if defective. In 
this particular receiver, the capacitors 
to shunt are C4, C5, CIO, Cil, C17, 
and Cl8 in the screen grid and plate 
circuits of the various stages. 

In many older ac sets, which usually 
contain many more amplifier stages 
than the modern ac-dc set, the posi¬ 
tion of the circuit wiring is critical. 
Therefore, when you repair the re¬ 
ceivers, you must not re-route or 
change the position of the wiring, par¬ 
ticularly in the control-grid, plate, and 
screen-grid circuits. The position of 
the wiring in an ac-dc set is not as im¬ 
portant because there is usually less 
wiring in the circuits to serve as feed¬ 
back paths. 

When oscillation is the complaint, 
more than one stage may be involved. 
The symptoms will often tell you if 
it is the rf or the af section at fault. A 
large avc voltage will be present even 
when a station is not tuned in if the 
oscillation is occurring in the rf sec¬ 
tion. After you have located the defec¬ 
tive section, you can then localize the 

trouble to the stage or stages in that 
section. 

If you bring your hand near a stage 
that is oscillating, the frequency of the 
oscillation and the pitch of the squeal 
heard will change. This is a rough 
check to see which stage is at fault. 
Do not pay any attention to changes 
in the squeal that occur when you ap¬ 
proach the local oscillator circuit. Here 
the effect is the same as if you were to 
shift the tuning knob of the receiver 
slightly. 

AF SECTION 

Many of the causes of oscillation in 
the af amplifier section of a radio re¬ 
ceiver were discussed earlier in this 
section. Here we will take up the 
causes of parasitic oscillation in the 
audio output stage. Then, we will see 
how the inverse feedback circuit used 
in many af amplifiers can cause oscil¬ 
lation. 

Parasitic Oscillation. Any unwanted 
self-sustained oscillation in a single 
stage is a parasitic oscillation, because 
it “lives off” the stage. However, serv¬ 
icemen use this term only to describe 
oscillation at some frequency to which 
the circuit is not tuned or which is out¬ 
side the normal frequency band of the 
offending stage. 

In radio receivers, this trouble is 
usually limited to the audio output 
stage, because it is usually the only 
stage where enough power is available 
to sustain such oscillations. A pentode 
output stage is particularly subject to 
these oscillations, because the stage 
has high gain, has a tube with a rela¬ 
tively coarse screen grid structure (so 
that the interelectrode capacity is 
high), and uses circuit elements that 
readily permit parasitic oscillation. 
This trouble is most common in ac sets 
and high-fidelity amplifiers when the 
output stage is run as a class AB or 
class B push-pull amplifier with a low 
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FIG. 19. A typical push-pull output stage. 

resistance input transformer. A typi¬ 
cal circuit is shown in Fig. 19. 

The oscillation occurs at frequencies 
where the leakage inductance and dis¬ 
tributed capacity of the transformers 
form resonant circuits, or where the 
transformer capacities remove the in¬ 
ductance effects. Then the grid and 
plate leads act as transmission lines 
because of their distributed inductance 
and capacity. The circuits act as 
tuned-grid tuned-plate oscillators that 
may produce oscillations well up in the 
short waves. 

The trouble will even occur where 
resistance-coupled amplifiers are used 
to drive the output stage. The induct¬ 
ance and capacity of the grid leads act 
as the tuning elements in the control¬ 
grid circuit. Remember, even a short 
piece of wire has a definite inductance, 
and its reactance may become appre¬ 
ciable at extremely high frequencies. 

Parasitic oscillation does not occur 
in every circuit, of course. It may oc¬ 
cur in any circuit in which enough 
power is available, in which enough 
feedback exists, and in which the grid 
inductance and capacity can form a 
resonant circuit. 

Parasitic oscillation causes severe 
distortion, weak reception, and per¬ 
haps a rushing noise or an exceedingly 
high-frequency whistle. The large 
amount of power consumed lowers all 
operating voltages. The output tubes 
may glow blue between their elements 

or even get so hot their elements melt. 
The rectifier tube, filter choke, power 
transformer, and output transformer 
will overheat because they will be pass¬ 
ing excessive current. Of course, a 
blue glow on the glass envelope of the 
tube does not indicate a defect; but 
such a glow between the electrodes in¬ 
dicates the presence of gas and excess 
cathode current. 

You can prevent parasitic oscilla¬ 
tion by introducing suppression, mak¬ 
ing the plate bypass capacitor more 
effective, or by shortening the effec¬ 
tive length of the grid leads so much 
that the tube will not be able to oscil¬ 
late. 

One of the most effective cures for 
parasitics is to insert resistors at the 
grid terminal of each tube as shown in 
Fig. 20. Resistors R2 and R.3 should 
be between 100 and 1000 ohms. Use 
the smallest size that will eliminate the 
oscillation. 

In a class B output stage, grid cur¬ 
rent will cause distortion if values 
above 500 ohms are used. Hence, if 
you need larger suppressors to stop the 
oscillation, use about 200 ohms, and 
consider the following procedures. 

Manufacturers usually use capaci¬ 
tors such as C2 and C3 of Fig. 19 in 
circuits where parasitics may develop, 
to make the plate load more capacitive. 

FIG. 20. Parasitic oscillation in an output 
stage can be cured by inserting resistors at 
the grid terminal of each tube as shown here. 
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Such capacitors should be connected 
at the tube socket and positioned so 
that the effective length of the plate 
lead is shorter. This will reduce fur¬ 
ther the inductance effects as well as 
the ability to feed back. 

In the circuit shown in Fig. 19, the 
bypass paths from the plates run 
through capacitors C2 and C3 to B-f-, 
from B+ to B— by way of the output 
filter capacitor, and then to the cath¬ 
ode through capacitor Cl. Bringing 
C2 and C3 directly to the cathode as 
shown in Fig. 20 eliminates a great 
deal of this path, and makes parasitic 
oscillation less likely. If C2 and C3 
are used in this way, they must have 
voltage ratings of 600 volts or higher. 

As an additional measure, grid ca¬ 
pacitors of about .005 mfd each can 
be installed to change the grid reso¬ 
nant frequency, as shown by C4 and 
C5 in Fig. 20. Sometimes such capaci¬ 
tors are installed by the manufacturer. 
If used, C4 and C5 should return to the 
same cathode point as C2 and C3. 

Remember that an electrolytic ca¬ 
pacitor makes a very poor rf bypass 
because its inductive winding limits 
its effectiveness at high frequencies. 
For this reason, a paper bypass is con¬ 
nected across the output filter capaci¬ 
tor in many receivers; sets without this 
feature frequently prove unstable. In 

most modern receivers, however, the 
manufacturer usually does not install 
the bypass across the output filter. 
Instead, he assumes that an electroly¬ 
tic capacitor is an adequate bypass for 
all frequencies that may be present. 

Inverse Feedback Circuits. In many 
modern receivers inverse feedback is 
used in the af section of a receiver to 
improve tone quality and to reduce 
distortion. This feedback, instead of 
being regenerative and causing oscilla¬ 
tion, is degenerative and reduces the 
gain. It practically wipes out any 
signals not originally at the input of 
the amplifier. Thus, any distortion 
caused by non-linearity in the ampli¬ 
fier is greatly reduced, which increases 
the fidelity of reproduction. 

A typical circuit is shown in Fig. 21. 
Here part of the signal across the voice 
coil is fed back through a voltage di¬ 
vider network to the input of the am¬ 
plifier. That part of the feedback 
voltage across RI is in the grid circuit 
of VT1, and reduces the gain of the 
amplifier by cancelling out some of the 
incoming signal. If there are unde¬ 
sirable signals across resistor RI, such 
as harmonics, noise, hum, etc., pro¬ 
duced in the amplifier stages them¬ 
selves, the signals will be greatly re¬ 
duced by the degenerative effect. 

If the voice coil is connected proper-

FIG. 21. A circuit using inverse feedback. 
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ly, the feedback is out of phase with 
the signals across R. This is necessary 
to get degeneration. If the connections 
are reversed at the voice coil or at the 
primary of the output transformer, the 
feedback will be in phase with the sig¬ 
nal fed to the input of the amplifier, 
and over-all oscillation of the af am¬ 
plifier will occur. Where this trouble 
is suspected, you can reverse the con¬ 
nections at the voice coil, or what is 
perhaps easier, to the primary of the 
transformer. 

SQUEALS AND HOWLS NOT DUE 
TO RECEIVER DEFECTS 

Since there are many different radio¬ 
frequency signals in the superhetero¬ 
dyne receiver, beats at the i-f can be 
formed between the local oscillator in 
the receiver and undesired station car¬ 
riers, which get through the preselector 
and reach the mixer input. 

Most modern receivers use only a 
single tuned circuit ahead of the mixer. 
Therefore, it is not possible to reject all 
the signals that can beat together and 
produce an i-f that will pass through 
the i-f amplifier. If the dial setting at 
which this occurs is not occupied by a 
desired station, no harm results. In 
this case, the high-frequency station 
is received at both the correct high-
frequency point and at a low-frequency 
setting near the end of the dial. How¬ 
ever, if a desired station operates at the 
low-frequency spot on the dial, you 
will hear a whistle or squeal with the 
program due to the interference be¬ 
tween the station frequencies. This is 
called image interference. 

The only cure is to turn the receiver 
cabinet so its loop will favor the de¬ 
sired station and tend to reject the sig¬ 
nal from the interfering station. In 
outlying areas this can be very trouble¬ 
some. Often if you move the set a few 
feet or a few yards away from the 
original position, you will change the 

strength of the image station and the 
amount of interference. This is par¬ 
ticularly noticeable in some localities 
on an automobile radio. There is no 
real cure, but fortunately the FCC 
tries to assign the frequencies to the 
various stations in a particular locality 
so that interference will be held to a 
minimum. 

Shifting the receiver i-f 5 kc or 10 kc 
will change the point on the dial at 
which the trouble occurs, but in most 
cases this throws the tracking off an 
appreciable amount. 

If an outside antenna is used, image 
interference may be troublesome. 
However, with an outside antenna, a 
wave trap, tuned to the frequency of 
the interfering station, may be placed 
in series with the lead-in. 
The use of an outside antenna to 

help pick up distant stations may re¬ 
sult in adjacent channel interference, 
resulting in a 10-kc audio squeal (adja¬ 
cent channels have a 10-kc separation). 
Interference will occur only in locali¬ 
ties where stations on adjacent chan¬ 
nels feed enough signal to the receiver 
so that some i-f carrier signal from 
each station reaches the second detec¬ 
tor. Fortunately, interference of this 
type is not a widespread trouble. If it 
does occur, it will be worse at night 
and during the winter months when 
long-distance reception on the broad¬ 
cast band is at its best. 

A more serious difficulty is harmonic 
radiation from the horizontal sweep 
circuits of TV receivers. This causes 
squeals across the entire dial, spaced 
about 15 kc apart. In such eases, look 
for an operating TV receiver in an¬ 
other part of the house. Line filters 
sometimes help, and also greater 
physical separation between the TV 
and radio sets. Rearranging the yoke 
leads of the TV receiver, shielding the 
TV receiver, and installing a filter be¬ 
tween the TV set and the wall outlet 
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may help reduce the interference. 
The local oscillator of a nearby 

radio receiver may also radiate a sig¬ 
nal that is picked up with desired sig¬ 
nals. In such a case you will hear a 
squeal having a frequency equal to the 
difference between the interfering sig¬ 
nal and the carrier of the desired sta¬ 
tion. About all you can do is tune to a 
station where the squeal does not 
occur. Increasing the physical separa¬ 

tion of the two receivers or turning one 
of the sets to take advantage of the 
directional characteristics of its loop 
will decrease the interference con¬ 
siderably. 

If you learn to recognize squeals due 
to causes outside of the receiver, you 
may save hours of useless trouble¬ 
shooting. Generally if a set squeals at 
your customer’s location but not in 
your shop, there is nothing wrong 
with it. 

COMMON CAUSES OF OSCILLATION 
This table covers only the more common causes, with the most common first. Use 
it as a guide and memory refresher. Localize the trouble first, then check for these 
probable causes. 

Condition Location Causes 

Audible at all times. 
Squeals only when 
station is tuned in. 
Occurs on all sta¬ 
tions. 

Squeals only when 
station is tuned in. 
Occurs mostly at 
one end of tuning 
band. 

Audio Stages 
1-F Stages 

KF Stages 

Defective filter or bypass capacitors. 
Open bypass capacitors; shielding missing or 
making poor contact; alignment off; excess 
screen grid voltage; low bias; leads improp¬ 
erly placed. 

Open bypass capacitors; shielding missing or 
making poor contact; poor contact at tun¬ 
ing capacitor rotor shaft; excessive screen 
grid voltage; low bias; alignment off; leads 
improperly placed. 
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Lesson Questions 

Be sure to number your Answer Sheet 39B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time, or you may run out of lessons before new ones can 
reach you. 

1. Which components in the receiver power supply are the most frequent 
cause of hum in a receiver? 

2. Which of the following is more subject to hum pickup: (1) low-impedance 
grid circuit; or (2) high-impedance grid circuit? 

3. Suppose a receiver using the circuit shown in Fig. 6A hums, and no station 
can be received; what part would you suspect if shorting R3 kills the hum, 
but shorting R2 has no effect on the hum and does not produce a dick in 
the speaker? 

4. What two conditions must be present before modulation hum can be pro¬ 
duced in an rf or i-f stage? 

5. Why does cathode-to-heater leakage in a tube usually produce less hum in 
an ac set than the same defect in an ac-dc set? 

6. What are the two purposes of the decoupling networks C2-R2 and C4-R4 
in Fig. 13? 

7. If you are not able to reduce or stop squealing in a receiver by tuning the 
set or varying the volume control, which receiver section, in addition to the 
power supply, would you suspect might contain the defect? 

8. What are the two procedures that can be used to prevent unwanted oscilla¬ 
tion in a receiver stage? 

9. Why is over-all oscillation rarely found in an rf section of a modern super¬ 
heterodyne receiver that is properly aligned? 

10. Why are parasitic oscillations usually confined to the output stage of a 
receiver? 
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STICK—AND YOU’LL WIN! 
“How can I be a success?” The simplest answer 

to that question is “finish whatever you start.” 

Until success is attained, the individual tasks con¬ 
fronting you are relatively unimportant in them¬ 
selves. The really important thing is their effect 
upon you, what you learn from them, the practice 
in succeeding that you acquire in accomplishing 
these tasks. 

We can always find plenty of reasons for quitting, 
but what do we accomplish, what do we learn by 
quitting? We only learn how to quit—how to fail. 

If success in any undertaking is dependent upon 
effort (and we all agree that it is), then the more 
effort we make, the greater our success. You may 
not be able to trace the success present in every 
effort, but it is there just the same. You don’t 
attain success in one jump. You succeed by de¬ 
grees, and the degree of success is in exact propor¬ 
tion to the degree of effort. 
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Study Schedule No. 40 
For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each oilier step in this same way. 

Introduction 1. 
Here you are introduced to frequency distortion, pilase distortion, and 
amplitude distortion. 

How Distortion is Produced 9. 

In this section you learn how amplitude and frequency distortion are 
produced. Phase distortion is not important in radio reception. 

3. Causes of Amplitude Distortion in Radio Receivers. . Pages 8-15 
The causes of amplitude distortion, which is the most noticeable type, 
are gone into in detail. 

4. Localizing Distortion Pages 15-21 
You learn to localize distortion in both the rf stages and the af stages. 

5. How Io Service Noisy Receivers.Pages 21-28 
You learn how to isolate noise to a stage, circuit, and part. 

6. Servicing Intermittent Receivers... . . . . Pages 28-36 
You study the causes of intermittent reception, and learn to locate the 
defect with a vtvm and with a signal tracer. 

7. Answer Lesson Questions. 

8. Start studying the next Lesson. 
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. HOW TO SERVICE 
’ DISTORTED, NOISY, AND 
INTERMITTENT RECEIVERS 

YOUR last few lessons have describ¬ 
ed the servicing procedures to use 

in locating and repairing various types 
of radio receiver complaints. You have 
studied the types of defects that may 
be found in the various receiver parts, 
and you have learned how to locate de¬ 
fects in receivers that hum, squeal, and 
motorboat. In this lesson, you will 
study the causes of distortion, noisy 
reception, and intermittent reception. 
You will learn several servicing tech¬ 
niques to use for each complaint. When 
you are doing service work, the more 
tests you are able to make to find the 
trouble in a receiver, the faster you will 
be able to make the repair. Remember, 
in receiver repairing, time is money. 

Noisy reception and intermittent re¬ 
ception are often caused by the same 
defect. In both casos, the defect is not 
constant, but goes “on and off.” The 
difference is chiefly in the frequency 
with which it does so. If the defect oc¬ 
curs rapidly, it results in noise; if it 
occurs very slowly, it results in inter¬ 
mittent reception. This is not always 
true. Some defects can cause one or 
the other complaint but not both. 

In this lesson you will learn how to 

localize the defect by using voltage 
measurements, signal-tracing methods, 
and effect-to-cause reasoning. In the 
first section of this lesson you will study 
the causes and remedies of receiver dis¬ 
tortion. Later you will study noisy and 
intermittent reception. 

When a customer tells you that his re¬ 
ceiver doesn’t sound right, he means 
that the sound is distorted. He may 
say the set sounds as though the per¬ 
son talking had a “mouthful of mush,” 
or the receiver sounds “tinny,” or 
“boomy,” or he may not be able to de¬ 
scribe just what he finds objectionable. 

It is impossible to eliminate all dis¬ 
tortion completely; the receiver with¬ 
out any trace of distortion has not yet 
been made. Your job is to reduce the 
distortion enough to satisfy the cus¬ 
tomer. 

When a customer complains about 
his receiver, be sure you find out exact¬ 
ly what he dislikes about its perform¬ 
ance. You can’t depend on your hear¬ 
ing; even when the receiver is working 
at its best, you may consider its output 
distorted; on the other hand, the cus¬ 
tomer may complain about distortion 
that you find unnoticeable. Much de-
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pends on what the customer has been 
used to in the past and the exact qual¬ 
ity of his hearing. Remember that the 
untrained human ear can stand reason¬ 
able amounts of distortion indefinitely. 

There are three types of distortion: 
frequency, phase, and amplitude. Let 
us see what they are, and which of 
them you will most often be called on 
to correct in your service work. 

FREQUENCY DISTORTION 

If a receiver or an amplifier does not 
pass all signal frequencies in the audio 
range equally, the result is frequency 
distortion. Sound audible to the human 
ear ranges from about 20 to 20,000 cy¬ 
cles per second. Ideally, transmitting 
and receiving equipment would trans¬ 
mit and reproduce frequencies in this 
range just as they were originally pro¬ 
duced. Fortunately, a smaller fre¬ 
quency range than this will still give 
intelligible and entertaining programs. 
An ordinary inexpensive table-model 
radio receiver has a frequency range of 
about 100 to 3500 cycles per second; a 
high-fidelity receiver has a range of 
about 30 to 15,000 cycles per second. 

A customer will usually describe fre¬ 
quency distortion as “tinny” or 
“boomy.” Only the very worst cases 
of frequency distortion are usually 
brought to a service shop. Very few 
service shops have the equipment to 
measure the frequency range of a re¬ 
ceiver. You will have to depend on 
your own ear. Since you will have no 

way of measuring the frequency range, 
you will have to make the receiver 
sound right. 

PHASE DISTORTION 

In any equipment using coils and 
capacitors, there is some phase shift in 
the transmission of different frequen¬ 
cies. Thus, several simultaneously 
transmitted frequencies may not end 
up with the same phase relationship, 
but may be advanced or delayed in 
time. Phase distortion is usually of 
very little importance in radio re¬ 
ceivers, so we will not consider the 
matter here; you will meet it again in 
your studies of television. 

AMPLITUDE DISTORTION 

The signal waveform at the output 
of a transformer or tube does not al¬ 
ways have the same shape as the signal 
at the input. The change in shape gen¬ 
erally takes place at first at the positive 
and negative extremes of a cycle and 
appears to change the height or ampli¬ 
tude of the wave. For this reason, it is 
called amplitude distortion. It is the 
type of distortion most noticeable to 
the human ear, and hence, the type 
you will most often be called on to cor¬ 
rect. 
Whenever the shape of a wave is 

changed, the harmonic content of the 
original signal is changed. Because of 
the change in harmonic content, this 
form of distortion is often called har¬ 
monic distortion. 
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How Distortion Js Produced 
Amplitude distortion exists when the 

wave shape at the output no longer re¬ 
sembles the wave shape at the input of 
a stage or section; the change in wave 
shape indicates that there are harmon¬ 
ics in the output that were not a part 
of the original signal. Frequency dis¬ 
tortion exists when some frequencies 
are amplified more than others. Let us 
see what causes each of these effects. 

AMPLITUDE DISTORTION 
There will be amplitude distortion 

only if a part is non-linear; that is, it 
produces an output that differs from 
the input not only in amplitude but 
also in wave shape. The only common 
parts that can be non-linear are tubes, 
transistors, crystal diodes, large iron-
core chokes and transformers, and a 
few special resistors called “thermis-
ters.” 

Sometimes the non-linearity of a 
part can be useful. For example, it is 
the non-linearity of a diode that makes 
it useful. Thermisters are found only 
in a very few television sets, where 
their non-linearity can be used to pro¬ 
vide voltage regulation. 

Now let us see just how non-linearity 
in a tube or iron-core transformer can 
cause amplitude distortion. At the 
same time we will see why amplitude 
distortion does not occur in a resistor, 
capacitor, or air-core coil. A graphic 
presentation will show you most 
clearly. 

Operating Characteristics. If a de¬ 
vice has a straight-line operating char¬ 
acteristic curve like that shown in Fig. 
1, there will be no distortion. Here, t he 
sine wave signal 1-2-3-4-5 produces a 
wave shape 6-7-8-9-10 that is larger, 
but otherwise an exact duplicate. Any 
device or amplifier with a straight-line 
characteristic like this is said to be 

linear, and will faithfully reproduce 
the input signal. 

Resistors, capacitors, and air-core 
coils all have straight-line charac¬ 
teristics. This means that the resist¬ 
ance of a resistor or the capacity of a 
capacitor does not change with wide 
variations in voltage. 

In an air-core coil, since the mag¬ 
netic path is air, its reluctance does not 
change if the magnetomotive force 
changes, so the flux varies in propor¬ 
tion to the magnetomotive force. As 
long as the change in flux is propor-
1 ional to the magnetomotive force, the 
waveform of the secondary voltage 
will have the same shape as the wave¬ 
form of the primary signal current. 

I OUTPUT 

FIG. 1. A straight-line characteristic curve 
will give linear, distortionless output. 

In an iron-core device such as an 
audio output transformer we have a 
somewhat different situation. Here, 
the reluctance of the core increases as 
the magnetomotive force increases, so 
the flux does not change in proportion 
to the magnetomotive force. In fact, 
if the magnetomotive force is made 
great enough, the reluctance will be¬ 
come so large that the flux does not in¬ 
crease at all, but remains constant; 
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this is called core saturation. When 
we have core saturation, the waveform 
of the secondary voltage will be flat¬ 
tened so that it is different from the 
waveform of the primary current, and 
we have amplitude distortion. 

The strength of the magnetomotive 
force is determined by the combined 
strength of the ac signal current and 

FIG. 2. A tube characteristic curve is never 
straight, but the center part is straight enough 
to give relatively undistorted amplification. 

the de flowing in the primary winding 
of the transformer. The reluctance of 
the core always increases when the 
magnetomotive force increases. No 
transformer is perfectly linear. In 
other words, there is always at least 
a small amount of distortion. In a well 
designed receiver, the distortion will 
be small, but if the direct current be¬ 
comes too large, the core will become 
saturated, and there will be a consider¬ 
able amount of distortion. 

A vacuum tube is another part that 
does not have a straight-line charac¬ 
teristic. The Eg-Ip curve is never a 
straight line but is curved, as shown in 
Fig. 2. Part of the curve is straight 
enough so that operation on it will not 
produce appreciable distortion. In 
Fig. 2 the applied grid signal 1-2-3-4-5 
swings the plate current over the al¬ 
most straight section A-B-C of the 
curve; plate current wave 6-7-8-9-10 
has very nearly the same shape as the 
input signal voltage, and there is no 
appreciable distortion. 

Overloading. Now suppose we have 
the same grid bias and plate voltage as 
for Fig. 2, but apply a larger signal to 
the grid so that the tube works on the 
upper and lower bends of its charac¬ 
teristic, as shown in Fig. 3. Here, the 
signal 1-2-3-4-5 swings the tube oper¬ 
ation over range D-B-E, producing the 
output wave 6-7-8-9-10. The output 
wave is highly distorted; the peaks at 
7 and 9 are flattened. This type of 
distortion is the result of overloading 
(too much signal voltage), and is very 
noticeable to the human ear. 

Bias Changes. Now let us see what 
happens if instead of overloading the 
stage with too much signal, we apply 
a normal signal and allow the bias 
voltage to shift. Fig. 4A shows what 
happens if the bias is too low. The 
tube operating curve is the same as in 
Fig. 2, but the operating point is now 
at point F, near the upper bend of the 
curve. The bias voltage has been re¬ 
duced, allowing a higher average plate 
current to flow. 
Now when we apply grid signal 

1-2-3-4-5, we will operate between G 
and H on the curve. The output wave 

FIG. 3. The effect of too high an input signal. 

6-7-8-9-10 is flat at 7, and the swing 
from 6 to 7 is much shorter than the 
swing from 8 to 9, so the upper half of 
this wave is quite distorted. 

Similarly, if the bias is too high, we 
get distortion at the lower bend of the 
curve (Fig. 4B). Here, the bias volt¬ 
age has been increased so that J is the 
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operating point. The input signal 
swings over the operating region K-L, 
producing an output wave 6-7-8-9-10. 
The lower half of the wave is squared 
off and shorter than the upper half. 
This is the same effect as that in Fig. 
4A, except that it is on the other half 
of the wave. Since the human ear 

DISTORTION CAUSED BY INCORRECT GRID BIAS' 

FIG. 4. The effect of too high or too low bias 
with normal input. 

can’t recognize phase shifts of 180°, the 
two distortions will sound alike. 

Plate Voltage Changes. Now let’s 
see what happens if the grid bias re¬ 
mains fixed but the plate voltage 
changes. Again we will have distor¬ 
tion. Fig. 5 shows how. The three 
curves are for three different plate 
voltages with the same bias. 

Suppose the plate voltage is 250 
volts and the bias is adjusted to give 
class A amplification. Then, on curve 1 
(the middle curve), the operating point 
will be B and the operating range A-C, 
so t he output curve M is a duplicate 
of the grid signal. 

With the same bias, suppose we in¬ 
crease the plate voltage to 300 volts. 
We will then operate in the G-H region 
on curve 2 and get output curve N. 
Notice that this is the same type of 
curve as that in Fig. 4A. 

If we drop the plate voltage to 200 
volts, we operate in the K-L region on 
the lower bend of curve 3, getting out¬ 
put curve P. This curve is like Fig. 4B. 

Thus, overloading the tube, chang¬ 
ing the grid bias, or changing the plate 
voltage may shift the operating point 

on the tube curve enough to cause 
distortion. 

Self-Biased Stages. In a self-biased 
tube stage, any defect that changes 
either the grid voltage or the plate 
voltage usually changes both. Since 
these two changes tend to compensate 
for each other, distortion in a self¬ 
biased stage is not as great as shown in 
the curves we have studied. How¬ 
ever, a self-biased stage cannot com¬ 
pensate fully for changes in operating 
voltages; some distortion occurs when 
any change is made, but it is consider¬ 
ably less than the same change pro¬ 
duces in a fixed-bias stage. 

Remember that changes in screen 
voltage have much the same effect as 
improper plate voltage. The distortion 
shown in Fig. 5 will occur if changes in 
the screen grid voltage make the tube 
operate over a curved part of its char¬ 
acteristic curve. 

Low emission in a tube, caused by a 
wornout cathode or by low filament 
voltage, can change the shape of an 
Eg-Ip curve so that distortion occurs. 

FIG. 5. The effect of incorrect plate voltage. 

The effect of low emission is to lower 
the upper bend in the characteristic 
curve. 

Plate Current Changes. Let us re¬ 
fer to Fig. 2 again. In this figure, the 
average of the plate current is the line 
B-B. When the signal is applied, the 
increase in plate current from 6 to 7 
of Fig. 2 is equal to the decrease from 
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8 to 9, so there is no change in the 
average value of the plate current. 
Thus, you should notice no change in 
the average (de) plate current when a 
signal voltage is applied to a properly 
operating class A stage. 

In Fig. 3, the average plate current 
is the line B-B. Again the change from 
6 to 7 is equal to the change from 8 to 
9, so the average plate current will not 
change. Therefore, in the situation 
shown by Fig. 3, we cannot tell from 
the plate current when a stage is 
overloading. 

However, in Fig. 4A we find some¬ 
thing very interesting. The average 
normal plate current is represented by 
the line F. When we apply a signal, 
the plate current rise from 6 to 7 is not 
nearly as great as the plate current 
drop from 8 to 9. Therefore, the new 
average caused by this signal variation 
is somewhere near the point represent¬ 
ed by the line A-A. When a signal 
voltage is applied, the plate current 
average drops from the F value to the 
A-A value. Thus, if the plate current 
drops when signals are applied, you 
know that the stage is operating at or 
near the upper bend in the tube 
characteristic. 

In Fig. 4B, the plate current changes 
from the average value J to the value 
A-A—increasing when a signal voltage 
is applied. Therefore, an increase in 
the plate current when a signal is ap¬ 
plied shows the stage is operating on 
the lower bend of the tube charac¬ 
teristic. 

In Fig. 3, we chose an operating 
point exactly at the middle of the 
curve. If the actual operating point is 
higher or lower on the curve, an over¬ 
loaded input will cause unequal half 
cycles and, again, the plate current 
will shift. The direction of the shift 
depends upon whether we are higher 
or lower on the curve, as in Fig. 4. 

In general, there should be a steady 

plate current in a class A amplifier, 
whether or not a signal is applied. A 
plate current increase or decrease 
means there is some distortion in that 
stage. The direction of the change 
shows whether the stage is operating 
closer to the upper or to the lower bend 
of the tube characteristic. This test 
applies only to a class A amplifier, such 
as an rf stage with no avc, or an audio 
amplifier, not to a detector or to a 
class B amplifier, where a plate current 
change always occurs during normal 
operation when a signal is applied. As 
you will learn later, this gives you a 
highly useful test for distortion in a 
class A amplifier. 

FREQUENCY DISTORTION 

Whenever you have a combination 
of inductance and resistance, capacity 
and resistance, or inductance and ca¬ 
pacity, frequency distortion will exist, 
although its amount can be limited by 
proper design. Therefore, there is al¬ 
ways some frequency distortion in any 
audio amplifier, causing losses at both 
the low- and the high-frequency ends 
of the audible range. 

Frequency distortion in high-fidelity 
receivers may be caused by a slight 
change in a part value or by misalign¬ 
ment. In ordinary receivers, defective 
parts are usually responsible. 

Usually you will correct frequency 
distortion only when some defect has 
caused a radical change in the fre¬ 
quency response of the receiver. Let’s 
see what defects there may be, starting 
with the rf stages. 

Side-Band Cutting. Loss of high 
audio frequencies can be caused in the 
rf stages by side-band cutting, when 
the receiver has a narrow response. 
When the tuned circuits resonate 
sharply, the side bands are clipped and 
the side bands carrying the higher 
audio frequencies will not be passed. 
This condition may be caused by the 
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receiver design or by too sharp peak 
alignment. The alignment can be 
quickly corrected with a frequency-
modulated signal generator and an os¬ 
cilloscope, by staggering the adjust¬ 
ments slightly so as to broaden the 
peak. This reduces both the gain and 
the selectivity of the receiver, but can 

FIG. 6. A high-gain audio amplifier which 
might be found in some receivers and phono 

amplifiers. 

be used in some cases to improve the 
frequency response. 

Severe side-band cutting can also be 
caused by regeneration, although re¬ 
generation usually causes oscillation 
before a serviceman is called in. Treat 
regeneration just as you would oscilla¬ 
tion complaints. 

Defects in Audio Circuits. Fig. 6 
shows a typical two-stage audio am¬ 
plifier. Let’s see how various troubles 
can cause frequency distortion in it. 

If either of the coupling capacitors 
Cl or C4 opens, the reduction in capa¬ 
city will cause severe frequency dis¬ 
tortion. The volume will decrease tre¬ 
mendously, but there will be enough 
residual capacity in the wiring and be¬ 
tween the broken ends of the capacitor 
leads to allow only the very high-

frequency audio notes to pass. This 
defect can easily be distinguished by a 
great decrease in volume along with a 
“tinny” tone. 

Capacitor C6 is used in the output 
circuit to prevent possible oscillation. 
If this capacitor opens, there will be 
no effect on low audio frequencies; but 
more high audio frequencies, which 
would be bypassed by C6, will be re¬ 
produced by the speaker. 

An open in capacitor C2 or capacitor 
C5 will remove the bypassing across 
the bias resistors, allowing degenera¬ 
tion. This will reduce amplification 
somewhat, but will also flatten the fre¬ 
quency response and give better fidel¬ 
ity. However, if small amounts of 
capacity remain in these capacitors, 
the higher frequencies will be bypassed. 
There will then be less degeneration 
and a rising response at these higher 
frequencies. 

C8 and C9 in this diagram are the 
filter capacitors. C8 provides the sig¬ 
nal return path from the plate to the 
cat hode of VT2. If C8 becomes open 
or loses capacity, the filtering action 
will be reduced, and R7 and C9 will 
then be in the signal return path. Add¬ 
ing R7 to the path reduces the signal 
current through L and reduces the 
volume. Loss of capacity at C8 puts 
R7 and C9 in the return path for low 
audio frequencies, but not for high 
audio frequencies. The lows will be re¬ 
duced, but not the highs. However, 
the customer’s complaint will probably 
be high hum rather than frequency dis¬ 
tortion. 

Since the most noticeable form of 
distortion in a radio is amplitude dis¬ 
tortion, we will now take up the causes 
of it in detail. 
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Causes Of Amplitude Distortion 
In Radio Receivers 

In servicing any electronic equip¬ 
ment for a given complaint, you must 
know the common causes of that com¬ 
plaint. Certain types of defects will 
produce the symptom in which you are 
interested; other types of defects, even 
in the same parts, will produce en¬ 
tirely different symptoms. Further¬ 
more, you must know how to apply 
quick accurate tests that will show 
either that the part is at fault or that 
it is good. 

This is not just a case of memorizing 
certain defects and their symptoms. 
There are too many parts in the vari¬ 
ous circuits for you to be able to re-

Of course, some troubles are so com¬ 
mon that you will recognize them 
easily, and won’t need a schematic to 
help you think. For example, for dis¬ 
tortion in the af system, you will always 
check the output tube and its coupling 
capacitor first of all. Then, you will 
look the set over and decide what other 
parts should logically be checked. 

Only if you have not corrected the 
trouble and can think of no more logi¬ 
cal tests should you bother with further 
localization procedures. 

When you first start out, you won’t 
have a great many ideas to try—this 
comes with experience—and you will 

FIG. 7. A typical rf stage. 

member all of them. Also, because of 
the slight differences in receivers made 
by different manufacturers, a particu¬ 
lar defect may not produce the same 
symptom in every receiver. 

For fast, accurate service work, you 
should have a schematic of the re¬ 
ceiver you are working on. You can 
see from the schematic how the various 
stages and circuits work. All the parts 
are shown; and with them before you, 
it is possible to decide how a part 
might fail to cause the trouble. Look¬ 
ing at the schematic you can also de¬ 
cide what tests to make, and then pro¬ 
ceed to make them. 

have to depend upon localization pro¬ 
cedures. With experience you will in 
many cases go right to the most likely 
cause of the trouble time after time. 

First, we will discuss defects in the 
rf stages that can produce distortion, 
then we will discuss defects in both 
single-ended and push-pull audio out¬ 
put stages. Both types of audio output 
stages are used in radio and TV sets, 
and in high-fidelity systems. 

RF AND I-F STAGES 

Generally, the stages ahead of the 
first af are free of amplitude distortion, 
so you can usually concentrate on the 
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af stages, power supply, and speaker. 
However, this does not mean that am¬ 
plitude distortion cannot be produced 
in the rf section of a receiver. Under 
certain circumstances, amplitude dis¬ 
tortion does occur, as you will learn 
later. Hut first, let us see why it is not 
likely to. 

During normal operation, tube VT1 
in Fig. 7 has only a very small signal 
applied to its grid, and the bias pro¬ 
duced by resistor RI permits the tube 
to operate over the straight part of its 
characteristic curve. When a strong 
signal is received, however, the avc 
voltage causes the tube to operate near 

When the rf signals in the form of 
pulses are fed into the resonant circuit 
formed by coil LI and capacitor C2, 
the capacitor charges up on the posi¬ 
tive pulses, and discharges through the 
coil between pulses. This stores energy 
in the coil, which in turn charges the 
capacitor with the opposite polarity. 
When the coil energy is used up, the 
capacitor again discharges, and the sig¬ 
nal fed to the grid of the mixer stage 
from this resonant circuit contains 
both the positive and the negative 
halves of the carrier signal. Thus, the 
distortion produced by operating the 
tube on the curved portion of its char-

FIG. 8. When an rf stage is operated at cut¬ 
off, the output is a series of pulses. These are 
reconstructed by the following resonant 

circuit. 

the lower bend of its characteristic 
curve. Since VT1 is of the remote cut¬ 
off type, the lower bend is very grad¬ 
ual. Some distortion results, but it is 
small. 

Now, suppose excess bias caused by 
leakage in capacitor Cl is applied to 
the grid of tube VT1. This will cause 
the tube to operate on the curved part 
of its characteristic curve as shown in 
Fig. 8. Notice that the lower half of the 
plate current wave form is practically 
cut off. When the output signal is fed 
through coupling transformer T to the 
following resonant circuit, however, 
the restoring action of the circuit, 
called the flywheel effect, reconstructs 
the lower half of the signal. Let us see 
how this restoring action works. 

acteristic is automatically corrected. 
The important thing to note is that 

the tuned circuit can restore the wave 
shape of the carrier signal only. It can¬ 
not restore the wave shape of the 
modulation envelope. Although the rf 
output signal will not be distorted, the 
sensitivity of the set will be very low. 
Therefore, the customer will probably 
complain of low volume rather than 
distortion. 

Similarly, the mixer is designed to 
operate at the plate current cut-off 
point just like any other detector. It 
must cut off half the wave, as shown 
in Fig. 8, to give the necessary mixing 
action. If a defect occurs, the mixer 
may work on the straight part of its 
curve and become more of an amplifier 
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than a detector. There will still be 
some mixing of the incoming carrier 
and the locally generated oscillator sig¬ 
nal, but the i-f output of the mixer will 
be low or there will be circuit noise. 
The customer will complain of weak re¬ 
ception or noise rather than distortion. 

Incorrect electrode voltages in the 
oscillator circuit may make the oscil¬ 
lator block, and thus chop up recep¬ 
tion. Again, the customer will not 
recognize this as distortion. 

An i-f stage like that shown in Fig. 9 
may cause distortion when it is over¬ 
loaded. The i-f tube, like the rf tube 

torted just as if a distorted af signal 
had been modulated on the carrier at 
the transmitter. This distorted signal 
will pass through the second i-f trans¬ 
former Tl, be rectified by the diode 
detector, and ultimately produce a dis¬ 
torted loudspeaker output. The fol¬ 
lowing resonant circuits cannot correct 
for this because both halves of the 
wave have been affected instead of 
just one half. 

Overloading can also be produced if 
VT1 or some other avc-controlled tube 
is gassy and draws grid current. This 
current will set up a voltage across RI 

FIG. 9. An i-f amplifier stage. 

we discussed, is a variable-mu tube 
with remote cut-off. Very little dis¬ 
tortion of the modulation takes place 
at the lower bend. However, suppose 
that avc filter capacitor C breaks down, 
removing the avc voltage from the i-f 
tube and preceding tubes. Then, on 
strong signals, the sensitivity of the rf 
section of the receiver will not be re¬ 
duced by the avc, so the signal voltage 
developed across the secondary of i-f 
transformer T will become consider¬ 
ably greater than the de bias across re¬ 
sistor R. This will allow the tube to 
operate on both the bends of its charac¬ 
teristic (as in Fig. 3), and both positive 
and negative signal peaks will be dis-

with polarity opposite to that of the 
avc voltage—that is, so the grid end 
of RI is positive. As a result, the avc 
voltage is effectively decreased. Low 
avc voltage may allow the rf gain to 
increase enough to produce a signal 
that will overload VT1. 

Trouble in the second detector stage, 
VT2, can also cause distortion. For 
example, suppose the rf bypass capa¬ 
citor C2 opens. This will allow so much 
rf energy to be fed into the first af stage 
that it may produce overloading and 
distortion. 

If volume control R2 is incorrectly 
replaced with one whose resistance is 
too high, the diode detector may be 

10 



cut off for short periods because of the 
excessively long time constant of R2 
and C2. If the charge stored in C2 
can’t leak off rapidly enough, weak 
signal pulses will be cut off, thus pro¬ 
ducing a distorted output. 

SINGLE-ENDED AUDIO STAGES 
A typical single-ended audio ampli¬ 

fier is shown in Fig. 10. A defect in any 
of the shaded parts may cause ampli¬ 
tude distortion. The parts most likely 
to be at fault are coupling capacitor C6 
and tube VT2, closely followed by C4. 

Remember that, except for tubes, 
capacitors are the greatest trouble¬ 
makers, especially those that have a 
large ac signal component applied 
across them in addition to the de. Re¬ 
sistors seldom fail, but they do open 
or change in value at times. There¬ 
fore, you should consider them poten¬ 
tial sources of trouble. When a resistor 
becomes defective, some other part is 
usually at fault, whereas capacitors 
themselves fail because of internal de¬ 
fects. 

Let’s take the shaded parts in Fig. 
10 in order, to see how they can fail so 
as to produce distortion, and find out 
how to check them for the suspected 
failure. Since capacitors are the most 

frequent causes of distortion, we will 
discuss them first. 

Capacitors. If capacitor C3 opens, 
i-f signals will be applied to the control 
grid of VT1 and may overload the 
tube, driving it off the straight portion 
of its characteristic curve, and thus 
producing amplitude distortion. To 
check C3 for an open, shunt it with 
another capacitor of about the same 
size. 

If C4 becomes leaky, the de voltage 
across the diode load resistor R3 will 
be applied to the control grid and this 
incorrect bias voltage will result in dis¬ 
tortion. Check by connecting a vtvm 
across R4 and note if the voltage 
changes as you vary the volume con¬ 
trol. If the voltage goes up to a high 
negative value when the volume is 
turned to maximum, this proves that 
C4 is leaky. 

Leakage in C5 will reduce the plate 
voltage and cause distortion. An open 
in Co can allow any rf that was ampli¬ 
fied by the tube to be passed on to the 
output tube VT2, and may overload 
tube VT2. Check the capacitor by 
substitution if you suspect an open. 
Use an ohmmeter to check C5 if low 
de plate voltage leads you to suspect 
leakage. 

FIG. 10. Defects in the parts shaded can cause distortion. 
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If C6 develops leakage, a positive 
voltage will be applied to the control 
grid of VT2, and distortion will result. 
You can check on this by connecting a 
de voltmeter across R6 with the posi¬ 
tive terminal on the grid. You should 
not be able to get a voltage indication 
here. If there is a voltage drop across 
R6, C6 may be leaky or the tube may 
be gassy. In an ac set you can pull VT2 
out of its socket. If the voltage re¬ 
mains, C6 is leaky. If it disappears en¬ 
tirely, VT2 is gassy. If the voltage 
drops but some voltage is still present, 
you have both leakage in C6 and gas 
in VT2. Either condition causes dis¬ 
tortion. In an ac-dc set you cannot re¬ 
move the output tube, so you just 
disconnect one lead of C6 and note the 
effect on any voltage across R6. 

Leakage in C7 will reduce the bias 
on VT2 and cause distortion, because 
the tube will no longer operate on the 
straight portion of its curve. Capacitor 
C7 can be checked with an ohmmeter. 

If capacitor C8 is connected from the 
plate to the cathode, as in Fig. 10, 
leakage in it will increase the positive 
voltage on the cathode. This will 
raise the negative bias to the point 
where distortion will occur. If you 
suspect C8, you can disconnect one 
lead and see if this clears up the dis¬ 
tortion, or you can check the capacitor 
with an ohmmeter. An open in ( '8 can 
permit parasitic oscillation, which is 
inaudible, to occur in the output stage. 
Oscillation will develop a voltage 
across R6, making the grid end nega¬ 
tive. There should never be a de volt¬ 
age across R6. As already mentioned, 
if you find voltage across R6 making 
its grid end positive, the defect is in C6 
or in tube VT2. If there is a voltage 
drop that makes the grid end of R6 
negative, the stage is oscillating. 

Leakage in capacitor C9 will reduce 
the de operating voltages. However, 
sometimes the voltage does not de¬ 

crease enough to cause weak reception. 
You may find that the output will be 
distorted instead. 

A high power factor or a partial open 
in C9 will usually cause hum or oscilla¬ 
tion. In some cases the signal will not 
be as clear as it was previously, and 
the result will be distortion. 
The capacitor may be checked for 

leakage with an ohmmeter if the B sup¬ 
ply voltages are low, and by substitu¬ 
tion if the symptoms indicate the capa¬ 
citor is open or has a high power factor. 

Resistors. An open in volume con¬ 
trol R3 or a change in its value may 
keep the operation of the diode detec¬ 
tor from being linear. Check the po¬ 
tentiometer with an ohmmeter. 

If R4 becomes open, excess bias will 
be developed on the grid of VT1, and 
distortion and perhaps hum will result. 
Check the resistor with an ohmmeter. 
If the distortion and hum clear up 
when you connect a de voltmeter 
across R4, this shows that the resist¬ 
ance between the grid and cathode is 
excessive. 

If the value of R5 increases consid-
arably, the plate voltage of the tube 
will drop, and the tube will no longer 
operate on the straight portion of its 
characteristic curve. This is a fairly 
common cause of distortion. If the 
plate voltage is low, be sure to check 
this resistor. An open in R6 gives the 
same results as an open in R4. Also, a 
large increase in the value of R6 may 
cause VT2 to become gassy, thus pro¬ 
ducing a distorted signal. The resistor 
should be checked with an ohmmeter 
if suspected. 

An increase in value or an open in R7 
will result in a large increase in bias. 
Thus, if you find that the cathode to 
B— voltage is abnormally high, you 
should, among other things, check the 
value of R7 with an ohmmeter. 

Tubes. If tube VIT becomes gassy, 
a positive voltage will be developed on 
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its grid, and the sound will be dis¬ 
torted. You may not be able to meas¬ 
ure the positive voltage, however, be¬ 
cause it may decrease almost to zero 
when you connect the voltmeter be¬ 
tween the grid and B —. If you suspect 
trouble in this tube, try a new tube. 

We have already described, under 
the discussion of C6, the effect of gas 
in VT2. Cathode-to-heater leakage in 
VT2 can also cause distortion by re¬ 
ducing the bias. The tube may be 
checked for leakage in a tube tester, 
but the best check is to try another 
tube. 

Output Transformer. Output trans¬ 
former T2 can cause distortion if some 
of the turns on either the primary or 
secondary are shorted. It is almost 
impossible to identify such trouble 
with an ohmmeter. Here is a case 
where you must try a new part if 
everything else seems to be all right. 

Loudspeaker. For the sound from 
a speaker to be free from distortion, the 
motion of the cone must be propor¬ 
tional to the signal current flowing in 
the voice coil. However, the voice coil 
motion may be non-linear because of a 
warped, torn, or loose cone, particles of 
dirt in the air gap, or an off center 
voice coil. The easiest way to check a 
loudspeaker is to substitute a good PM 
speaker in its place. 

If you find that the distortion is 
originating in the af section of a re¬ 
ceiver like the one shown in Fig. 10, 
check the parts as mentioned above, 
and you will find the cause of distor¬ 
tion in practically all cases. However, 
some defects cannot be found by look¬ 
ing at the diagram. Perhaps there is 
leakage through some wire to the chas¬ 
sis or perhaps some serviceman has 
previously worked on the set and made 
errors in wiring or in parts values. 
When this occurs, it is a good idea to 
try to localize the trouble to one stage 
so that you can devote all of your at¬ 

tention to that stage. Check the parts, 
and where necessary, try others. We 
will consider localization procedures a 
little later. 

PUSH-PULL AUDIO STAGES 

As you know, all even harmonics 
that are generated in a properly oper¬ 
ating push-pull amplifier stage are re¬ 
moved by the stage. Also, the odd 
harmonics generated in the stage are 
usually not large enough to cause 
trouble. This relative freedom from 
distortion is one reason push-pull out¬ 
put stages, like that in Fig. 11, are so 
popular in high-fidelity receivers and 
amplifiers. 

Second-harmonic distortion will be 
cancelled out in a push-pull stage only 
if the signal currents at the plates of 
the two tubes are just about equal. To 
obtain equal signal currents, two con¬ 
ditions must be met. The two tubes 
must have identical characteristics, 
and they must be fed the same amounts 
of signal voltage. 

Your first step, therefore, in check¬ 
ing a push-pull stage is to test the 
emission of both tubes. The tubes 
should give readings within a few 
points of each other on a tube tester 
having a 0-100 scale to be satisfactorily 
balanced. 

Such a test is not always conclusive, 
however. Tubes may seem satisfactory 
at the low voltages of the tube tester, 
but may not be matched under actual 
operating voltages. For this reason, 
you should try several tubes to find the 
best matched pair. High-power ampli¬ 
fiers often have terminals so that a 
meter can be connected to check the 
plate currents individually, and they 
often have separate bias sources so the 
biases can be adjusted to give equal 
plate currents. 

Even if the tubes are perfectly 
matched, there will still be distortion if 
unequal signal voltages are fed to the 
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grids. In Fig. 11, for example, signal 
voltages El and E2 must be equal to 
prevent distortion. Here the original 
signal E is applied to the input of tube 
VT1, amplified by this tube, and ap¬ 
plied through coupling capacitor C3 
and across R5 and R6 to the input of 
tube VT3 as El. The portion of the 
signal across R6 (E3) is fed to the grid 
of the phase inverter tube VT2. The 
resulting amplified signal E2 across R7, 
which is 180° out of phase with signal 
El, is fed to the other push-pull tube 
VT4. Thus, VT1 provides the signal 
for both output tubes, while VT2 
drives only one of them. Pulling out 

monies in output tubes VT3 and VT4 
will be balanced out in the output 
transformer by the push-pull action. 

Sometimes aging of VT2 will reduce 
the phase inverter gain, causing un¬ 
balance and distortion. If tubes VT1 
and VT2 cannot be matched, R5 and 
R6 should be adjusted to produce equal 
El and E2 signals. This may be done 
by measuring voltages El and E2 with 
a vacuum tube voltmeter while you 
vary the value of R6. When El equals 
E2, RG has the right ohmic value. A 
convenient way to make this adjust¬ 
ment is to substitute a 15,000-ohm 
linear-tapered rheostat for R6, adjust 

FIG. 11. Push-pull operation with VT2 as the phase inverter. 

VT2 will block only half of the push-
pull stage. 

Since VT1 and VT2 are used in sim¬ 
ilar circuits, they should provide the 
same gain. Therefore, if VT1 and VT2 
are fed the same amount of signal, sig¬ 
nal voltages El and E2 applied to VT3 
and VT4 will be equal as well as being 
out of phase. By choosing the values 
of R5 and R6 properly, the voltage 
across RG (E3) fed to VT2 can be 
made equal to the voltage E applied to 
the input of tube VT1. Then, with 
both tubes amplifying these signals 
the same amount, El will equal E2. 
Any distortion produced by even har-

it until El equals E2, then measure 
the rheostat resistance with an ohm¬ 
meter and install a fixed resistor of the 
same value. 

In very bad cases of distortion, dis¬ 
connect coupling capacitor C4 and 
notice the effect on the tone quality. 
If there is no change, no signal is pass¬ 
ing through VT4. You should then 
check tube VT2, tube VT4, resistor R4, 
coupling capacitor C4, and the supply 
voltages to VT4. 

To check the output transformer, 
disconnect all leads, including the voice 
coil leads, and apply a low ac voltage 
(1 volt will do) to the secondary. The 
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two primary voltages should be ap¬ 
proximately equal. Since a large volt¬ 
age step-up will occur, use the highest 
ac voltage range of your tester first, 
then switch to a lower range if neces¬ 
sary. Shorts or leakage in input and 
output transformer windings are not 
common, however. The usual trans¬ 
former defect is an open winding. 

SUMMARY 

Yrou have seen how incorrect volt¬ 
ages will make a tube non-linear in 
operation, and thus create distortion. 
Usually, defective parts (except for 
loudspeakers), do not cause distortion 
themselves; rather the distortion is 
produced by the changes these defec¬ 
tive parts cause in the operating con¬ 
ditions of tubes or iron-core devices. 

For example, a capacitor may be¬ 
come leaky or a resistor may change in 
ohmic value, yet signals may pass 
through them without excessive am¬ 
plitude distortion. However, these de¬ 
fects may change the operating volt¬ 

ages of a tube enough to cause serious 
distortion, or may allow so much cur¬ 
rent flow through an af transformer 
primary winding that the core is satu¬ 
rated. This will decrease the reactance 
so that distortion occurs. 

Common Causes 
of Amplitude Distortion 

RF Gassy avc-controlled tube. 
Leaky avc filter capacitor. 

Detector Defective tube. 
Incorrect size diode load re¬ 
sistor. 

Defective germanium crys¬ 
tal used in place of i-f tube. 

AF Leaky coupling capacitor. 
Gassy tube. 
Low-emission tube. 
Shorted or leaky tube. 
Open volume control. 
Incorrect value plate and 
grid loads. 

Leaky bypass capacitor. 
Incorrect supply voltage. 

Speaker Voice coil rubs pole piece. 
Torn cone. 
Cone unglued. 
Dirt or metal particles in 
voice coil air gap. 

Localizing Distortion 
The cause of distortion can be found 

by using the same general procedures 
as for other defects. You must confirm 
the complaint, look for surface de¬ 
fects, use effect-to-cause reasoning 
when possible, and then localize the de¬ 
fect to a section, stage, circuit, and part. 
When confirming the complaint, 

listen carefully to the receiver. Differ¬ 
ent defects produce somewhat different 
distortion sounds, and a little ear train¬ 
ing will often help you go right to the 
trouble. 

In the less obvious cases, particularly 
when dealing with a high-fidelity re¬ 
ceiver, be sure to get all the clues the 
customer can give you. For example, 
find out whether the distortion is 

noticeable as soon as the set is turned 
on. Distortion that occurs only after 
the set has warmed up a half-hour or so 
is usually caused by gassy tubes or by 
heat warping the speaker frame. You 
can get many other worth-while clues 
like this by careful questioning. 

Before going into the receiver, be 
sure the “distortion” is not produced 
by external causes. The customer will 
frequently confuse interference with 
distortion. 

Perhaps one of the most annoying 
types of interference is chopped-up re¬ 
ception caused by picking up two or 
more stations at the same point on the 
dial. Sometimes a change in loop direc¬ 
tion will favor one station more than 
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the other and allow satisfactory recep¬ 
tion of the favored station. This may 
even help when the stations are on the 
same frequency; but in general it is 
best for the customer to tune to another 
station when the interference does not 
occur. Interference of this type is more 
prevalent at night and during the 
winter months, because then better 
long-distance reception is possible. In 
the summer, reception may be entirely 
satisfactory, because then not as many 
distant interfering stations will be 
picked up. 

Now, let us see what can be done 
about localizing a real case of dis¬ 
tortion. 

SURFACE DEFECTS 

An inspection for surface defects is 
not very revealing, since few troubles 
causing distortion are visible to the eye. 

Of course, you should first test all 
tubes and replace any bad ones. Ex¬ 
amine the speaker cone to see if it is 
torn or crushed. You should also look 
for a blue glow between the electrodes 
of glass tubes, which indicates either 
the presence of gas or excessive plate 
current. 

Sometimes the wrong tube will be 
placed in a stage. Always check the 
tube positions when a diagram or tube 
layout is available. With experience, 
you will usually be able to tell the cor¬ 
rect tube locations without service in¬ 
formation. 

A worn volume control that makes a 
poor contact between the slider and 
the resistance element can chop up the 
signal. The customer may call this dis¬ 
tortion. It can also cause intermittent 
reception, noise, or hum. If you notice 
any noise as you turn the control, re¬ 
place the control. 

After making the usual check for 
surface defects, you can then use effect-
to-cause reasoning. However, there 
are many causes of distortion, and ef-

fect-to-cause reasoning may not be 
very helpful until you are able to dis¬ 
tinguish between them by the effects 
they produce in the sound output. 
Since the most common sources of dis¬ 
tortion in the average receiver are 
leaky coupling capacitors and gassy 
tubes, you should check these points 
before resorting to section and stage 
isolation procedures. 

ISOLATING THE 
DEFECTIVE SECTION 

For convenience, we divide the re¬ 
ceiver into two sections: 1. The af 
section, which includes everything be¬ 
tween the output of the second detec¬ 
tor and the loudspeaker; and 2, the 
rf section, which includes everything 
between the antenna and the first af 
stage. There are two ways of isolating 
the defective section: the first is to 
clear one of them of any fault, and the 
second is to find the one that is at fault. 

To check the rf section, tune in a 
signal from a broadcast station and 
listen at the output of the second de¬ 
tector with a signal tracer. You can 
check the audio amplifier by feeding an 
audio signal through it from another 
receiver. If the receiver is a phono¬ 
radio combination, try a good phono¬ 
graph record. If the output from the 
record is undistorted, the trouble must 
be in the rf section. If the output 
from the record as well as that from the 
radio program is distorted, the trouble 
is in the audio amplifier. 

You can also check the audio ampli¬ 
fier by using an af signal generator and 
a cathode-ray oscilloscope. A compari¬ 
son of the input and output waveforms 
on the cro screen will show if there is 
distortion. Details of this test will be 
given later. Incidentally, an audio 
generator that produces a single tone 
cannot be used to localize frequency 
distortion; this type of distortion can 
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be checked only by comparing the out¬ 
put at several different frequencies. 

LOCALIZING A DEFECTIVE 
AF STAGE 

Let us assume you have traced the 
trouble to the af section of the receiver, 
and see how you can localize the trouble 
to a particular stage. There are two 
methods: you can take voltage and 

FIG. 12. Plate current can be measured 
directly by connecting a current meter in the 
plate circuit, or indirectly by measuring the 

voltage across the plate resistor. 

current measurements, or you can use 
some form of signal tracing. Let’s take 
up each method. 

Voltage and Current Measurements. 
As you have learned, amplitude dis¬ 
tortion is usually caused by abnormal 
tube operating voltages. By taking 
voltage measurements and comparing 
them with those given by the manufac¬ 
turer, you can find out if the grid bias, 
the plate voltage, or the screen voltage 
is not normal. After you have had 
some experience, you will probably be 
able to tell if the measurements are un¬ 
usual without referring to the manu¬ 
facturer’s information. 

Current measurements quickly spot 
distortion in Class A amplifier stages. 
You can connect a current meter in the 
plate circuit, as in Fig. 12, and notice 
whether the reading changes when sig¬ 
nals are applied. You learned from 
Figs. 4 and 5 that if there is distortion 
in the stage, there will be a change in 

the average plate current when signals 
are applied to the input. (But not 
when equal positive and negative 
clipping take place, Fig. 3). 

It is easier to make this check if you 
measure the plate current indirectly, 
instead of breaking the plate or cath¬ 
ode circuits for a direct measurement. 
Notice that the plate current of the 
tube in Fig. 12 flows through resistor 
R4. If the plate current changes, the 
voltage across this resistor will also 
change; so all you need to do is connect 
a voltmeter to the plate end of R4 and 
notice whether the reading changes 
when a signal is applied. 

The direction in which the current 
changes is important. The table in 
Fig. 13 shows probable causes of either 
an increase or a decrease in the average 
plate current when a signal is applied 
to the input. An increase in voltage 
means a decrease in plate current; a de¬ 
crease in voltage means an increase in 
plate current. 

This method is practical when you 
have just one or two stages to work 
with, as in most modern receivers. If 
you are dealing with an amplifier hav¬ 
ing several stages, you will probably 
find the trouble fastest by using some 

FIG. 13. Probable causes of changes in plate 
current as indicated on a voltmeter and on a 

milliammeter. 

VOLTMETER 
DEFLECTION 

MILLIAMETER 
DEFLECTION 

GRID 
BIAS 

PLATE 
VOLTAGE 

SCREEN 
VOLTAGE 

DOWN UP TOO 
HIGH 

TOO 
LOW 

TOO 
LOW 

UP DOWN TOO 
LOW 

TOO 
HIGH 

TOO 
HIGH 

means of further isolation. Let us now 
consider some of the signal-tracing 
methods. 

Signal Tracing. Fig. 14 shows a typi¬ 
cal audio amplifier. To localize the 
stage producing the distortion, you can 
use a signal tracer with an audible out¬ 
put indicator, or an af signal generator 
and a cathode-ray oscilloscope. 
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FIG. 14. Test points for localizing distortion with a signal tracer. 

When using the signal tracer, you 
can use the output of the second de¬ 
tector as the audio signal source. First, 
tune in a station and notice the distor¬ 
tion level of the loudspeaker output. It 
is a good idea to mute the set loud¬ 
speaker while you are trying to listen 
to the audio output of your signal 
tracer. To do so, disconnect the voice 
coil of the speaker and connect a 4- to 
6-ohm, 5-watt resistor in its place 
across the secondary of the output 
transformer. 

Then, using the signal tracer, start 
at the input of the amplifier and move 
to the output, looking for the point 
where the distortion originates. Start 
by sampling the signal fed into the af 
system. To do so, clip one terminal of 
the test instrument to B —, and con¬ 
nect the hot probe to point 1 in Fig. 14. 
If the signal is clear and free from dis¬ 
tortion at this point, you know that 
the rf section is OK, so it must be the 
af section at fault. Next, move the hot 
probe to point 3 to see if tube VT1 in¬ 
troduces distortion. If it does, you have 
isolated the trouble to that stage; 
check the tube and the operating volt¬ 
ages to find the exact cause. Check for 

voltage between the slider of the vol¬ 
ume control and ground. This voltage 
may be due to a gassy VT1 or to failure 
of the rf filter in the second detector 
circuit or leaky capacitor C. 

Trouble can occur between points 3 
and 4 that will result in amplitude dis¬ 
tortion at point 4. If coupling capaci¬ 
tor Cl is leaky, the signal at 4 may be 
distorted because the control grid of 
VT2 will draw current on the positive 
signal peaks. Also, the change in the 
grid voltage of VT2 will distort its out¬ 
put. An open coupling capacitor will 
cause weak reception and frequency 
distortion, not amplitude distortion. 

The next points at which to sample 
the signal are 5 and then 6. If there is 
no distortion at either point, check the 
signal applied to output tubes VT3 and 
VT4 by connecting the hot probe first 
to point 7 and then to point 8. A sig¬ 
nal tracer that indicates the signal 
level will show if the output tubes are 
receiving equal signals. The signal 
should then be checked at point 11. 
(If neither of the voice coil terminals is 
grounded, unclip the test lead from the 
chassis and connect it to point 12. 
Connect the hot probe at point 11). If 



the signal is clear at point 11 but the 
loudspeaker reproduces distortion when 
reconnected, the speaker itself is at 
fault. 
Using a CRO. If a cro is used to 

sample the signal, the signal source 
should produce a single frequency, 
preferably having a sine-wave form. 
This means that you must feed the out¬ 
put of an af signal generator or the 
audio signal from an rf signal generator 
to the input of the amplifier. Then, 
you can compare the signal samples at 
the test points in the amplifier directly 
with the source signal. In this way you 
can accurately tell the nature of the 
distortion and the stage in which it 
originates. 

Fig. 15 shows in block form how the 
af signal generator and cro are con¬ 
nected to the amplifier under test. The 

FIG. 15. How to connect a cro when tracing 
distortion. 

hot lead of the signal generator is con¬ 
nected to the amplifier input (point 1 
in Fig. 14). The hot vertical amplifier 
lead of the cro is connected to the point 
under test through a single-pole, 
double-throw switch, SW. When this 
switch is thrown to point A, you can 
see the signal that is being fed into the 
amplifier. When it is thrown to point 
B, you can see the signal being sampled 

and mentally compare it with the orig¬ 
inal signal. Of course, the amplitude of 
the sample signal will be greater than 
that of the original, but if the wave 
shapes of the two signals are the same, 
there is no distortion. 

When you have the af signal gener¬ 
ator and cro connected as described 
above, set the cro timing and synchro¬ 
nizing adjustments to produce 2 or 3 
cycles of the input signal on the screen. 
You are then ready to compare signals. 
To do this in a circuit like that in Fig. 
14, touch the hot cro test lead to points 
1, 3, 4, 5, 6, 7, 8, 9, 10, and 11. When 
the pattern first changes shape, you 
have just passed through the defective 
stage; you can then find the actual de¬ 
fect with your voltmeter and ohm¬ 
meter. 
As you move the cro probe from 

point 1 toward point 10, the signal 
strength will increase, so you should 
reduce the cro vertical gain to keep the 
pattern from becoming larger than the 
original. When moving from point 10 
to point 11, however, there is a sharp 
reduction in signal voltage; here you 
must increase the vertical gain of the 
cro to bring the pattern up to normal 
size. Since the cro shows signal 
strength as well as wave-form, you can 
use it to tell whether the signals fed to 
the push-pull output tubes at points 7 
and 8 are equal in amplitude. 

Several typical cro patterns for dif¬ 
ferent defects are shown in Fig. 16. 
The actual defects, of course, are 
found when the stage itself is analyzed. 
These patterns are for a cro with posi¬ 
tive input polarity; if the input polar¬ 
ity of your cro is negative, the pattern 
will be inverted. This is one of the few 
times you will need to know the input 
polarity of your cro. 

You can easily find the polarity of 
the oscilloscope input. To do so, turn 
off the horizontal amplifier so that only 
a spot of light is on the screen, and 
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turn up the vertical amplifier gain. 
Now, connect leads to the terminals of 
a 1.5-volt flashlight battery, and touch 
the leads to the vertical input termi¬ 
nals of the cro. The spot will jump 
either up or down, and then return 
slowly to its original position. The 
spot jumps because of the momentary 
charging current through the input 

FIG. 16. CRO patterns for various conditions 
in an amplifier circuit. 

blocking capacitor. If you reverse the 
battery connections, the spot will jump 
in the opposite direction. The direction 
of movement of the spot depends on 
the number of stages in the cro ampli¬ 
fier system and on the tube connec¬ 
tions. 

If the spot moves upward when the 
lead from the positive battery terminal 
is connected to the “hot” vertical in¬ 
put terminal, the cro has a positive in¬ 
put polarity. On the other hand, if the 
spot moves upward when the lead from 
the negative battery terminal is con¬ 
nected to the vertical input terminal, 
the cro has a negative input polarity. 

If you get a cro, as you gain exper¬ 
ience in using it, you will quickly learn 

to interpret distortion patterns in terms 
of the defect producing them. 

A word of caution: Do not attempt 
to make a direct comparison between 
the waveforms in Figs. 16B and 16C 
with those in Figs. 4 and 5. The waves 
in Fig. 16 are voltage patterns as shown 
on an oscilloscope screen; those in 
Figs. 4 and 5 are current waveforms 
produced in the plate circuit of an am¬ 
plifier stage. As you know, the voltage 
at the plate decreases when the current 
increases, and vice versa. Therefore, 
you would expect one to be the reverse 
of the other. 

ISOLATING A DEFECTIVE RF 
STAGE 

If your preliminary tests show the 
trouble is in the rf section, your first 
step should be to use effect-to-cause 
reasoning. Remember that distortion 
in rf stages may be caused by over¬ 
loading or by a defect in the second 
detector circuit. 

If effect-to-cause reasoning fails, you 
can isolate the defective stage with an 
rf signal tracer. To check an rf system 
like that in Fig. 7, tune in a station that 
causes the loudspeaker output to sound 
distorted. When you know what the 
distortion sounds like, substitute a re¬ 
sistor for the speaker as you did in 
checking the af system. Connect the 
ground lead of the signal tracer to B —. 
(Remember, if you are working on an 
ac-dc set, B — will probably not be the 
receiver chassis). Then, hold the signal 
tracer hot probe on the control grid of 
the first tube and tune the tracer to 
the signal. Sample the signal at the in¬ 
put and output of each stage, working 
toward the second detector. When go¬ 
ing from the mixer input to the mixer 
output, the signal tracer, if it is the 
tuned type, must be retuned to the 
i-f frequency. 

When you first hear distortion, you 
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have located the defective stage. 
If you find none, check at the second 
detector output with the audio section 
of the tracer to learn whether detection 
has introduced distortion. 

The cro is not very satisfactory for 
sampling the signal in rf circuits, be¬ 
cause its sweep frequency is not high 
enough to give a useful picture of the 
carrier wave shape. However, the cro 

may be used with a special rf probe 
which demodulates the signal before it 
is fed to the cro. When this is done, the 
receiver should be fed from a sine-wave 
modulated signal generator. Sample 
the signal with the tracer as just de¬ 
scribed, and watch the sine-wave mod¬ 
ulation on the cro screen. When the 
wave shape becomes distorted, you 
have just passed the defective stage 

How To Service Noisy Receivers 
If noise is heard along with a radio 

program, it may originate in the re¬ 
ceiver or it may originate outside the 
receiver and be picked up by the an¬ 
tenna. If it is caused by atmospheric 
static or by man-made interference 
from oil burners, neon signs, fluores¬ 
cent lamps, etc., no amount of work on 
the receiver will correct it. The elimi¬ 
nation or reduction of man-made inter¬ 
ference at its source is covered in 
another lesson. 

In this lesson we are interested in the 
elimination of noise originating in the 
receiver circuits. This kind of noise is 
due to a supposedly good connection 
whose resistance varies instead of re¬ 
maining constant, or to a short having 
a rapidly varying resistance. 

Variations in resistance may occur 
in a joint, in a wire, or in a component 
with a partial open circuit. Either a 
partial short or a partial open, if in a 
voltage supply or a signal circuit, will 
result in a rapid variation in either the 
signal or the supply current. A similar 
noise voltage will be transferred to the 
following stages where the noise will 
be amplified. 

For example, suppose you localize 
the defect to the rf section of a receiver. 
If the receiver is not tuned to a station, 
the sharp noise pulses originating in 

any rf stage will shock-excite the tuned 
circuits so they oscillate at their reson¬ 
ant frequency. The noise pulse will 
also modulate this rf signal, and the 
resultant signal will be amplified by 
the receiver just like a signal from a 
radio station. 

If a station is tuned in, the same 
noise pulse will add to the station 
modulation, and the noise will be re¬ 
produced by the loudspeaker. 
When confronted with a case of 

noise, you must first determine whether 
the trouble is in the set or is due to out¬ 
side interference. If the noise disap¬ 
pears when the loop connections feed¬ 
ing the receiver are shorted, the trouble 
could be in the loop, but is probably 
due to external interference. If the re¬ 
ceiver is noisy in two locations or in a 
location where another receiver gives 
normal reception, the set itself is de¬ 
fective. 

In examining the receiver, look for 
loose connections; and if the set has 
previously been repaired, look for 
poorly soldered connections. Go over 
any such connection with a hot solder¬ 
ing iron, remove any excess solder, and 
burn up any unused rosin flux. 
When there is a poor connection 

somewhere in the set, jarring the chas¬ 
sis will generally produce the noise. If 
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there is no noise when the volume con¬ 
trol is turned down, the noise origi¬ 
nates in the rf-if section. If you cannot 
vary the noise with the volume control, 
it is originating in the af section. If you 
cannot find the trouble in the af sec¬ 
tion, but you can still hear the noise 
with the volume control turned down, 
it is probably in the power supply and 
is being fed to all stages. 

If noise is heard when the volume 
control is moved, the control is bad. 
It should be either replaced or cleaned. 
A chemical solution made especially 
for cleaning noisy variable resistors is 
sold under various trade names at radio 
supply houses. This solution squirted 
into the control will often clean dirty 
contacts and prevent noise. This, how¬ 
ever, is not always a permanent cure, 
and the control may have to be replaced 
in a short time. For this reason it is 
often better to replace the control than 
to clean it. However, if you are work¬ 
ing on a small inexpensive receiver, 
and have already made extensive re¬ 
pairs, the customer might rather have 
you clean the old control than pay for 
a new one. Also, if you do not have a 
replacement for the particular control 
on hand, cleaning the old one may be 
satisfactory. 

If noise is heard when the receiver is 
tuned, it indicates that the plates of 
the tuning capacitor gang are scraping 
against each other. Generally it is an 
easy matter to bend the plate slightly 
so this does not happen. 

Once you have isolated the trouble 
to the rf section, the af section, or to 
the power supply, it is usually quickest 
to try to find the defective part with¬ 
out tracking it down to a stage or 
circuit. 

It is a simple matter to do this. Just 
try moving parts, jarring parts, and 
pulling on leads while listening for the 
noise. If pulling on some lead, mov¬ 
ing some part, or jarring some part 

causes the trouble to appear or to be¬ 
come worse, you have found the de¬ 
fective part or connection. Then, re¬ 
pair or replacement is simple. You 
can jar a part by tapping it lightly 
with the insulated handle of a screw¬ 
driver. Tap each tube with your finger, 
and wiggle paper capacitors back and 
forth by grasping them with a pair of 
pliers. Many servicemen prefer insul¬ 
ated pliers for this work to avoid the 
possibility of a shock. 

Parts and shields such as i-f and af 
transformers cannot be readily checked 
by jarring the shield or by pulling on 
the leads. Other methods described 
later must be used to check them. 

When partial shorts occur, arcing at 
a high voltage point is generally in¬ 
volved. Look for charred paths be¬ 
tween the terminals of the tube sock¬ 
ets. If you hear an arcing sound, turn 
off the bench lights. This will often 
enable you to see the sparking. 

If these methods do not lead you to 
the difficulty, further isolation is 
necessary. 

STAGE ISOLATION 
Let us discuss several of the most ef¬ 

fective stage isolation procedures. 
Stage Blocking. The volume con¬ 

trol test already described is a form of 
stage blocking, since it prevents noise 
signals originating in the rf section 
from being passed on to the af ampli¬ 
fier through normal channels. 

In using the following methods, al¬ 
ways remember that the noise may 
radiate around stages or travel through 
supply leads, as well as along the nor¬ 
mal signal paths. However, the noise 
will decrease as long as you are block¬ 
ing between the noise source and the 
output, and will usually disappear en¬ 
tirely when you block the defective 
stage. 

There are several ways of blocking 
stages, all of which make it impossible 
for the stage to pass a signal. 
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One of the most effective ways in ac 
sets is to pull out tubes, working from 
the output back toward the input. The 
noise will stop or greatly decrease each 
time you remove a tube, as long as the 
noise originates further back toward 
the input. (Both tubes must be pulled 
simultaneously to block a push-pull 
stage). When you pull out a tube and 
find the noise remains as loud as ever, 
the trouble is probably in the preced¬ 
ing stage interrupted (that is, the next 
stage toward the loudspeaker). 

Of course, the tube-pulling technique 
cannot be used in ac-dc receivers where 
pulling out a tube will interrupt the 
entire filament circuit, nor in battery 
sets or three-way portables where re¬ 
moval of one tube might cause exces¬ 
sive filament voltage on the others. In 
these cases, you must short the signal 
input circuit, stage by stage, by short¬ 
ing the resistor or transformer second¬ 
ary across which the signal normally 
appears. 

For example, to block the grid cir¬ 
cuit of a stage, use a test lead with 
clips attached to each end, and hold it 
between the control grid terminal and 
B —. However, if the return end of the 
part connects to a bias source, you 
must hold the test lead right across the 
grid resistor leads. Block each grid in¬ 

put in turn, moving the test lead along 
from grid circuit to grid circuit toward 
the loop. The noise will be blocked al¬ 
together or reduced greatly as long as 
the source is farther back toward the 
antenna. 

When you come to a grid circuit 
where blocking does not affect the 
noise, the noise is either in that tube, 
in the plate circuit of that stage, or in 
the coupling device to the next stage 
toward the loudspeaker. In other 
words, the defect is between the block¬ 
ed grid circuit and the next grid circuit 
toward the loudspeaker. 

It is possible to block the plate cir¬ 
cuit also, if you are careful to avoid 
short-circuiting the plate supply. The 
test lead must be held across the plate 
load only. You can then use the same 
procedure as for grid blocking. 

Examples of Blocking. Suppose you 
have the receiver shown in Fig. 17, in 
which a partial open in the primary of 
the first i-f transformer T1 is causing a 
variation of the mixer plate current, 
producing a rapid machine-gun like 
crackling in the loudspeaker. Here is 
how you could localize the trouble: 

First, change the position of the re¬ 
ceiver to see if the noise varies, indi¬ 
cating an external source. Turn the 
volume control all the way up, and ro-

FIG. 17. A typical mixer stage with noise produced by a partial open in the i-f transformer 
primary. 
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tate the tuning capacitor gang. You 
find that the noise continues, so you 
know it is originating either in the re¬ 
ceiver or is coming in over the power 
line. If you cannot eliminate the noise 
by installing a line filter between the 
receiver and the wall outlet or by plug¬ 
ging the set into a different wall outlet 
in a different location, you know it is 
in the set. 

Next, rotate the volume control to 
zero volume. If this cuts out practically 
all the noise, you have localized the de¬ 
fect to the rf-if section of the receiver. 
Turn the volume control back up 

again. If the radio is an ac set, pull out 
the second detector tube. This will 
block the noise or reduce it to a very 
low level. Replace the second detector 
in its socket; then pull out the i-f tube. 
This will also block the noise. Replace 
the i-f tube, and pull out the mixer 
tube. Again the noise will be blocked. 
Replace the mixer tube and short ter¬ 
minals 1 and 2 of the loop. The noise 
will continue when these terminals are 
shorted. This shows you that the 
noise source is in the mixer stage. 

Now suppose the receiver is an ac-
dc, a battery-operated set, or a three-

way portable set instead of an ac set. 
The tubes in these receivers, of course, 
cannot be removed. However, you can 
localize the noise to the rf or af section 
as you did with an ac receiver by vary¬ 
ing the volume control. You can then 
find the defective stage by blocking the 
stage input or output circuits (or both), 
one at a time, by moving from the out¬ 
put toward the input. 

Since most of the receivers on which 
you work will be of this type—ac-dc 
sets, in which the tubes cannot be re¬ 
moved—let us go into the use of test 
leads for stage blocking more thor¬ 
oughly. 

Fig. 18 shows where to place a test 
lead to block each circuit in an audio 
amplifier. Notice the inverse feedback 
path from the secondary of the output 
transformer to the cathode of tube 
VT1. Before you carry out the block¬ 
ing procedures, you should disconnect 
the feedback path at the cathode of 
VT1 or at the output transformer. 
Otherwise, noise originating in the 
feedback circuit or at the output trans¬ 
former may make the stage-blocking 
method ineffective. 

Positions 1 and 2 in Fig. 18 block 

FIG. 18. Position for placing test leads for stage blocking. 
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the outputs of VT3 and VT4 and posi¬ 
tions 3 and 4 block the inputs of tubes 
VT3 and VT4. You should connect 
the two test leads (use ones with a clip 
at each end) at 1 and 2 or 3 and 4 at 
the same time to block both push-pull 
tubes at once. If you connected only 
one test lead, only one of the push-pull 
tubes would be blocked, and noises 
originating near the set input would 
pass through the tube that was not 
blocked. This is all right if you are try¬ 
ing to tell which output stage is defec¬ 
tive, but if you are looking for trouble 
that is originating nearer the input, 
both tubes in the push-pull circuit 
must be blocked at the same time. 
You can also do this by connecting one 
test lead from plate to plate to block 
the output or from grid to grid to block 
the input. 

If the tests at positions 1 and 2 and 
at 3 and 4 block the noise, you can 
move back either to positions 5 and 6 
at the output of tube VT2, or to posi¬ 
tion 7 at the input of tube VT2. Fi¬ 
nally, move back to position 8 at the 
output of VT1, and then to position 9 
at the grid circuit of VT1. 

By blocking first the output of a 
stage and then the input, you can tell 
just which circuit in the stage contains 
the defect. For example, if the noise 
stops when you hold the test lead at 
position 8, but continues when you 
hold the lead at position 9, you know 
the noise must originate in the plate 
circuit of tube VT1. 

One difficulty of shorting the output 
circuit of a stage is that you are work¬ 
ing in the high-voltage circuit and must 
be very sure you connect the right 
points. Never short from plate to B — or 
from plate to chassis. This shorts the 
plate supply and may damage some 
parts in the plate circuit or burn out 
the rectifier. 

This shorting procedure can be ap¬ 
plied to the rf circuit shown in Fig. 17. 

Here, if the i-f transformer were faulty, 
shorting between terminals 3 and 4 or 
5 and G would eliminate the noise, but 
shorting between terminals 1 and 2 
would not. This shows that the trouble 
is in the mixer circuit. 

Notice that you short directly across 
the input part, not from 5 to B— or 
from 1 to B —. There may possibly be 
a bias supply in the avc network some¬ 
where ; so going from 1 to B — or from 
5 to B— would remove the bias and 
upset the circuit. 

If you notice the noise is only slightly 
reduced as you block each stage, you 
can be fairly certain that the noise is 
occurring in the power supply or is be¬ 
ing fed through it to all stages. 

You may find that jarring any cir¬ 
cuit in a receiver causes the noise to 
appear. Then, of course, you cannot 
use jarring alone to find the defect. In 
such a case, you must use stage block¬ 
ing to localize the defect. You will find 
that as you block the stages, the points 
at which jarring the set produces the 
noise become fewer and fewer. When 
you find only one or two points which 
when jarred cause noise, the problem 
is greatly simplified. 

Stage blocking is an extremely im¬ 
portant service procedure that you 
should thoroughly understand. You 
will use it time and again in your serv¬ 
ice work. 

Signal Tracing. Servicemen who 
have signal tracing equipment general¬ 
ly use it instead of signal blocking to 
localize noise. Remember that the 
noise is the signal, and in tracing to 
find its source, you may move the sig¬ 
nal tracer in either direction through 
the receiver stages. If you move from 
the loudspeaker toward the antenna, 
the noise will decrease in intensity as 
you approach the source, because there 
are fewer stages of amplification be¬ 
tween the noise source and the signal 
tracer. When you pass through the de-
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fective stage, the noise will disappear 
entirely or become very weak. 

If you move the signal tracer from 
the antenna toward the loudspeaker, 
you will not hear the noise, or the noise 
will be at a very low level until you 
reach the defective stage, when it will 
suddenly increase to a much higher 
level. 

A visual indicator on the signal trac¬ 
er, such as a tuning eye or a meter, is 
not very satisfactory for noise tests. 
It is better either to listen to the audio 
output of the signal tracer, or to feed 
the output of the signal tracer to the 
vertical plates of a cro and look at the 
pattern on the screen. 

In TV work, the only signal tracer 
that is satisfactory is a cro and rf 
probe, as you will learn later. 

LOCATING THE DEFECTIVE 
CIRCUIT AND PART 

After localizing the noise to a par¬ 
ticular stage, first test the tube, by 
trying another one. If the noise con¬ 
tinues, the tube is not at fault, so you 
must again use effect-to-cause reason¬ 
ing. You will recall that noise pro¬ 
duces erratic changes in current flow. 
Therefore, if there is no signal coming 
into the set, but you can hear the noise, 
you know that the operating current in 
one of the stages is changing. This 
means that the noise source is probably 
in a plate or screen grid supply circuit. 

An intermittent open in the control 
grid circuit will also cause noise by re¬ 
moving bias and thus changing the 
plate current. However, this kind of 
trouble is far rarer than a defect in a 
current-carrying circuit. If it is in the 
control-grid circuit, it is probably caus¬ 
ed by a defective connection that opens 
and closes rapidly when mechanically 
jarred. Arcing will not be the cause, 
because there is no current flow to 
form an arc. 

If you hear the noise only when a 
signal is tuned in, the trouble may be 
in the speaker or may be caused by 
speaker vibration transmitted to some 
part or connection. When checking the 
speaker, push back and forth on the 
cone to check for loose voice coil con¬ 
nections. 

A defect in an i-f transformer makes 
a different noise from that in a volume 
control. The first will cause sharp 
machine-gun like bursts of sound, the 
second a scraping sound when t he shaft 
is rotated. The sound produced will be 
a valuable clue, when you have had 
enough practical experience to recog¬ 
nize the many different noises. 

Carefully examine the parts in or 
near the suspected stage. Look for the 
characteristic green corrosion spots. 
Corrosion, by the way, is far more like¬ 
ly in a current-carrying circuit than in 
a signal circuit, which carries no direct 
current. 

Meter Tests. Since noise means that 
the current in a receiver circuit is 
changing rapidly, there will also be a 
rapidly changing voltage somewhere in 
the set. If the noise occurs erratically 
or in bursts, try connecting the volt¬ 
meter between B— and the various 
tube electrodes; you should notice a 
quivering in the meter pointer each 
time there is a burst of noise if the volt¬ 
meter is connected in the defective cir¬ 
cuit. Remember, however, that both 
the plate current and the screen grid 
current flow through the cathode re¬ 
sistor; also, sometimes a voltage change 
in one circuit will produce a change in 
another. Therefore, a voltage varia¬ 
tion test may or may not indicate the 
defect. Furthermore, if the noise is 
continuous, the variations may be so 
rapid that the meter cannot follow 
them, so you may get no indication 
with a voltmeter. 

To use a voltmeter when you suspect 
the plate circuit, first disconnect the 
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plate lead at the tube socket in an ac-
dc set, or remove the tube in an ac set. 
This will stop the noise. Now, connect 
the voltmeter between the plate lead 
and B — in an ac-dc set or the set 
chassis in an ac set. If you get an er¬ 
ratic meter reading, and you hear the 
noise when the meter is connected but 
not when the meter is disconnected, the 
noise source is either in the plate load 
or in the supply circuit. The reason 
you can hear the noise even with the 
plate lead disconnected is that the 
meter draws enough current through 
the defective part to start the noise 
again. This is more likely to occur if 
you are using a multimeter rather than 
a vtvm, because the resistance of the 
vtvm is so high. If you are using a 
vtvm, you can connect a resistor of 
about 50,000 ohms between the plate 
lead and B —. This will cause con¬ 
siderable current (low and a vtvm will 
register any variation in voltage. 

FIG. 19. How to connect an ohmmeter when 
looking for noise. 

If you do not hear the noise, resoldcr 
the plate lead (or reinsert the tube into 
its socket), and connect the meter be¬ 
tween the plate and cathode terminals 
of the tube socket. If you now hear the 
noise, and the meter reading varies er¬ 
ratically, the trouble is in the cathode 
circuit for that stage. 

If the noise does not appear in either 
case, its source is in another circuit. 
The screen grid and control grid cir¬ 
cuits are logical suspects. 

With the set turned off, you can 
check with an ohmmeter directly 
across a suspected part as shown in 
Fig. 19. The ohmmeter will frequently 
provide the necessary current to cause 
the source of noise to act up. An er¬ 
ratic reading means the part is de¬ 
fective. 

Using a Signal Generator. Noise 
that is heard all the time is easy to 
localize by making stage blocking, sig¬ 
nal tracing, or meter tests. If the noise 
is heard only at times and only when a 
signal is being received, it is often 
difficult to find its exact location with 
ordinary procedures. Here a radio 
service type of signal generator with an 
unmodulated output can be very use¬ 
ful. Let us see how we would use it. 

If the noise occurs only when a sig¬ 
nal is being received, the noise source 
is usually in the rf section of the set. 
To find it, feed the maximum unmodu¬ 
lated output of your signal generator 
into the receiver between the mixer 
grid and B —. Tune the signal genera¬ 
tor to the i-f value of the receiver, and 
either tune the receiver to a point 
where no interfering signal is heard, or 
short the local oscillator tuning capaci¬ 
tor. Nothing more than a rushing 
sound should come from the loud¬ 
speaker. Now tap the parts, one at a 
time, between the mixer grid and the 
second detector output with the in¬ 
sulated handle of a small screwdriver 
or with a wood, plastic, or Bakelite rod. 
If the noise appears when you tap a 
certain part, either the part or. its 
soldered connections to the circuit are 
at fault. 

If you do not hear the noise, tune the 
signal generator (its modulation still 
off) to the same frequency as the re¬ 
ceiver, and if you shorted the tuning 
capacitor, remove the short. Tune the 
set to a quiet point on the dial. Now 
tap the various parts and push on con¬ 
nections in the local oscillator and mix-
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er circuit to check them as possible 
noise sources. 

If the receiver has an rf stage, it can 
be checked in the same way by feeding 
the signal generator output (still un¬ 
modulated and still tuned to the re¬ 
ceiver dial setting) into the receiver 
outside antenna and ground connec¬ 
tions. 

By using your signal generator in 
this way, you can make a rapid check 
of the entire rf section. Any sudden 
noise variations will be modulated on 
the signal and you will hear it from the 
receiver loudspeaker. 

The same test is effective in localiz¬ 
ing intermittent defects in the rf sec¬ 
tion. 

Servicing Intermittent Receivers 
Noise and intermittent reception are 

basically caused by the same defects, 
the only difference is the rate at which 
the disturbance occurs. A change in 
the resistance of a conductor or a joint, 
in the value of a part, or in the insula¬ 
tion resistance between points at differ¬ 
ent potentials will result in either noise 
or intermittent reception. When the 
change recurs repeatedly at a rapid 
rate, noise is the result. On the other 
hand, if the change is repeated slowly 
—it may take a half minute or several 
hours—intermittent reception is the 
result. If the change becomes perma¬ 
nent, the resulting symptom may be 
hum, weak reception, no reception, 
oscillation, or distortion, depending on 
the type of defect and its location in 
the receiver. 

The intermittent defect may pro¬ 
duce hum, weak reception, squeals, 
distortion or a dead receiver during the 
time the defect exists. Generally, when 
servicemen say a set is intermittent 
they mean that it fades intermittently, 
because most intermittent defects re¬ 
duce the signal strength. A good ex¬ 
ample is a defect in an af coupling ca¬ 
pacitor that causes it to open and then 
reheal. An open coupling capacitor 
will either kill the reception or reduce 
the volume a great deal, depending on 

the strength of the station being re¬ 
ceived and on the design of the par¬ 
ticular receiver. 
Other intermittent symptoms are 

called intermittent hum, intermittent 
oscillation, or whatever the symptom 
may be. Actually such intermittents 
are not too difficult to find since the 
nature of the complaint is a clue as to 
its cause. You would check those com¬ 
ponents which if defective in a certain 
way would cause the complaint. In 
this section, we will be mainly concern¬ 
ed with intermittent reception—when 
the program stops coming through or 
becomes very weak. 

The natural fading that sometimes 
occurs on distant stations must not be 
confused with intermittent reception; 
it is due to a change in the strength of 
the signal reaching the receiver rather 
than to a receiver defect. If there is 
fading on both local and distant sta¬ 
tions, and particularly if you hear a 
pop or click when the loudspeaker vol¬ 
ume changes, the difficulty is in the set. 

The troublesome thing about all in¬ 
termittent defects is that when the de¬ 
fect is not present, the set will work. 
Instead of waiting for the defect to ap¬ 
pear, you will save time by trying to 
make it appear. Just as when looking 
for noise, you should wiggle parts, pull 



on leads, test joints, and jar parts by 
tapping them. In practically all cases 
you will quickly find the defective com¬ 
ponent or connection. 

Tubes and shielded parts are another 
matter. Always try new tubes if you 
suspect the originals. If a part cannot 

FIG. 20. How to connect a toy-train trans¬ 
former to step up or step down the line 

voltage. 

be jarred mechanically, you can wait 
for the defect to show up naturally, 
and then check the part, or substitute 
a good part. Of course, a localizing 
test is of value only while the opera¬ 
tion is faulty. All too often, how¬ 
ever, connecting the test probes into 
the circuit restores normal operation. 
In this case, leave the signal tracer 
connected into the circuit until the 
operation again becomes defective. Of 
course, if the periods between failures 
are too long, it is better to have your 
customer continue to use the receiver 
until the trouble becomes permanent 
or occurs more often. 

You may also get receivers in which 
no amount of mechanical jarring will 
cause the trouble to appear. Often the 
defect is the result of thermal expan¬ 
sion due to heat, and the trouble will 
occur only when the receiver is in the 
cabinet. Placing a box over the chassis 
will speed up the heating of the chassis 
and the frequency with which the in¬ 
termittent action occurs. 

At other times, you can increase the 
power line voltage fed to the receiver 

by using a transformer like that shown 
in Fig. 20. The voltage applied to the 
receiver plugged into the receptacle 
“S” will increase as you turn switch 
SW2 from terminal 1 toward terminal 
5. The higher voltage will sometimes 
cause the intermittent defect to be¬ 
come permanent. If you do this, there 
is danger that “good” parts may also 
be damaged. However, such parts 
often are slowly going bad, and if they 
break down under test, the customer is 
saved a later repair bill. Do not apply 
more than 130 volts to the receiver. 

Before learning how to localize in¬ 
termittent defects, let us study the in¬ 
termittent troubles that may occur in 
typical parts. 

INTERMITTENT DEFECTS 

You already know the ways in which 
parts may become defective—how 
paper capacitors may open or short, 
how electrolytics may open, leak, or 
develop a high power factor, how inter¬ 
electrode leakage may take place in 
tubes, etc. Now we will see how some 
of these defects can be intermittent. 

FIG. 21. Construction of a paper capacitor. 

Paper Capacitors. The internal con¬ 
struction of a paper capacitor is shown 
in Fig. 21. The leads of the capacitor 
are ordinary bare wires whose ends 
have been curled into a loop. If tin¬ 
foil is used for the capacitor plates, the 
loop is soldered to the foil. With alu¬ 
minum foil, the loop is filled with 
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solder, making a solder disc, and then 
pressed into the soft face of the exposed 
foil to give an electrical contact. The 
foil may be crimped around the solder 
disc. The capacitor is then dipped in a 
wax, which, on hardening, holds the 
discs in contact with the foil plates. 
When we say that a capacitor has 
opened, we mean that one of the discs 
has pulled away from its foil plate. The 
effect is the same as if the capacitor 
lead were cut or a resistance were in¬ 
serted between the disc and the ca¬ 
pacitor plate. 

Frequently, in examining the ca¬ 
pacitors in a receiver you will find that 
some of the wax has puffed out of the 
ends. Such capacitors may become 
intermittent and should be replaced 
with others of about the same size and 
working voltage. 

If one of the flat discs mentioned 
above is lightly in contact with the 
foil, instead of being completely pulled 
away from it, slight jars or electrical 
surges may make the connection open 
and close. For example, the disc may 
be in contact with the foil at a single 

FIG. 22. A typical resistance-coupled audio 
stage. 

point, and a signal surge may cause 
enough current to flow to burn out the 
connection. Another voltage surge 
may start an arc or may cause the disc 
to come in contact with the foil again, 
and the cycle of troublesome events 
may be repeated. 

The condition just described would 
cause noise, rather than intermittent 
reception, if it occurred frequently 
enough. For example, if one of the con¬ 
nections to the coupling capacitor C 
in Fig. 22 were to open and then close 
again in a few seconds, the signal level 
would increase and decrease, and you 
would have intermittent reception. 
But if exactly the same effect occurred 
much more often—say several hundred 
times a second—the set would be 
noisy. For example, if the B-supply 
paper bypass opens and closes at rela¬ 
tively long intervals of time, the result 
is intermittent oscillation; if the same 
action occurs rapidly, the result is 
noise. 

Electrolytic Capacitors. Dry elec¬ 
trolytics usually do not open or short 
intermittently—in them, such defects 
are permanent. However, sometimes a 
dry electrolytic is anchored to the 
chassis by a metal clamp around the 
capacitor housing; leakage sometimes 
develops between the capacitor and the 
chassis through the paper housing. 
The trouble may be intermittent and 
disappear when the paper dries out 
after several hours of operation. When 
the receiver has not operated for some 
time or when the air is very humid, the 
condition may appear again. Intermit¬ 
tent leakage between capacitor sections 
in a single container may produce in¬ 
termittent hum or noise. 

Volume controls. The carbon resis¬ 
tor strips in volume controls may be¬ 
come pitted, or the carbon may flake 
off so that only a small portion of the 
slider is in contact with the strip, and 
it is thrown out of contact by the 
slightest mechanical jar or by a current 
surge that burns out the section that 
the slider touches. Also, high resist¬ 
ance joints between the slider contact 
and its terminal on the case may in¬ 
termittently open the slider arm cir¬ 
cuit. Troubles caused by burned or 
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pitted strips are most apt to appear in 
controls through which de flows, as in 
the diode load circuit or in a grid cir¬ 
cuit having grid currents. 

Tubes. Defective tubes are one of 
the most common causes of intermit¬ 
tent reception. Quite often electrodes 
expand with heat and touch other elec¬ 
trodes, thus causing intermittent 
shorts. Also, t he filament may expand 
and break. 'Phis interrupts the current 
flow. When the filament cools, the 
broken ends come together, and cur¬ 
rent flow resumes. This is sure to cause 
intermittent reception and is often 
found in ac-dc receivers. You will see 
the pilot lamp, if it is in the filament 
circuit, going out and coming on regu¬ 
larly. 'Phis is found by using a volt¬ 
meter, just as you would to find an 
open filament. 

Gas in a tube often causes erratic 
operation; a faulty cathode may also 
do so. 

The oscillator section of the mixer 
tube in a three-way portable frequent¬ 
ly works intermittently. A reduction 
in line voltage will often stop the 
oscillator. This may happen in the 
evening when the load on the line is 
heavy or when an appliance, such as a 
deep freeze or an oil burner, comes on. 
Usually increasing the value of the 
oscillator grid resistor will clear up the 
trouble. The power company may be 
able to stabilize the line voltage. Do 
not call the power company, however, 
unless your measurements show that 
the line voltage definitely drops at 
times. 

Resistors. Wire-wound resistors may 
have intermittent opens at their termi¬ 
nal connections, particularly metal¬ 
clad “Candohm” resistors. Heavy cur¬ 
rent through carbon resistors may 
cause resistance variations that in turn 
produce an erratic current flow. This 
may not happen until the receiver has 
been on for some time and the resistor 

has become thoroughly heated. The 
carbon rod in a resistor of this type 
sometimes breaks, causing an inter¬ 
mittent open. 

Coils. Electrolysis in coil windings 
that carry de, particularly the primary 
windings of i-f transformers, af trans¬ 
formers, and oscillator coils, may cause 
intermittent opens. Frequently the 
form on which an rf coil is wound will 
expand with heat, snap a lead from a 
coil to its terminal lug, and so produce 
an intermittent contact. 

Connections. Connections some¬ 
times are made to the chassis through 
rivets, which frequently work loose or 
corrode and so cause intermittent con¬ 
tacts. RF connections through rivets 
are particularly apt to do t his. A poor 
contact may also develop between the 
chassis and the, can of a grounded 
electrolytic capacitor. If the capacitor 
is insulated from the chassis or B — by 
a fiber washer, leakage may develop 
across the washer and allow the capa¬ 
citor case (capacitor negative termi¬ 
nal) to short to the chassis intermit¬ 
tently. 

Vibration. Vibration is very apt to 
cause intermittent reception, particu¬ 
larly in car and portable receivers. 
Many parts in these sets may be 
mounted on rubber to reduce mechan¬ 
ical shock; even so, leads to such parts 
may snap and the broken ends may 
make intermittent contact. Watch for 
intermittent voice coil connections 
where the connections are made to the 
cone. 

General. We have given the most 
common intermittent defects. There 
are, of course, many more. There are 
also some defects that almost never 
contribute to intermittent difficulties. 
A bypass capacitor is more apt to open 
intermittently than it is to short inter¬ 
mittently; yet this last possibility 
should be kept in mind. An output 
transformer is not often intermittently 
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defective, nor are properly soldered 
connections. However, servicemen fre¬ 
quently introduce intermittent troub¬ 
les by poor soldering; hence you should 
examine all connections carefully if you 
find a wire loose in a radio after the set 
has been serviced by someone or if some 
of the joints have excess solder on 
them or unburned flux. 

Now for some general rules: All in¬ 
termittents respond to some stimulus 
—a voltage surge, a mechanical shock, 
or a thermostatic expansion or con¬ 
traction that opens and closes a circuit. 

Troubles due to heat are usually 
very regular; the radio goes on and off 
at rather definite time intervals, de¬ 
pending on the part or circuit that is 
defective. A short time interval usual¬ 
ly indicates a defect in a tube or in a 
part carrying a high current. If the 
time period between cut-off intervals 
is rather long, the trouble is usually in 
a circuit carrying smaller currents or in 
which less heat develops. The trouble 
may also be in some large part that 
heats up slowly or in a part that ab¬ 
sorbs heat from another nearby. 

LOCALIZING INTERMITTENT 
DEFECTS WITH A VTVM 

When is it necessary to localize the 
defect producing intermittent recep¬ 
tion? As you have learned, localization 
is one of the first methods to use in 
servicing most complaints. However, 
when intermittent reception is the 
problem, this is not true; localization 
is used as a last resort. The serviceman 
will wiggle parts, pull on leads to parts, 
tap on the tubes with his fingers, and 
push on soldered connections with an 
insulated tool. In over 90% of the 
cases, this will disclose the cause of the 
trouble. If you cannot make the trouble 
appear by mechanical movement of the 
part leads and if heat will not make it 
show up long enough so that you can 
localize it, you will have to start re¬ 

placing parts. This can be a time¬ 
consuming and expensive cure, but if 
the search area is narrowed down to a 
single stage, part substitution becomes 
practical. 

If you find that you can take meas¬ 
urements during the intermittent de¬ 
fective operation, without shocking the 
receiver back into normal operation, 
you can just check the receiver while it 
is acting up. However, in most cases 
touching test leads to the receiver cir¬ 
cuits will make reception snap back on. 
In such a case the test equipment must 
be left connected to the receiver and 
the set allowed to play until it cuts out. 
Then the indications given by the test 
equipment show whether or not the de¬ 
fect is in the stage or section under test. 

The only practical way to localize an 
intermittent is to sample the signal in 
the various receiver stages, using a 
vtvm or a signal tracer. Signal injec¬ 
tion is not practical because the signal 
generator may load the circuits to the 
point where the intermittent action 
will not occur. To sample the signal in 
the various sections or at the output of 
the various stages, you can use a vtvm 
capable of measuring af and rf signals, 
or you can use a signal tracer. Most 
servicemen prefer to use their signal 
tracers, because it leaves the vtvm 
available for other work. 

Let us see first how to use a vtvm, 
in the circuits of the typical receiver 
shown in Fig. 23, then we will see how 
to use a signal tracer. 

Before you can find the defective 
stage, you must find out if the trouble 
is in the rf or the af section. Let us see 
how to do this. 

Localizing the Section. Connect the 
vtvm across R5 to measure the de volt¬ 
age across the diode load, and let the 
receiver play until the set cuts out. 
Then look at the meter reading. If it is 
unchanged, the trouble is in the af 
section between the volume control 
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FIG. 23. A typical ac-dc receiver. 



and the loudspeaker. On the other 
hand, if you find the voltage has drop¬ 
ped to a lower value, the trouble is in 
the rf section, which includes every¬ 
thing between the loop antenna and 
the second detector output. 

Locating a Defective RF Stage. Let 
us suppose you have isolated the 
trouble to the rf section, and see how to 
go on from there. Leave the vtvm con¬ 
nected to measure the diode load volt¬ 
age, and substitute good tubes for VI 
and X 2 one at a time. Replace one of 
the tubes, and let the receiver operate 
long enough for the intermittent to oc¬ 
cur. If it does not occur when you re¬ 
place one or the other of the tubes, that 
tube was the cause of the trouble. 
However, if the intermittent still oc¬ 
curs after you have replaced both tubes 
you will have to isolate it further. 

To avoid confusion, remove the avc 
and replace it with a battery. To do 
this, disconnect R4 from the junction 
of R3 and R5 and solder the free end of 
R4 to the negative terminal of a 1.5 
volt flashlight cell. Connect the posi¬ 
tive terminal of the cell to B —. 

Set up your vtvm for rf measure¬ 
ments and connect if from B— to the 
plate of tube VI. Tunc in a strong 
station so you get a reasonable de¬ 
flection on the meter. If the sound out¬ 
put from the receiver is too low, peak 
the primary trimmer of the first i-f 
transformer for maximum volume from 
the loudspeaker. This is necessary to 
compensate for the detuning caused by 
the vtvm in the circuit. Note the meter 
reading. Now temporarily disable the 
local oscillator by shorting C4 with 
your linger. Make a note of the read¬ 
ing on the vtvm. Now short the loop 
so the radio signal is not applied to the 
input of VI, and again write down the 
amount of the signal (from the local 
oscillator in this case) at the plate of 
VI. Let the set play until it cuts out. 
If there is a change in meter reading, 
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compare this reading with the two 
that you took with the capacitor short¬ 
ed and with the loop shorted. If it is 
the same as the first, the oscillator has 
stopped ; if it is the same as the second, 
mixing is not occurring in VI. 

If there is no change in the signal, 
the trouble is between the plate of VI 
and the diode plate of V3. 

A vtvm cannot be satisfactorily used 
to check the signal at the control grid 
of V2, but you may be able to get an 
indication at the plate of V2 or at the 
diode plate of \ 3. Remember to adjust 
the trimmers involved for maximum 
output when you connect the rf probe 
of the vtvm to the circuit and again 
when you remove the probe. When 
trying new parts, replace the ones that 
are easy to install, such as capacitors 
and resistors, first, and those more 
difficult to install, such as i-f trans¬ 
formers, last. 

Locating a Defective AF Stage. A 
vtvm can be used in the af section, but 
it is not ideal because the signal modu¬ 
lation is constantly changing. This 
causes a fluctuation in the meter read¬ 
ing. However, any sudden drop in the 
meter reading when the symptom ap¬ 
pears indicates the defect is between 
the ac vtvm probe and the last point at 
which a normal reading was obtained. 

In the af system in Fig. 23, the sig¬ 
nal should be sampled at the following 
points: 

The control grid of V3. 
The triode plate of V3. 
The control grid of V4. 
The plate of V4. 
The voice coil. 
A change in the average signal level 

at any test point indicates the trouble. 
For example, if the signal voltage drops 
at the control grid of V4, but is normal 
at the plate of V3, you would suspect 
an open in C12 or a short from the con¬ 
trol grid of V4 to B —. 
Remember that when there is no 



modulation of the station signal, there 
will be no sound from the loudspeaker, 
and the af signal voltage will drop. 

LOCATING THE DEFECTIVE 
STAGE WITH A SIGNAL 

TRACER 
Section Localization. As with the 

vtvm, the first step when using a sig¬ 
nal tracer is to determine whether the 
trouble is in the rf section or the af 
section. To do this, sample the signal 
at the diode load resistor (R5 in Fig. 
23). If the signal fades, the trouble is 
in the rf section; otherwise it is in the 
af section. 
Locating a Defective RF Stage. 

Again the avc circuit must be disabled 
while you check the rf stages. As be¬ 
fore, disconnect the avc circuit at R4 
and substitute a fixed bias, so a defect 
in the second detector will not change 
the signal level at preceding test points. 

Connect the signal tracer at each 
control grid. If the tracer indicates a 
drop in signal level, the trouble is be¬ 
tween the point of connection and that 
test point where the signal was normal. 
When the signal drops at the oscillator 
grid, you know that the oscillator has 
failed. 

The signal tracer has three advan¬ 
tages over the vtvm in locating the 
cause of intermittent reception: (1) 
when using a signal tracer, you do not 
have to readjust the trimmers in the 
various stages because the signal tracer 
does not detune the rf-if resonance cir¬ 
cuits; (2) the signal tracer has an audi¬ 
ble output; and (3) the signal tracer 
sensitivity is high enough to permit 
signal sampling at any point in the rf 
system, even at the mixer grid. 

Locating a Defective AF Stage. If 
fading does not occur at the diode load, 
connect the signal tracer at the grid 
and then the plate of each af tube, 
working toward the voice coil. Leave 
it connected at each point until the 

signal from the loudspeaker fades or 
cuts out. If, when the sound fades, the 
signal tracer does not indicate a change 
in signal strength, connect it to the 
next grid or plate. When the signal in¬ 
dicated on the signal tracer goes down 
at the same time that the sound fades 
from the loudspeaker, you have just 
included the defective stage or circuit 
in the set, and you should concentrate 
on that stage. Check the parts and 
finally try substitutes. 

Servicing intermittents that involve 
stage localization takes a great deal of 
time and is seldom profitable. How¬ 
ever, you cannot refuse to repair inter¬ 
mittent receivers or you will surely lose 
your customer’s future business. The 
additional business he brings to you 
may in time more than compensate for 
your loss in time and money in repair¬ 
ing the intermittent set. 

LOOKING AHEAD 

In this series of lessons describing 
radio servicing techniques, we have 
given you information on how to iden¬ 
tify, locate, and fix the most common 
receiver complaints. It is, of course, 
impossible to describe all the defects 
that can possibly produce any parti¬ 
cular complaint. However, if you un¬ 
derstand how the various receiver cir¬ 
cuits operate, you will be able to locate 
and correct the more unusual defects. 

We do not expect you to memorize 
all the information given in these les¬ 
sons. Radio servicing, for the most 
part, should not be a memory process. 
While you are beginning your service 
work, you should use the servicing 
lessons as a guide. Try to apply efl’ect-
to-cause reasoning whenever possible, 
because it can save you much time in 
locating the defect. 

For some complaints, we described 
several possible testing methods. Learn 
how to use all of them so that if one 



does not help you find the trouble, you 
can try another. After you have had 
some servicing experience, you will in¬ 
stinctively apply the correct test pro¬ 
cedure to find the cause of a particular 
complaint. You will also know what 
parts defects can cause a particular 
complaint and check those possibili¬ 
ties first. The more experience you 
have in radio servicing, the faster you 
will be able to repair the receiver. 

In the next lessons, you will study 
other types of receivers and electronic 
equipment such as auto receivers, high-

fidelity systems, and TV sets; you will 
learn not only how they work but also 
how to service them. You will find 
that many of the procedures and tests 
you studied in the radio servicing les¬ 
sons can be applied to other types of 
equipment in addition to radio receiv¬ 
ers, because the same defects and com¬ 
plaints can occur in them. Of course, 
there are different testing methods and 
different component defects but you 
will find that the basic procedures are 
the same as those you have studied in 
these lessons. 
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Lesson Questions 
Be sure to number your Answer Sheet 40B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time, or you may run out of lessons before new ones can 
reach you. 

1. Which is the most noticeable type of distortion produced in radio receivers? 

2. What can cause the magnetomative force to become so great that core 
saturation occurs in an audio output transformer? 

3. Which TWO of the following voltage conditions will cause the tube to oper¬ 
ate over the lower bend of its characteristic curve? 1, bias too low; 2, bias too 
high; 3. plate voltage low; 4, plate voltage high? 

4. By taking plate current measurements how can you tell when the tube in a 
class A amplifier stage is operating on the non-linear portion of its charac¬ 
teristic curve? 

5. What TWO effects would a large decrease in the value of coupling capacitor 
C4 in Fig. 6 have on the sound from the audio amplifier stage? 

6. Suppose you have localized the cause of distortion to the af output stage; 
which components would you usually check first? 

7. What TWO conditions must be present in a push-pull audio amplifier stage 
for the stage to be free from 2nd-harmonic distortion? 

8. Suppose a receiver is noisy, but the noise disappears when you turn the 
volume control to the minimum volume position. Is the noise source: 1, in 
the rf-if section; or 2, in the af section? 

9. What is the basic difference between the defects causing noisy reception ami 
those causing intermittent reception? 

10. Name TWO instruments that can be used to localize an intermittent defect 
in a radio receiver. 
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KEEPING PROMISES 
%, • To have the reputation for always meetin 

obligations and paying debts is a most valuable 

asset in social as well as professional life. If you 

owe money, pay promptly when payment is due. 

If you owe allegiance to a person or organiza¬ 

tion, grant it. If you have given your promise to 

someone, keep it. To hedge on any type of obli¬ 

gation is to start a moral disintegration which 

may eventually ruin your chances for enjoying 

life and its successes. Failure to keep an obli¬ 

gation is a sin which has resulted in man; 

failure in life itself. 

'■ ♦ . 

¡s. 
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SINCE radios were first put into automobiles, they have been im¬ 
proved in three ways. Power and 
sensitivity have been increased, size 
has been decreased, and electrical 
noise pick-up has been reduced. 

The first sets were made in two or 
even three large boxes; it was at 
least a two-day job to get even half 
of the noise out of the installation. 
Today’s set comes in one small box, 
which can be installed, complete with 
antenna and noise-suppression de¬ 
vices, by a skilled technician in less 
than a half hour. Auto radio service 
and installation has developed since 
1929 from a hobby into a business, 
one in which many electronics shops 
specialize. 

The designer of automobile radios 
faces several problems that the de¬ 
signer of home radios does not have 
to face. He must make his sets work 
with a very small antenna in the pres¬ 
ence of a very strong electrical noise 
field under continuous jarring and 
vibration, with a signal of constantly 
varying strength. Nevertheless, he 
has met these problems so success¬ 

fully, that tube for tube, the average 
car radio will deliver better perform¬ 
ance than a comparable home radio. 

This can be attributed in part to 
the use of very high quality parts, 
high-gain tubes, high-Q coils and 
transformers, and highly efficient cir¬ 
cuits. This, together with good design 
and workmanship, enables the car 
radio to give king-size performance 
in a very small package. 
The basic circuits used in auto 

radios are identical with those used 
in any other radio. The big differ¬ 
ence lies in the type of power supply. 
The only source of power for the auto 
radio is the car’s battery. The bat¬ 
tery can furnish only 6 or 12 volts. 
This is stepped up and rectified by a 
power transformer and a vibrator, 
and becomes the high-voltage supply 
for the receiver. Filaments are sup¬ 
plied, through appropriate filters, di¬ 
rectly from the battery voltage. 
High-gain tubes and high-gain 

transformers are used in practically 
all sets. It is interesting to note here 
that one stage using the common 
6BA6 tube gives more gain than the 
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whole set of type 24 tubes used in 
the first auto radio. 

Auto radio cases are specially built 
to keep out electrical noise, by form¬ 
ing as nearly as possible, a continuous 
electrical shield. The necessary ven¬ 
tilation holes are made small so that 
the shielding will not be interrupted. 
Various bolts and brackets are 

needed for mounting the set in the 
car and keeping it in place under 
severe vibration and jolting. These 
are usually made as part of the case. 
Many of the features found in 

home sets are also found in auto 
radios—tone controls, dual speakers, 
and even short-wave bands in some 
special models. Some cars have pro¬ 
vision for a speaker to be mounted 
on the shelf behind the rear seat. 

The Automobile’s 
The auto-radio technician must 

work on the car’s electrical system. 
Therefore, it might be a good idea 
to give a brief description of it here 
so that you will be familiar with its 
operation. 
The wiring system of all cars is 

basically alike; there are only minor 
differences between different makes 
and models. The only source of the 
current used to operate all electrical 
equipment in the car is the car’s stor¬ 
age battery. This may be either 6 
or 12 volts, depending upon the car. 
Only equipment of the same voltage 
rating can be used. 

The battery is kept charged by the 
generator; this is driven by the en¬ 
gine. A voltage regulator on later 
model cars, or a cutout on older 
models, regulates the charging rate 
and prevents the battery from being 
discharged by disconnecting it from 

This feature can be added to any 
auto radio by using an external 
switch, and is built in on some sets. 

For good performance from an auto 
radio, not only the design work, but 
also the installation and service work, 
must be of the best. Only the very 
best workmanship is good enough 
for successful auto radio work. Slip¬ 
shod or careless workmanship will 
show up immediately, and the techni¬ 
cian’s most priceless asset, his reputa¬ 
tion, will suffer. All solder joints 
must be clean and bright, all bolts 
well tightened, and all replacement 
parts well fastened into place to pre¬ 
vent future troubles. Many call¬ 
backs can be avoided by taking the 
pains necessary to do a good job the 
first time. 

Electrical System 
the generator when the engine stops. 
All other equipment is connected to 
the battery through appropriate 
switches. Lights, heaters, radio, etc., 
are all supplied by the same bat¬ 
tery. 

Fig. 1 shows a diagram of a typical 
system. Only one wire is shown go¬ 
ing to each appliance. The metal 
frame of the car is always used as the 
ground, and is the common return 
for every electrical appliance on the 
car. Therefore, only one wire, the 
“hot” wire, needs to be run to any 
appliance. Lights, for instance, have 
only one wire coming from the switch 
on the dash; the other filament term¬ 
inal is grounded at the socket. 
A storage battery has a definite 

polarity; some makers ground the 
negative side, some the positive side. 
As a rule, this will make very little 
difference unless you are installing 
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quite an old set. Older sets with 
synchronous vibrators in their power 
supplies, were polarized, and had to 
be connected with the proper polarity 
to work. Practically all of the later 
sets have no polarity at all, and may 
be used in cars of either ground polar¬ 
ity. If in doubt, check the tube 
lineup; if there is a rectifier tube, the 
set has no polarity. 
As we said before, the generator 

of the older cars had a device known 

by the battery as in the older ones, 
the field terminal is brought outside 
of the generator, and used to regulate 
its output. 

By inserting a resistance into this 
field circuit, the amount of charging 
current can be controlled. In the first 
models, this was done by means of a 
manual switch with “high-charge” 
and “low-charge” positions. In the 
voltage regulator, another relay ac¬ 
complishes this automatically. 

as a “cutout.” This is simply a relay, 
connected in shunt with the generator 
output lead, which automatically dis¬ 
connects the generator when the en¬ 
gine stops or drops below the speed 
at which the generator charges. This 
is necessary to prevent the battery 
from being discharged through the 
generator, because any generator will 
run as a motor if a battery is con¬ 
nected to it. 

The original generators using this 
circuit charged at full rate at all 
times. This often resulted in over¬ 
charged batteries on long runs. A 
far more efficient system came into 
use with the development of the volt-
age-regulated generator. This type 
has a separately wound field excited 

The most commonly used voltage 
regulator on passenger cars today 
uses a total of three relays: 1, the 
cut-out relay, which disconnects the 
generator when the engine is idling; 
2, a current relay, which opens auto¬ 
matically to prevent the generator 
from being overloaded; and 3, the 
voltage relay, which lowers the charg¬ 
ing rate whenever the battery be¬ 
comes fully charged. 
As you remember, to charge a 

battery, the generator must have a 
voltage output higher than that of 
the battery in order to force the 
charging current through the bat¬ 
tery. If the battery is low, its volt¬ 
age is down; the relay allows the 
generator to put out its full rated 
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current, charging the battery rapidly. 
If the battery is fully charged, its 
voltage is high; the regulator, being 
operated by the voltage across it, will 
open when the voltage reaches a pre¬ 
set level and cut off the generator. 
When enough current has been drawn 
from the battery to lower the voltage, 
the voltage relay closes again, per¬ 
mitting the generator to charge the 
battery once again. 

The regulating action of this type 
of system is accomplished by vary¬ 
ing or removing a resistance con¬ 
nected in series with the field wind¬ 
ings of the generator. This raises 
or lowers the charging rate. If the 
system is in good working order, 
the battery will be kept fully charged 
at all times and the voltage will not 
be allowed to rise to excessive values. 

To furnish the very high voltages 
needed to fire the fuel charge in the 
cylinders by making an arc across the 
electrodes of the spark plugs, a sys¬ 
tem consisting of a “coil,” a set of 
“ignition points,” and a “distributor” 
is used. These are the automotive 
names for them; we would call the 
coil a transformer, with a very high 
turns ratio, often as high as 100 to 1. 
The “ignition points” we would call 
a switch, and the distributor is merely 
a rotary switch. The circuit of an 
automobile ignition system is shown 
in Fig. 2. 

In action, the primary of the coil 
is supplied with current from the bat¬ 
tery through the ignition switch and 

FIG. 2. The automobile ignition sys¬ 
tem. 

points. When the points close, a surge 
of current flows through the primary; 
when the points open, the large mag¬ 
netic field which was built up around 
the coil collapses. The collapse of 
this magnetic field generates a very 
high voltage across the secondary. 
This pulse of high voltage is applied 
through the rotor arm of the distrib¬ 
utor to whatever spark plug is in 
firing position at that instant. This 
pulse can run as high as 25,000 volts. 
The wave shape of the pulse is in the 
form of a “damped oscillaton.” The 
pulses produce familiar “plug noise,” 
so-called although the noise actually 
originates at the breaker points and 
rotor arm of the distributor. This is 
the part of the circuit which causes 
the most noise trouble. Methods of 
dealing with this problem will be out¬ 
lined later. 
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Automobile Radio Antennas 
Probably the most important part 

of the auto-radio receiving system is 
the antenna itself. Small as it is, this 
little brass “whip” is the heart of the 
system, and a great deal of the set’s 
performance depends upon it and its 
conditions. It must be in absolutely 
first-class shape if any results at all 
are to be expected. 
The antenna has two basic jobs: 

to intercept sufficient signals for the 
radio to deliver full volume, and to 

minutes; the old type often took two 
men over an hour. 

The lead-in cables of the old anten¬ 
nas were made with an impregnated 
cotton braid which absoibed water 
quite readily. The new lead-ins are 
coaxial cables, using a thick poly¬ 
ethylene sheath, covered with a 
braided copper shield and an outer 
jacket of vinyl rubber. This solid 
plastic material, developed during 
World War II, is an excellent rf in-

SOFT RUBBER 

FIG. 3. A, modern one-hole mount an¬ 
tenna. B, old two-hole mount antenna. 

eliminate noise pick-up from the car’s 
electrical system. The first is accom¬ 
plished by the vertical, visible portion 
of the rod, the second and equally im¬ 
portant part, by the base, mounting, 
and lead-in cable. 
Fig. 3A shows a modern auto an¬ 

tenna. It does not represent any 
particular antenna, but is typical of 
the modern cowl-mounted type. Fig. 
3B is a drawing of an obsolete type, 
which shows the great difference be¬ 
tween the easily installed, highly 
efficient antennas made today, and the 
hard-to-mount, inefficient earlier 
models. The new antennas can be in¬ 
stalled by one man using the proper 
tools and methods in less than five 

sulator, and entirely moisture-proof. 
The upper insulators of older anten¬ 
nas were made of hard rubber; con¬ 
stant exposure to sunlight caused 
deterioration and breakdown. The 
exposed insulators of new antennas 
are made of a harder grade of plastic 
material, which is practically immune 
to these troubles. Mounts are usually 
made in two pieces, one below the 
body surface and one above. Locking 
“dogs” on the base hold the two pieces 
in alignment. Teeth in the metal of 
the lower piece bite into the surface 
and make a good ground connection 
which is essential for the proper oper¬ 
ation of the lead-in. 
Most antennas used today are 
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variations of the “top-cowl-fender” 
type. This is one of the two major 
classes, the other being the “side¬ 
cowl” type. For convenience, we shall 
refer to them from now on as “cowl¬ 
mounts” and “side-mounts.” The 
difference is merely in the mounting 
methods; each type has the same pur¬ 
pose. The cowl-mounts can be used 
on any horizontal or gently sloping 
surface; the side-mounts are used on 
vertical surfaces only. The cowl¬ 
mounts are often used on the flat tops 

pears in Fig. 4A. The two-point sup¬ 
port of the side-mount antenna has 
greater strength than the other types, 
naturally, and should be used when 
the antenna will be struck by tree 
branches as the vehicle runs through 
heavy brush, or in country use. 
Cowl-mounts appear in several 

variations of the basic pattern: the 
standard cowl-mount (Fig. 4B), a 
three-section antenna, 55-60 inches 
long extended, 24 inches collapsed; 
and the “disappearing” type (Fig. 

FIG. 4. A, modern side-mount antenna. 
If, cowl-mount antenna. C, “disappear¬ 

ing” antenna. 

of front or rear fenders, hence the 
name “top-cowl-fender” mount. The 
kind of surface available for mount¬ 
ing the antenna will determine the 
type to be used. Never attempt to in¬ 
stall an antenna that is not right for 
the type of mount available. Trouble 
always follows. 

Side-mount antennas are all much 
alike, varying only in length. All 
have two insulators for extra support. 
This type is mechanically stronger, 
so it is used most in installations re¬ 
quiring a rugged mounting, such as in 
trucks. A sketch of this antenna ap-

4C), which has a tube extending be¬ 
low the fender surface, so that the rod 
can be collapsed to a shorter length. 
These are generally mounted on fend¬ 
ers, although some are installed on 
the cowling. In 1955, some innova¬ 
tions in antennas appeared, for the 
first time in several years. The orig¬ 
inal cowl-fender antenna came out 
about 1946 or 1947, and was pretty 
well standardized by 1950. 1955, with 
its radical changes in automotive 
styling, also brought forth some new 
developments in auto antennas, such 
as the “rear-mount,” consisting of 
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either one or two short “cowl-mounts’’ 
installed on the rear fenders. Earlier 
cars had lacked the space for instal¬ 
lations of this kind. There were also 
other difficulties. Among these was 
the trouble caused by the excessive 
capacity of the 15 to 20-ft. lead-in 
needed in most cars. 

This added capacity across the re¬ 
ceiver input can detune the front end 
of the receiver enough to cause poor 
performance. To eliminate this, a 
capacitor is built into the lead-in at 
the set end, in series with the center 
conductor. 

This capacitor is in series with the 
capacity between the center conductor 
and the shield. This series capacitor 
reduces the lead-in capacity across 
the receiver input and allows the in¬ 
put to be tuned. 
When gay colored cars came out, 

matching antennas of Fiberglas were 
made. These are similar to glass fish¬ 
ing rods with metal conductors in 
the center. The glass antennas are 
like the regular cowl-mounts. 

Another useful accessory appeared 
at this time. An antenna can be elec¬ 
trically lengthened by placing a coil 
in series with it. This was very use¬ 
ful on auto radios of the older types, 
which were designed to use much 
longer antennas than the later models. 
The antenna is cut off just above the 
base, and the coil inserted there, plac¬ 
ing it in series with the rod and elec¬ 
trically lengthening it. Quite a bit of 
added volume may result by using 
this device on older sets. However, 
not as much improvement can be ex¬ 
pected when using this with the newer 
sets which were designed to use short 
antennas. 

Some novel variations on the cowl¬ 
mount antenna had appeared a few 
years before. These were cowl anten¬ 
nas, similar to the disappearing type, 
but with means for raising and lower¬ 

ing them from inside the car. Some 
used a purely mechanical lift oper¬ 
ated by a knob inside the car, some 
used a small electric motor, while 
some used a pneumatic-lift arrange¬ 
ment, powered by the manifold vac¬ 
uum of the engine. Troubles were 
quite frequent with these, however, 
and they have almost disappeared 
from the market. 
Another different type of antenna 

made its bow along about 1936-37. 
This was the top antenna, which is 
a short rod mounted in the center of 
the top of the car, just above the 
windshield. It could be turned to 
various positions by a knob inside the 
car. Lead-in cables were brought 
down the side posts of the windshield 
and occasionally a matching trans¬ 
former was used at the antenna base. 
This type of antenna has been seen 
on some comparatively late cars, al¬ 
though it almost disappeared for a 
while. 

As we have said, the average car 
antenna is quite short. The longest 
commercial antenna is a 96-inch side¬ 
mount, which is quite a monster. The 
average antenna is from 55-60 inches 
extended, and is usually run with one 
section down, to give an average 
length of about four feet. By com¬ 
parison with even a small broadcast 
antenna, this is very small, and one 
might wonder how the car radio gets 
enough signal to operate on the small 
amount of energy that this little rod 
can pick up. This problem has 
plagued designers for many years, and 
it was finally solved by making the 
whole front end. antenna, rf amplifier 
stage and lead-in, resonant within 
the band of frequencies which the set 
is designed to pick up. This increases 
its efficiency tremendously. Second, a 
very high-gain rf amplifier stage, 
using high-Q coils and high-mu 
tubes, is used on all auto radios to 
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give the extra amplification neces¬ 
sary, and also to improve the selectiv¬ 
ity. No car antenna will operate cor¬ 
rectly until it has been tuned to 
match the set. This final adjustment 
is always made in the car, tuning the 
whole antenna stage to operate at 
peak efficiency. 

The designer of an auto radio has 
the advantage of knowing within a 
very small range, exactly what he is 
going to have to work with. He 
knows the inductance and capacity of 
the antenna, the capacity of the 
lead-in, etc., and so can design the re¬ 
ceiver front end to take advantage of 
it. Compared with the broadcast re¬ 
ceiver designer, who must cope with 
a wide variation in antenna equip¬ 
ment and make the front end cover 
a much wider range, the auto radio 
designer has practically a fixed set 
of circuit constants to work with, and 
he can obtain much greater efficiency. 
The added gain and selectivity of the 
rf amplifier stage helps tremendously 
in obtaining the needed sensitivity. 
All tuning and adjustment is highly 
critical and great care should be used 
in making alignment adjustments. 
The lead-in cable of the modern 

antenna is one of the most impor¬ 
tant parts. It is terminated in a stan¬ 
dardized coaxial plug on the “set 
end,” and in coaxial plugs of many 
varied shapes on the antenna end. It 
has low capacity, very low losses, and 
a high degree of weather resistance. 
It must be well shielded, with a 
closely woven braid of copper wire. 
Made up of four parts, it contains 
the inner conductor, which is a very 
fine wire to keep the impedance up; 
the “liner” of polyethylene, about 
1/8 inch thick; a closely woven 
shielding of copper; and finally, an 
outer jacket of tough vinyl-plastic. 
Note the coaxial plug at the antenna 
end shown in Fig. 3A. Its threaded 

sleeve forms part of the antenna base 
mount, and is grounded. It is filled 
with a solid type of polyethylene. 
The end of the antenna rod comes 
through the top insulator to make 
contact directly with the female plug 
on the end of the lead-in conductor. 
Practically the only troubles en¬ 
countered with these leads are break¬ 
age of the small center conductor, 
and loose joints at the plugs. If the 
break is at the set end, this plug may 
be removed and replaced. If it is at 
the antenna end, repairs are almost 
impossible because the plug is 
molded, so the antenna or at least the 
lead-in must be replaced. 
The entire lead-in assembly is 

shielded, as shown in Fig. 5. This 
shield is grounded at the antenna end 
by the construction of the base, and 
at the set end by the antenna socket. 
This is absolutely essential; if either 
end becomes ungrounded, noise will 
be picked up. The continuous shield¬ 
ing around the center conductor 
causes the noise impulses to be picked 
up by the shield, and passed on to 
the ground on the body of the car 
itself. Thus, the noise is not picked 
up by the lead-in. 

ANTENNA INSTALLATION 
Antenna installations make up a 

large part, and one of the most critical 
parts of auto radio work. The per¬ 
formance of the set depends upon the 
successful installation of the antenna. 
The installation may be divided into 
two major parts: the selection of the 
location, which determines the type of 
antenna to be used, and the actual 
mounting of the antenna, which in¬ 
cludes such things as drilling the hole 
and installing the antenna and 
lead-in. We will cover each of these 
in detail, to show you which methods 
are best, as determined by the actual 
experience of many antenna men over 
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the years. There are several difficul¬ 
ties which you can easily get into in 
this work, but all of them can be 
avoided with sufficient care. 

Selection of location depends to a 
great extent upon the type of car. 
Passenger cars have very few suitable 
vertical surfaces upon which a side¬ 
mount antenna can be used. There¬ 
fore, this type is used mostly on pick¬ 
ups and other trucks, unless a cus¬ 
tomer asks that it be used on his car. 
In this case, go ahead, but explain 
the difficulties to him, and if he in¬ 

crowns of the rear fenders, as ex¬ 
plained, or, a pair of them can be 
mounted in front of the windshield. 
Remove the series capacitor from the 
lead-in when they are mounted in 
front. 

One of the most important things 
is the location of the radio receiver 
itself. If it is in the center, as is the 
case with practically all custom-built 
sets, the lead-in cable will reach it 
with no trouble. If it happens to be 
off-center, the antenna must be in¬ 
stalled on the side of the car nearer 

FIG. 5. Grounding the lead-in shield. 

sists, make the installation. Side¬ 
mounts can be used only on these 
places: vertical sides (skirts) of the 
front fenders, vertical surfaces of the 
side-cowling, and on the sides of 
truck cabs, above and behind the 
door. On some cars of 1954 or later, 
there is enough vertical surface on 
the sides of the rear fenders to permit 
mounting there, using a long extension 
on the lead-in, with a series capacitor. 
The cowl-mount can be installed 

in a number of places, on the horizon¬ 
tal or gently sloping surfaces of the 
cowling just in front of the wind¬ 
shield, on the crown of the front fend¬ 
ers, or on the rear fenders. The “rear¬ 
mount” antennas mount on the 

the set, so that the lead-in will reach. 
Extensions can be added if necessary, 
but it is much better and simpler to 
check the set’s location first. 

TOOLS FOR ANTENNA 
INSTALLATION 

There are a great many special 
tools for antenna installation work. 
Most of these, although not primarily 
designed for this type of work, will 
make the job a great deal easier if 
correctly used. Speed is important in 
this as in any other kind of service 
work, and many otherwise difficult 
jobs can be made fast and easy by 
using the right tools for the job. 

The basic tool kit for antenna in-
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stallation work is shown in Fig. 6. It 
consists of several screwdrivers, com¬ 
mon, “Cross-point,” “Clutch,” and 
the special hourglass-shaped points 
used on quite a few GM products; 
two pairs of “combination-pliers,” 
large and small, the “bent-nose” type 
being preferred; one long and one 
short center-punch; 4-inch, 6-inch, 
and 8-inch adjustable wrenches; a 
heavy-duty electric extension cord 
at least fifty feet long, with a dual 
outlet on the end; a trouble light for 

pensive. However, several special 
tools have been developed for this 
task. One of these, which can be used 
in the smaller 1/4-inch electric drill, 
is the “fly-cutter,” shown in Fig. 7. 
This consists of a 1/4-inch pilot drill 
and an adjustable cutter bar. This 
tool works the same as a boring tool 
used with a lathe; the point of the 
cutter bar, scribing a circle around the 
pilot drill, gradually cuts through the 
sheet metal, leaving a perfectly round, 
smooth hole. 

FIG. 6. Tool kit for antenna installa¬ 
tions. 

work inside the car; a 1/4-inch elec¬ 
tric drill, with an assortment of high¬ 
speed bits; a “fly-cutter”; a 1-inch 
Greenlee punch; a medium size me¬ 
chanic’s ball peen hammer; and last 
but by no means least, a 5-inch 
tapered reamer with a “T” handle, 
for enlarging holes. 
The worst job in antenna work is 

cutting the hole for the antenna base. 
This runs from 7/8 inch to 1 inch for 
most antennas, and must be perfectly 
round and clean. To drill a hole this 
size, you need a heavy-duty electric 
drill, which is both heavy and ex-

One simple way of using this tool 
is to mark the location of the hole, 
center punch it well to keep the drill 
from skidding, and drill the pilot hole. 
Shut off the drill, and lower the cut¬ 
ter bar onto the surface. Turn it by 
hand until the tip of the cutter has 
marked a light circle. Compare this 
with the size needed, by measurement 
or using a template, and then adjust 
the size of the cutter either in or out 
as needed. It can be set to make any 
size hole from 5/8 inch to 1 inches. 
Tighten the cutter bar firmly, then 
proceed with the boring. To use this 
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tool correctly, you must hold the drill 
firmly with both hands. 

When the cutter is just about to 
break through the surface, hold it 
very tightly. This is the time when it 
may jam, causing the drill to jerk 
violently, possibly spraining your 
wrist, or gouging the car’s finish. 
Hold it firmly, and the cutter will 
break out cleanly, leaving the drill 
spinning in the air. 

A tool similar to this is the “hole¬ 
saw.” The action is much the same, 
with a pilot drill to hold the cutter 
centered, and a circular hacksaw 
blade for cutting. This too will also 
do a good job if properly used. The 
main disadvantage of this is that it 
cannot be adjusted in size. However, 
different sizes of hole-saws can be 
used on the same arbor to give this 
tool more flexibility. 

One more tool, which can be a lit¬ 
tle faster if correctly used, is the 
Greenlee punch. This is a two-part 
shear-type tool, with a punch and die 
drawn together by a large bolt. One 
of these tools in the 1-inch size, will 
do for many different makes of anten¬ 
nas, as most of them are within 1/16 
inch of this size. Different sizes and 
shapes are available, round, square, 
“keyed” and “D” holes, and can be 
obtained at any radio supply house. 
This cutter is shown in use in Fig. 8. 

The fastest way to use this is as 
follows: With the long center punch, 
mark the location of the hole. Drive 
the punch through the surface, until 
the taper of the punch has made a 
hole large enough to pass the bolt used 
in the punch. Take the punch apart 
and reassemble it with the bolt 
through the hole. The die should be 
on top, so the bolt head is accessible, 
and the punch on the bottom. Turn 
the bolt with an adjustable wrench 
until the punch has been forced 
through the metal and comes loose, 

leaving a nice clean hole. 
Most side-mounted antennas re¬ 

quire 1/2-inch holes for the insulator 
mounts. These can be made with a 
1/2-inch Greenlee punch, or by drill¬ 
ing a 1/4-inch hole and reaming it 
to the required size. The fly-cutter 
will not make this size hole. Rotary 
files may be used in the electric drill 
to enlarge the 1/4-inch holes, if de¬ 
sired, or to touch them up where 
needed. 

Antenna installations on new cars, 
using custom-built antennas designed 
for the car, are not difficult. Each an¬ 
tenna package contains a full set of 
detailed instructions, mounting tem¬ 
plates, etc., and you should follow 
them to the letter for the first few 
times until you have memorized them. 
Even experienced antenna men will 
not make an installation of this kind 
for the first time without first care¬ 
fully studying the instructions. The 

FIG. 7. Use of the “Bruno” fly-cutler. 
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templates enclosed should always be 
used when drilling the holes. This an¬ 
tenna is designed for this one car 
only! If it is of the disappearing 
type, holes have been made in the car 
frame and body to allow the mount¬ 
ings and the tube to pass. If the out¬ 
side hole is not perfectly lined up with 
these holes, you’re in trouble! If the 
upper hole is not lined up, the an¬ 
tenna will not be vertical, and the 
tube will not be in the proper position 
with respect to the mounting brack¬ 

lead-in down the side, replacing the 
mats and molding to hold it firmly in 
place. Inside the trunk itself, the 
lead-in cable and connecting harness, 
which joins the two antennas, should 
be firmly held in place with clips or 
small metal clamps so that it will not 
hang down inside the trunk space. 

Installing one of the many types 
of antennas designed for mounting on 
any kind of car can be somewhat 
simpler. (These antennas can be used 
in place of the custom antennas, if 

ets. Extreme caution is necessary in 
all cases; be sure you’re right before 
drilling. 
The same general procedures are 

used for rear-mounted antennas. Fol¬ 
low the templates furnished, and 
you’ll have no trouble. Lead-in cables 
must be run from the trunk space up 
to the front of the car. Raise the 
edge of the floormats or carpets from 
under the metal strips which hold 
them down at the sills. Most of these 
will be held in place by sheet-metal 
screws. Remove the moldings, raise 
the edge of the mats, and lay the 

desired.) When installing a cowl¬ 
mount type, use a place on the top of 
the cowling, just in front of the wind¬ 
shield corner post. Never put an an¬ 
tenna where it will be in the range of 
the driver’s vision when looking 
straight ahead; always conceal it with 
the post if possible. Check the loca¬ 
tion carefully to see that it is not 
obstructed underneath by frame 
members or other parts of the car; 
then cut the hole using one of the 
methods just outlined. Slip the an¬ 
tenna into place, and tighten well. 
Incidentally, never tighten an antenna 
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mount too much. This can cause 
more trouble than leaving it just a 
little too loose! Recommended ten¬ 
sion is at the point where the 
rubber sealing washer just begins to 
show signs of “squashing out.” This 
whole job can be done in less than five 
minutes by a skilled workman using 
the right tools. 

If there is no cowling, with the 
hood going all the way back to the 
windshield, or if for any reason the 
antenna is not desired on the cowl, 
place it on top of one of the front 
fenders. The lead-in must be longer 
on account of the extra distance to 

enough to allow the plug to pass. Seal 
around the lead-in with a rubber 
grommet or with a plastic sealing 
compound, to prevent the entry of 
dust and moisture into the car. The 
punch makes holes with rounded 
edges, instead of the sharp edges of 
a drilled hole; hence, the edges will 
not cut or damage the lead-in. 
One word of caution right here— 

before making any holes, always 
check clearances from nearby parts 
of the car, both inside and outside! 
For instance, on the 1949-50 GMC 
and Chevrolet pickup trucks the 
hoods swung up and back, covering 

FIG. 9. Punching the hole for the 
lead-in. 

the set; otherwise, the two installa¬ 
tions are the same. The average 
cowl-mount antenna has a 36-inch 
lead-in, which will reach the set from 
any place on the cowling; fender 
mounts usually have 54-inch lead-in 
cables. 

Quite a few cars provide holes in 
the body, under the hood, to allow 
the lead-in to be brought in from a 
fender mount. If there are none, 
select a spot where the lead-in will 
not be cut or pinched by hood hinges, 
springs, etc., and make one as shown 
in Fig. 9. The long center punch is 
best for this purpose, rather than a 
drill. Simply drive the punch through 
the sheet metal until the hole is large 

the entire cowling in the raised posi¬ 
tion. Unwary technicians often in¬ 
stalled cowl-mount antennas in the 
ordinary place, toward tne front of 
the cowling, only to see them snapped 
off when the hoods were raised. The 
correct location for the antenna on 
these cars is just as close to the wind¬ 
shield as possible. Even then, when 
the hood is raised, it will still just 
touch the rod. Always lock for prob¬ 
lems like this before selecting a loca¬ 
tion. 

Side-mounted antennas range from 
very easy to very hard to install, de¬ 
pending upon the type of car and its 
construction. Always check very 
carefully before drilling any holes in 
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the side cowling, to be sure that the 
inside is not blocked by door-hinge 
boxes, frame members, emergency¬ 
brake parts, and so on. For example, 
some GMC trucks, instead of the 
common fiberboard kickpads, had 
solid metal panels welded firmly in 
place, making it impossible to install 
side-mount antennas. In some cases, 
this situation was met by installing 
the entire antenna on the small ver¬ 
tical cowl ventilators, bringing the 
lead-in through the vent opening. 
This kind of job is strictly an emer¬ 
gency measure, and is not too highly 
recommended. (Note: cowl-mount 
antennas were standard on these 

inches around the holes to be sure 
that the antenna gets a good ground. 

TESTING AND REPAIR OF 
ANTENNAS 

Troubles actually originating in the 
antenna itself can be caused by only 
two things: electrical leakage or 
shorts, and open circuits. Electrical 
leakage is usually caused by moisture 
in the base assembly. This may be 
from a hygroscopic insulator (one 
which absorbs moisture) or from 
cracked insulators. Combinations of 
the two troubles are quite possible, 
as are intermittent conditions, the 
hardest of all radio troubles to locate. 

FIG. 10. Lead-in cable prepared for 
attaching the plug. 

trucks.) The best way is to remove 
the kickpad and make a careful in¬ 
spection of the inside before drilling 
any holes. If it is difficult to transfer 
a measurement from inside to outside, 
take the long center punch and punch 
lightly from the inside. The punch 
marks will show up as dimples on the 
outside, and may be repunched from 
that side, to hold the drill. When in¬ 
stalling side mounts, always drill the 
holes; never punch them, as some in¬ 
stallers used to do. The punch leaves 
a hole with large ragged burrs on the 
inside, which would prevent the 
proper seating of the parts of the 
antenna insulators. A smooth-sided 
hole is absolutely essential. If the 
inside of the body is coated with a 
tarry compound, it will help to scrape 
this off for a distance of two or three 

Measurements with an ohmmeter 
will usually catch the first two; the 
intermittent may be located by list¬ 
ening to the radio, while shaking the 
lead-in vigorously. Using the insu¬ 
lated handle of a screwdriver, move 
the antenna rod itself back and forth 
and listen for popping noises. This 
simulates the swaying and vibration 
which the antenna will get while the 
car is in motion. Best results will be 
had by tuning the set off a station, 
and turning the volume high. 
If any of these tests produce a 

noise in the set, clean the antenna 
thoroughly. Take the base apart, 
scrape all grounding surfaces, clean 
the plugs and sockets, and check with 
your ohmmeter for leakage or shorts 
across the plug. Check the lead-in for 
continuity by connecting the ohm-

14 



meter to each end of the center con¬ 
ductor, and shaking the cable hard. 
Many times, the center conductor will 
be open at the set end. These plugs 
can be replaced or repaired, as we 
said before. Trouble at the antenna 
end usually makes replacement of the 
entire lead-in necessary. You’ll usu¬ 
ally be wasting time if you attempt 
to repair the antenna end. 

To install or replace the plug on 
the set end, prepare the shielded 
cable as follows: With a sharp knife, 
“ring” the vinyl jacket about one inch 
from the end, and remove it. Care¬ 
fully open the shielding braid and cut 
it off smoothly, leaving about 1/2 

ing careful not to leave the soldering 
iron in contact with the cable for too 
long at a time. The polyethylene 
insulation used is sensitive to heat, 
and softens rapidly; if excessive heat 
is used, the insulation may be soft¬ 
ened to the point where it will allow 
the shielding braid to cut through and 
short out the lead-in. Solder it a 
little at a time, allowing the plug to 
cool several times while making the 
joint. 

If you discover electrical leakage 
in an antenna, take the antenna com¬ 
pletely out. Wash it thoroughly with 
carbon tetrachloride to remove both 
dirt and moisture; dry it thoroughly 

VINYL SHIELDING 
JACKET SOLDER / SHELL OF PLUG 

SOLDER 

FIG. 11. Cross-section of lead-in cable 
and set-end plug. 

inch of the polyethylene exposed. Cut 
this off very carefully with a sharp 
knife, being careful not to nick the 
center conductor. Leave about 1/4 
inch of the center conductor sticking 
out. The end should now look like 
Fig. 10. Clean and tin the end of the 
wire, and slip the end into the plug. 
See that the braid shield is tucked 
neatly into the shell, with no loose 
wires which might slip up into the 
plug and cause a short. Note from 
the cross-sectional view in Fig. 11 
that the insulation is jammed tightly 
against the insulator of the plug it¬ 
self, to prevent any shorts. Solder 
the wire to the center conductor of 
the plug. Make a neat joint, and wipe 
off any blobs of solder from the out¬ 
side of the pin. Then very carefully 
tack the back end of the shell with 
solder, making a good joint, but be-

and reassemble it. Recheck for leak¬ 
age. If you find none, remount the 
antenna. 

There will be times when there is 
no apparent defect in an antenna, yet 
the set refuses to work. Substitute an¬ 
other antenna by plugging it into the 
set and holding it out the car window, 
holding it by the insulated base only. 
If this restores performance, replace 
the antenna and lead-in no matter 
how they test! 

There are three basic tests which 
should be made with an ohmmeter 
on every antenna immediately after 
installation, and before connecting 
the antenna to the receiver. They are 
as follows: 

1. Check from tip of antenna rod 
to pin tip of plug. This will 
usually be less than 3 or 4 
ohms. 
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2. Check from the antenna rod 
to the body of the car, using 
the highest range of the ohm¬ 
meter. There should be an 
absolutely open circuit here; 
no reading at all. 

3. Check from the car body to 
the shell of the plug at the 
set end. This should be an 
absolutely dead short; no re¬ 
sistance at all. Be sure to place 
the ground prod on a bare 
metal surface, as paint will 
cause a false reading. 

Resistance between the tip of the 

be very hard if they are not. The 
correct method is shown by steps in 
Fig. 12. First, prepare the ends of 
the two cables, just as you did when 
getting ready to replace an antenna 
plug, except that you do not cut off 
the shielding braid. Strip the vinyl 
jacket from each cable for a distance 
of about I-I4 inches, exposing the 
shield. Fold the shield back over the 
jacket, exposing the polyethylene in¬ 
sulation. Carefully cut off this in¬ 
sulation about a half inch from the 
shield. Be very careful not to nick 
the little wire, as this can cause it to 

FIG. 12. The steps in splicing a lead-in 
cable. 

rod and the pin of the plug may 
possibly be due to corrosion between 
the joints of the antenna, if it is old. 
Check to the bottom section to be 
sure. If it is corroded, pull the an¬ 
tenna out to full length and clean it 
thoroughly, using a scouring com¬ 
pound, until it is bright and shiny. 
Lubricate lightly with one of the 
silicone greases, such as Dow-Corn¬ 
ing’s “DC-4,” to prevent re-entry of 
moisture. 

Occasionally you will have to splice 
the coaxial lead-in cable to give it 
greater length. This is not difficult if 
the proper methods are used; but can 

break later. Place the ends of the in¬ 
sulation about % inch apart, and 
make either a good lap joint or a 
wrap joint in the center conductor. 
Be sure to make a very clean bright 
solder joint. Remove all excess solder 
to prevent making a lump in the con¬ 
ductor. Now, clip off the loose ends 
of the wire as closely as possible. 
Next, to make the best joint, go to 
the set-plug end of the cable, and 
melt the solder from the pin, per¬ 
mitting the center conductor to come 
out. Pull on this until the slack is 
taken up in the splice, and the ends 
of the insulation are “butted” to-
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gether. Resolder the plug to hold this 
tension. Do not pull the wire too 
tight as this will cause future break¬ 
age; pull just enough to take up the 
slack. Wrap one turn only of plastic 
tape snugly around the splice, over 
the insulation, fitting it neatly down 
to avoid a lump. Pull the shielding 
from one end of the cable down over 
the splice, laying it neatly and 
smoothly, then pull the other end over 
the first. Solder the two shields well; 
avoid excessive heating to keep from 
softening the plastic insulation. Clip 
off stray ends and make the outside 
shield as smooth as possible, then 
finish the splice with a double wrap¬ 
ping of plastic electrical tape. This 
tape will wrap very snugly if a piece 
of the right length is torn off, held 
over the soldering iron for a moment 
to soften it up, then quickly wrapped 
in place. If neatly done, this type 
of splice will be as strong as the 
original cable, and almost invisible. 
The last step in any antenna in¬ 

stallation is the tuning of the an¬ 
tenna to the set. As we said before, 
the automobile antenna is very short, 
and must be resonant for best results. 
This adjustment matches the antenna 
to the particular set and car in which 
it is being used. Every set has an an¬ 
tenna trimmer close to the antenna 
socket, accessible from the outside of 

the set. It will be labeled “Adjust 
ant,” or “Adjust at 1400 kc.” Al¬ 
though some of the very old seta used 
antenna “padders,” capacitors which 
were adjusted at the low-frequency 
end of the dial, practically all sets 
now use “trimmers,” capacitors which 
are adjusted at the high-frequency 
end of the dial. Tune in a weak sta¬ 
tion, never a strong local one, some¬ 
where in the vicinity of 1300-1400 
kc, and adjust the trimmer for max¬ 
imum volume. The antenna should 
be pulled out to the length at which 
it will be used, and the trimmer ad¬ 
justed to this height. Although these 
trimmers are not as “sharp” as some 
of the other alignment adjustments, 
still they should normally show a 
fairly sharp peak. If this antenna 
trimmer has no effect upon the set’s 
volume, something is wrong. The an¬ 
tenna has a leakage or short, or there 
is trouble in the front end of the set 
itself. Substitute another antenna, 
temporarily, before removing the set 
from the car, as the trouble may well 
be here rather than in the set. If the 
trimmer shows a distinct peak on 
another antenna, then replace the old 
antenna. 

For the final check, start the car 
engine and check to be sure there is 
not engine noise pickup, and the job 
is done. 
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Installing the Auto Receiver 
Installing an automobile radio is 

a combination of mechanical and elec¬ 
trical work. Each step must be very 
carefully done if the set is to play 
well and the installation is to stand up 
under the jarring and jolting it must 
take. Unless this is done, you will 
have trouble later on. Thorough, 
careful workmanship is essential, and 
even the very smallest parts used 
must meet high standards of quality. 

Auto radios receive pretty rough 
treatment, even in passenger cars, 
and sloppy workmanship in the in¬ 
stallation will show up quickly. Take 

where all of the custom-built sets are 
mounted; under the dash, like the 
small universal sets; and the “fire-
wall-mount” where the set is fastened 
to the firewall with a separate con¬ 
trol head on the dash. These mounts 
are shown in Fig. 13. Right now, let’s 
look at a few of the fundamentals of 
installation work. 

The primary requirement of the car 
radio installation is sturdiness. The 
set must be mounted so that it will 
remain tightly in place through all 
the bumps and bangs it will get. It 
must be installed within easy reach 

FIG. 13. Three types of receiver mount¬ 
ings. A, dash mounting; B, under-dash 
mounting; and C, firewall mounting. 

plenty of time when making any in¬ 
stallation. Be sure that everything 
about the job is well done and well 
tightened up. Use bolts and screws 
that will stand up. If there is ever a 
doubt about which size bolt to use, 
choose the largest one! Better to have 
your safety factor a little too high 
than too low. If you’ll follow the 
highest standards of mechanical work 
in every part of the installation, 
you’ll never have trouble caused by 
parts working loose or falling off. 
Always use lockwashers wherever 
possible, and make sure all bolts are 
tight. 

There are three basic types of car 
radio installation—in the dash itself, 

of the driver so that he can operate 
the controls without leaning over too 
far from his position. Once this loca¬ 
tion is determined, then some way 
must be found to fasten the set in 
place so that it will stay there under 
any circumstances. 
Every automobile radio must be 

supported in at least three places to 
give the installation sufficient me¬ 
chanical strength. With the dash¬ 
mounted custom-built sets, two points 
are provided by the control shafts. 
Long threaded sleeves extend through 
the dash, and nuts are run down on 
these to hold the front end of the set. 
The back is usually supported by a 
brace fastened to the firewall. Fig. 
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14 shows a custom installation with 
three support points—the two control 
shafts and a brace. Some sets have 
the controls mounted high on top, 
with the bottom of the set fastened 
to the lower edge of the dash; some 
use long triangular brackets fastened 
to the back of the dash; some use 
other types, but the basic principle 
is the same. All of them provide some 
kind of three-point suspension. Three 
points are a minimum; if you can get 
four points, use them. The stronger, 

speakers; some include the speaker 
in the case; some sets are made in 
three pieces, tuning unit, power supply 
and audio unit, and speaker. With 
the custom sets, space and mounting 
fittings are provided for each of these 
units. 

The dial and controls are usually 
in the center of the dash; the volume 
and tuning controls are at each side 
of the dial scale. If push-button tun¬ 
ing is used, the buttons are mounted 
either above or below the dial scale. 

(2 CONTROL 
SHAFTS) 

FIG. 14. Typical custom set mounting. 

the better! 
There are two main kinds of auto 

radios today. The first is the custom-
built set designed to fit into one par¬ 
ticular make or model of car, with 
controls, case design, and mounting 
made especially for that one model. 
The second is the universal set, which 
can be installed in any car, regard¬ 
less of make or model. You may oc¬ 
casionally have to install a custom-
built set in a car for which it was not 
designed. 
Probably the majority of auto 

radios today are the custom-built 
sets. Basically, there are very much 
alike, with the variations for the par¬ 
ticular make and model of car, type 
of dash, etc. All of them are mounted 
in a hole placed in the dash by the 
manufacturer. Some use separate 

A speaker grille is provided in the 
dash, sometimes in the center, some¬ 
times at the right side. 

The space allotted to the auto radio 
is often very small, so that the de¬ 
signer has had to make the case in 
some very unusual shapes in order to 
get it in at all. Heaters, air-condition¬ 
ing controls, and other equipment 
often almost fill up the space beneath 
the dash, so the car radio man has to 
take what’s left. You will find that 
you will often have to remove glove 
compartments, heater controls, and 
many other parts to get at the radio 
set, either for installation or service. 
Unfortunately, there is no remedy 
for this; you will just have to go 
ahead and remove them. 

This is a point, incidentally, which 
must be watched when making non-
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custom installations; always place the 
radio so that it will be accessible for 
service if it is at all possible. We’ll 
deal with this in more detail later on. 

INSTALLATIONS IN NEW 
CARS 

Probably the easiest type of in¬ 
stallation is that of the new custom-
built radio in the car for which it 
was designed. All the holes are 
drilled, with the exception of the out¬ 
side hole for the antenna, and a very 
complete set of instructions always 
accompanies each set. It is really 
unnecessary here to go into any great 
detail on this type of work, but we 
will give you a few basic hints which 
should be helpful. 

Always follow the instruction sheets 
very closely; there are reasons for 
every move. The first thing to do in 
any job of this kind is to study this 
instruction sheet. 

Unpack the radio, check to see that 
all parts are there, and then set it up 
on the bench. Allow it to play while 
you get the car ready. This is always 
a wise move. If there is any shipping 
damage or other trouble, it is much 
easier to find now than after you’ve 
finished installing it. Always jar the 
case heavily with your hand to see if 
there is any noise. This will show up 
any loose tubes, bad solder joints, or 
other defects. Leave the radio play¬ 
ing while you install the antenna. 

Control holes in the dash, etc., will 
be covered with dummy plates. These 
must be removed first. They are 
usually fastened with Tinnerman nuts 
or clips. Often speaker grilles will be 
covered with heavy fiberboard or 
cloth, which must be removed before 
the set is installed. Remember to look 
for these; if you forget them, the set 
will have to be removed to get them 
out! 

Quite often, installation work will 

be easier if you temporarily remove 
some other parts, such as the glove 
compartment, even though this is 
not specified in the instructions. 
These are almost always made of 
fiberboard, and are held in place 
only by small screws at the edges. 
If the glove compartment is taken 
out, it is sometimes easier to reach 
the mounting bolts and brackets. 
Note: Do not remove the screws 
holding the latches, as they may be 
difficult to adjust when replaced. 
Let’s deviate for just a moment 

here and talk about tools used in 
this kind of work. Your tool kit is 
about the most important thing 
around the job, except you. Using 
the proper tools can make a hard 
job seem easy; using the wrong tools 
can make even the easiest job seem 
difficult. The expense of the proper 
tools will be more than made up by 
the time saved on installations; the 
less time required to complete a given 
job, the more money the installer 
makes. If you run into a new type of 
screw or bolt, the best thing to do 
is to go and get the right tools imme¬ 
diately. If they are not available, 
make an order out right then for a 
set of them, so you will have then on 
hand next time! 

In addition to the tools mentioned 
for antenna installation work, you 
will find the following tools almost 
invaluable: 

A full set of “nut drivers,” 3-inch, 
5-inch, and stubby sizes; nut-holding 
“nut drivers;” screw-holding and 
right-angle screwdrivers for all types 
of screws; long-nose and locking¬ 
type pliers; heavy diagonal cutters; 
box and end wrenches (in at least 
3/8, 7/16, 1/2, 9/16 and 5/8 inch 
sizes) ; Allen and Bristo set screw 
wrenches for inside hex head screws; 
a set of “fingers,” a flexible tool for 
retrieving dropped parts and tools. 
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Now, let’s get back to our new car 
installation. It is best to develop a 
routine for this kind of work in order 
to speed it up. For instance, on cer¬ 
tain cars, you will remove the dummy 
plate over the control holes first, then 
remove the glove compartment, then 
pull the paper from the speaker grille, 
then remove the kickpad on the right 
side to mount the antenna and 
lead-in, put all bolts, screws, etc., 
removed, into the glove compartment 
and set it aside; next, install the an¬ 
tenna, and replace the kickpad; next, 
the speaker, if it is separate; then the 
set itself. In some cars, using the 
two-unit sets, the power supply and 
audio section, which includes the 
speaker, must be installed first, as 
the tuning unit blocks the only access 
to it. When removing these sets, the 
tuning unit must be removed before 
the audio unit can be removed. 
Some sets use two leads for the 

“A” or hot lead. One is for the set, 
and the other is for the pilot light 
controlled by the set’s switch, but 
connected to the dash-light terminal 
of the car’s light switch. The power 
lead will always be the one with a 
fuse holder in it, and is usually con¬ 
nected to the ignition switch or to 
the fuse block. It may be connected 
to any terminal going straight back 
to the car battery, such as the hot 
wire on the ignition switch, the feed 
wire of the light switch, the ammeter, 
etc. New cars will specify which 
terminal the power lead is to be con¬ 
nected to, usually the accessory bolt 
of the ignition switch. This is a spe¬ 
cial terminal on the switch, used only 
to supply power to the instruments, 
heater, radio, and other accessories. 
It is always the longest bolt of the 
three visible on the back of the 
switch. It is best to detach the fuse 
holder lead from the set and connect 
it to the switch before placing the set 

in the dash. There is usually more 
room to work up there before the set 
is installed. 
When the set and speaker are 

mounted and tightened down, be sure 
that all plugs and connections are 
firmly seated and then turn the set 
on for a test. At this time you should 
adjust the antenna trimmer for best 
reception. If the performance of the 
set is satisfactory, turn it off and 
proceed with the installation of the 
noise suppression devices. These will 
be furnished with the set in a small 
envelope of their own, and every one 
should be installed as shown in the 
instruction sheet. Each one is there 
for a good reason. If added bonding 
is specified, and the bonds are shipped 
with the set, install them exactly as 
directed. Some makers identify the 
capacitors by a special part number, 
because of difference in mounting 
brackets for different applications. 
These numbers are usually found on 
the end of the capacitor itself. Full 
instructions for their installation will 
be found in the instruction sheet. 
Follow these faithfully until you have 
installed enough sets to memorize 
them. 

It will pay you to make a mental 
note of the peculiarities of the vari¬ 
ous cars, too. For instance, Chev¬ 
rolets of a certain year used nothing 
but Phillips screws in the whole car, 
Kaiser used Allen set screws on the 
control knobs, and so on. If you re¬ 
member these little things, it will 
save a lot of time. You’ll take the 
richt tools with you when you make 
the first trip out to the car. 

INSTALLING UNIVERSAL 
SETS 

Installing a universal set requires 
a little more thought, because you will 
actually have to design the installa¬ 
tion instead of having it already done 
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for you. Remember the two big points 
about this kind of installation and 
you’ll have no trouble; it must be ac¬ 
cessible, and it must be sturdy. The 
controls must be within easy reach of 
the driver, and the set and parts 
must be installed so that they will 
stay there under any circumstances. 
Both of these points are easily met 
if a little common sense is used in 
making the installation. 

There are two types of universal 
sets. One is the small “underdash 
set” which is intended for installation 
at the lower edge of the dash, as 
shown in Fig. 15. Most of these are 

pointer, pilot lights, volume and tun¬ 
ing controls, and on-off switch. These 
control heads are connected to the 
set itself by flexible shafts, similar to 
speedometer cables, although much 
heavier. Special fittings on the ends 
of these shafts couple them to mating 
fittings on the controls inside the set. 

When selecting the location for the 
set, always install the control head 
and shafts first; the length of the 
shafts will then determine the loca¬ 
tion of the set, as it must be installed 
where the shafts will reach without 
too much stretching or bending. The 
shafts should never be bent with 

FIREWALL 

FIG. 15. Underdash mounting. 

single-unit sets, with the speaker in 
the same case. The speaker can be 
removed, and a larger separate 
speaker used, if desired to improve 
the tone and volume. 

Some underdash sets are built in a 
rectangular case so that they can be 
mounted, using adapter brackets, in 
the place in the dash provided for the 
custom set. These mounts are shown 
in Fig. 16. 
The other type is the firewall 

mounted set. These, which may or 
may not use separate speakers, are 
fastened to the firewall, using “J” 
bolts fastened to the case or mount¬ 
ing plates, as pictured in Fig. 17. 
Bolts pass through the firewall into 
the engine compartment, and are held 
there with large nuts. Controls for 
these are in a separate control head, 
which includes the dial scale and 

less than an 8-inch radius, and 12 
inches is much better. Too sharp a 
bend will cause them to bind and 
break. 

One simple way, if the underside 
of the dash is not too cluttered, is 
to install the control head, then slip 
the shafts temporarily into place in 
the set. Next, hold the set in various 
places on the firewall until a satis¬ 
factory location is found. Be sure 
that the shaft fittings are not ob¬ 
structed by brake-rods or other parts 
of the car which will make it difficult 
to insert and remove them in the 
future. 

To locate the mounting bolt holes, 
if a drilling template is not furnished 
with the set, make one from a piece 
of thin cardboard. Punch out the 
holes for the bolts. Hold the template 
in place on the firewall and mark the 
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hole locations. Most cars use an in¬ 
sulating liner made of fiberboard; 
holes may be easily marked on this 
with an awl or ice-pick. 
Some installers prefer to punch 

these holes instead of drilling them, 
punching from the inside of the car 
with the long center punch mem-
tioned before. This leaves a burr on 
the outside which acts as a lock¬ 
washer. Before drilling or punching 
any holes in a firewall, look into the 
engine compartment to be sure that 
you are going to come in a clear space, 
and not behind, or worse, through 
some part of the car, such as the volt¬ 
age regulator. The location of the 
holes may have to be shifted around 
in order to find a space that is clear 
both inside and outside. 

Try to select a location where the 
set will be accessible for service and 
for making necessary connections. 
One well known make of set has a 
set of sockets on the side into which 
the battery, speaker, and pilot light 
leads are plugged. In some cars, these 
will be entirely inaccessible after the 

FIG. 16. Two ways of mounting uni¬ 
versal sets. 

set is installed. In cases like this, 
make the connections with the set as 
close as possible to its location, then 
set it into place and tighten it down. 
Large lockwashers should be used 

on all firewall mounting bolts, and 
the paint scraped away under them 
to insure a good ground connection. 
This connection is usually all the 

FIG. 17. “J”-bolt mounting lo fire wall. 

ground return that a car radio of any 
type has, and it must be a very good 
one to allow proper operation and 
freedom from noise. 

If you are making an installation 
in a car different from the one for 
which the control head was built, try 
to get a control head which will fit 
the car. These are usually available 
for cars up to five or six years old. 
Older models may sometimes be 
found in the distributor’s stock, but 
it will be more or less an accident. 

The sets using the “J” bolts which 
hook into slots in the case, may be 
mounted in two ways: with the bolts 
on top and bottom, or with the bolts 
on the ends, so the installer has a 
choice of several positions which 
makes the job easier. Two opposite 
sides of the case must be used, of 
course. These sets are fairly easy to 
install. The “J” bolts are inserted in 
the holes, with the nuts on the out¬ 
side, and the set hung on the hooks of 
the “J” ’s until the installer can go 
around to the front and pull them up 
tight. The nuts should be run down 
fingertight. and the set then straight¬ 
ened into its final position before the 
last tightening is done. 
The underdash sets may be just 

a little easier to mount, as they hang 
under the edge of the dash, and the 
mountings are a bit more accessible. 
Most of them have the same type of 
mounting. There is a heavy strap 
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bracket across the top of the case at 
the front. This is fastened to the 
underside of the lower flange of the 
dash. Then there is a bolt on the 
back to hold the “back-strap” as 
shown in Fig. 18. To find the proper 
position, hold the set under the dash 
and check the clearance in the back 
and the accessibility to the driver. Be 
sure that the case does not interfere 
with the ventilator lifting handles 
and other controls. The usual place 
for these sets is just to the left of the 
center, with some very few being 
mounted on the left side of the steer¬ 
ing column. This is possible in only a 

through the firewall, and a bolt used. 
However, if a heavy self-tapping 
screw is used, it may be inserted 
from the inside, saving some time. 
The set should be nearly level, with 
the controls extending out far enough 
to be easily reached by the driver. 

When you have finished the mount¬ 
ing, grasp the set in both hands and 
shake it as hard as you can. If there 
is the slightest play or looseness, 
something needs tightening or chang¬ 
ing. The set should be just as solid 
as the rest of the dash if the job is 
to stand up. Always use heavy brack¬ 
ets, bolts, and other hardware in 

FIG. 18. Using shop-made mounting 
brackets. 

few cars because usually the hood 
latch and hand brake are in the way. 
Hold the set temporarily in place, 

mark the holes for the front bracket 
by scratching the paint with an ice¬ 
pick, and then punch and drill them. 
Use No. 8 or No. 10 screws for this 
bracket, with lockwashers or stop 
nuts to keep them from loosening up. 
Next, hang the set up by the front 
bracket and measure the back-strap. 
If a new set is being installed, the 
strap will be quite long and have 
several holes so that it may be fast¬ 
ened at any convenient place. If the 
strap is too short, make a new one of 
heavy sheet metal at least an inch 
wide; drill holes at the proper places. 

In most cases, a hole is drilled 

order to give the installation enough 
strength. 

This type of installation may be 
used with other sets if their shape 
permits, for example, the custom 
sets of different cars which are built 
in shallow boxes. Any of these can 
be installed under the dash if neces¬ 
sary. Make a flat strap of heavy 
sheet metal, bending it around the 
front end of the case. This type of 
bracket is sketched in Fig. 19. It 
should be set so that the controls 
come out far enough for easy access, 
and be long enough to permit mount¬ 
ing. Leave the two ends A—A just a 
bit short, so that the top of the case 
will be pulled up firmly against +he 
bottom of the dash. Drill two holes 
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in the ends and hang the set up in the 
usual place. For more stability fasten 
the strap to the case. To do this, re¬ 
move at least two of the screws in 
the case which would be under the 
strap ; drill holes in the strap to match, 
and replace the screws through the 
strap. If necessary, a piece of thick 
sheet rubber from an old inner tube 
can be cemented along the top of the 
case, between it and the underside 
of the dash to provide a little shock 
mounting. 

These sets usually have bolts or 
fittings on the back for the back 
brace, but if not, the back brace can 
be fastened to the lids or sides of the 
case with self-tapping sheet metal 
screws. Use at least two screws. If 
no other way is available, the back 
brace can be fastened to the firewall, 
brought down to the back of the set, 
underneath it and up to the front 
strap, tucked under the front strap, 
bent over as shown in Fig. 20, and the 
bend hammered down flat. This should 
be done before the set is mounted. 
Many new sets come equipped with 

an assortment of brackets, speaker 
mountings, angle irons, etc., so the 
radio can be installed in many differ¬ 
ent cars. Save those left over for 
future use; they are valuable. Long 
strips of heavy sheet metal can be 
found at tin shops. They also are use¬ 
ful and a good assortment of them is 
invaluable. They should be about 
an inch wide, and as heavy as pos¬ 
sible. 

SPEAKER MOUNTING 

As we mentioned before, most cars 
have some sort of grille opening in 
the dash for a radio speaker. Quite a 
number of the custom-built sets use 
separate speakers, which are fastened 
in place behind this grille with bolts 
provided on the back of the dash, as 

in Fig. 21. Most of these speakers 
are the same size, a 6-inch by 9-inch 
oval PM, which simplifies stocking 
problems. We might repeat here that 
any auto-radio speaker can be re¬ 
moved from the case and installed in 

FIG. 19. Shoi>-niade underdash bracket. 

this grille. In fact, this is recom¬ 
mended for the firewall-mounted sets 
and the underdash sets, which often 
use very small speakers. The sound 
is much better in the dash grille. 
Practically all of the speakers used 
in auto radios are of the permanent 
magnet type which requires only two 
wires. Some of the older sets used the 
“6-volt dynamic” type with a field 
coil winding which drew about one 
ampere. If there is any trouble with 
the speaker, always replace it with 
a PM, as this saves the one-ampere 
field drain, and the performance is 
better. 
If there are bolts behind the 

speaker grille, the job is simplified. 
The speaker can be fastened to at 
least two of these, and extension 
brackets used to reach the remaining 
bolts. Always get at least three points 
of suspension on any speaker; this 

FIG. 20. How back bracket is fastened 
to front strap. 
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provides a sufficiently strong mount¬ 
ing to prevent rattling. Speaker 
mountings must be very tight, or loud 
sounds will cause vibrations and buz¬ 
zes. Look out for thin pieces of metal 
around speaker mountings for the 
same reason. 

Several different shapes of brack¬ 
ets can be used to mount speakers 
behind a grille. There are the “X” 
type, the “H” type, and the two verti¬ 
cal braces, to name but a few. This 
is best left up to your own ingenuity. 
If there are no bolts near the grille, 
fasten braces to the under side of the 
dash, with the top ends fastened to 

tearing out. Use a heavy screen and 
a grille cloth in front of the speaker 
and it makes a good installation. 

In pickup trucks and other heavier 
trucks, speakers may often be in¬ 
stalled in the top of the cab, either 
over the windshield or even in the 
corner of the cab, behind the driver’s 
head. Use the same methods of pro¬ 
tecting the cone and also use a ring 
of soft rubber around the rim to 
protect the driver’s head. These rings 
are furnished with many sets in dash 
mounting. Speakers may also be in¬ 
stalled on the firewall in a suitable 
metal cabinet. Single mounting bolts 

FIG. 21. Grille mounting of speaker. 

some nearby member. 
If the car has no speaker grille 

in the dash, the speaker can be 
mounted in some other place with 
very good results. For instance, put 
it face downward on a horizontal 
brace so that the sound comes out 
from under the dash. Protect the 
cone with a piece of heavy screen 
wire such as hardware cloth to keep it 
from being kicked or otherwise dam¬ 
aged. The kickpads on the sides of 
the driver’s compartment make handy 
places to mount small speakers. Re¬ 
move the kickpad, and find a place 
with sufficient clearance behind it for 
the field and frame of the speaker. 
Cut out a hole of the right size and 
fasten the speaker directly to the 
heavy fiberboard, using “cup wash¬ 
ers” under the screw heads to prevent 

are usually used with these, as they 
are light in weight. 

Speaker wiring can be very simple 
in the average car. If one side of the 
speaker voice coil and one side of the 
output transformer secondary are 
grounded, only one wire is needed. 
There is one precaution that must be 
observed; if there are two wires from 
the speaker, be sure to connect them 
with the right polarity. If no sound 
at all is heard in the speaker, remove 
these wires from the set and reverse 
them. The grounded side may have 
been connected to the high side of 
the voice coil, grounding it out. 
Now, we come to what can be the 

biggest headache of all—attempting 
to install a custom-built radio in a 
car for which it was not designed. 
Some of these jobs are possible, some 
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are impossible. The sets used witli 
the 1940-41 Chrysler-Plymouth, for 
example, were very long and narrow, 
with the dial and controls running 
vertically. The cabinet had a tapered 
back. Because of this shape, and the 
location of the controls and dial, it is 
almost impossible to install these sets 
in any kind of a car except the one 
for which they were built. This does 
not mean any slight to the radio, 
which was one of the best on the 
market. It simply means that you 

HG. 22. Special brackets can be used 
to mount flat-type set in dash. 

can’t make a decent looking installa¬ 
tion in any other kind of car. 
On the other hand, many radios 

are built in such a shape that they 
are fairly easy to install in any car; 
they are flat and resemble the uni¬ 
versal underdash sets. They can be 
installed as underdash sets, making a 
fairly nice looking installation. 

One other possibility arises in this 
connection; the use of either an un¬ 

derdash set or a small universal as a 
“semi-custom” installation. This 
means mounting the universal radio 
in the space provided for the custom 
set. By using the dummy plate for a 
front panel, cutting out holes in it to 
allow the controls and dial to be seen, 
and remounting it, some very nice 
looking installations are made. This 
requires some very careful cutting 
and fitting, so that the finished instal¬ 
lation will be neat, but with care it 
can be done. Several special brackets 
will also be needed to hold the set in 
place. One type of bracket is shown 
in Fig 22. This type of work will re¬ 
quire a lot of extra time and should 
be charged for, over and above the 
regular installation fee. 

Only experience and “cut-and-try” 
will determine whether a given set 
can be installed successfully in any 
given car. It is far better to refuse 
some installation jobs than to waste 
an entire day trying to make an im¬ 
possible one, so don’t be afraid to say 
“no” if it is necessary. The best way 
to find out is to try the set in different 
positions in the car to see whether a 
successful installation is possible. 

In summary, it might be said that 
there is one tool in the auto radio 
man’s kit which he can’t get along 
without, and that is a large supply 
of plain horse sense. This, together 
with the right tool kit and a good 
share of ingenuity, will make any of 
these job fairly easy. 
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The Elimination of Electrical Noise 
Radio manufacturers and engineers 

have made tremendous strides in the 
last twenty years in the elimination 
of noise picked up by auto radios. 
Careful shielding of the set and spe¬ 
cial filter circuits in the supply leads 
have reduced pickup by the set itself 
to almost nothing. The antenna is 
just about the only path by which 
noise can enter the set. Noise from 
the car can be kept from entering 
through the antenna only by sup¬ 
pressing the noise at its source. 
Noise suppression devices have 

been improved tremendously both in 
efficiency and in ease of installation. 
Today, it is possible, by using the 
proper methods and devices, to elim¬ 
inate almost all of the electrical noise 
originating in the automobile. A 
thorough knowledge of the car’s elec¬ 
trical system and equipment, together 
with an understanding of the causes 
and remedies for noise, is essential. 

There are two major steps in over¬ 
coming noise: recognizing it, and re¬ 
moving it. Before a noise can be 
taken out, it must be correctly iden¬ 
tified. Unless this identification is 
correct, any work done will be fruit¬ 
less. Therefore, we will go into the 
actual causes of electrical noise in as 
much detail as possible. We will also 
give the proper methods for reducing 
or eliminating this noise. 

Every noise that originates in a 
car has its own peculiarities that will 
help you to identfy it. Although some 
noises sound similar, there are no 
two actually identical. The charac¬ 
teristic sound of a noise will give you 
clues as to its location. Noises heard 
only while the engine is running are 
obviously connected with the engine. 
Noise heard only while the car is in 

motion must be connected with the 
running gear, and so on. 

If you have an automobile that is 
equipped with a radio, we strongly 
urge you to use it for practical train¬ 
ing. Positive identification of noise 
is a matter of practical experience. 
You can gain a great deal of the 
needed experience by removing the 
noise suppression devices from your 
own car, one at a time. As each de¬ 
vice is removed, one characteristic 
noise will be heard. 

Many precautions are taken in the 
design of today’s auto radios to make 
them noise-free. All car radio cases 
are designed so that the box is effec¬ 
tively a solid metal shield that keeps 
out noise. There are ventilation open¬ 
ings, but these are so small that they 
do not offer an entrance for noise. 
This is the reason for the numerous 
small screws and spring clips that 
hold lids on auto radio cases. Not for 
mechanical strength, but to make the 
edges of the lids a continous electrical 
ground. All of these screws and clips 
should be replaced whenever an auto 
radio is serviced. 

Wires and leads through the case 
pass through special filters that elim¬ 
inate noise pulses. The lead to the 
battery, called the “hot” lead or “A” 
lead, speaker leads, dial-light leads, 
and all other wiring must be filtered. 
The remote control shafts that are 
used on some sets must be well 
grounded at the case so that they 
won’t feed noise into the set. 

The antenna lead-in cable is a spe¬ 
cially designed coaxial cable, shielded 
to eliminate pickup of noise. The 
lead-in is connected to the set through 
a special socket, designed to make a 
perfect ground for the shield. Both 
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ends of this shield must be grounded 
to prevent noise pickup by the 
lead-in. 

The tight case and the shielding or 
filtering of all leads to and from the 
receiver make the antenna the only 
point at which noise can enter the 
set. Most of the noise is generated by 
the car and radiated from its parts. 
The only way to keep the noise out of 
the antenna is to eliminate it at the 
source, or to suppress the radiation. 

HOW NOISE IS REDUCED 

Two types of units are used to re¬ 
duce radiation. Which one to use 

the large voltage drop that would 
result. 

These series resistors are called 
“suppressors.” The purpose of these 
resistors is to reduce the amplitude 
of the noise pulses on the wiring of 
the car. This action is shown in Fig. 
23. Note particularly that the sup¬ 
pressor reduces but does not com¬ 
pletely remove the noise pulses. This 
reduction in most cases is great 
enough to prevent radiation of noise 
strong enough to interfere with recep¬ 
tion. The hood and metal sides of 
the car shield the antenna from these 
low-level noise pulses. 

NOISE, RADIATING 
FROM WIRE 

SOURCE LOAD 

FIG. 23. The action of a resistor as a 
noise suppressor. 

depends upon where in the car the 
noise is originating. There are two 
types of electrical circuits in a car. 
One is the spark plug circuits that 
operate at high voltage but low cur¬ 
rent. The other is the rest of the elec¬ 
trical system which operates at low 
voltage and high current. Series re¬ 
sistors are used for suppression in the 
spark-plug circuits. Shunt capacitors 
are used on the low-voltage circuits. 

Capacitors cannot be used across 
the high-voltage circuits because they 
would interfere with the ignition. Re¬ 
sistors cannot be used in series with 
the high-current circuits because of 

The capacitors used across the low-
voltage circuit bypass the noise pulses 
directly to the car frame. These 
capacitors prevent radiation of noise 
pulses by keeping the noise pulses 
out of the electrical wires. They are 
generally .5-mfd units rated at 200 
volts. They are specially made for 
this purpose and have strong metal 
cases with a single heavy lead ending 
in a spade lug. A second heavy spade 
lug mounted on the case itself serves 
the dual purpose of holding the unit 
in place and making the ground re¬ 
turn connection. The case of these 
capacitors must always be connected 

29 



to ground. The action of the bypass 
capacitor in removing noise peaks 
from the wiring is shown in Fig. 24. 
Since every automobile has both 

high voltage and low voltage, it is al¬ 
most always necessary to use both 
suppressors and bypass capacitors. 
Neither suppression in the high-volt¬ 
age leads nor bypassing across low-
voltage components alone is enough 
to prevent noise. 

NOISE IDENTIFICATION 

Let’s take up the common noises, 
one at a time. 

causes a very high-voltage pulse to 
appear across the secondary and the 
distributor and spark plug wiring 
system. This voltage has a waveform 
like Fig. 25A. This is a damped 
oscillation that dies away because 
of coil and lead resistance. Actually, 
all we need to fire the plug is the first 
one or two peaks, the rest of the 
wave-train merely makes the noise 
worse. Therefore, we speed up the 
decay of this oscillation by inserting 
a resistor in series with the coil. The 
resistor dissipates the energy stored 
in the coil and reduces the length of 

FIG. 21. Bypassing of noise by use of 
a capacitor. 

Plug Noise. Probably the com¬ 
monest and most easily identified is 
“plug noise.” This always makes a 
popping sound ; one pop is heard every 
time a spark plug fires. Although 
most of this noise originates at the 
distributor and coil, it is always 
called "plug noise.” Actually the 
spark at the plug points usually 
causes very little noise. The metal of 
the engine block forms a good shield. 
Cracked or dirty plugs can cause 
noise. 

Plug noise will always vary with 
the speed of the engine, becoming 
slower and more distinct at lower 
speeds. Remember the high-voltage 
ignition system mentioned in the first 
part of this lesson, with the coil which 
built up a very high voltage when¬ 
ever the points were broken? This 

time the pulse lasts. The resultant 
waveform looks like Fig. 25B. This 
reduction in the total time taken up 
by each wave-train reduces the noise 
generated, and makes it inaudible in 
the radio. 

The resistors used as suppressors 
are usually carbon units of around 
10,000 ohms, although wire-wound or 
inductive suppressors are also used. 
These damp out the noise pulses by 
inductive reactance rather than by 
resistance, and allow the spark to be 
a little “hotter.” 
Although many automobile me¬ 

chanics used to frown upon the use of 
ignition suppressors, claiming that it 
interfered with starting and cut gas 
mileage, experiments conducted by 
the U. S. Army several years ago 
completely disproved this. Vehicles 
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I' IG. 25. Ignition waveform A, without 
a suppressor, 1J, with a suppressor. 

equipped with suppressors were 
started and operated many times, in 
very cold weather, with no ill effects 
on either starting or gas mileage. 

Special spark plugs equipped with 
built-in resistors are available at auto 
supply stores. In these, the resistor 
is part of the plug itself. Most com¬ 
mon, however, are the separate units, 
which can be used on any car. The 
separate suppressors are built into 
Bakelite tubes, with fittings to ac¬ 
commodate the various connections 
used on spark plugs and spark-plug 
cables. One end of the suppressor 
fits on the spark-plug terminal in 
place of the cable. The cable fits on 
the other end of the suppressor. 
There is another suppressor made 

to use at the distributor. A single 
unit is installed in the lead from the 
high side of the coil to the center 
terminal of the distributor cap. Some 
of these can be plugged directly into 
the socket in the cap and have a 
socket in the other end for the cable. 
There is also the “cable” type of sup¬ 
pressor, shown in Fig. 26. This has 
a socket on each end. The wire is 
cut, and the two cut ends are screwed 
into the sockets, where they are held 
in place by a threaded center post. 
Both types are simply series resistors. 

All that is needed on most cars is 
a distributor suppressor, and this 
should be tried first. Then if the plug 
noise will respond to no other treat¬ 
ment, install a full set of suppressors. 
When installing a special short¬ 

wave radio operating on the 19 and 25 

meter bands, the use of spark plugs 
with built-in resistors will probably 
be necessary to get the engine quiet 
enough at these frequencies. The 
length of the spark plug leads makes 
them resonant at around 30 me. 
Therefore the radiation is stronger 
around these frequencies than on the 
broadcast band. 

To check and eliminate plug noise, 
first start the engine and turn on the 
radio. If the characteristic popping 
noise is heard, varying in speed with 
the speed of the engine, and stopping 
when the engine is stopped, it is plug 
noise. Install the suppressor in the 
center lead of the distributor, as in 
Fig. 26, close the hood, and recheck. 
If reduction in the noise is noted, 
good; if not, more measures must be 
taken. Always close the hood when 

FIG. 26. Where a distributor suppres¬ 
sor is instated. 
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making noise checks. Otherwise, the 
shielding of the metal hood is not 
effective and it will be impossible to 
eliminate the noise completely. 

If the plug noise is only partially 
removed by the distributor suppres¬ 
sor, install a full set of plug suppres¬ 
sors and retest. If the spark plug sup¬ 
pressors do not help, remove them. 

Occasionally the distributor sup¬ 
pressor and the plug suppressors do 
not remove all the noise. In such a 
case, install a bypass capacitor at the 
battery terminal of the coil as shown 
in Fig. 27. 

One good test at this point is to 

immensely in stubborn cases. This, 
as with all other noise work, is just 
a matter of eliminating possibilities. 
If you suspect some part of being the 
source of the noise, check it, apply 
suppression devices if needed, then go 
on to another part. Do not be dis¬ 
couraged if the noise fails to respond 
to the first treatment; keep on work¬ 
ing and you'll eventually get it. 

Generator Noise. Noise coining 
from the generator has quite a differ¬ 
ent sound; it originates at the brushes 
on the commutator and therefore has 
the familiar “electric motor” sound. 
This is a high-pitched whine, which 

FIG. 27. A bypass capacitor is installed 
on the battery side of the coil. 

pull the antenna plug out of the set 
and recheck for plug noise. If you 
still hear it, it is entering the set 
through power leads or other leads. 
Install another bypass capacitor at 
the point where the power supply lead 
connects to the ignition switch or 
ammeter. Noise heard with the an¬ 
tenna out is known as “chassis 
pickup,” and must be completely 
eliminated before any further work 
can be done. If there is still noise 
after you have taken these measures, 
you should have the ignition system 
gone over by a mechanic to see if 
the wiring is in good shape, point and 
plug clearances are correct, etc. If 
plugs are fairly old, replacing them 
with a set of resistor plugs will help 

changes somewhat in pitch with the 
speed of the engine. The quickest 
test is to install a capacitor across 
the armature terminal of the gener¬ 
ator. This should eliminate almost 
all of it. If the generator is old 
enough to have a cutout on it, install 
the capacitor on the battery side of 
the cutout; if it is the more familiar 
modern voltage-regulated generator, 
be sure to install the capacitor only 
on the lead going to the armature. 
You can easily identify this lead; it 
is always the larger wire of the two; 
the other goes to the field. The field 
terminal usually has a small paper 
collar around it, warning against 
connecting radio bypass capacitors to 
it. Doing so would upset the action 
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FIG. 28. A capacitor installed on a 
voltage-regulated generator. 

of the voltage regulator. Install the 
capacitor as shown in Fig. 28. If gen¬ 
erator noise persists after you have 
installed the capacitor, have the gen¬ 
erator checked by a good mechanic. 
If the generator is in proper operating 
condition, one capacitor should elim¬ 
inate all interference from this source. 

Voltage Regulator Noise. A noise 
quite similar in sound to plug noise 
can originate in the voltage regulator. 
The three relays in this unit can 
cause a popping sound which, to the 
untrained oar, sounds like plug noise. 
However, it can be positively iden¬ 
tified by two things: its irregularity 
and the fact that it is not heard at a 
slow idling speed, whereas plug noise 
is most apparent at this speed. Very 
gradually speed up the engine, watch¬ 
ing the ammeter or charge indicator. 
If the noise appears at the same time 
that the ammeter begins to show a 
charge, you know it is originating in 
the voltage regulator. To correct this 
noise, connect a bypass capacitor 
across the “BATT” terminal of the 
regulator. There will be three termi¬ 
nals on the box; thev are marked 
“BATT” for battery, “FED” for 
field, and “GEN” or “ARM” for gen¬ 
erator armature. A typical installa¬ 
tion is shown in Fig. 29. The mount¬ 
ing lug of the capacitor can be fast¬ 

ened under one of the screws holding 
the regulator case, and the lead 
brought around to the “BATT” termi¬ 
nal. If the noise is reduced, but not 
eliminated, have the regulator 
checked by a good mechanic. Let us 
remind you once again, never con¬ 
nect a bypass capacitor to the field 
terminal. 

Front-Wheel Noise. Seme hard-
to-find noises can originate in other 
parts of the car. One common trouble 
is “front-wheel” noise, which means 
just what it says. While the front 
wheels are rolling on pavement or 
asphalt, they will generate small 
static charges. If the grease in the 
front hub momentarily insulates the 
wheel from the rest of the car, then 
makes contact again, this static will 
discharge into the body of the car, 
causing a small pop in the radio. This 
is never heard on gravel or dirt roads, 
and seldom on wet roads. 

The test for this is very simple. 
Take the car out to a smooth stretch 
of road with no traffic, and run it un¬ 
til the noise appears. This will be a 
sort of sharp “scratch, scratch” noise, 
varying with the speed of the car, 
not the engine. When the noise is 
heard, cut the ignition, and put the 
car out of gear, allowing it to coast 

FIG. 29. A capacitor is connected to 
the “Balt” terminal of the voltage reg¬ 

ulator. 

.33 



HELICAL COIL SPRING 

FIG. 30. Front-wheel noise eliminator 
and how it is installed. 

to a stop. If the noise becomes slower 
and slower, vanishing entirely when 
the car stops, or if it stops when the 
brakes are applied, it is definitely 
front-wheel noise. (When the brake¬ 
shoes are applied, they ground the 
wheels.) 

The cure for front-wheel noise is 
easy. Remove the front hub caps, 
and also the small grease caps over 
the ends of the front spindles. Inside 
the grease caps, install a set of 
grounding springs made for the pur¬ 
pose. These ground the front wheels 
at all times and prevent the build-up 
of the static charge. Be sure to put 
them so that the point of the spring 
is centered firmly in the "lathe 
center” of the front spindle. This is 
the small pit in the end. This is 
shown in Fig. 30. 

A noise similar in nature to front 
wheel static is caused by static being 
built up in the front tires. If the 
grounding springs do not eliminate 
this noise, use a special applicator 
and blow a graphite powrder into all 
the tires between the casing and the 
inner tube. The graphite spreads 
around the inside of the tires, and 
provides a leakage path for the static 
charges before they can build up. 

Noise from Fuel Gauge. A noise 
with somewhat similiar characteris¬ 
tics is caused by the gasoline gauge. 

Although it gives a very similar "pop¬ 
ping” sound when the car is in motion, 
it will also be heard if the body of 
the car is jarred with the ignition 
switch turned on, the car standing 
still, and the engine dead. If the 
“scratch” is heard whenever the body, 
and more especially the rear bumper, 
is jarred, suspect the gas gauge. To 
eliminate this, connect a bypass 
capacitor to the tank unit of the 
gauge; never to the meter on the dash. 
These are usually fairly accessible. 
They are under the trunk floor on 
most passenger cars, and under the 
front floor boards on pickup trucks. 
The unit itself will be a small round 
gadget, with a single wire running to 
an insulated terminal in the center 
Attach the pigtail lead of the capac¬ 
itor to this terminal, grounding the 
case under one of the screws around 
the rim of the unit. This is shown in 
Fig. 31. 

Clock Noise. Another instrument 
which can cause noise is a self-wind¬ 
ing electric clock. One tiny pop every 
few seconds is the sound. This condi¬ 
tion is corrected by connecting a by¬ 
pass from the clock terminal to 
ground. 

On some of the cars, electric oil¬ 
pressure gauges, temperature gauges, 
etc., feed noise into the radio by al¬ 
lowing it to travel up their wiring 
from the engine compartment. Con¬ 
nect bypass capacitors temporarily 
across the units in the engine com-

FIG. 31. Capacitor installed on a fuel 
gauge. 
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partment to check this. Control 
shafts, choke rods, etc., coming from 
the engine compartment, may also 
have to be bonded to the chassis, us¬ 
ing small shield-braid, fastening it 
down well on each side. Wrap one or 
two turns of braid around each shaft. 

Damaged Antenna. A somewhat 
unusual noise can originate from the 
antenna itself if it has been damaged. 
If the small metal ball or plastic bead 
has been lost, the anenna may have 
a “corona discharge,” causing a very 
peculiar noise in the radio, ranging 
all the way from a low muttering 
noise to a loud, unearthly screech, 

idling engine. After none of his rem¬ 
edies had any effect whatsoever, he 
shut off the engine in disgust, and 
then, to his surprise, heard the noise 
continue, unaffected! It was an out¬ 
side electrical noise, being picked up 
by the sensitive receiver. He had 
neglected to make one vital check; 
he hadn’t speeded the engine up. Had 
he done so, he would have noted that 
the noise was not affected by engine 
speed, and hence was not connected 
with the car! Moral: never overlook 
any test, no matter how simple, that 
will lead you toward making the cor¬ 
rect diagnosis of any noise trouble. 

spark plate. 

like a dozen banshees. This varies at 
different speeds. If you hear this, 
check the antenna to see if the corona 
ball is missing. If it is, replace it 
with a common plastic bead or button 
about 3/8 inch in diameter. Make a 
hole in the bead, jam it onto the an¬ 
tenna tip and fasten it in place with 
plastic cement. 

Checking for Noise. When hunt¬ 
ing noise, be very careful when mak¬ 
ing diagnoses; it is quite possible for 
even the experienced technician to 
be fooled by similarities. One expert 
sat in a car for over a half hour, at¬ 
tempting to eliminate what was ap¬ 
parently a bad case of plug noise, a 
slow popping sound, perfectly syn¬ 
chronized with the speed of the slowly 

This is like many other branches of 
electronics work, 90% diagnosis and 
10% execution. Always check and re-
check everything, then make your 
diagnosis. (Then check that, too!) 

If all other remedies fail when ap¬ 
plied to the car, and especially if the 
radio itself is fairly old, it would be 
wise to check the noise-elimination 
circuits in it, and possibly to add one 
or two. Most sets have these filters. 
If they are not there, then they 
should be added. It is not too diffi¬ 
cult. Capacitors used are .5-mfd, 
100-volt rating, and are made in a 
special oval shape which is easier to 
place in crowded chassis. Chokes may 
be wound of No. 14 enameled wire, 
tied with string and coated with plas-
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tic cement or coil dope. Spark plates 
may be purchased or made up out of 
sheet metal and “fish-paper” Teflon 
or mica. You will see how to connect 
these in Fig. 2. We recommend that 
at least one choke and two capacitors 
be used in both the vibrator and 
filament circuits, as shown in Fig. 
32. Dial-light leads, speaker leads, 
etc., may have small mica or ceramic 
bypass capacitors connected at the 
point where they leave the case. 
These should be about 250 mmf in 
capacity, well grounded, and with 
leads kept as short as possible. 

For a final check, see that all bolts 
holding the set are very tight, with 
the paint or insulating material 
scraped from under them. See that 
all parts of the car, such as hood, 
front fenders, instrument panel, etc., 
are well bonded; some unusual cases 
of noise have been traced to sources 
like this. 

Noise elimination will be easy if 
you will take the time to become 
thoroughly familiar with both the 
causes and remedies of all types of 
noise, and never hesitate to check any 
diagnosis, even your own. 
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Lesson Questions 

Be sure to number your Answer Sheet 41B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set o£ answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time or you may run out of lessons before new' ones can 
reach you. 

1. What part of the automobile ignition system causes the greatest 
amount of interference? 

2. Where should the antenna lead-in shield be grounded? 

3. What electrical change is made in the long lead-in for rear-fender 
antennas to prevent detuning the receiver front end? 

4. What is the purpose of the antenna trimmer adjustment on an auto 
receiver ? 

5. Which type of antenna is stronger mechanically: cowl-mount or 
side-mount? 

6. What is the smallest radius that should be used for bends in con¬ 
trol cables? 

7. What is the advantage of punching small mounting holes with a 
diameter center punch? When should this method not be 

used? 

8. When noise is found in an auto receiver, what must be done before 
the noise can be taken out? 

9. How can “plug noise” be distinguished from other popping noises ? 

10. How can you determine whether noise is entering a set through the 
power’ leads? 
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DOING THE IMPOSSIBLE 
To a vast number of human beings, the term “im¬ 

possible” is like a closed gate, barring the path that 
leads to a more satisfying life. They turn away from 
the “impossible” without the slightest attempt to find 
out just tvhy a particular accomplishment has this 
awful word attached to it. 

“Impossible” is applied in the majority of cases 
simply because nobody has done that particular 
thing before. The history of science is full of thril¬ 
ling examples of men doing the “impossible”—the 
steamboat, the airplane, the radio, and many, many 
more. Naturally, brilliant men were responsible for 
doing these things, but more important is the fact 
that they refused to believe in the “impossible.” 
They were determined to find out really why it had 
not been done and hoiv it might be done. 

This is the approach to the “impossible” that 
works not only in science and invention, but in bring¬ 
ing to all of us the satisfactions we seek in life. When 
you believe the “impossible” is not a closed gate but 
a challenge to you to achieve and move forward into 
new fields, then you are a man marked for success. 
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Study Schedule No. 42 

For each step, read the assigned pages first at your usual 
speed, then reread slowly one or more times. Finish with 
one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

Q I. The Auto-Receiver Power Supply.Pages 1-13 
In the first part of this book you learn about vibrator power supplies 
and how to service them. 

□ 2. Part Replacement Pages 14-23 

Auto radios are better made than home receivers. Here is a discussion of 
the best ways to maintain the best operation. 

H 3. Preventive Maintenance Pages 24-27 
This section tells you how to avoid “call-backs”on service jobs. 

] 4. Testing the Radio in the Car Pages 28-31 

Tests and repairs that can be made without removing the set from the car. 
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The Auto-Receiver Power Supply 
One of the main differences between 

automobile radios and home radios is 
in the power supply. All of the power 
used by the auto radio must come from 
the car’s battery. Let us see what prob¬ 
lems this brings up. 

To operate a radio receiver, we must 
furnish two operating potentials, the 
filament voltage and the plate voltage. 
The filament voltage, and in transistor 
sets and some sets with specially de¬ 
signed tubes, the plate voltage, can 
come directly from the car’s battery, 
but usually we need a plate voltage of 
150 to 250 volts de Getting this high 
voltage from the low voltage of the 
battery offers the major prob’em in 
auto-radio design. 

As you have learned, we step up 
voltage by using a transformer. How¬ 
ever, the car’s battery furnishes de, 
and there is no such thing as a de 
transformer; a transformer can oper¬ 
ate only on ac. If we are to step up 
the low voltage, we must use a trans¬ 
former, so we must furnish some kind 
of ac to make it operate. Some of the 
very earliest auto radios used a dy¬ 
namotor, a small self-propelled de gen¬ 
erator, for this purpose. They were 
noisy, expensive, and hard to repair, 
and soon gave way to the system we 
are about to outline. 

As you have learned, the change in 
magnetic flux linking the two windings 
Courtesy Phüco Corp. 
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of a transformer induces a voltage in 
the secondary. Therefore, if we can 
make the de change in the primary, we 
will have the changing magnetic flux 

SWITCH TRANSFORMER 

-Q-CLEL n n 
PULSATING DC LI UaC 

FIG. 1. Using a switch to give pulsating 
de in a transformer primary. 

that is necessary to induce a voltage in 
the secondary. All right, let’s make it 
change. The simplest way is to make 
and break the circuit, causing the cur¬ 
rent to flow in pulses, as in Fig. 1. 
This is a changing current, building up 
to a maximum, then collapsing to 
zero, then building up again. Because 
of this changing flux, ac is induced in 
the secondary, with a voltage step-up 
determined by the turns ratio from 
primary to secondary. Thus we can get 
any voltage we need from this sec¬ 
ondary, and it will be ac, which re-

FIG. 2. A modified doorbell used with 
a transformer to produce ac in the sec¬ 

ondary. 

verses its direction of flow each half 
cycle. 

We can take a doorbell and connect 
it in series with our primary winding. 

as shown in Fig. 2. When the circuit is 
closed, the arm will be drawn toward 
the magnet. This opens the contacts, 
or points, and breaks the circuit 
through the magnet coil and trans¬ 
former primary. The loss of magnetism 
lets the clapper arm spring back and 
close the points again which causes the 
cycle to be repeated. We have made 
the primary current pulsating de by in¬ 
terrupting its flow at a regular rate. 

If we put the doorbell in a metal 
can, and installed a plug on the base, 
what we would have is a car radio 
“Vibrator.” There are many different 
types and makes of vibrators, but no 
vibrator is anything but an automatic 
switch. 

COIL REED 

VIBRATOR 

FIG. 3. Early interrupter-type vibrator 
power supply. 

So far, we have followed in the 
footsteps of the designer of the first 
vibrator-type power supply. Now let’s 
go into the improvements which were 
made, until we get to the types in use 
today. The first sets actually used a 
vibrator which was just what we de¬ 
scribed—a doorbell in a can. It had 
only one set of points, which merely 
interrupted the primary current as 
shown in Fig. 3. Current flowed in one 
direction through a single winding on 
the primary, although the secondary 
was center-tapped like the power 
transformers used in ac sets. This was 
not too efficient, so improvements 
were made. 

Next came the “reversing” vibrator 
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FIG. 4. Typical modern vibrator with center-tapped primary. 

of Fig. 4, which was used with a 
center-tapped primary winding. The 
battery was connected to the center 
of the winding and the vibrator reed 
grounded first one end, then the other, 
of the primary winding, so that the 
current actually reversed direction in 
the primary. This added to the effi¬ 
ciency of the transformer. The col¬ 
lapsing magnetic field around one side 
of the primary was in phase with the 
increasing field around the other side. 
This permitted the design of smaller, 
more efficient transformers, with lower 
heat losses. 

MODERN VIBRATORS 

Let’s pause here for a moment and 
take a look at the modern vibrator 
shown in Fig. 5. It is basically just 
like the one which we just described, 
but the appearance varies with dif¬ 
ferent manufacturers. Each has the 
same parts: 1, the frame; 2, the 

driving coil and driving-coil contact; 
3, the armature “reed”, which carries 
the moving contacts; 4, the stationary 
contacts, on smaller reeds; 5, the 
“stack”, which consists of insulators 
and plates bolted together to hold the 
whole assembly in rigid alignment; 
and 6, the base, which is the part that 
is plugged into the socket. 

One full cycle of vibrator operation 
is something like this. When current 
is applied, it flows through the driving 
coil, through the “driving coil contact”, 
and on through this to ground. The 
magnetic field set up in the coil pulls 
the flexible reed away from its resting 
position, toward the coil, as m Fig. 
6A. The small bit of iron on the end of 
the reed is placed there to aid in this 
action, and also helps to set the speed 
of the vibrator. When the reed leaves 
its resting position it breaks contact 
with the driving coil contact, break¬ 
ing the circuit to the coil. The mag-
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netic field collapses, releasing the reed 
which springs back toward the resting 
position. When the reed is pulled to¬ 
ward the coil, it makes contact with 
the stationary contact on that side; 
when it is released, its momentum car¬ 
ries it back past the resting position, 

until it has made contact with the sta¬ 
tionary contact on the other side, as 
in Fig. 6B. Thus, in one full swing, 
the reed has alternately grounded the 
two ends of the primary winding. The 
primary current has started to flow 
first in one direction from the center 
tap through one half of the primary 
winding to the grounded end, then 
been forced to reverse its direction by 
the action of the vibrating reed and 
flow from the center tap through the 
other half of the winding to ground. 
This cycle is carried on until the cir¬ 
cuit is disconnected. 

The original vibrators, as we said, 
had the battery “hot” wire going to 
the reed, which merely broke the cur¬ 
rent in the primary at regular inter¬ 
vals. The vibrator jus'' described is 
typical of interrupter-type vibra¬ 

tors in use today. These will be found 
in almost all the commercial auto 
radios. A conventional full-wave rec¬ 
tifier tube and filter system is used 
with these, just as in the ac radios for 
home use. The complete high voltage 
supply circuit is shown in Fig. 7. 

There is one other type of vibrator 
and power-supply system, rarely used 
in the auto radio today, but found 
quite often in the two-way FM radio 
receivers used for communications 
work. This is the “synchronous”, or 
“self-rectifying” vibrator. Its charac¬ 
teristics and circuitry differ somewhat 
from the “non-synchronous” type we 
have just studied. We can get de for 
our plate supply voltage by changing 
low-voltage de to high-voltage ac and 
sending it through a full-wave recti¬ 
fier and filter system. We can also 
make the vibrator do its own rectify-

IRON 

FIG. 6. Pull and release positions of a 
vibrator reed. 

ing with the proper connections, hence 
the name “self-rectifying”. 

If we add an extra pair of contact 
points to the reed of our vibrator, 
which will connect alternately to the 
two ends of the secondary winding, we 
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FIG. 7. Complete vibrator B+ supply. 

can cause the current in the secondary 
circuit to flow in the same direction 
all the time. Because we reverse the 
secondary winding each time the reed 
moves, all the high-voltage pulses in 
the output will have the same polarity 
with respect to ground. This is shown 
in Fig. 8. 

In the interrupter type of vibrator 
supply, the vibrating reed sets up an 
alternating magnetic flux around the 
primary of the transformer. This 
alternating flux induces the voltage in 
the center-tapped secondary. The al¬ 
ternating voltage in the secondary is 
rectified for use on the plates of the re¬ 
ceiver tubes. The polarity of this recti¬ 
fied voltage is determined only by the 
polarity of the rectifier. The polarity 
of the battery voltage cannot affect the 
polarity of the output voltage. 

In the self-rectifying vibrator 
supply, the reed position determines 
which half of the secondary is con¬ 
ducting. Remember that voltage is 
induced in both halves of the sec¬ 
ondary at all times. Therefore, if 
one end of the secondary is connected 
to ground, the polarity of the center 
tap with respect to ground will be 
determined by the polarity of the in¬ 
duced voltage in that half of the coil. 

This polarity in turn is determined by 
the polarity of the current in the 
primary. If the battery polarity is 
reversed, the primary current will be 
reversed and the center tap polarity 
will also be reversed. If the center tap 
becomes negative, reverse polarity will 
be applied to the filter capacitors 
Since these are electrolytics, the re¬ 
verse voltage will ruin them. 

U'e want the center tap of the 
secondary winding to be positive with 
respect to ground. Some cars ground 
the positive battery terminal, others 
the negative. Since the battery polarity 
cannot be. reversed, the vibrator wir¬ 
ing must be. If the secondary center 

tap is negative in any car, we can 
change its polarity by reversing either 
the primary or the secondary leads at 
the vibrator. This may be necessary 
when installing or testing this type set. 
Reversing both sets of leads will not 
change the polarity. 



The names “synchronous” and “non-
synchronous” are derived from the 
fact that the primary and secondary 
points of the synchronous type must 
open and close exactly in step (“in 
synchronism”) with each other. One 
direct and positive clue to the type of 
vibrator used in any set is the pres¬ 
ence of a rectifier tube such as a type 
6X5, 6X4, OZ4, 84/6Z4, etc., in the 
tube lineup. If one of these tubes is 
used, the vibrator is a non-syn-
chronous type, and the battery polar¬ 
ity is unimportant. 

Vibrators, in auto radios today, all 
use the same base connections; in 
the early sets, there were as many 
different base connections as there 
were manufacturers, and vibrators 
made for one set would not work in 
another. Standardization has helped 
this problem tremendously, and all 
late model sets use the same type vi¬ 
brator. The base of the 6-volt vibrator 
has four pins, two large and two 
small; the 12-volt vibrators use a 
three-pin base. Modern vibrators use 
a standard frequency, 115 cycles per 
second, although there are some few 
special types made for use in public 
address systems, and to run phono¬ 
motors and tape recorders, which have 
a 60-cycle frequency. The use of 115 
cycles results in a ripple frequency of 
230 cycles at the output of the recti¬ 
fier. This higher pitched hum is fairly 
easy to identify, and comparatively 
easy to filter. 

THE BUFFER CAPACITOR 

One very special part, found only 
in vibrator-type power supplies, and 
responsible for a good deal of trouble, 

is called a “buffer capacitor”. When¬ 
ever we break a circuit carrying a 
heavy current, we get a small arc 
across the contacts. This arc can 
cause burning of the contact points 
because of the high temperature it 
generates. Therefore, we must provide 
some means of getting rid of it. We 
can do this by connecting a capacitor 

across the primary of the transformer. 
This will absorb the surge produced by 
the collapsing field, thus eliminating 
the arc. The capacitor also aids in 
building up the efficiency of the cir¬ 
cuit. It discharges through the pri¬ 
mary, helping to build up the mag¬ 
netic flux. This is shown in Fig. 9A. 
To keep the capacitor small, the cir¬ 
cuit in Fig. 9B is usually used in 6 
volt sets, and the circuit in Fig. 9C is 
most common in 12 volt sets. 

From these circuits, you might ask, 
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“If that capacitor is supposed to be 
connected across the primary, what is 
it doing way over there in the sec¬ 
ondary winding?” Well, there’s a very 
good reason for it. Any transformer 
is an impedance-transforming device. 
It can make a small impedance appear 
large, or a large impedance .appear 
small, depending on the turns ratio. 
The impedance transforming action 
of the transformer makes a compara¬ 
tively small capacitor across the sec-

PEAKS PEAKS PEAKS 

PEAKS PEAKS 

HG. 10. Waveform across transformer 
secondary. 

ondary look like a very large one to 
the primary. The secondary, primary, 
and the buffer capacitor form a 
resonant circuit for the frequency 
used in the power supply. Thus, the 
small buffer capacitor across the sec¬ 
ondary can actually do the work of 
a very large one across the primary. 
The lone disadvantage of this type of 
circuit is the very high voltage re¬ 
quirement of the buffer capacitor. 
Because of the enormously high 
peak voltages found in the secondary 
circuit, capacitors with a voltage 
rating of at least 1600 volts must 
be used. The temporary peak values 
(“transients”) of the waveforms 
shown in Fig. 10, will reach values as 
high as 1200 to 1500 volts. Special oil-
filled capacitors are needed to with¬ 

stand the high voltage. Always use 
this type for replacing buffers. More 
about these transients later on, when 
we get into the use of the oscilloscope. 

The transformers themselves have 
become highly standardized in design; 
so much so, that they would be in¬ 
terchangeable if it were not for the 
physical dimensions of different sets. 
Many of them are “potted”, that is, 
scaled up in a can filled with a tar¬ 
like compound, to increase their im¬ 
munity to damage from moisture. 
Actual trouble with transformers is 
very rare; suspect them only after 
everything else has been tested. 

We have gone into a good deal of 
detail about this part of the circuit 
because this is one place where you 
must be thoroughly familiar with the 
fundamentals. A very large percent¬ 
age of the trouble encountered in 
auto-radio service work will be traced 
to the power supply, and a good 
understanding of it is very essential. 
The most common troubles will be bad 
vibrators, weak or dead rectifier 
tubes, leaky or shorted buffer capaci¬ 
tors, bad filter capacitors, and switch 
troubles. 
Testing of vibrator and power 

supply performance is vital to good 
service work. You must familiarize 
yourself with the symptoms of proper 
and improper operation, so that you 
will be able to reach the correct diag¬ 
nosis. Fortunately, most of these 
troubles will give you unmistakeable 
symptoms, and a little practice will 
enable you to recognize them imme¬ 
diately. 

Testing for trouble in auto radios 
should follow a set pattern, and the 
tests should be made in a logical order. 
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The essential things must be checked 
first. If the power supply were defec¬ 
tive, it would be of no use to test the 
tubes. A good sequence to follow 
would be something like this: Power 
supply, including the fuse, the vibra¬ 
tor, and rectifier tube; the tubes, 
speaker connections, volume control; 
then the speaker and antenna. 

If the fuse is blown out, something 
has caused it to blow. Obviously, this 
is a short circuit, but it may have been 
momentary. This could have been 
caused by a vibrator stuck because 
of old age. The points can stick, blow 
the fuse, and then release, due to 
jarring of the car. To test for this, 
remove the vibrator, and turn the set 
on. If the pilot light and filaments 
light up, replace the vibrator with a 
new one. If this restores normal per¬ 
formance, the vibrator was at fault. 
If the new vibrator runs “roughly”, 
and the set does not play, then there 
is something else wrong. These symp¬ 
toms should immediately lead you to 
suspect a leaky or shorted buffer ca¬ 
pacitor. Shut off the set and pull the 
rectifier tube, then take three readings 
at the tube socket with an ohmmeter. 
Read from ground to each plate, A to 
G and B to G in Fig. 11; these read¬ 
ings should be within 5% of each 
other and run about 300 ohms. Now 
read from plate to plate; this should 
give you the sum of the two previous 
readings, or around 600 ohms. If you 
read anything less than the sum of the 
first two readings, the buffer is shorted, 
and the set must be taken out of 
the car. This test will show up a 
shorted capacitor, but not a leaky ca¬ 
pacitor. The only way to test for leak¬ 
age is by substitution. 

When replacing buffer capacitors, 
always use the same capacity as the 
original. As we mentioned before, this 
capacitor is chosen so as to be 
resonant with the transformer at the 
vibrator frequency. Never use a ca¬ 
pacitor with less than a 1600-volt 
working rating. There is a certain 
amount of tolerance or variation al¬ 
lowable; however, it is pretty small. 
For instance, a buffer of .0075 infd 

FIG. I I. Testing for a shorted huiler ca¬ 
pacitor. 

could be replaced with a .008, but not 
with a .006 or .009; these would be 
too far away from the original size. 
If you must miss, miss in an upward 
direction; use the nearest larger size 
available. 
There is another complaint com¬ 

mon to vibrator power supplies, with 
similar symptoms, but a different 
remedy. This is due strictly to old 
age. If a vibrator refuses to start 
buzzing until the set is jarred, but 
seems to run normally once it does 
start, it has aged to the point where 
it should be replaced. The points are 
dirty, and do not make contact until 
some mechanical jar causes them to. 
This vibrator is very likely to cause 
trouble with intermittent blowing of 
fuses as the dirty points may stick. 
The sound of a normal vibrator is 

a smooth even buzz, and this is one of 
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the sounds that a serviceman must 
learn to recognize. It will tell you more 
things in a few seconds than any other 
single test you could make. For 
instance, if the vibrator has a good 
smooth buzz, but the set remains 
dead, it is very likely that there is 
trouble somewhere else, such as a dead 
tube or bad speaker. The power 
supply is quite likely to be good, ex¬ 
cept for the possibility of a dead recti¬ 
fier tube. However, this sound tells 
you immediately that the following 
parts are all right, and need no further 
checking: the fuse, the switch, the vi¬ 
brator and probably the filter. All 
service work is a process of elimina¬ 
tion; the normally operating circuits 
can be passed up, and the trouble 
sought elsewhere. 

VOLTAGE AND CURRENT 
DRAIN TESTS 

Voltage measurements in an auto 
radio receiver are exactly the same as 
in any other radio. All operating po¬ 
tentials should be checked as the very 
first step. Begin at the rectifier for 
the maximum high voltage. In the 
average auto radio, this will be from 
150-250 volts. Next, the plate and 
screen voltages should be checked. Be¬ 
gin with the power output tube, and 
check all the way back to the rf 
stage. Any deviation or absence should 
be checked and corrected before pro¬ 
ceeding. Many times this will reveal 
the trouble immediately, as most of 
the troubles, outside of dead tubes, 
lie in the loss of the proper operating 
voltages. 

If the high voltage is more than 
20% off at the rectifier cathode, try 

substituting a new rectifier tube. 
Many times a rectifier will test good 
in a tube tester, yet fail to deliver 
normal output in a set. This is not 
due to any fault of the tube tester, 
but to the fact that the tester does 
not load the tube down as heavily as 
the set. Replacement is the best test. 

If this fails, test the buffer capacitor 
with an RC tester or by substitution 
It may have a high-resistance leak, 
which is just enough to pull the high-
voltage down. Your test ammeter will 
be invaluable here. Check the total 
current drawn by the set, and compare 
it with what you know to be normal, 
for a set with this number of tubes. 
For the average 5 or 6-tube set using a 
6-volt battery, this should range from 
6 to 7 amperes. A reading of 10 to 14 
amperes would usually indicate a leaky 
buffer. 

There are several other possible 
causes of high current drain, of 
course. Never make unwarranted as¬ 
sumptions as to the cause of any 
trouble until you have checked and 
found the assumption to be true! For 
instance, in the case just mentioned, 
low high-voltage, you could also have 
a leaky filter capacitor, leaky plate 
decoupling or screen bypass capacitor, 
a leaky “spark-plate” capacitor in the 
high-voltage, a short in one of the i-f 
transformers, a leaky audio coupling 
capacitor, or even a run-down battery. 

The operating voltages should al¬ 
ways be checked, and the first one in 
this type of trouble should be the in¬ 
put or battery voltage Check your 
bench battery or power supply drain 
automatically in order to be sure. It 
takes only a moment, and much time 
may be saved. Develop the habit of 
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making these tests as a matter of 
routine, and you will find yourself 
working much faster. Many a wasted 
hour on a service bench has been 
traced to overlooking something as 
simple as the input voltage! 

Defective solder joints can also 
cause trouble in the power supply. Due 
to the high currents drawn, solder 
joints on the filter chokes in the input 
must be very good. A bad solder joint 
will cause the joint to heat up and 
cause a large voltage drop. This is 

IIG. 12. Proper way to test for high 
resistance in the de input circuit. 

also true of fuses, switches, and any 
part in the input circuit. One quick 
and easy test for this is the measure¬ 
ment of the voltage drop across the 
suspected unit, using a very low range 
voltmeter as shown in Fig. 12. With 
this method, any loss in the contacts 
will show up immediately. If there is 
any reading at all, clean the contact 
very well, then recheck. In one case, 
a drop of 3 volts was discovered across 
a fuse holder. This left only 3 volts 
for the radio, with results in per¬ 
formance which can well be imagined. 
Always check all the way back to the 
battery when looking for trouble in 
the power input circuit. Remember, 
if a set draws 6 amperes, only ^-ohm 
resistance will give a 3-volt drop. 
At this time it might be well to 

mention one source of considerable 
trouble in auto radios, the on-off 
switches. Because of the heavy cur¬ 
rent, these switches give quite a bit 
of trouble, and should be inspected 
each time the set is serviced. For¬ 
tunately, they will usually give posi¬ 
tive indications of trouble. The 
switches themselves are rotary 
switches, similar to those used in home 
radios. Sometimes they are included 
in the volume/tone-control assembly; 
sometimes mounted on the pushbutton 
tuning assembly, operated by one of 
the push buttons. They have a small 
fiber disc that holds the elements of 
the switch in a round metal case. 
This fiber is usually a light tan or 
brownish color. Look out for a dark¬ 
ening of the fiber around the contacts; 
this indicates heating of the switch, 
which can only be caused by worn or 
dirty contacts. If this darkening is 
quite apparent, it would be a very 
good idea to replace the switch before 
it breaks down completely. 

On the sets which have the switch 
on the push buttons, simply remove 
the wires and pry up the switch case ; 
replace with a duplicate switch, then 
tack the case down to the pushbutton 
assembly with solder. Otherwise the 
entire pushbutton assembly must be 
removed—a long and tiresome job. If 
the switch is on the volume-tone con¬ 
trol, quite often the entire assembly 
must be replaced, as separate replace¬ 
ment switches are sometimes unob¬ 
tainable. A helpful hint here is to 
make a rough sketch of the control, 
on a piece of scratch paper, noting the 
color of wires and the parts that go to 
each terminal. This is much easier 
and quicker than tracing them out on 
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the schematic, and just as accurate. 
This should be done when replacing 
any other part with several leads; it 
will save a lot of time. 
When checking the B-j- voltage 

distribution in the set, take ohmmeter 
readings through the circuit, watching 
out for low readings. The reading in 
any part of this circuit should never 
be less than 50,000 ohms, unless there 
is a bleeder resistor somewhere in the 
circuit. Watch out for charred or dis¬ 
colored resistors; check these care¬ 
fully for change in the rated value. 
Heating or charring is always a sign 
of an overload, usually caused by a 
shorted bypass capacitor or tube. This 
heating may change the value of the 
resistor, upsetting the circuit in which 
it is used. 

A stage-by-stage check of the en¬ 
tire set will show up most troubles. 
Begin with the output stage, and wind 
up at the antenna. If you have fixed 
all the troubles found between these 
two points, when you arrive at the 
antenna, the set should be working. 

ALIGNMENT OF AUTO RADIOS 

Because of the adverse conditions 
under which the auto radio must op¬ 
erate, careful alignment is absolutely 
essential. Proper peaking and track¬ 
ing of all circuits is necessary if they 
are to deliver the performance for 
which they are designed. The actual 
alignment of the sets themselves is 
exactly the same as for a home re¬ 
ceiver. One thing which must be 
checked carefully is the frequency 
used in the i-f amplifier stages. While 
most home sets today have settled on 
455 kc, auto radios use 262, 370, and 
455 kc. The correct i-f must be 

checked by reference to the service 
manual for the set, to be sure that 
the i-f’s are aligned to their proper 
frequency. 

You must exercise extreme care in 
making connections to the set, in order 
not to upset some of the sensitive 
circuits with the alignment equipment. 
This is not quite so important in the 
i-f amplifier stages, but is vital on the 
front end alignment. 

Possibly the best method of making 
the front end adjustments is to con¬ 
nect the signal generator directly to 
the antenna socket, and rough-in the 
adjustments. Then, disconnect the 
signal generator, hook a short length 
of wire, not over three feet long, to 
the antenna socket. Placing the out¬ 
put lead of the signal generator near 
this wire will give enough pickup for 
an output indication. Now, touch up 
the antenna, rf, and oscillator adjust¬ 
ments to their final peak. 

When making the final bench test, 
use this short piece of wire as an an¬ 
tenna. If the set will pick up several 
stations, it is probably all right. If 
it will not, then it is not sensitive 
enough to work properly in a car. and 
must be rechccked. Incidentally, dur¬ 
ing this alignment is a very good time 
to make final tests on any tubes which 
might be considered doubtful—i-f 
amplifiers, for instance. Align the 
stage concerned, make a note of the 
reading on the meter, then substitute 
a new tube for the suspected one. If 
the output reading increases over 
20%, it would be a good idea to re¬ 
place the tube. This test will work 
with oscillator-mixer tubes and rf 
amplifiers as well. 
One way to do this is to connect 
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a vacuum tube voltmeter to the avc 
bus. The vtvm reads the developed 
avc voltage, which is directly propor¬ 
tional to the strength of the received 
signal. It is, in fact, the signal voltage 
itself, rectified by the second detector. 
Another way is to connect an output 
meter across the speaker. This meas¬ 
ures the modulation of the received 
signal, amplified by the power output 
stage. 

One peculiarity encountered in auto 
radios can cause trouble in alignment 
readings when the avc voltage is used 
as an indication of resonance. The 
standard auto-radio avc circuit takes 
the avc voltage from the top of the 
volume control, passes it through a 
filter network, and applies it to the 
grids of the controlled stages. This 
circuit is aligned normally; that is, 
each trimmer is adjusted for a peak 
reading. If the avc voltage is taken 
from a separate diode plate and the 
signal for this diode is taken from the 
last i-f amplifier plate circuit, the 
readings will be entirely different 
when tuning the last i-f transformer. 
The i-f trimmer which tunes the sec¬ 
ondary winding, must be aligned for a 
dip instead of a peak. This is because 
the secondary winding is taking the 
maximum current from the primary at 
resonance, which is the condition we 
are striving to achieve. Our avc volt¬ 
age is derived from the primary volt¬ 
age; therefore, a dip in the avc will 
indicate correct tuning of the last i-f 
trimmer only. Needless to say, the 
schematic must be checked, to see 
whether or not this particular circuit 
is used. It is quite common in the 
1945-1955 GM-Delco sets, and has 
been used in quite a few others. It 

has caused much confusion. Watch 
out for it. Fig. 13 shows this circuit. 

One easy way to locate weak or de¬ 
fective stages in auto radios is to 
check the response of each tuned stage 
to its adjusting trimmers, whether 
they are capacitors or slugs. Each 
tuned stage should have a definite 
peak when tuned through its range. 
If this peak is not present, then the 
stage is defective or the wrong fre-

FIG. 13. Circuit in which avc is taken 
from plate of last i-f. 

quency is being applied to it. Check 
by substituting tubes, and making re¬ 
sistance measurements of the windings 
of coils. I-F coils, for instance, should 
show very small resistance readings; 
about 11-15 ohms for the 455-kc coils, 
about 20-25 ohms for the 262-kc coils. 
Both windings should show the same 
resistance, except for the output 
winding of the last i-f, which is the 
diode coil. These often have filter re¬ 
sistors, of 47,000 ohms or so, inside 
the cans. Resistance readings of 15 
ohms on one winding and about 1500 
ohms on the other, together with a 
trimmer that shows no peak, indicate 
a bad i-f transformer, which must be 
replaced. Electrolysis of the fine wire 
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is usually the cause of this condition. 
It is mainly caused by moisture which 
is a common source of trouble. 
This is something which should be 

checked—see if the chassis shows any 
signs of having been wet. Many times 
water will blow into a set through 
open cowl ventilators, and can cause 
trouble. Dry sets out thoroughly, and 
coat any parts suspected of leakage 
with coil dope, such as the liquid 
polystyrene sold under several trade 
names. This will render them fairly 
moisture-proof and make the set last 
a lot longer. Washing thoroughly with 

carbon tetrachloride will also remove 
moisture from such parts as ceramic 
trimmer bases, after which they may 
be coated with the coil dope. Be sure 
to observe caution when using carbon 
tetrachloride, the fumes are very 
poisonous. 

As a final note on alignment, it is 
not necessary to adjust the antenna 
trimmer on the bench; this should be 
adjusted after the set is installed in 
the car. Its purpose is to match, the set 
to the antenna and car in order to 
make the antenna circuit as efficient 
as possible. 
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Parts Replacement 
When you replace a part in an auto 

radio, you face a different problem 
from that in a home radio. You must 
realize that this part, and indeed the 
whole set, is going to get much 
rougher treatment than the average 
home radio. Therefore, you must take 
special pains to see that all parts are 
mounted in a way that will make them 
mechanically sturdy, and thus avoid 
troubles due to broken leads. 

Bypass capacitors, for instance, 
should either be fastened to the chas¬ 
sis with small clips, or slipped under 
adjacent wiring to hold them firmly 
in place. They should never be in¬ 
stalled so that they are supported 
only by their wire leads. A piece of 
spaghetti or insulating tubing should 
be slipped over all exposed wiring to 
prevent short circuits when parts are 
jolted or moved. If no other means is 
handy, large bypass or filter capacitors 
may be held in place by tying them to 
the chassis with a loop of insulated 
wire run through holes in the chassis. 

When replacing filter capacitors of 
the can type, which are held in place 
by three or four small metal ears, ex¬ 
tending through holes or slots in the 
chassis, be sure that these ears are 
well tightened, and that at least two 
of them are soldered down. Failure 
to do this will result in the capacitor 
working loose under vibration. These 
ears make the negative or ground 
connection, and a bad joint here 
means an intermittent filter capacitor. 
This trouble is quite common, even in 
brand new sets, through failure to 
make a good ground at this point. 

If the tubular type of filters must 
be used for replacement, strap them 
down tightly; never leave them sup¬ 
ported by their leads. Always leave a 
little slack in wire leads; the change 
in temperatures inside the auto radio 
can cause contraction and expansion 
strong enough to pull the leads out of 
bypass capacitors if they are too 
tightly stretched when installed. 
When replacing output trans¬ 

formers, power transformers, chokes, 
or other heavy parts, be sure that they 
are well bolted down to the chassis, 
even if it means drilling one or two 
new holes. Always use lockwashers 
under all bolts or screws to prevent 
loosening. A small dab of paint, ce¬ 
ment, or better still, nail polish, ap¬ 
plied to the threads of a screw just 
before tightening, will hold it firmly. 

VOLUME CONTROLS 

Volume controls used in auto radios 
are practically all in the first audio 
grid. The signal is taken from the 
diode second detector and applied to 
the top of the control. The slider is 
connected to the first audio grid, 
sometimes through a coupling capaci¬ 
tors, sometimes directly. Values range 
from 250,000 ohms to 2 megohms, just 
as in home radios. Some of the early 
sets used different circuits, such as rf 
cathode bias controls, but these are 
rarely seen now. 
Early sets using remote control 

shafts to operate volume and tuning 
controls, usually provided the control 
itself with a slip joint to prevent 
breakage of the control by turning the 
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shaft too far. The single unit sets 
today use controls which are practi¬ 
cally identical with those used in 
home radios. The main difference lies 
in the special physical shapes of the 
controls themselves, to accommodate 
the special needs of auto radios. The 
control bushing is very often one of the 
three points of support for the whole 
set. 

Many different types of shafts are 
used on auto radio controls. These 
include the ^-inch “quarter-flat”, 
the %-inch “half-flat”, the ^-inch 
“round” shaft, and the %-inch “split” 
shaft. 

Tone control circuits are similar to 
those used in home sets. The most 
common is the “grid-losser” circuit, 
with a capacitor and variable resistor 
connected in series from the first audio 
grid to chassis. Wien rotated, the re¬ 
sistor alters the high-frequency re¬ 
sponse by bypassing the highs to 
ground through the capacitor. 

For reasons of space-saving, dual 
controls are used in many sets; volume 
and tone controls are on coaxial 
shafts, with the on-off switch often 
on the back of the whole thing. If 
the switch fails, the whole unit must 
be replaced, unless a duplicate switch 
happens to be available. If so, the 
defective switch may be pried off, and 
the new switch installed, holding it 
in place by soldering the case to the 
body of the original control. Of course, 
this will work only if the switch is an 
exact duplicate of the original, as the 
“trip-dog” on the volume control will 
not operate an incorrectly matched 
switch. 

In most cases, replacement controls 
for this type of unit must be obtained 

from the maker of the radio. Due to 
the use of special sizes, replacement 
controls must be exact duplicates of 
the originals if they are to work satis¬ 
factorily. Many of the larger control 
manufacturers offer “exact duplicate” 
replacement controls for the more 
popular sets, and, indeed, may make 
the ones used in the original sets them¬ 
selves. These, of course, will work 
very well. 

If the controls are noisy, they may 
be cleaned, using one of the special 
solvents made for this purpose. These 
are put up in bottles with a brush, and 
in pressurized spray cans, which are 
very handy in a crowded chassis. This 
solvent removes the dirt and corrosion 
and also leaves a slight film of lubri¬ 
cant on the surfaces of the control. 
It is a very good idea to give the 
volume control and switch a squirt 
each time the set is serviced; this will 
help to prolong the life of the switch. 
Many auto radios use a dual 

switch, one set of contacts switching 
the vibrator and tube filaments, the 
other switching only the pilot or dial 
light, which has its own input lead. 
This pilot lead is usually connected 
to the car’s light switch at the terminal 
that supplies current for the instru¬ 
ment panel lights. When replacing 
these switches, you may use a single¬ 
pole switch by simply tying the dial 
light lead to the power supply lead 
and using only one input lead. 

If an exact-duplicate replacement 
switch assembly is not available, or 
if the customer objects to the price, 
you may use a separately mounted 
toggle switch instead. Tie the pilot 
and power-supply wires all together 
inside the set, soldering well, and in-
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stall a switch of the type used for fog 
lights under the edge of the dash. Con¬ 
nect it into the hot lead from the radio 
to the car ignition switch. 

REMOTE CONTROL HEADS 

The remote control head as used on 
most of the older sets, especially the 
“universal” type, consists simply of 
a metal box which holds the dial scale 
and pointer, fittings for the tuning and 
volume control shafts, and a dial light. 
These are made in such shapes as to 
fit into the holes provided in the 
instrument panel for a custom-built 
radio set. One type is made for under¬ 
dash installation, being small and flat, 
and may be used in any kind of car. 

These heads are connected to the 
set by means of flexible cables, simi¬ 
lar in appearance and operation to 
speedometer cables. The ends of the 
inner shaft, which does the actual 
tuning, are provided with special fit¬ 
tings, known as splines, which engage 
matching fittings in the control head 
and inside the set. 

FIG. 11. Construction of inner shaft re-
mote control. 

If repairs or alterations are neces¬ 
sary to these shafts, a few special pre¬ 
cautions are needed. The inner shafts 
are made of spring wire, with at least 
three layers being wound in alternate 
directions to provide stiffness and 
eliminate backlash. This construction 
is shown in Fig. 14. These are kept 
under tension, and this tension must 

be maintained. If this shaft must be 
cut, it is necessary to keep this 
tension on it at all times. Mark the 
location of the cut on the shaft, clean 
it, then sweat solder into the strands 
until a space of at least an inch is 
covered. Cut in the center of this, 
using a very fine-toothed hacksaw, or 
better still, a fine-grit grinding wheel. 

SOLDER SWEATED 
INTO STRANDS 

FIG. 15. Culling a remote control shaft. 

Using the corner of the grinding 
wheel, as shown in Fig. 15, grind a 
small notch on each side of the shaft, 
then bend it until it breaks. Touch up 
the end smoothly with the wheel. 
Don’t allow the shaft to get too hot, 
as the solder might melt, releasing 
the tension of the wraps and ruining 
the shaft. The outer housing may be 
cut with the grinding wheel in the 
same way. 

To remove and replace the fittings 
on the ends of the inner shaft, you 
will need to make a small holding jig. 
This is merely a block of metal, at 
least % inch thick, about one inch 
square. Drill a hole through the flat 
side the same size as the shaft, about 
Vs inch for most popular sizes. Now, 
using a hacksaw, cut a slot down into 
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this hole. Your jig should look like 
the drawing in Fig. 16. To use this 
jig, slip it over the end of the shaft, 
then pinch it firmly in a vise. The 
slot allows the jig to hold the shaft 
firmly, preventing loss of tension. The 
old fitting may then be twisted off 
with pliers, if it is swaged on, as most 
are. Turn it in the direction of the 
twist of the outer strands of the shaft 
and it will unscrew easily, in most 
cases. The new fitting may then be 
installed, and sweated on with solder. 
Be sure to make a good tight clean 
joint, as it is under a good deal of 
strain. 

Some remote control heads had the 
volume controls and switches mounted 
in the heads themselves, connected to 
the sets with shielded cables. These 
caused some difficulty in a few models, 

SIDE VIEW END VIEW 

FIG. 16. Clamping jig for use when 
changing shaft fittings. 

giving an extremely high buzz level. 
This was traced to the fact that the 
grounding of the control head and 
switch was not heavy enough. The 
current drawn by the set was traveling 
in the shielding braid covering the 
very sensitive volume control circuit. 
This caused a buzz voltage to be 
picked up by the volume control 
wiring. The cure for this was the ad¬ 
dition of a very heavy grounding 

strap between the control head case 
and the set chassis. A battery ground 
strap, one inch wide, of very heavy 
wire braid, was used. This stopped 
the noise. 

If the set has pushbutton tuning, 
the push buttons themselves are 
mounted in the control head, con¬ 
nected to the automatic tuner mecha¬ 
nism inside the set by a multi-con¬ 
ductor cable. The actual operation of 
tuning is done by this mechanism; 
only the push buttons are in the con¬ 
trol head. 

AUTO RADIO SPEAKERS 

The speakers used in early auto 
radios were of many different sizes 
and shapes, but all of them were elec¬ 
trodynamic speakers with a 6-volt 
field coil. This field drew over one 
ampere of current. These have been 
replaced in all sets now by the perma¬ 
nent-magnet or PM dynamic, which 
has no field coil at all. A great 
number of sets today use the same 
speaker, a 6 inch by 9 inch oval PM, 
which simplifies the parts-stocking 
problem. Many of the cars using sepa¬ 
rate speakers have mountings for this 
oval speaker. 
Some cars have a provision for a 

rear seat speaker. This is a PM unit, 
usually a 5-inch round speaker, lo¬ 
cated on the shelf behind the rear 
seat. The shelves are covered with a 
heavy fiberboard, usually supported 
underneath by a stamped metal 
framework. In this framework there 
will be found a cutout for the speaker, 
requiring only the cutting out of the 
fiber with a knife in order to install 
a speaker. Only two wires are re¬ 
quired, and these are usually brought 
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up to the set under the floor mats, 
on the left side of the car. Many sets 
have plugs and sockets for rear seat 
speakers incorporated in their design. 
Some even have special volume con¬ 
trols already mounted, to allow 
fading-in of the rear set speaker, play-

Courtesy Cleveland Electronics, Inc. 

PM oval replacement speaker. 

ing either the front speaker, the rear 
speaker, or both together. If there is 
no provision for it on the set, the 
extra speaker may be connected with 
a special switch made for the purpose, 
which is mounted under the dash. The 
voice coil lead from the set speaker is 
brought out of the case to this switch, 
and the rear speaker connected here 
also. The switch has three positions, 
“Front”, “Rear”, and “Both”. Small 
resistors are generally used as pads 
across the switch to equalize the 
volume levels when speakers are 
switched into and out of the circuit. 
Otherwise, when only one speaker is 
used, there would be a sudden blare 
of sound. 

The speaker itself accounts for a 
good bit of the trouble found in auto 
radios. Due to the difficult conditions 
under which it must work, it suffers 

from a lot of troubles, such as warped 
or dragging voice coils, open voice 
coils, and damaged cones. In cases 
where the vibrator is working, but 
there is no sound at all, the speaker 
should be checked first. Voice coil 
leads from the frame to the cone 
itself are made of very fine wire, just 
as in any speaker. Due to the high 
levels used in automobiles, these will 
often break. If the cone is all right, 
and the voice coil not dragging, these 
leads may be replaced by using leads 
taken from salvaged speakers or any 
other very flexible wire. They are 
fastened to the cone itself through a 
small metal grommet. The leads may 
be unsoldered here, using a very small 
iron, and replaced with new ones. 
Many intermittents may also be 
traced to these leads. They have a 
fiber core, with a very fine wire woven 
around it. If the wires break, the core 
will keep the wire in place, allowing 
it to make intermittent contact. 

There are other problems that may 
be found in the older sets using 6-volt 
dynamic speakers that are not built 
into the set. In a set of this type, there 
must be three connections between the 
set and the speaker, as shown in Fig. 
17. One of these is to the voice coil, 
one to the field coil, and one is a com¬ 
mon ground return for both coils. 
The ground return may be a wire 

lead, or it may be made through the 

g FIELD 

COMMON GROUND 

VOICE COIL 

FIG. 17. Tliree-wire connection to a 6-
volt dynamic speaker. 
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frame of the automobile. Therefore, if 
you see a speaker with three leads, 
you know immediately that it is a dy¬ 
namic speaker ; however, even if it has 
only two leads, it may still be a dy¬ 
namic speaker with the ground through 
the car’s frame. 

If the car frame is used, the con¬ 
nections between the speaker frame 
and the car frame, and between the 
set and the car frame must be very 
good. If there is rust or dirt, it will 
raise the resistance of the connection 
and will cause the field current to flow 
through the voice coil. The leads of 
the voice coil are made of a very fine 
wire, which would soon be burned out 

some form of automatic tuning. These 
allow the driver to tune the set by 
merely pushing a button, without tak¬ 
ing his eyes off the road. Some have 
even used foot switches like the fa¬ 
miliar dimmer switch, to actuate the 
tuner. There are many variations in 
actual design, but only two or three 
in basic principles. 

There are only three major groups 
of automatic tuners: the “manual” 
or semi-automatic, which moves the 
tuner to a preset location when a 
push button is depressed; the “fully 
automatic” tuner, which is started by 
the push button, and actually tunes 
itself; and finally, the “signal-seek-

FIG. 18. The action of a simple cam¬ 
type tuner. 

by the field current. Of course, dirty 
connections will also cause noise. In 
a case like this, add a third lead for 
the ground connection. This will stop 
noise and protect the voice coil. 

Be careful when you connect leads 
either to the speaker or to the set. 
Trace the wiring carefully. If the leads 
are color-coded, this will be easy. If 
not, use an ohmmeter to identify each 
one. 

If you hear a loud buzz from the 
speaker as soon as the set is turned 
on, it indicates that the field current 
is passing through the voice coil. Shut 
the set off immediately, and trace the 
speaker wiring to find out why. 

AUTOMATIC TUNERS 
Quite a number of auto radios use 

ing” tuner, which is both electrically-
driven and electronically controlled. 

The simplest of these, of course, is 
the manual tuner. In this type, a 
variable capacitor is generally used, 
with an extension on the shaft. 
Mounted on this shaft are several 
cams; push buttons engage these cams 
and cause the cams to assume a pre¬ 
set position. The action of the shaft 
and cam are shown in Fig. 18. Be¬ 
cause of the tremendous number of 
variations of tuners in use today, we 
shall not attempt to give you details 
on any one particular type. We can 
confine ourselves to the basic op¬ 
erating principles of each type, and let 
you look up the details in the instruc¬ 
tion manuals for the set involved. 
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This would be necessary in any event. 
The cams are fastened to the tuner 

shaft by a friction-fit set of spacers; 
a locknut on the end of the shaft is 
loosened for adjustment, then tight¬ 
ened to hold the cams in place. To 
set this type on the different stations, 
the locknut is loosened, and the set 
tuned to a station. Holding the tuning 
knob to prevent its moving, the first 
push button is depressed ; this sets the 
first cam. This is repeated for each 
push button, retuning of course be¬ 
tween push buttons, and the locknut 
is then tightened to hold the cams. 
As we said, this is about the 

simplest of the automatic tuners and 
very little trouble is found in them. 
Most of this is mechanical, due to 
bent arms, lack of lubrication, etc., 
and can be easily remedied. Most 
automatic tuners, of whatever type, 
will consist, at first glance, of a be¬ 
wildering array of arms, levers, pins 
and other gadgets. Each one is placed 
there for a definite purpose, and a 
little careful study will usually de¬ 
termine what that purpose is. 
The biggest enemies of the auto¬ 

matic tuner are dirt and grease, which 
are plentiful in the auto radio. The 
very first step in any repair to an 
automatic tuner should be a thorough 
cleaning. Wash out all dirt and old 
grease, using carbon tetrachloride or 
other suitable solvent, and relubri¬ 
cate, very sparingly, using a cream 
lubricant, such as “Lubriplate” or a 
similar product. Check for binding 
or dragging between the various parts 
and most of them will work perfectly 
again. Remember, all tuners must be 
thoroughly clean before they can be 
expected to work properly. The tuning 

mechanism itself, whether a capacitor 
or a set of slugs, must move freely in 
its slides or bearings before decent re¬ 
sults can be expected. 

Many of the auto tuners use slug 
tuning. With this type, the motion of 

TT 
TOP VIEW 

SIDE VIEW 

FIG. 19. Typical spring-driven slug 
tuner assembly. 

the tuner is back and forth, as con¬ 
trasted to the rotary motion of the 
capacitor tuner. The slugs themselves 
are mounted on a carriage, a strip of 
fiber with a small metal frame for 
added rigidity, which holds the ends 
of the adjusting screws. This carriage 
slides back and forth in guides or 
tracks along the sides of the tuner 
assembly, so that the position of the 
slugs with respect to the coils may be 
changed. The mechanical assembly of 
this type of tuner is shown in Fig. 19. 
This calls for a difference in the 
mechanism of the mechanical tuner 
drive, due to the difference in motion. 
Therefore, most slug tuners use the 
same system, or variations of it. The 
carriage is pulled all the way to one 
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end of its travel by the push button, 
then released. It is pulled back toward 
the other end by a spring, until it 
strikes a preset stop, which halts the 
carriage in the right place to receive a 
given station. 

Some tuners pull the carriage with 
a solenoid, actuated by the pushbut¬ 
ton switch; some do the same thing 
manually. The principle is exactly the 
same in either case. The push button 
moves the carriage to the end of its 
travel, at the same time setting a stop 
in its return path. 
Some Ford and Motorola radios 

have used a novel variation of this 
type. The stops are mounted on a 
cylindrical frame, or “turret”, w’hich 
revolves 60 degrees every time the 
tuner is operated. The stops are 
mounted on long screws, running 
longitudinally on the turret. Five of 
these are for the automatic tuner, the 
sixth, with a much higher-pitched 
thread, is the manual tuning drive, 
which is moved by the tuning knob. 
In use, the carriage moves back and 
forth when the turret revolves, bring¬ 
ing a different stop into place each 
time it operates. 
Many GM-Delco sets used another 

variation; the push buttons operated 
cams, similar to those described 
earlier. The mechanical drive was ac¬ 
complished by a worm and gear, 
driven by the manual tuning knob. 
In addition to this, a clutch was in¬ 
stalled between the manual drive and 
the main shaft to eliminate the drag 
by releasing the clutch every time the 
push buttons are operated. If this 
type shows signs of slippage with 
manual tuning, pry the clutch plates 
apart and wash out with carbon tetra¬ 

chloride to remove the grease If it 
still slips, loosen the screws holding 
one clutch plate and move it closer to 
the other. This will increase the 
tension. Never lubricate the clutch. 

THE SIGNAL-SEEKING TUNER 

A development of recent years, first 
appearing in Cadillac and other high 
priced cars, is the really “full auto¬ 
matic” tuner known as the “signal¬ 
seeking” tuner. This operates as fol¬ 
lows: When the operating bar is 
depressed once, the tuner begins 
“seeking”; that is, moving from one 
end of the dial to the other. When the 
tuner crosses a station which is strong 
enough, it stops. During its travel, the 
audio output of the set has been 
muted by a pair of contacts on the 
tuner that short out the speaker voice 
coil. This eliminates the noise which 
would otherwise be heard while the 
tuner is operating. When it stops, this 
short is released, and the set plays. 

In action, the cycle is as follows: 
When the button is pushed, the tuner 
carriage is pulled slowly to the high 
end of the dial by a spring. As it 
reaches the end of its travel, the tuner 
carriage is released and a solenoid 
pulls the tuner rapidly back to the 
low end of the band. 

The drive spring works through a 
special gear train, which slows down 
the otherwise rapid travel to the speed 
necessary for stopping on a station. 
Also coupled to this gear train is a 
small plastic fan or paddle-wheel. 
This acts as an “air brake” while the 
tuner is traveling, preventing it from 
going too fast. Mounted near this 
paddle-wheel is a relay, with its coil 
connected in the plate circuit of a 
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tube. The armature or moving part of 
the relay has a small hook on the end 
that drops into the blades of the 
paddle-wheel, causing the tuner to 
stop when the relay is not energized. 
Fig. 20 is a simplified diagram show¬ 
ing the action of this type of tuner. 

The coil of the relay is in the plate 
circuit of one section of the twin¬ 
triode tube. The first section of this 
tube has its plate direct-coupled to 
the grid of the second section. In this 
circuit the first section acts as an am¬ 
plifier stage to insure sufficient current 
to operate the relay in the plate cir¬ 
cuit to the second section. 

To start the tuner running, the plate 
of the second section of the dual-triode 
is shorted to ground. This energizes 
the relay and lifts the hook on the 
armature out of the paddle-wheel 
which allows it to turn. At the same 
time a contact on the relay armature 
changes the bias on the first section 
of the dual triode so that the relay 
will be held closed. When the tuner 
crosses a station loud enough to be 

usable, a pulse of signal voltage de¬ 
veloped by the i-f stages is applied to 
the grid of the first section of the 
dual triode. This pulse is positive¬ 
going and after amplification drives 
the second section to cut-off. Cutting 
off the plate current or the cut-off 
bias of the second section of the 
tube allows the relay to open, and 
drops the armature hook into the 
paddle-wheel so that the tuner stops 
on the station. If the tuner is not 
stopped by a signal before reaching 
the high end of the band, the solenoid 
is energized and the tuner assembly is 
drawn rapidly to the low end of the 
band, at which point the solenoid cir¬ 
cuit is broken and the spring drive 
pulls the tuner back down through 
the band. 

Troubles with this type of tuner, 
and with other types of signal-seeking 
tuners, may be found in either the set 
or the tuner. Obviously, mechanical 
trouble in the tuner itself will ruin 
its performance, but so will troubles 
in the set, such as power supply fail-
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ure, a weak i-f amplifier tube, or an¬ 
tenna trouble.- If the signal seeker 
does not receive a signal strong 
enough to actuate its circuits, the 
tuner is going to keep on “seeking” 
until one is found; or in case the set 
is bad, until it is turned off or re¬ 
paired. 

Inasmuch as there are on the market 
now at least three different types of 
these tuners, your best source of in¬ 
formation is the schematic diagram 
of the tuner itself. Variations will be 
so wide that it would be impossible 
to give you any detailed information 
on it here. 
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Preventive Maintenance 
The principles of preventive main¬ 

tenance may save you a great deal of 
trouble if properly applied. Briefly, 
this means the spotting of troubles 
before they happen. Whenever an 
auto radio is serviced, it should be 
checked very thoroughly before being 
reinstalled in the car. If the set is 
already out of the car and on the 

o 
FIG. 21. Normal pattern for good vi¬ 
brator. Note symmetry, square corners, 

and absence of high pips. 

bench, many tests are practical which 
can spot troubles before they happen. 
Test all tubes; make the test rec¬ 

ommended in the discussion of align¬ 
ment for doubtful ones. Tubes which 
test weak should be replaced, as the 
chances of their failure are great. 
Check the alignment, as outlined. 
Using the bench ammeter, check the 
current drawn by the set. If there is 
too much, test the filter capacitors, 
buffer, etc., for leakage. Leakage in 
filter capacitors will always become 
worse, causing trouble soon. 

Give the whole chassis a thorough 
visual inspection, watching out for 
bad solder joints, burned resistors, de¬ 
fective tube socket contacts, frayed 
wiring, possible shorts, etc. Check 
volume and tone controls for freedom 

from noise; clean with cleaning com¬ 
pound. Check switches for cleanness 
and operation. If the set has an auto¬ 
matic tuner, check it very thoroughly 
for cleanness and good operation. 
Clean and relubricate if needed. 

If an oscilloscope is available, you 
can make amazingly accurate predic¬ 
tions as to the future life and condi¬ 
tion of the vibrator. Connect the 
vertical input of the scope across the 
primary winding of the transformer, 
which is easily accessible at the vi¬ 
brator socket. Turn the set on, and 
adjust the scope to give a pattern 
with at least two cycles on the screen. 
Note the “square-cornered” shape of 

FIG. 22. Defective vibrator. Pattern is 
ragged showing that points are bouncing. 

the pattern in Fig. 21. This is what you 
should see if the vibrator is good. If 
one of the points is dirty or burned, 
the pattern will be distorted and 
ragged, as in Fig. 22. If the pattern 
is one-sided, one point is not making 
contact at all; Fig. 23 shows exces¬ 
sive pips on the corners of the wave; 
the buffer is either open or too small. 
In fact, any deviation from the nor¬ 
mal square-wave pattern may be 
reason for replacing the vibrator. 
Substitute another vibrator in good 
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shape and note the difference. If the 
new vibrator brings the pattern back 
to normal, it should be left in. A vi¬ 
brator which shows any of these ab¬ 
normal patterns will fail within a 
short time, causing a call-back on the 
service job. As a last resort, you might 
explain this to the owner. If he disa¬ 
grees with you, he will be much im¬ 
pressed when the vibrator fails, as it 
surely will. 

HG. 23. Excessive peaks caused by open 
or too-small buffer capacitor. 

If the buffer capacitor needs re-
placement, and the size of the old one 
cannot be made out, hook up the 
scope as described, and try different 
sizes of buffers, until you locate the 
size which gives the best shape to the 
pattern with the smallest pips and 
the least rounding off at the corners. 
Fig. 24 shows the effect of a buffer. 
A long time ago, when vibrators 

were made much differently, it used to 
be possible to take them apart, clean 
and readjust them. The sealed con¬ 
struction of modern vibrators, to¬ 
gether with superior materials used in 
their contacts, makes this job not only 
difficult but economically impractical. 
A new vibrator can be installed for 
far less cost than the time needed to 
disassemble, clean and reassemble a 
defective unit. The only time this 
would be practical would be in the 

case of a very special vibrator, such 
as the heavy-duty jobs used in some 
large mobile PA systems, and the 2-
volt vibrators used in some portable 
equipment. 

Getting a replacement is often diffi¬ 
cult, so that cleaning and adjustment 
may be the only way to make a re¬ 
pair. Clean the vibrator and readjust 
it as nearly as possible, then turn it 
on. Use the oscilloscope and observe 
the pattern as you carefully adjust 
the points. If you can obtain a good 
square-wave pattern, the vibrator 
will probably work very well. The 
output voltage should be measured at 
the same time, and the vibrator ad¬ 
justed for both highest output and 
best waveform. Be sure to use insu¬ 
lated tools if any adjustments are 
made while the vibrator is running; 
it is possible to get a very painful 
shock from one! 

HG. 24. Normal pattern except for 
rounding of corners due to a too-Iarge 

buffer capacitor. 

THE INTERMITTENT AUTO 
RADIO 

While the intermittently-operating 
home radio can be very annoying to 
the serviceman, the intermittent auto 
radio can be much more so because of 
the difficulty involved in removing the 
set from the car. Therefore, it is 

25 



highly advisable to take precautions 
to see that this condition does not 
exist in any set replaced in the car. 
This is not 100% possible of course, 
but you can and should put the radio 
through a series of severe tests de¬ 
signed to show up any intermittent 
condition, before returning it to the 
car. 

There are several types of inter¬ 
mittent; the most common is the type 
which “suddenly stops playing”. There 
is no sound in the speaker, although 
the vibrator is running, and the set 
apparently has power. This is always 
due to an interruption somewhere in 
the signal path, from the antenna 
through the speaker, and usually cen¬ 
ters around the audio stages. Open 
coupling capacitors in audio stages, 
bad volume controls, broken wiring 
anywhere in that circuit, and, last but 
not least, a defective speaker, all can 
be the cause of this type of intermit¬ 
tent. 

Another type does not cut out com¬ 
pletely, but merely drops down in 
volume; the set loses all but a whis¬ 
per of its output. Once again, this can 
be due to coupling capacitors, inter¬ 
mittent tubes, OZ4 rectifier tubes 
firing intermittently (a common 
cause), or old vibrators. The intermit¬ 
tent tubes will be either in the rf 
amplifier stage or in the phase-in¬ 
verter stage if the set has push-pull 
audio output. The failure of any other 
tube, of course, will cause the set to 
stop entirely. 

Intermittent operation may also be 
due to a defective vibrator. If one 
of the small flexible leads which con¬ 
nect the stack to the base plug is 
broken and making intermittent con¬ 

tact, it will cause this type of trouble. 
Probably the best test for any 

tendency toward intermittent opera¬ 
tion is the “drop test”. The set, while 
still playing on the bench, is picked 
up and dropped onto the bench from 
a height of three or four inches. This 
will not damage a normally operating 
set. It will help in locating mechani¬ 
cal intermittents, however. If there is 
any noise, or if the set cut out, look for 
the cause. The set may also be jarred 
heavily with the heel of the hand, or 
with a small rubber mallet. Any noise 
caused by this treatment is not normal 
and must be fixed. 
Intermittent oscillation can be 

traced to intermittent filter capaci¬ 
tors, especially those units which 
have poor ground connections. In the 
older sets, bypass capacitors were 
often connected to small lugs, riveted 
to the chassis. Corrosion may make a 
very bad connection at the ground 
point and cause intermittent oscilla¬ 
tion. Spot-solder all such places well, 
first scraping the chassis and lug with 
a sharp tool to insure a good solder 
joint. 

Electrolysis of coils was quite 
common in early sets, even including 
the primary of the output trans¬ 
former. Resistance measurements of 
the suspected windings will usually 
show them up. There is another test, 
which is even quicker; merely short 
the load end of the winding to ground 
momentarily. The heavy current 
caused by this short will completely 
burn out a damaged winding, while a 
good winding will not be harmed. 
A ^4-inch fiber rod, with slots 

sawed in the ends makes a very help¬ 
ful tool for locating intermittents. 
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Slip the slot over the leads of coupling 
capacitors and twist them gently 
back and forth. If they are intermit¬ 
tent, this will cause them to break 
down. Wiring and other suspected 
parts may be punched, probed and 
twisted with this tool to check for 
possible shorts or opens. Tap tube 

sockets gently with the end to locate 
noisy socket contacts. 

Only very careful attention to the 
smallest details can give you even 
partial freedom from intermittents. 
At best, there will be a certain amount 
of them. However, careful workman¬ 
ship will help to reduce the number. 
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Vesting the Radio in the Car 
Thia is a very important part of 

your work, as the decision reached 
here can greatly affect your income. 
Time used in removing a set from a 
car, only to discover that the trouble 
was in the antenna, is time lost. Your 
efforts must be directed toward mak¬ 
ing a quick, accurate diagnosis of the 
trouble, to avoid wasting time and 
labor. 

Checking in the car must be aimed 
entirely toward one thing, discover¬ 
ing the nature of the trouble so as to 
be able to determine whether or not 
it will be necessary to remove the 
radio from the car. Removal is always 
the biggest part of any car radio job, 
and should never be done unless it is 
absolutely necessary. There are many 
small jobs which can be done as well 
in the car as in the shop. Replacing 
tubes or vibrators, which furnish the 
majority of service jobs anyway; re¬ 
placement of separate speakers, which 
are another large cause of trouble; 
minor tuning adjustments, such as 
touch-up adjustments of antenna and 
rf trimmers, and of course, all work 
on antennas and other parts which 
are part of the car itself rather than 
the radio set. 
There will be many cars in which 

the design of the radio is such that 
no work of any kind can be done with¬ 
out removing it from the car. How¬ 
ever, the majority of cars permit at 
least partial access to tubes and vi¬ 
brators, by removing the lower lid of 
the radio case. Some radios have the 
power supply and audio stages built 
entirely outside the main case, so that 

these tubes and the vibrators are 
easily changed. 

There is a certain order which in-
the-car tests must follow. These tests 
are designed to determine as quickly 
as possible the condition of the radio. 
We will outline these for you. 
First, turn the radio on. Many 

cars connect the radio through the 
ignition switch, so that this must also 
be on before the radio can be op¬ 
erated. If the car has a “two-way” 
switch, turn it to the left, to the “Ac¬ 
cessory” position. Now, listen care¬ 
fully to the set; you should be able 
to hear the mechanical noise of the 
vibrator and see the dial lights come 
on. 

If the dial lights do not come on, 
and the vibrator does not start, check 
the fuse and fuse-holder. If the fuse 
is good, check to see if there is volt¬ 
age at the “hot” end of the holder by 
measuring it with your voltmeter. The 
reading should be approximately the 
full battery voltage. If there is no 
voltage at the fuse-holder, see if the 
ignition switch is in the proper posi¬ 
tion. You’re not going to get any¬ 
where until you do get some voltage 
to the set. If you have voltage at the 
fuse holder, and the fuse is apparently 
good, but the set does not start, turn 
the radio switch on and hold the two 
ends of the fuse holder together; if 
the set starts to buzz, the fuse may 
have a loose end cap and be open, 
even though it appears to be good on 
a visual examination. 

OK, the fuse is good, there is volt¬ 
age at the fuse holder; the set won’t 
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start buzzing, but the tubes light up. 
Either the tube filaments or the dial 
lights are indications that voltage is 
getting into the set. No buzz: dead 
vibrator. Pull it, and put in a new 
one. It the set starts to play, the 
job is done. 

Another similar case: good fuse, 
voltage to the set, but the set will 
neither light up nor buzz. The switch 
has a peculiar sound when it is turned 
on and off. Conclusion: defective on-
off switch. The set must be removed 
for replacement of the switch. 

Another case: fuse blown; shorting 
the ends of the fuse holder starts the 
set to buzzing, but the vibrator has 
an uneven, “ragged” sound. Conclu¬ 
sion: the vibrator is old, and has mo¬ 
mentarily stuck, blowing the fuse. Re¬ 
place with new vibrator, and check 
current drain; if the new vibrator 
has a smooth, even sound, and the 
current drain is normal, the vibrator 
was the only trouble. Note at this 
point—there will be a difference in 
the current drain between the 6-volt 
and the 12-volt sets. For a 6-volt 
set with 6 tubes, the normal drain 
will run from 6-7 amperes. The 12-
volt sets, with double the voltage, will 
draw from 3-5 amperes. One pos¬ 
sible trouble here might be a stuck 
solenoid in an automatic tuner; these 
normally consume as high as 20 am¬ 
peres. This will not blow the fuse in 
normal operation because the short 
time the current is drawn is well in¬ 
side the normal “time lag” of the fuse. 
However, if the switch sticks, this 
heavy current will blow the fuse. For 
the 12-volt sets, these solenoids pull 
from 10-12 amperes. 

If the fuse is blown, and replace¬ 

ment of a new vibrator starts the set 
to buzzing, but even the new vibrator 
has a labored sound as if it were 
heavily overloaded, check the drain. 
If this runs over 12-14 amperes for 
a 6-volt set, or over 7-8 amperes for 
a 12-volt, turn the set off. This shows 
excess current drain. The most prob¬ 
able causes are leaky or shorted buffer., 
leaky filter, or shorted bypass capaci¬ 
tors. An ohmmeter check from the 
cathode terminal to ground will give 
an indication of shorted or leaky filter 
and decoupling capacitors. The set 
must also be removed from the car 
in this case. 

Probably the final type of trouble 
centering in the power supply, where 
all of the troubles discussed so far 
have been found, is in the rectifier 
tube. The type OZ4, a full-wave gas 
rectifier tube, has become very popu¬ 
lar in late years due to its lack of 
filament drain. However, the per¬ 
formance of these tubes can be some¬ 
what erratic after they age a little. 
If the volume falls off very suddenly, 
or if it goes up and down erratically, 
replace the OZ4 tube and see if this 
doesn’t bring the set back to life. In 
fact, if there is an OZ4 in a set that 
doesn’t work, replace the tube first, 
just as a precautionary measure. They 
are very good tubes, but, as we said, 
they can be somewhat erratic at 
times. 

Now, if the power supply seems to 
be all right and the fuse isn’t blown, 
but the set is still dead, we must look 
further for the trouble. While this has 
taken up a good deal of time in dis¬ 
cussion, you’ll find that every one of 
these tests we’ve outlined up to this 
point can be done in much less than 
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60 seconds by ar. experienced man. 
Let’s proceed with some more tests. 
There is no sound at all in the 

speaker. This should lead us to sus¬ 
pect several things—the speaker it¬ 
self, the audio tubes, or the power 
supply, mainly the rectifier tube. We 
can make one quick test which will 
check out all three at once: simply 
take the lid off the set, locate the 
power tube by consulting the little 
tube placement diagram which should 
be pasted on the lid, and pull the 
power tube out of the socket. Leave 
the set turned on, of course. If we 
hear a fairly loud “pop” in the 
speaker, this clears three things: the 
speaker, the power supply, and 
probably the power tube itself. If any 
one of the three were bad. we 
wouldn’t have heard that “pop”. 

Now, if the set is stili dead, let’s 
look further. If it is equipped with 
glass tubes, a visual examination will 
spot a tube which has a burned out 
filament. If the tubes are metal, let 
the set run for a little while, then 
feel the tubes one at a time; if one 
of them is cold, it’s dead. If none of 
the tubes arc apparently dead, pull 
them out of their sockets, one at a 
time, beginning with the power tube 
and going toward the antenna. Re¬ 
place each tube in its socket before 
going to the next one. Each one should 
produce a “pop” in the speaker, 
getting louder as we go toward the 
antenna. We’re getting more gain 
each time we move one stage toward 
the antenna; hence the louder pops. 

If one tube refuses to “pop”, take 
it into the shop and check it; it may 
be internally shorted. Try replacing it 
with a new one. If we reach the an¬ 

tenna with no apparent bad tubes, 
and we cannot get a pop from the 
antenna terminal when the antenna 
plug is pulled out of its socket, there 
is probably something wrong with the 
set and it will have to be pulled. This 
is, of course, if there is not a normal 
rushing sound in the speaker. This 
sound should be present in any nor¬ 
mally operating radio receiver when 
it is not on a station, or when there 
is no antenna connected to it. If you 
do hear this sound, but the set will 
not pick up any stations, first check 
the antenna, either by an ohmmeter 
test or by substituting a temporary 
antenna. If this produces noise, but 
no stations, replace the oscillator 
tube; the set is working but the local 
oscillator has failed. With no signal 
present to beat against, the rf signals 
will not come out as music, although 
local noise will come through, making 
the set sound as if it were between 
stations. 

Incidentally, if the set has this 
sound, but the manual tuning will 
not bring in any stations, check to see 
that the push-button tuning is not set 
to one of the positions which would 
disable the manual control. If the set 
has “signal-seeking” tuning, make 
sure the sensitivity control is wide 
open. Those symptoms could also be 
caused by failure of the tuning mecha¬ 
nism to move far enough, leaving the 
tuner between stations. This is prob¬ 
ably a shop job anyhow, and the set 
will have to be removed. 

If the set will work on a strong 
local station but will not receive any 
others, there are three possibilities. 
The rf amplifier stage may be dead or 
very weak, due to a bad tube, mis-
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alignment, or a defective component 
This symptom has also been noted on 
sets using push-pull output in the 
audio, with a triode phase-inverter 
tube. If the driver tube goes dead, 
enough signal will leak through the 
interelectrode capacity to partially ex¬ 
cite the powerful output stage. The 
other possibility is a weak rectifier 
tube, especially the OZ4 just men¬ 
tioned, or a very weak 6X4 or 6X5, if 
that type is used. This lowers the 
high voltage to such an extent that 
the gain of the set is reduced to the 
point where it will pick up only the 
powerful local signal. Other tubes in 
the set may also be weak, but the two 
mentioned are the most likely cause 
of the trouble. 

It might be well to check all tubes 
before removing a set in cases like 
this. The fact that the set will play 
at all should tell you that it is in 
fairly good shape, lacking only some 
small thing to bring it back to full 
performance. The oscillator is work¬ 
ing, as evidenced by the fact that it 
is getting the local station: the i-f’s 

are fairly good, the speaker and other 
parts are at least partially working, 
so the chances are very much in 
favor of the trouble being something 
relatively simple, such as a bad tube. 
Of course, misalignment can cause 
this condition if the set has been 
tampered with, but correction of this 
is a shop job. If all other tests fail, 
remove the set and check the align¬ 
ment. However, tampering is usually 
the only cause of misalignment of 
this serious a nature. A normally op¬ 
erating set cannot get that badly out 
of alignment by itself. 
We must remember that tests made 

in the car are aimed mainly at one 
thing—discovering as quickly as pos¬ 
sible the nature of the trouble, so that 
we can decide whether to remove the 
set or leave it in the car. Learn the 
symptoms of normal operation, those 
that indicate trouble inside the set and 
those which point toward trouble 
which can be remedied in the car, 
such as vibrators, fuses, etc., and 
you'll have very little trouble. 
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Removing the Radio 
One of the hardest jobs you will 

encounter is the removal and replace¬ 
ment of the radio itself. This is 
strictly a mechanical job, and 
usually calls for several special tools. 
Unfortunately, there are so many dif¬ 
ferent designs of auto radios, and of 
the cars themselves, that it would be 
impossible to discuss them all in de¬ 
tail. All we can do is give you a few 
general hints that should prove to be 
helpful. 

After making sure that the radio 
must be removed from the car, the 
very first thing to do is make a care¬ 
ful survey of the situation, especially 
the type of mounting used. As we said 
in the section on installation, prac¬ 
tically all auto radios use the three-
point suspension system. The two 
bushings on the control shafts and a 
third point at the back support the 
set. There will be variations of this, 
as in some of the Oldsmobile and 
Buick sets, which use the control 
shafts and two side brackets, which 
engage two heavy bolts in the sides 
of the case. 
Other exceptions include some of 

the Ford radios, which do not use the 
control shafts at all, but hold the set 
in place with two short heavy Phil¬ 
lips screws which pass through a 
flange on the front into the dash. The 
1951 Plymouth mounted the receiver 
on a square, curved plate, held in 
place by four small Phillips screws 
through the corners. GM trucks hold 
the set by the control bushings and 
two short heavy bolts which go 
through the dash into the bottom of 

the case. A careful checkup on the 
exact method of mounting used is the 
only way to get one out. 

Some of the two-piece sets, with the 
tuner and i-f stages in an enclosed 
case, and the power supply, speaker 
and audio stages on an exposed sepa¬ 
rate chassis, will offer special prob¬ 
lems. In many designs, the tuner 
chassis must be removed before the 
power chassis can be taken out, due 
to interference under the dash from 
other parts such as heaters. Experi¬ 
ence must be the only guide here. 
Never attempt to take a unit out by 
force. This will only result in damage 
to the radio. Even though it is a lot 
of work to get a given radio out 
properly, go ahead; the added time 
may be made up by increasing the 
service charge (with full justifica¬ 
tion) . 
Many of the cars from 1954 on, 

placed the radio in the center of the 
dash above the glove compartment. 
This makes it necessary to remove the 
glove compartment in order to get at 
the radio. These are usually made of 
a heavy fiberboard, held in place by 
8 self-tapping screws, two on each 
of the four sides. Note: Take out 
only the 8 screws holding the pocket 
itself; don’t touch the screws in the 
top center; these hold the latch, and 
if it is disturbed it must be read¬ 
justed, which is a time-consuming 
job. If the space tn back is crowded, 
as usual, the pocket itself may have 
to be folded up slightly in order to 
get it out. In most cases, the radio 
will then come out easily. 
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Some sets will prove difficult to re¬ 
move, even with all the bolts removed. 
As we said before, never force one 
out; you may break the delicate %-
inch control shafts or other parts, 
causing yourself an expensive and un¬ 
paid service job. There is always a 
way to get it out; it went in, didn’t 
it? Although it may seem with many 
sets, that the car was built after the 
radio was installed, patient experi¬ 
menting will always disclose the right 
way to remove a stubborn chassis. 
Try turning it into a vertical posi¬ 
tion so that it will be thinner; slide 
it up, down or sidewise, and sooner 
or later, it will come out! Tn many 
cases, other parts must be removed; 
in many Fords, Mercurys and Lin¬ 
colns, for instance, a section of the 
heater duct had to be removed be¬ 
fore the radio came out. 
Many cars with accessories which 

were not built for the particular car 
will offer problems. It may even be 
necessary to remove the entire heater 
before the radio can be removed. Tn 

such cases, send the car to a garage; 
the average radio shop is not and 
should not be equipped for this type 
of work. There were some few cars 
actually built in this inconvenient 
fashion, such as the 1936 or 1937 
Cadillac, but they are scarce now. 
Most of the later cars are somewhat 
better designed, fortunately for the 
patience of the practicing auto radio 
technician. The average set will prove 
to be fairly simple to remove and re¬ 
place if you will take the time to 
study the installation, and take what¬ 
ever steps are necessary to make the 
job easier. Certain extra material 
must be removed in some cars in 
order to make the job possible at all, 
and the only way to get the set out is 
to go ahead and do it ! 

There is only one universal proce¬ 
dure which will cover all makes and 
models, and that is, simply, "Remove 
all of the bolts and nuts, until the 
radio is obviously loose, then start 
turning it around until you find out 
how it went in—then, it’ll come out!” 
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The Auto Radio Service Shop 
The test bench used for testing 

automobile radios can be made into a 
very useful piece of test equipment 
with a few simple homemade gadgets. 
Proper test equipment can be used to 
speed up the testing and repair of 
automobile radios until they take 
little more time than home radios. On 

MG. 25. Diagram of power supply for 
test bench use. 

the other hand, unless proper equip¬ 
ment is used, auto radios can take up 
so much time that you will lose money 
on every job. 

The test bench should provide the 
following features, as a minimum: A 
source of power for operating both 6-
and 12-volt radios; Fig. 25 outlines a 
simple battery arrangement for pro¬ 
viding it. A 0-20 de ammeter of a good 
make, connected in series with one of 
the leads from the batteries or power 
supply to measure the current drawn 
by the set. A simple method of con¬ 
necting radios under test; this can 
best be accomplished by gathering an 
assortment of the various types of 
fuse holders used with auto radios, 

and providing them with heavy leads, 
usually about 20 inches in length, with 
the fuse holder on one end, and a heavy 
spade lug on the other for connection 
to the terminal panel. An assortment 
of these leads is shown in Fig. 26. 
' The panel shown in Fig. 27 also in¬ 
cludes a switch for a small trickle¬ 
charger, which keeps the batteries 
charged, and a charging-rate am¬ 
meter. This last is not necessary. One 
lead has a heavy battery-charging 
clip on one end; this is used for mak¬ 
ing ground connections to the chassis 
of the radio. 
There are two ways of providing 

power. One, we have already men¬ 
tioned, using automobile storage bat¬ 
teries with a small charger; the other, 

FIG. 26. Power leads for connecting 
set to test panel. 

by means of one of the battery elimi¬ 
nators designed for this purpose. 
These will give you the needed 6 and 
12 volts, de, without the mess of bat¬ 
teries. The choice should depend upon 
the type of work being done. If the 
shop handles only common auto 
radios, the eliminators will serve the 
purpose very well. If much work is 
done on large mobile PA systems, or 
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on two-way mobile radio transmitters, 
the batteries are best. Because of their 
higher capacity, batteries hold up 
under large current drains. The av¬ 
erage eliminator’s capacity is limited 
to about 10 amperes and will suffer 
from excessive voltage drop if more 
load than this is placed upon it. Se¬ 
lect the type best suited to your own 
needs. 

FIG. 27. Test panel mounted on bench. 

“bayonet” plug on the other. Thus, 
it can be plugged into any car radio’s 
antenna socket, and will furnish a 
good test for sensitivity. If the radio 
will pick up several stations on this 
small antenna, it is sensitive enough 
to work well in the car. 
One more word on the connectors 

used to supply power to the sets. Some 
of the fuse holders used must have a 
fuse in place in order to make con¬ 
tact. Solder a short piece of wire 
across these fuses and then solder the 
fuses into the holders for maximum 
convenience. The piece of wire is to 
prevent blowing the fuse. While on 
the test bench, any short circuit will 
be shown up immediately on the bench 
ammeter, and the fuse is not neces¬ 
sary. 

Another very useful item is a sepa¬ 
rate test speaker, mounted in or near 
the test panel. The circuit diagram 
for a suggested set-up is shown in 
Fig. 28. The voice coil leads should 
be brought out to a pair of pin-jacks 
or a plug, and test leads made up to 
fit this. These may have alligator 
clips on the ends, or may have speaker 
plugs of the types used in the various 
auto radios. This saves the time 
needed to remove the speaker from 
the car, if it has been tested and found 
all right. There are not too many of 
these, and a set which will take care of 
all the car radios encountered in every¬ 
day work can be made up in a short 
time. They will save a lot of time. 

A “bench antenna” will just about 
complete the picture. This is not 
complicated; merely a three-foot 
length of test lead wire, with a “pin 
type” antenna plug on one end and a 

PLATE CT PLATE VOICE COIL 

FIG. 28. Diagram of test speaker. 

SPECIAL TOOLS NEEDED 
FOR AUTO RADIO 

Because of the wide variety of spe¬ 
cial screws, nuts, bolts and fasteners 
used by automobile makers, you will 
need a pretty good sized set of as¬ 
sorted tools, mostly in the line of 
special screwdrivers and wrenches, 
before you can do many of the jobs 
necessary in this type of work. 

A good rule to follow in the selec-
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tion of your hand tools is this: If you 
find yourself needing some certain 
tool several times, go and get one! 
The proper tool at the right time can 
save you many hours of hard work. 
Never misuse tools; they are one of 
the most important things to your 
job, and they must be cared for 
properly. Never use a pair of pliers 
on a hex nut, for instance; this will 
only result in a “rounded-off” nut, 
which will be harder to remove the 
next time. The proper wrench, 
preferably a socket wrench, will re¬ 
move the nut quickly and easily and 
leave it undamaged. This will show 
up in the quality of your workman¬ 
ship, and be a very good reference 
for you. 

While it might not be possible for 
the beginner in auto radio work to 
obtain a full set of tools immediately. 

we would recommend that you begin 
your set by purchasing such tools as 
are needed most, then adding to your 
collection, a little at a time, until the 
full set is on hand. Always buy the 
best quality tools available; cheap 
tools not only lower the standards of 
your work, but actually cost more in 
the long run. One good pair of long-
nose pliers has been known to last over 
twenty years; several cheap pair 
would have been worn out and dis¬ 
carded in much less than that time. 
There is an old saying, “the me¬ 

chanic is no better than his tools,” 
and there is a lot of truth in it. Get 
good tools, take good care of them 
and your job will be made much 
easier and more profitable. The faster 
you can work, the more money you 
will make, so there’s a very practical 
angle there, tool 
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Lesson Questions 
Be sure to number your Answer Sheet 42B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grades as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a lew days, send in Iwo sets of answers at a lime. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don't hold answers to send in more than two 
sets at a time, or you may run out of lessons before new ones can reach 
you. 

1. In a vibrator type power supply, why is a transformer used between the 
vibrator and the rectifier? 

2. Why is there no filament winding on a vibrator type power transformer? 

3. A set using a synchronous vibrator will not work if the battery polarity 
is reversed. Will this reversed connection harm the set? Give a reason for 
your answer. 

4. What hum frequency would you expect in the output of an auto radio if 
the filter capacitors are open or weak? 

5. What voltage rating should a buffer capacitor have? 

6. What is the proper way to check for resistance in switch contacts or fuses? 

7. What are the three common intermediate frequencies used in auto radios? 

8. What is an easy way of checking for defective i-f stages in a receiver? 

9. What are the biggest enemies of automatic tuners on auto radios? 

10. In the “signal-seeking” tuner circuit shown in Fig. 20, which polarity would 
you expect the control signal to have to stop the tuner? 
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Let's suppose you are running a construction job 
and need a chain to carry a heavy and very valuable 
load. You order your blacksmith to forge a chain; 
you want it made of the best steel—each link must 
be perfect. Such a strong chain will carry the valu¬ 
able cargo safely. But if just one link parts— 
DISASTER! 

Life is like that. It is like a chain composed of 
ambition, perseverance, character—and TRAINING. 
Until your link of Training has been forged there is 
nothing to tie the Success chain together. And you 
need a strong link to hold it together. 

You are using good, strong, time-tested material 
now. But don’t skimp on material. Don’t think you 
know a subject — KNOW THAT YOU KNOW IT! 
Don’t try to cover a subject or a lesson in a day when 
common sense tells you it should require a week. 
Don’t ruin your steel by allowing flaws to creep in 
which may eventually weaken your chain. 

Put all of your N.R.I. Training into your success 
chain—make it as big and as powerful as possible. 
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PUBLIC ADDRESS EQUIPMENT 

APERATING, installing, and 
maintaining public address sys¬ 

tems can be a profitable business for 
you. You can do this as full-time 
work or as a money-making side-line 
for an already established service 
business. It is a logical side-line, be¬ 
cause PA systems include the same 
electronic components and circuits 
that, you find in your everyday service 
work. Of course, you will need some 
additional knowledge on impedance-
matching and acoustics, and more ex¬ 
perience in working with microphones, 
transmission lines, etc. You will be 
able to get this information easily if 
you have a good fundamental knowl¬ 
edge of electronics and radio. 

You should not hesitate to take on 
public address work. Even though 
there may not seem to be many op¬ 
portunities in your locality, if you 
look into the matter, you will prob¬ 
ably find that the public is not aware 
that such services are available, and 
that no effort has ever been made to 
create a demand for public address 
equipment. If so. you should first find 
out where PA systems are needed. 
Contact the prospective customers, 
and point out how a PA system will 
benefit them. The effort you make in 

creating a demand for PA installa¬ 
tions will be well worth it 

In public address work, you are not 
restricted to servicing the equipment. 
You can make additional income by 
renting PA equipment or by selling 
and installing PA systems. 

TYPES OF INSTALLATIONS 

There are three major types of pub¬ 
lic address installations—permanent, 
semi-permanent, and temporary. Per¬ 
manent installations are made in 
places that are used frequently, such 
as large auditoriums, churches, fac¬ 
tories, hospitals, public buildings, of¬ 
fice buildings, schools, and large sta¬ 
diums. Semi-permanent installations 
can be made in dance halls, audi¬ 
toriums, small athletic fields, and 
other public meeting places that are 
not used frequently enough to warrant 
a permanent installation. You can 
rent out public address systems for 
such installations. The mounting posi¬ 
tions for the amplifiers and speakers 
and the actual wiring between the 
mountings are permanent. Then am¬ 
plifiers, microphones, and speakers are 
added just before the event, and re¬ 
moved after it is over. In some semi-
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permanent installations, the speakers 
are installed permanently, and only 
the microphones and amplifiers are 
brought in when they are needed. 

There are also many uses for small, 
temporary PA systems. Such a system 
is made up of an 8- to 12-watt ampli¬ 
fier, one or two microphones, and one 
or two speakers. The complete system 
is lightweight and can be easily 
moved. This type is used for small 
gatherings as in small meeting rooms 
or at parties. 

Small, portable, battery-operated 
PA systems using transistor amplifiers 
have been developed. These can be 
used where there is no source of elec¬ 
tric power. If more audio power is 
required in areas where there is no 
available power, such as at political 
rallies or charity drives, mobile PA 
systems installed in trucks or cars 
can be used. 

FIG. 1. This is the basic PA system—a 
microphone, an amplifier that builds up 
the signal from the microphone, and a 
loudspeaker that converts the electrical 

signal into sound. 

UNITS OF A PA SYSTEM 

The basic units of a PA system, 
shown in Fig. 1, are a micronhone, an 
amplifier, and a loudspeaker. The 
simplest PA system consists of one 
each of these major units. More elabo¬ 
rate systems use a number of micro¬ 
phones and loudspeakers with a single, 
though perhaps more complex, ampli¬ 
fier. A record player or tape recorder 
is often a part of a PA system, de¬ 
pending upon the needs of the instal¬ 
lation. The record player can be used 
before and after programs and during 
intermissions to provide background 
music. Tape recorders are used for re¬ 
producing recorded information or for 
recording parts of the program for 
future use. 

This book is the first of two refer¬ 
ence lessons on PA fundamentals and 
PA equipment. In this introduction 

to PA, we will cover the basic parts 
of a PA system. You will learn how 
a microphone works, the various 
types of microphones that are avail¬ 
able, and the circuits in the PA am¬ 
plifier that are not usually found in 
other audio amplifiers. You will study 
the various types of loudspeakers used 
in PA work. These loudspeakers oper¬ 
ate in the same way as those used in 
high-fidelity equipment or in radio 
and TV sets; the main difference is in 
their physical construction. We will 
also discuss the transmission lines 
that connect the microphones to the 
amplifier and the amplifier to the 
loudspeaker. Finally, we will take up 
the two methods of connecting loud¬ 
speakers to the output terminals of 
the amplifier; the constant impedance 
method, and the constant voltage 
method. 
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Audio Signal Sources 
The microphone is the most com¬ 

mon audio signal source for public ad¬ 
dress systems. Other possible sources 
are the pickup head of a record 
player, the head of a tape recorder, 
and an audio line. Since these devices 
often give a stronger output than a 
microphone does, their outputs are 
generally fed into a higher level stage 
of the amplifier than signals from the 
microphone. Most amplifiers have 
mixing circuits so that signals from 
the various signal sources can be in¬ 
termixed and reproduced simultane¬ 
ously. 

The microphones used in public ad¬ 
dress are of the crystal, dynamic, 
velocity or reluctance type. We will 
not take up carbon, condenser, and 
other types of microphones, because 
they are not now often used in PA 
work. 

TYPES OF MICROPHONES 

Crystal. The crystal microphone is 
perhaps the most common public ad¬ 
dress type because of its ruggedness, 
low cost, high output, and adequate 
frequency response. A diagram of the 
basic unit is shown in Fig. 2. 

The crystal microphone operates in 
much the same way as the crystal 
phonograph cartridge and crystal 

DIAPHRAGM 

FIG. 2. How a crystal microphone is con¬ 
nected to produce an output signal. 

loudspeaker. The crystals arc con¬ 
nected back to back; the tinfoil plate 
between the two crystals acts as one 
terminal of the microphone cartridge 

unit. The plates on the outside of each 
crystal are joined to form the sciond 
output terminal. 

Three corners of the crystal are 
clamped tightly to the case, and the 
remaining corner is mechanically 
linked to the diaphragm. As the dia¬ 
phragm moves back and forth, it 
bends or twists the crystals, causing 
them to generate an output voltage. 
This output voltage is proportional to 
the amount of mechanical stress. The 
louder the sound, the greater the me¬ 
chanical stress, and the higher the 
output voltage of the crystal micro¬ 
phone. 

Dynamic. The operation of the 
dynamic microphone is similar to the 
operation of a moving-coil loud¬ 
speaker, as you will see by studying 
the diagram in Fig. 3. 

The voice coil is attached to the 
diaphragm and is in the air gap of a 
strong magnetic field. Any motion of 
the diaphragm by the sound waves 
causes the voice coil to move in and 
out through the magnetic field, which 
induces a voltage in the coil. The out¬ 
put voltage is passed on through a 
transformer, which is a part of the 
microphone; the secondary of the 
transformer connects to the output 
cable. 



COIL DIAPHRAGM 

FIG. 4. Cut-away view showing the reso¬ 
nance chamber and vent in a dynamic 

microphone. 

The dynamic microphone is rugged 
and can be used where temperature 
and humidity conditions make the 
crystal type unsuitable. It is a popu¬ 
lar type for public address work. 

Fig. 4 shows a cut-away view of a 
dynamic microphone. The diaphragm 
and its assembly have a certain mass 
and springiness, so the assembly has 
a certain resonant frequency at which 
it will vibrate most readily. This reso¬ 
nant point would probably occur in 
the audio range and cause an unde¬ 
sirable peak in the microphone re¬ 
sponse. 
To prevent this, the microphone 

contains an air chamber at the rear 
of the diaphragm and a vent which 
connects the air chamber to the out¬ 
side air. The very small vent, of 
course, does not pass air readily. 

When the diaphragm in the micro¬ 
phone moves inward, part of its en¬ 
ergy is absorbed in forcing air out the 
small vent. Thus, the air chamber and 
vent offer resistance to the motion of 
the diaphragm. They do not prevent 
motion of the diaphragm, but just re¬ 
duce excessive motion at the mechani¬ 
cal resonant point. 
The air-chamber principle can be 

used with any pressure-operated mi¬ 
crophone where the voltages that are 
generated are proportional to the 
pressures of the sound waves striking 
the diaphragm. By designing the air 
chamber and vent properly, it is pos¬ 
sible to eliminate resonant effects al¬ 
most completely. 

Reluctance. The controlled-reluc-
tance microphone has become increas¬ 
ingly popular because of its high out¬ 
put and ruggedness. It can be built as 
a very small unit (down to one inch 
in size) and is ideal for small compact 
vacuum tube and transistor devices. 
Two typical reluctance microphones 
are shown in Fig. 5. The desk or floor 
stand version is available with high 
or medium impedance, and the tiny 
reluctance unit has an impedance of 
approximately 1000 ohms. 

Tn a controlled reluctance micro¬ 
phone, the sound waves striking the 
diaphragm change the reluctance of a 
magnetic path. The chanaine flux 

Courtesy Shure Microphone Co. 

FIG. 5. Controlled-reluclance microphones. 
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FIG. 6. Internal structure of a velocity 
microphone. 

lines induce voltages in balanced coils 
connected to the output terminals. 

Velocity. The operation of a veloc¬ 
ity or ribbon microphone is different 
from the types already discussed. In¬ 
stead of having a diaphragm, it has 
a very thin ribbon of an aluminum 
alloy suspended between the poles of 
a powerful magnet as shown in Fig. 6. 
The ribbon is clamped at its ends, 
and wires from a matching trans¬ 
former are connected to the terminals. 
The ribbon itself completes the pri¬ 
mary of the transformer, and thus 
acts as a one-turn coil. As the ribbon 
moves in the magnetic field, a voltage 
is induced in it. A varying signal 
voltage appears at the output of the 
matching transformer. 
When sound waves strike the rib¬ 

bon, it moves back and forth in step 
with the motion of the air particles. 
It has very little springiness and very 
little mass. Thus, it practically floats 
in the air and is able to follow air 
particle motion faithfully. The ribbon 
is crimped or accordian-pleated to 

give easy movement and to help pre¬ 
vent resonant vibrations. 

Since the ribbon is able to move 
almost as though it were an addi¬ 
tional air particle, it is said to re¬ 
spond to the velocity of the air parti¬ 
cle movement rather than to the pres¬ 
sure of the sound wave. This is why 
it is called a velocity microphone. 

The velocity microphone is capable 
of giving a very high-fidelity repro¬ 
duction. It is, however, more delicate 
than the crystal and dynamic types. 
Gusts of wind or sharp puffs of air 
from a person speaking too close to 
the microphone can damage the rib¬ 
bon. When using a velocity micro¬ 
phone shield it from the wind, and 
make certain that the person using 
the microphone speaks across its face 
instead of directly into it. 

The ribbon can also be damaged by 
rough handling. It is mounted verti¬ 
cally or nearly vertically, and it must 
be kept in that position. Velocity 
microphones must also be kept away 
from the alternating current fields of 
power lines and power transformers 
to reduce hum pickup. 

A combination ribbon and pressure 
type of microphone can be built by 

SIDE VIEW SHOWING FRONT VIEW 
MICROPHONE CUT IN HALF 

FIG. 7. Front view (A) and side view (B) 
of the internal appearance of a pressure-

operated ribbon microphone. 



enclosing the back of the ribbon in an 
air chamber as shown in Fig. 7. There 
is a pipe-like piece enclosing the back 
of the ribbon, which leads to an air 
chamber at the bottom of the micro¬ 
phone. The ribbon itself acts as a dia¬ 
phragm and becomes pressure-oper¬ 
ated. The part of the ribbon below 
the rigid mounting is still velocity-
operated. 

MICROPHONE 
CHARACTERISTICS 

A number of factors must be con¬ 
sidered in choosing a microphone for 
a specific public address application. 
These factors are impedance, fre¬ 
quency response, sensitivity, pickup 
or directional pattern, and physical 
features. 

Impedance. In general, micro¬ 
phones are classed as being low im¬ 
pedance or high impedance. The ve¬ 
locity microphone has a very low im¬ 
pedance and almost always contains 
a built-in impedance-matching trans¬ 
former that is designed to match the 
microphone either to a 200-500 ohm 
audio line or directly to the high-
impedance grid input of an amplifier 
stage. Dynamic microphones also are 
low-impedance types and have output 
impedances that range between 8 and 
50 ohms. Generally, a transformer is 
used to raise the output impedance of 
the microphone assembly to match 
200-500 ohm lines or high-impedance 
inputs. 
The crystal microphone is a high 

impedance type. Therefore, it can be 
used to supply signal directly to the 
high-impedance input of a public ad¬ 
dress amplifier. 
A high-impedance circuit is more 

subject to hum and interference pick¬ 
up than a low-impedance circuit. For 
this reason, the cable between the 
microphone and the amplifier must be 
kept short. If you use a low-imped¬ 
ance microphone and connect it to 

the low-impedance input of an ampli¬ 
fier, the cable can be considerably 
longer. However, as you will learn 
later, the impedance of the micro¬ 
phone is not too important. You can 
always use impedance-matching 
transformers to match high-imped¬ 
ance microphones to low-impedance 
lines, and low-impedance lines to 
high-impedance inputs. 

Frequency Response. The fre¬ 
quency response of the microphone 
you choose for a particular PA system 
depends on the needs of that installa¬ 
tion. Almost any style of microphone 
is satisfactory for voice pickup. Some 
microphones are designed so that their 
frequency response is limited to the 
voice range between 100 cycles and 
GOOD cycles. These microphones can 
be used to produce clear, understand¬ 
able speech even in noisy locations. 
If the microphone is to be used to 
pick up music, it should have a wider 
frequency response. 
The modern microphone, regardless 

of the type, can be made to have a 
wide frequency response with careful 
design. Frequency response often de¬ 
pends on cost; the more expensive the 
microphone, the wider the frequency 
response. For example, it is possible to 
obtain crystal microphones with an 
audio frequency range extended from 
30 cycles to more than 10,000 cycles. 
Dynamic microphones are available 
with frequency responses up to 12,000 
cycles, and the very high-grade veloc¬ 
ity types have ranges extending be¬ 
yond 15,000 cycles. 
A well-made high-quality micro¬ 

phone will also have a more uniform 
response over the audio frequency 
range. In this respect, the velocity 
microphone has the smoother re¬ 
sponse, although any high-quality mi¬ 
crophone, regardless of type, will be 
more uniform than an inexpensive 
one. 
A high-fidelity microphone, how-
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ever, is costly and is often rather deli¬ 
cate. In most PA installations, it is 
best to use as rugged a microphone as 
possible. Make sure its frequency re¬ 
sponse meets the requirements of the 
installation, but does not exceed them 
too much. This will keep microphone 
costs at a minimum. 

Physical Features. The physical 
features also should be considered in 
choosing a microphone for a particu¬ 
lar application. The delicate velocity 
microphone should be used only for 
high-quality public address installa¬ 
tions in large auditoriums and in or¬ 
chestral work where there is the least 
opportunity for rough handling and 
damage. It is perhaps the least used 
of the basic types because of the lim¬ 
ited number of high-fidelity public¬ 
address installations. 
Dynamic microphones are popular 

for permanent and semi-permanent 
installations. Their frequency re¬ 
sponse is good, and long lengths of 
cable can link the microphone and 
amplifier because of their low imped¬ 
ance outputs. The crystal microphone 
is most common for portable and 
small semi-permanent installations. 

For outdoor installations, use a 
rugged crystal or dynamic micro¬ 
phone. Make certain it is able to with¬ 
stand temperature and humidity 
changes, and that it is wind-blast 
proofed. Such a microphone contains 
baffles and special mountings to make 
it least susceptible to wind gusts. 

Output. Microphone output is an 
important consideration in planning a 
public address installation. The old 
obsolete carbon microphone had the 
greatest output for a fixed sound level, 
but a very limited frequency response. 
The crystal microphone has the next 
greatest output. This is one of the 
reasons that the crystal microphone 
is popular for small portable public 
address systems. The dynamic micro¬ 
phone output level depends on its fre¬ 

quency response and physical dimen¬ 
sions. The output ranges from about 
the level of the crystal microphone 
down to that of the velocity micro¬ 
phone, which has the least output. 

Of course, you can make up for the 
low microphone output by using addi¬ 
tional amplifier gain. The larger semi¬ 
permanent and permanent amplifier 
systems have the additional gain re¬ 
quired for full output from a better, 
but less sensitive microphone. 

Naturally, if you are to drive an 
amplifier to its full output, the micro¬ 
phone used must supply at least the 
minimum input voltage for which the 
amplifier was designed. For a given 
amplifier, it is best to use the type of 
microphone recommended by the am¬ 
plifier manufacturer if any such rec¬ 
ommendation is made, or choose a 
microphone that supplies the recom¬ 
mended input level and impedance. 

There is some lack of uniformity in 
microphone ratings. The microphone 
rating is its output, in relation to the 
sound pressure applied to it. The unit 
of measure of sound pressure is called 
a “dyne.” Sound pressure is generally 
given in dynes per square centimeter. 
The term “microbar” is also some¬ 
times used. One microbar eomls one 
dyne per square centimeter. The peak 
sound pressure per square centimeter 
of microphone surface of a man 
speaking into it in a conversational 
tone is about 10 dynes. 
Microphones are usually rated in 

terms of decibels down from a certain 
reference voltage or reference power. 
The reference voltage is usually 1 
volt. The reference power is usually 
1 or 6 milliwatts. 

To be certain what the output of a 
given microphone is, you must know 
the reference standard. Standard ref¬ 
erences are given in Table 1. The first 
is the most common. 

You may find the rating of a micro¬ 
phone given as “—50 db below 1 

7 



TABLE I 
1 volt/1 dyne/cm2 (1 volt/1 microbar) 
1 volt/10 dyncs/cm2
1 volt/100 dynes/cm2
.001 watt/1 dyne/cm2
.001 watt/10 dynes/cm2
.006 watt/10 dynes/cm2

volt/dyne/cm2 into a load of 1 meg¬ 
ohm.” When the complete rating is 
given in this way, you know at least 
what reference level was used. In 
comparing two microphones having 
the same reference level—for example 
one rated at —50 db below 1 volt/1 
dyne/cm2 and another at —60 db 
below 1 volt/1 dyne/cm2—you know 
that the microphone with a —50 db 
rating will have the highest voltage 
output. 

On the other hand, if the rating is 
given as just “—50 db,” as it fre¬ 
quently is in supply house catalogs, 
you do not know what reference level 
was used; and you may be badly mis¬ 
led if you compare the output rating 
of this particular microphone with 
that of another that is rated on a dif¬ 
ferent reference. 

For example, three different pres¬ 
sure levels are given in Table 1, each 
10 times the pressure of the one pre¬ 
ceding. A 10 times difference in pres¬ 
sure on a microphone increases its 
output by 20 db. Therefore, the same 
microphone could be rated as —70 db 
below 1 volt/1 dyne/cm2, or —50 db 
below 1 volt/10 dynes/cm2. or —30 
db below 1 volt/100 dynes/cm2. 

Similarly, a power rating in terms 
of 1 milliwatt is 8 db higher than it 
would be if the microphone were rated 
on the basis of a 6-milliwatt reference 
level. In other words, a microphone 
rated at —50 db for the 1-milliwatt 
level would have to be rated at —58 
db if the 6-milliwatt level were used 
as the reference. 
All this means that you mud be 

careful to choose a microphone whose 

db output level is high enough to get 
full rated output from the amplifier 
used. Then, when you compare micro¬ 
phones made by different manufac¬ 
turers, always make sure that their 
ratings are in terms of the same ref¬ 
erence; otherwise you may get the 
wrong idea of the relative outputs. If 
you cannot tell what standard was 
used from the information given, write 
both the manufacturer of the micro¬ 
phone and the manufacturer of the 
amplifier. One or the other will be 
able to tell you whether the particular 
microphone and amplifier you are in¬ 
terested in will work properly to¬ 
gether. 

Of course, once you have had ex¬ 
perience with particular brands of mi¬ 
crophones, you won’t have to worry 
about the reference standards used, 
because you will know what their 
ratings are. 

Pick-up Patterns. The response 
pattern of a microphone shows how 
well it responds to sounds coming 
from different directions. The three 
most common microphone response 
patterns are shown in Fig. 8. 

The pressure microphone response 
shows that the microphone will re¬ 
spond equally well to sounds picked 
up from all directions. This is the pat¬ 
tern that is usually obtained from a 
dynamic microphone, a crystal micro¬ 
phone, or some other type of pressure-
(diaphragm) operated microphone. 
The figure 8 velocity pattern shows 

FIG. 8. The cardioid response is produced 
by combining the responses of a velocity 

and a pressure unit. 
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FIG. 9. This graph shows how a nondi-
rectional microphone picks up sound 
coming from various directions. The re¬ 
sponse at three different frequencies is 
shown. The front of the microphone faces 

the 0° line. 

that the microphone will pick up 
sound equally well from the front and 
rear, but there is practically no pick¬ 
up from the sides. This is the pattern 
that is usually obtained from a veloc¬ 
ity (ribbon) microphone. When the 
two operating principles are combined 
in the same microphone, as is the 
pressure-operated ribbon microphone, 
the response pattern has the cardioid 
(heart) shape shown in Fig. 8. Notice 
that there is a very broad pick-up 
from the front, but very little from 
the back. 

The directivity patterns of a micro¬ 
phone also depend on the frequency 
of the sound being picked up. For 
example, a pressure microphone is 
usually classified as non-directional 
or omni-directional because it re¬ 
sponds equally well to sound waves 
coming from all directions. This is 
true, however, for sounds below 1000 
cycles. At higher frequencies, around 
3000 to 5000 cycles, the response is 
more directional; there is more pick¬ 
up from the front than from the rear. 
The diagram in Fig. 9 shows the 

pick-up characteristics of a pressure-
operated microphone at different fre¬ 
quencies. From this, you can see that 
you can get a better over-all pick-up 
of all frequencies when the sound 
waves arrive straight toward the front 
of the diaphragm. 
Pressure-operated microphones of 

this type can be made more non-direc¬ 
tional by directing them upward, as 
shown in Fig. 10B. In this position, 
the microphone has the maximum 
sensitivity overhead, but will pick up 
equally well in all horizontal direc¬ 
tions. A metal shield placed above the 
microphone will minimize the sound 
sensitivity from overhead and will 
improve the side pick-up. 

A standard velocity ribbon micro¬ 
phone with two sides open has a figure 
8 directivity pattern, as you saw in 
Fig. 8. Sound is blocked on the sides 
by the microphone structure and the 
wind shield. In PA work, you can use 
the bi-directional response when two 
different sound sources are to be 
picked up simultaneously. Suppose 
you want to pick up the music of an 
orchestra. The orchestra can be di¬ 
vided into two sections with the mi¬ 
crophone placed in the middle. Be¬ 
cause of its directivity pattern, the 
microphone will have maximum sensi¬ 
tivity from the orchestra, but mini¬ 
mum pick-up toward the audience. 
Therefore, there will be good orches-

FIG. 10. A microphone that is relatively 
nondircctional in its normal position (A) 
becomes even more so if it is turned to 
face upward (B). The response can be 
further improved by putting a shield 

above the microphone (C). 



ira pick-up, but minimum noise pick-
up. If the rear of the ribbon micro¬ 
phone is enclosed by a baffle, the 
microphone will operate the same as a 
pressure microphone as far as its di¬ 
rectivity is concerned. 

It is possible to obtain a cardioid 
response pattern from any microphone 
that contains both dynamic and ve¬ 
locity units, crystal and velocity 
units, or one that contains special air 
chambers and baffles. For example, 
in a pressure-operated velocity micro¬ 
phone, half of the ribbon operates as 
a pressure unit, while the other half 
operates as a velocity unit. It is also 
possible to use a single crystal or 
dynamic microphone with special 
acoustic chambers in the microphone 
housing to get a cardioid pattern. 
Most microphones of these types con¬ 
tain a three-position switch that can 
be used to change the response pat¬ 
tern to any of those shown in Fig. 8. 
Thus, you can choose the pattern to 
suit the pick-up conditions. 

Shield plates for various types of 
non-directional microphones are in¬ 
cluded as accessory items. These can 
be attached to the microphone to 
sharpen its response. They can be re¬ 
moved whenever a non-directional 
pick-up is desired. 

OTHER SIGNAL SOURCES 

Audio signals picked up by a micro¬ 
phone are not the only ones that can 
be reproduced by a PA system. Most 
PA amplifiers include separate inputs 
for record players, tape recorders, and 
tuners. Also, both microphone and re¬ 
corded signals can usually be sent at 
the same time because separate gain 
controls are included in the amplifier 
for each input. 
When choosing a phonograph or 

tape recorder for the PA system, make 
sure that the impedance of the phono 
cartridge or the play-back head 

matches the amplifier input imped¬ 
ance. Phono cartridges ami play-back 
heads having either high or low im¬ 
pedances can be obtained. 

In some installations, the signal 
source for a public address system is 
an AM or FAI radio tuner. Generally, 
this type of installation is one that 
supplies a continuous musical pro¬ 
gram for factories, department stores, 
large food stores, etc. Since the tuner 
will have to operate for long periods 
of time, it must have good stability 
so that it will need little or no adjust¬ 
ment. This type of performance is ob¬ 
tained only with the more expensive 
tuners. 
Many of the better PA amplifiers 

also have an audio line input. This 
input permits the telephone line or 
other signal distribution lines to be 
a source of signal for the public ad¬ 
dress system. Signal distribution lines 
are often used in large auditorium and 
arena installations and for conveying 
the sound of special events. Also, if 
the event is to be broadcast or tele¬ 
cast, the station or network micro¬ 
phones may be the only ones per¬ 
mitted. For such an installation, the 
public address system can receive its 
signal from telephone lines through 
special cable from the station remote 
amplifier system. Thus, the regular 
public address microphone need not 
be used, making the stage or announc¬ 
ing area less cluttered with pick-up 
equipment. 

SUMMARY 

In this section, you learned that the 
microphone and other signal sources 
you choose depend on the needs of 
the particular PA installation. 

In choosing a microphone, its fre¬ 
quency response, ruggedness of con¬ 
struction, and output level should be 
considered. The type of installation 
and the type of program material to 

10 



be sent will determine the require¬ 
ments. 
If the system is to be used for 

speech only, the frequency response 
can be restricted to the voice range. 
For music it should be wider. For 
noisy locations, shields can be added 
to prevent noise pick-up. 

For most installations, especially 
outdoor ones, the rugged crystal, dy¬ 
namic, or reluctance microphones are 
best. 
Remember when choosing a micro¬ 

phone that the outputs are rated in 
different ways by different manufac¬ 
turers. 

PA Amplifier Specifications and 
Circuits 

The audio amplifiers used in public 
address systems contain the same 
basic circuits as those found in hi-fi 
amplifiers and the audio sections of 
radio and TV sets. In some PA instal¬ 
lations, it may be necessary to am¬ 
plify the audio signals from more than 
one signal source at the same time. 
This is rarely if ever done in other 
types of audio systems. The signals 
must be fed to different amplifier in¬ 
puts, and tb.en mixed in the amplifier 
circuits. The circuits used to mix the 
signals are described in this section. 
Before we discuss any of the am¬ 

plifier circuits, let us briefly describe 
the ratings and characteristics of PA 
amplifiers. 

AMPLIFIER SPECIFICATIONS 

There are many types and sizes of 
PA amplifiers. They differ in power 
output, in fidelity, in power supply re¬ 
quirements, in the numbers and types 
of microphones or other signal sources 
they will operate from, and in input 
and output impedance characteristics 
All these factors must be considered 
in choosing an amplifier for a specific 
job. The manufacturer’s catalogs give 
information on these characteristics 
to help you in making your choice. 

The following is a list of the specifica¬ 
tions you will probably find with the 
amplifier. 

Power Output. Amplifiers in¬ 
tended for public address use can be 
grouped into low-power, medium¬ 
power, and high-power classes. In 
general, any amplifier under 15 watts 
is considered a low-power type; those 
between 15 and 50 watts are con¬ 
sidered medium power, and those over 
50 watts are considered high power. 

Amplifier Gain. With a specific 
signal voltage level applied to the 
input, the amplifier in a PA system 
should increase the signa; until it is 
high enough to drive the amplifier to 
full output. The manufacturer usually 
gives the over-all gain of his ampli¬ 
fier, from the input jacks to the out¬ 
put, in db. Two gain measurements 
are usually given: one for phono¬ 
graph pick-up and the other for 
microphone input. The output of a 
record player, of course, is much 
higher than that of the microphone. 
Therefore, less gain is required by the 
phono channel. A value, such as 100 
db, is usually given for the micro¬ 
phone inputs, and perhaps 40 to 60 
db for the phono inputs. 

For example, if the amplifier is 
rated at 60 watts and has a 100-db 
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gain for the microphone channel, you 
can determine from a db chart that 
the 60-watt output represents +40 db, 
when based on a 6-milliwatt reference 
level. Since the output of the ampli¬ 
fier is +40 db and the gain is 100 db, 
the amplifier will be capable of de¬ 
livering full output if the input signal 
is —60 db. This is the rating that the 
microphone should have. In making a 
db approximation of this type, be cer¬ 
tain that the same reference level is 
used for both amplifier output and 
microphone sensitivities. 
The manufacturer will usually 

recommend types of microphones or 
phonographs that are suitable to use 
with the amplifier. If the information 
is not given, you will have to make 
the simple calculation described above 
to decide whether a specific signal 
source can drive the amplifier to full 
output. 

Frequency Response. As men¬ 
tioned earlier, the frequency response 
is important. If the system is to be 
used for voice alone, there is no need 
for very low notes or very high notes, 
above 6000 cycles. High fidelity re¬ 
quires a very broad frequency re-

HG. 11. This frequency-response curve 
shows how many db up or down the am¬ 
plifier output is at various frequencies. 

is flat within ±3 db from 40 to 
10,000 cycles. This means that the 
output will vary slightly, but will al¬ 
ways remain within 3 db above and 
below the output level at a reference 
frequency over this frequency range. 
In most cases, the output at 1000 
cycles is referred to as the 0 db refer¬ 
ence level for indicating the frequency 
response. 

Tone Controls. The manufacturer 
sometimes indicates in db the in¬ 
fluence of the various settings of the 
tone controls on the frequency 
response. 

Distortion. In public address work, 
a total harmonic distortion of 5% 
is considered tolerable. The rated 
power output of the amplifier is not 
the peak power output, but the maxi¬ 
mum power at which the output is no 
more than 5% distorted. Sometimes 
the rated power output is for 2% dis¬ 
tortion. The distortion, of course, in¬ 
creases as the output power increases. 

Hum Level. The output hum and 
noise level of a public address ampli¬ 
fier should be as low as possible. 
Noise level is in general far below 
that of the amplifier hum. Most 
manufacturers indicate that the hum 
level is so many db below the rated 
power output. A value of 50 to 80 
db down is considered acceptable for 
general purpose public address am¬ 
plifiers. The noise level is also given 
in terms of db down with respect to 
the amplifier’s rated output. 

sponse for true reproduction of the 
much wider musical range. The fre¬ 
quency response of an amplifier is 
usually shown in the form of a chart 
like that in Fig. 11, or is given in a 
statement of db above and below a 
reference level between a specific low 
frequency and a specific high fre¬ 
quency. 
For example, a certain amplifier 

may be said to have a response that 

INPUT TERMINATIONS 
AND MIXING CIRCUITS 

The input circuits of the amplifier 
are important because they must cor¬ 
rectly match whatever signal source 
or sources are to be used. At the same 
time, a gain control must be included 
so that the amplifier output can be 
adjusted to meet the requirements of 
the installation. Individual gain con-
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trois for each amplifier input are help¬ 
ful so that the signals from two or 
more sources can be mixed and ad¬ 
justed to the proper relative levels. 
Finally, the voltage amplifier section 
must amplify the input signal to a 
high enough amplitude for driving the 
power output stage of the amplifier. 

In almost all modern public address 
amplifiers, the voltage amplifier 
stages are resistance-coupled. Triodes 
are more common than pentodes. The 
voltage amplifier stages are conven¬ 
tional except for a few features, such 
as input coupling and mixing circuits. 
When the amplitude range or re¬ 

sponse of an amplifier is given by 
the manufacturer, it is assumed that 
the input and output impedances are 
matched to get the proper transfer 
of power. The impedance values of 
the input channels are important am¬ 
plifier ratings. Many amplifiers pro¬ 
vide only high impedance inputs; so 
some means of matching low-imped¬ 
ance signal sources to the amplifier 
input circuit must be provided. This 
is usually done with input-matching 
transformers. 
Let us now consider the various 

types of input arrangements. 
Input Coupling Circuits. It is 

standard practice to use coaxial jacks 
as the input connections between the 
various signal sources and the grid 
of the first tube. A number of basic 
input arrangements are shown in Fig. 
12. 

A high impedance input, Fig. 12A, 
is intended for operation from a high-
impedance device such as a crystal or 
ceramic pick-up or a crystal micro¬ 
phone. When a low-impedance signal 
source is used, it must be transformer-
coupled to the input stage, as shown 
in Fig. 12B. Transformer T1 then 
functions as an impedance trans¬ 
former and matches the low imped¬ 
ance of the signal source to the high 
impedance of the input grid. This 

FIG. 12 Three kinds of input circuits. A 
high-impedance circuit is shown in A, an 
unbalanced low-impedance circuit in B, 
and a balanced low-impedance circuit in 

c. 

type of connection is called an un¬ 
balanced input because one side of 
the line between the input and the 
microphone is at ground potential. 

The arrangement of Fig. 12C is re¬ 
ferred to as a balanced input and re¬ 
quires the use of a two-wire cable 
between the signal source and the 
amplifier input. The braided shield 
serves as the ground return. The ad¬ 
vantage of the balanced system is 
that both conductors pick up equal 
amounts of noise or hum voltage and, 
in feeding them in opposite directions 
across the primary, the hum and noise 
will be cancelled. Thus, balanced in¬ 
puts can have higher signal-to-noise 
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ratios. This is particularly helpful in 
noisy or high-hum level locations 
when a long length of line must run 
between the signal source and the 
amplifier. 

Input Mixing Circuits. Not only 
must each signal source be terminated 
correctly, but also there must be 
some arrangement so that more than 
one signal source can be used at the 
same time. Also, there should be a 
provision for a smooth changeover 
from one signal source to another. 
This can be done by resistance net¬ 
works or by vacuum tube stages. 

Resistance Mixing. Even the sim¬ 
plest small portable PA system has at 
least two inputs, one for a micro¬ 
phone and one for a record player. 
The amplifier is arranged so that both 
microphone and record player can be 
used at the same time, and a gradual 
fading, if required, can be made be¬ 
tween the two signal sources. 

In elaborate systems there may be 
three to six microphones and perhaps 
one or more record players connected 
at one time. Also, a group of two or 
three microphones may have to be 
used to pick up an orchestra. The 
level of each microphone must be ad¬ 
justed individually to get the proper 
balance between various sections of 
the orchestra at the input circuits. 
Thus, true flexibility can be obtained 
only if it is possible to turn one 
microphone off and another one on 
smoothly without having to discon¬ 
nect one microphone and plug in a 
second one. For this reason. PA sys¬ 
tems have a number of input ter¬ 
minals each with its own separate 
controls. 

Some typical input circuit and re¬ 
sistance mixing networks are shown 
in Fig. 13. In Fig. 13A, two micro¬ 
phone channels are used, each with its 
own level control, RI and K2. By ad¬ 
justing the controls, you can cut one 
channel “off” and the other “on”, or 

fade from one to the other. If desired 
they can both supply signals at the 
same time. 

The signal or signals are amplified 
by the preamplifier stage, tube VT1, 
and are then passed through a master 
gain control to the second voltage 
amplifier. The master gain control 
permits adjustment of the over-all 
gain of the amplifier. It regulates the 
over-all amplification of both signals, 
but at the same time it does not dis¬ 
turb their relative levels. In other 
words, you can pre-set the mixer con¬ 
trols RI and R2 to some desired level, 
and then use the master control to 
vary the over-all volume as required. 

Notice that the phonograph pick-up 
is fed into the amplifier at the master 
gain control. Since the crystal or 
ceramic phono cartridge has a higher 
output than the microphone, the addi¬ 
tional gain provided by tube VT1 is 
not needed. 

Resistors R3 and R4 are used as 
isolation resistors to minimize the 
interaction between the two level con¬ 
trols. When potentiometer R1 is ad¬ 
justed for mimmum signal from input 
1, the arm of the potentiometer is at 
ground potential. If resistor R3 were 
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not in the circuit, the grid of the tube 
would be connected to ground; no sig¬ 
nal could be supplied from the input 
of channel 2. In effect, resistors R3 
and R4 prevent any shunting of the 
input grid but at the same time per¬ 
mit individual adjustment of the 
input signal levels. 
The disadvantage of this simple 

input arrangement is that there is 
some interaction between the chan¬ 
nels. Also the signal-to-noise ratio of 
the system varies with the setting of 
the controls. Remember that very 
weak signal levels are being supplied, 
and since resistors R3 and R4 act as 
voltage dividers to the input signals, 
there will always be some signal loss. 
If the signals are attenuated before 
they are introduced to the grid of the 
first amplifier tube, there is a reduc¬ 
tion in the signal-to-noise ratio. Noise 
often develops after potentiometers 
RI and R2 have been used for some 
time. It is especially noticeable when 
controlling the gain at very weak 
signal levels. 
A better mixing arrangement is 

shown in Fig. 13B. In this system, 
both input signals are amplified be¬ 
fore they are applied to a mixing net¬ 
work. Thus, the input signal-to-noise 
ratios are fixed and the signals are 
amplified to a higher level before 
being introduced to the mixing action. 
Therefore, mixing has much less of an 
influence on the signal-to-noise ratios. 
At the outputs of VT1 and VT2 in 

Fig. 13B, the signals are applied to 
separate volume controls which regu¬ 
late the relative gains of the two 
input channels. The master volume 
control is at the input of the next 
amplifier stage to regulate the over¬ 
all gain of the system. 

Electronic Mixing. The electronic 
mixing circuits in Fig. 14 have addi¬ 
tional advantages and are used in the 
more expensive public address ampli¬ 
fiers. In electronic mixing, the signals 

are applied through separate volume 
controls to separate channel ampli¬ 
fiers. Both signals are then developed 
across a common plate resistor, such 
as resistor R3 in Fig. 14A. Isolation 
between the channels is obtained by 
the vacuum tubes and resistors R5 
and R6. 
The signal-to-noise ratio of this 

circuit is poor at low input levels be¬ 
cause the gain of each channel is con¬ 
trolled at the input circuit. In the 
arrangement of Fig. 14B, however, 
electronic mixing is accomplished by 
tubes VT3 and VT4. The input tubes, 
VT1 and VT2, amplify their corre¬ 
sponding input signals before they are 
applied to the gain controls and mix¬ 
ing circuits. Thus, signals with a 
higher signal-to-noise ratio are avail¬ 
able across resistors R2 and R5 before 
they are introduced to the channel 
gain controls R3 and RS. The two 
signals are mixed across the common 
plate load resistor R7 and are applied 
to the following voltage amplifier 
stages. A master volume control is 
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generally included in the next am¬ 
plifier stage. 

Phonograph Channels. In most 
PA installations, the output levels of 
one or more record players must be 
regulated in addition to the micro¬ 
phone gains. A typical arrangement 

FIG. 15. Mixing of single microphone 
and single phono inputs. 

for a small portable amplifier con¬ 
taining single microphone and phono 
channels is shown in Fig. 15. 
The microphone signal is applied 

directly to an amplifier stage, and 
the output is coupled through a 
microphone gain-control circuit to 
the grid of the second voltage ampli¬ 
fier. The phono input also supplies 
signal to the second amplifier grid 
through a separate volume control. 
Since the lower-level microphone sig¬ 
nal is amplified by the first stage, 
both the microphone and phono sig¬ 
nals are at about the same level at 
the grid of the second stage. Isolation 
resistors RI and R2 minimize inter¬ 
action between the microphone and 
phono channels. With this arrange¬ 
ment, the microphone and phono 
levels can be adjusted separately, so 
recorded music can be used as back¬ 
ground for voice and there can be a 
smooth changeover. 
When there is more than one phono 

channel, resistive networks such as 
those shown in Fig. 16 may be used. 
Tn the first example, Fig. 16A, indi¬ 
vidual volume controls are used for 
the two phono inputs. This circuit is 
similar to Fig. 13A. Again resistors R3 
and R4 minimize interaction between 

the two phono channels. 
Occasionally the PA amplifier con¬ 

tains a special fader control as shown 
in Fig. 16B. This control has a 
grounded center tap. The output of 
each channel is applied across one 
half of the control. Hence, there is 
zero output when the potentiometer 
arm is set at the center tap. When the 
arm is moved toward one end of the 
control, the output of the channel con¬ 
nected to that half rises, while the 
second channel remains cut off. When 
the arm is moved in the other direc¬ 
tion, the second channel output is in¬ 
creased and that of the first is cut off. 

Such an arrangement is referred to 
as a “fader control” because it is pos¬ 
sible to move from maximum volume 
for one channel down to zero for both 
and then gradually up to maximum 
for the second. It represents a simple 
single control method of fading from 

FIG. 16. Two kinds of circuits for phono 
inputs: a mixing circuit (A) and a fader 

circuit (B). 

one recording to a second. Resistor R2 
functions as an isolating resistor and 
prevents shunting the grid of the in¬ 
put tube to ground as the arm is 
moved toward the center tap position. 

The controls in Fig. 16A also can 
be used as faders. However, the oper¬ 
ator must adjust both controls at the 
same time to get fading action. 
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Loudspeakers Used in Public 
Address 

Permanent magnet loudspeakers 
are used almost universally for public 
address work. Rugged versions of the 
cone-type speakers discussed in pre¬ 
vious lessons are used for many in¬ 
door public address installations. For 
portable and semi-permanent installa¬ 
tions, the speakers are generally en-

Courtesy RCA 

FIG. 17A. A typical wall baffle. 
FIG. 17B. A typical bass reflex loud¬ 

speaker baffle. 

closed in a small baffle for wall 
mounting purposes as shown in Fig. 
17A. The base reflex cabinet shown 
in Fig. 17B is also popular because of 
its superior performance and the fact 
that the back is completely enclosed. 
Since the sound comes out from only 
one side of the speaker system, there 
is less trouble with microphone place¬ 
ment and feedback howl. 

The type of loudspeaker baffle to 
use depends on the installation. A 
large baffle gives better tone quality, 
but a small simple baffle can be car¬ 
ried and mounted easily. 

In outdoor public address installa¬ 
tions, speakers with metal diaphragms 
instead of paper cones are used in 
weather-proofed horn enclosures. 
They have a much higher efficiency 
than paper-cone types, and thus con¬ 
vert audio power output to sound 

power more efficiently. The paper 
cone deteriorates with age, particu¬ 
larly if it is subjected to high humid¬ 
ity and other temperature and wea¬ 
ther variables. 

A typical driver and horn is shown 
in Fig. 18. In this arrangement, the 
driver with its vibrating diaphragm 
excites a long horn. A horn type 
speaker is quite directional as well as 
highly efficient. For example, a long 
narrow horn with a small mouth tends 
to project the sound directly from the 
mouth of the horn without allowing it 
to spread. To cover a larger area, the 
horn surface should flare outward so 
that the sound is distributed over a 
wider angle. 

To reproduce low-frequency sounds, 
a horn must be very long. The fidelity 
of the horn depends on the regularity 
of its flare, or increase in cross-sec-

Courtesy University Loudspeakers, Inc. 
FIG. 18. Driver and horn speaker. 

tional area. Therefore, the horn must 
start with a very small throat so the 
mouth will not have to be too large. 
Horns that carry speech only, and 
thus handle a limited frequency range 
can be rather short. However, if music 
is to be carried, the horn must be so 
long and large, that the space required 
becomes a problem. 
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Courtesy University Loudspeakers, Inc. 

FIG. 19. A typical reflex trumpet, much 
used for outdoor installations. 

One way to get better frequency 
response from a horn type speaker 
without making it unduly long, is 
shown in Fig. 19. This type of speaker 
is known as a re-entrant or reflex 
trumpet. The sound travels down an 
inside horn and is then forced back 
toward the rear before it reaches the 
horn mouth. This is shown by arrows 
in Fig. 20. With this internal folding, 
it is possible to make the overall di¬ 

mensions of the horn rather short and 
still have a long air column. 

The chart in Fig. 20 shows that the 
low-frequency response depends on 
the physical dimensions of the horn. 
The better the low-frequency response 
required, the longer the length of the 
air column must be, and the wider the 
mouth diameter. 

A particular advantage of this type 
of construction is that the loud¬ 
speaker can be made weatherproof. 
The moving parts of the speaker as¬ 
sembly are completely enclosed, and 
the horn and driver enclosure are 
made of metal, and painted inside 
and out. 

It is possible to use the reflex horn 
principle with paper-cone type drivers 
because they too can be completely 
enclosed by the folded horn construc¬ 
tion. An example of this type is shown 
in Fig. 21. 
The coaxial type of reflex loud¬ 

speaker is used for all-weather high-
fidelity reproduction of speech and 
music, and has a frequency-response 
range extending from 50 cycles to 
15,000 cycles. You can see in Fig. 
21B that the speaker consists of a 
cone-type woofer mounted in a rear 
baffle chamber that matches to a large 

AIR 
COLUMN 
LENGTH 

MOUTH 
DIAMETER 

LOW-
FREQUENCY 
CUT-OFF 

2 '/2 FT 16 INCHES 200 CPS 

3 >2 FT 20 INCHES 150 CPS 

4^ FT 26 INCHES 120 CPS 

6 '/2 FT 31 INCHES 85 CPS 

FIG. 20. Cross-sectional view of a reflex trumpet and chart showing the response in 
relation Io the physical dimensions of the horn. 
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FIG. 21. Coaxial reflex speaker. 

folded horn. A heavy duty tweeter 
driver unit is coaxially mounted and 
radiates the high frequency energy by 
its own smaller folded horn assembly. 
The unit shown in Fig. 21 has a 

mouth diameter of 33% inches and a 
depth of 20 inches. It is able to han¬ 
dle 30 watts of audio power. 

There are versions of the coaxial 
reflex speaker that have smaller 
physical dimensions, more limited fre¬ 
quency response, and smaller power 

rating. The smaller speakers can be 
used for voice paging. Most of them 
are under 10 inches in diameter, and 
their frequency response extends from 
a few hundred cycles up to better than 
10,000 cycles. The absence of bass 
permits clear, crisp speech even in 
areas where there is high background 
noise. 

The speakers shown in Fig. 22 use 
the horn principle and are weather¬ 
proofed so that they can be used out-

FIG. 22. Paging speakers. 
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MG. 23. Special speaker types. 

doors and in dusty or wet locations 
indoors. The type shown in Fig. 22A 
is able to radiate sound over a wide 
angle. The wide-angle dispersion di¬ 
rects the sound into the areas to be 
covered and minimizes the dispersion 
of sound above and below. The paging 
speaker in Fig. 22B is a radial type 
for ceiling mounting. It radiates sound 
uniformly through 360 degrees and, at 
the same time, minimizes the useless 
vertical dispersion of sound. 

In addition to the speaker just de¬ 
scribed, many other types are avail¬ 
able to meet specific needs. For ex¬ 
ample, two special speaker types are 
shown in Fig. 23. The dual paging 
unit in Fig. 23A can be used to cover 
two areas with a single speaker. The 
same driver supplies energy through a 
coupling arrangement to both horns. 

The second speaker is a submerge¬ 
proof type that is especially rugged 
and is immune to salt spray, gases, 
live steam, and harmful dust and 
fungus. It will continue to operate 
even when under water, and will drain 
automatically when withdrawn. This 
type of speaker is ideal for laundries, 
boiler rooms, fire or police department 
vehicles, docks, bridges, etc. 

Explosion-proof speakers are also 
available for locations where com¬ 
bustible particles in the air could be¬ 
come ignited by a spark from an 
ordinary speaker mechanism. This 
type should be used in dusty loca¬ 
tions, such as grain elevators, flour 
mills, starch plants, and other pulver¬ 
izing plants, and in dry-cleaning, dye¬ 
ing and paint-manufacturing plants. 

Blast-proof speakers are also avail¬ 
able that will withstand tremendous 
instantaneous peak air pressures 
which would destroy the voice coil 
and diaphragm assembly of an ordi¬ 
nary speaker. Such a speaker can be 
used close to sharp noises, such as 
blasting operations, artillery sites, and 
other sources of sharp impulse noises 
or vibrations. 

If you are called upon to make an 
unusual installation, remember that 
these special speakers are available 
for many specialized services. 
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Transmission Systems 
Transmission lines have two im¬ 

portant functions in public address 
systems: They connect the micro¬ 
phone to the amplifier, and they con¬ 
nect the amplifier to the loudspeaker 
system. 
Although lines containing two 

parallel conductors are occasionally 
used for audio frequency work, such 
a line is not desirable because it will 
pick up hum, noise, and interference. 
Stray pickup can be reduced by twist¬ 
ing the wires so that they are sepa¬ 
rated only by their insulation. Close 
spacing and twisting causes stray 
pickup of one wire to be cancelled by 
the pick-up of the second. Regular 
twisted wire is often used as an audio 
line where the power levels are high 
enough to make losses unimportant, 
and where the line will not be sub¬ 
jected to wearing by excessive motion 
or weather deterioration. 

Both low and high priced lines de¬ 
signed specifically for audio work 
can be obtained from any radio 
supply house. Typical examples of 
audio lines are shown in Fig. 24. 

The line in Fig. 24A consists of a 
twisted pair of wires enclosed in cot¬ 
ton insulation or in shielded braid. 
You can also get water-proofed wire 
of this type for outdoor use. These 

FIG. 24. The three most common kinds 
of audio lines: A, twisted-pair line; B, 
unbalanced coaxial line; C, balanced co¬ 

axial line. 

lines are used to connect loudspeakers 
to the amplifier output terminals. 
Since the lines must transfer audio 
power, they should have a reasonably 
large cross-sectional area to carry the 
current. 

If the PA system is installed tem¬ 
porarily, the wires may be strung 
around the room; in a permanent in¬ 
stallation, they are frequently placed 
behind the walls, preferably in con¬ 
duit. Likewise, for a permanent out¬ 
door installation, the cables are en¬ 
closed in conduit and often buried in 
the ground. 

In making a permanent installation, 
you will have to comply with the 
local electrical codes. Most electrical 
codes require that you use special 
conduits or special wire markings. In 
some cases, the installation must be 
made by a licensed electrician. 

Twisted-pair lines cannot be used 
for high-impedance microphone lines, 
because they will pick up hum and 
noise. Instead, some form of shielded 
cable is used for a high-impedance 
link between the microphone and the 
amplifier. This type of line, shown in 
Fig. 24B, consists of a center con¬ 
ductor surrounded by insulation that 
in turn is surrounded by a shield that 
acts as a second conductor. The shield 
serves as the ground conductor and 
completely surrounds the hot or 
“high” side conductor. Thus, hum and 
noise fields are grounded by the outer 
surface of the shield and do not set 
up large signal variations between the 
inner and outer conductors. The outer 
shield is made of braided fine wires so 
that it is flexible and can be used con¬ 
veniently for public address work. 

The best shielding can be obtained 
by using three-conductor cable like 
that in Fig. 24C. This is the type that 
is used to connect a low-impedance 
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microphone to the low-impedance in¬ 
put of the amplifier. The two active 
wires are enclosed in a braided shield. 
The shield functions as a third con¬ 
ductor and serves as the ground lead 
between the microphone transformer 
and the amplifier. Most high-fidelity-
microphones have cable plugs to fit 
this type of line. 
Now that you know the types of 

lines that are used in public address 
work, let us study some of the im¬ 
portant electrical characteristics of 
the lines that must be considered in 
making a PA installation. 

MICROPHONE 
TR ANSMISSION UNES 

When we refer to high and low 
impedance lines in public address 
work, we are not referring to the surge 
or characteristic impedance concept 
used in television and high-frequency 
work. The characteristic impedance of 
a line is determined by its inductance, 
capacitance, and resistance. However, 
for low-frequency audio operations 
where the line length is very short in 
comparison to the audio signal wave¬ 
length, we need not consider the surge 
or characteristic impedance of the 
line. The terms high and low imped¬ 
ance when used to describe audio lines 
refer to the impedances of the termi¬ 
nating devices; that is, the source and 
load that the line connects to and not 
the actual impedance of the line itself. 
High - Impedance Microphone 

Lines. Microphone lines are con¬ 
sidered to be high impedance if they 
link impedance values above 10,000 
ohms. Crystal and ceramic micro¬ 
phones have impedances higher than 
20,000 ohms. Therefore, these micro¬ 
phones can be connected directly to 
the high-impedance grid circuit of a 
tube through a connecting line. The 
power loss in the resistance of a high-
impedance line is negligible. If the 

impedances of both the microphone 
and the amplifier input are around 
10,000 ohms, a line having a resist¬ 
ance of 10 ohms will have such a 
small effect on the signal current that 
it will not matter. Frequency response 
and noise pick-up sensitivity, how¬ 
ever, are definite problems with high-
impedance lines. 
Stray noise and hum fields are 

troublesome whenever the impedance 
to ground is high, because even a 
small interference field can develop an 
appreciable voltage across a high im¬ 
pedance. The high input impedance to 
the control grid of a tube makes the 
grid sensitive to interference. Further¬ 
more, the desired signal level at the 
grid of the first preamplifier tube is 
always low, and even a low hum or 
noise voltage will be reproduced by 
the loudspeakers. You can decrease 
the interference by keeping the con¬ 
nection between the amplifier input 
jack and the grid short, and by 
shielding all portions of the high-
impedance circuit so that it will pick 
up less interference. This latter 
method is used in high-impedance 
microphone cables. The shielding is 
always carried inside the amplifier to 
the grid of the tube, and sometimes 
even encloses the input resistor. Al¬ 
though the line is shielded, it always 
has a certain amount of pickup per 
unit length. Thus, it is best to keep 
the high-impedance line as short as 
possible. 

The shunting capacity of a micro¬ 
phone line can decrease the high-
frequency response. The influence 
that the capacity has on the signal 
level at high frequencies depends on 
the type of line (its capacity per foot) 
and the length of the line. The higher 
the capacity of a line, the more 
severe will be its influence on the 
high-frequency response (a high ca¬ 
pacity has a much lower shunting 
reactance at high frequencies). Like-
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wise, the longer the line, the higher 
the total capacity, and therefore, the 
more severe its influence on high-
frequency response. 

For example, if we have a particu¬ 
lar audio cable with a capacity of 
50 mmf per foot, the total capacity of 
a 10-foot line will be 500 mmf. If we 
increase the line length to 20 feet, the 
total capacity will be 1000 mmf. The 
longer line will attenuate the high 
audio frequencies more. 
However, if we use a cable whose 

capacity is only 25 mmf per foot, we 
can use 20 feet of line and have the 
same amount of high-frequency at¬ 
tenuation as 10 feet of the 50-mmf 
line. 

The higher the source and load im¬ 
pedances, the more severe the shunt¬ 
ing influence of the line capacity. For 
example, a fixed amount of capacity 
shunted across a 20,000-ohm line will 
attenuate the high frequencies more 
than if it were shunted across a 5000-
ohm microphone line. Thus, the high-
impedance microphone is capable of 
giving a good frequency response only 
if a reasonably short low-capacity 
line is used between it and the am¬ 
plifier input. 
Fortunately, ceramic and crystal 

microphones are capacitive them¬ 
selves, so that their impedances de¬ 
crease as the frequency increases. If 
the microphone cable is chosen prop¬ 
erly, the impedance of the micro¬ 
phone can be made to function with 
the line capacity as a voltage divider 
to produce an essentially constant 
frequency response over a good part 
of the audio range. In other words, 
the microphone impedance and the 
cable reactance decrease progressively 
at higher and higher frequencies. 
Thus, the input voltage at the grid 
of the amplifier is practically con¬ 
stant over a wide range of frequencies. 

This effect occurs only if the micro¬ 
phone cable has the proper character¬ 

istics. Therefore, you should not 
shorten or lengthen the cable that is 
supplied with a crystal microphone. 
If you do, the output will not vary 
uniformly with frequency. High-
impedance microphone cables are gen¬ 
erally 10 to 15 feet long; some 
shielded cable can be 25 feet or more. 
Low - Impedance Microphone 

Lines. Whenever a microphone is to 
be far from the amplifier, you should 
use a low-impedance line. Low-im¬ 
pedance lines are also used even for 
short distances with low-impedance 
microphones. 

A low-impedance line will not pick 
up very much noise and interference. 
The very low-impedance terminations 
also reduce the influence of line ca¬ 
pacity on the frequency response. 
Hence, it is possible to use a very 
long line between the microphone and 
the amplifier before the line capacity 
has any effect on the high-frequency 
response. 

The impedance of a low-impedance 
line has been standardized at approxi¬ 
mately 500 ohms, although some 
manufacturers use 200 ohms. Two 
connection methods are shown in Fig. 
25. If a high-impedance microphone 
is used, as in Fig. 25A, a microphone 
transformer steps down the imped¬ 
ance to match the 500-ohm line. The 
transformer can be connected either 
at the microphone output terminals 
or in the line near the microphone. 
At the amplifier, a second transformer 
transforms the 500-ohm line imped¬ 
ance to the high impedance of the 
grid. If the microphone is a low-
impedance type, it can be connected 
directly to the low-impedance line 
through its internal transformer. 
Then, a transformer is used at the 
amplifier to match the low-impedance 
line to the high-impedance input, as 
shown in Fig. 25B. 

Remember that a line is referred to 
as a 500-ohm line onlv because it 
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FIG. 25. How long lengths of transmission line can be used to feed the high-imped¬ 
ance input of the amplifier. 

serves as a link between 500-ohm im¬ 
pedances. The actual resistance of the 
line is determined by the length and 
size of the wire. Its capacity is also 
determined by the size of the wire 
as well as the spacing between wires 
and the length of the line. The same 
type of cable can be used as a high-
impedance line or as a low-impedance 
line; whether it is high or low depends 
on the terminating impedances. A 
low-impedance microphone does not 
have to be shielded cable. When the 
impedance is low, hum and noise pick¬ 
up is not usually a problem. However, 
if there are ac power lines near the 
microphone cable, it may be advis¬ 
able to use either one-wire or two-
wire shielded cable. 

LOUDSPEAKER 
TRANSMISSION LINES 

At the output of the PA system, we 
have the problem of connecting one 
or more loudspeakers to the amplifier. 
Here, we are working from plate cir¬ 
cuits rather than into grid circuits. 
Also, we are dealing with low-imped¬ 
ance loudspeaker voice coils. In fact, 
the impedances are so low that a 
loudspeaker line is not considered to 
be low-impedance unless it is below 
50 ohms. In most instances, such lines 
terminate in values approximating 

voice-coil impedances from 2 ohms to 
16 ohms. High-impedance lines also 
can be used between the amplifier 
output terminals and the loudspeaker. 
We will discuss these later. 
Low - Impedance Loudspeaker 

Lines. Since the signal power levels 
at the amplifier output are high, you 
need not worry about hum and noise 
pickup on a low-impedance loud¬ 
speaker line. A twisted-pair line that 
is protected from weather and from 
nechanical damage is satisfactory. 
\lso, since the terminating imped¬ 
ances on such a line are very low 
(under 50 ohms) the capacity across 
the line will not be troublesome. The 
resistance of the line itself is im¬ 
portant, however. 

The line resistance is distributed in 
both sides of the line, one half in 
each as indicated by RI and R2 in 
Fig. 26. Although we ordinarily think 
of copper wire as having practically 
no resistance, actually long lengths of 

AMAMA 
R i 

r2

AAMAAA 
FIG. 26. The resistance of the wire in a 
low-impedance loudspeaker line acts as 
a voltage divider with the load impedance. 
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wire have enough resistance to cause 
trouble when used to connect low-
impedance voice coils. These resist¬ 
ances act as voltage dividers with the 
voice coil impedance ZL. If they are 
relatively high in comparison with 
ZL, there will be a considerable 
amount of power lost in the line that 
will not be delivered to the speakers. 

Tables like that shown in Fig. 27 
can be used to find the “resistance per 
loop foot” for various sizes of wire. 
A loop foot actually represents two 
feet of wire, because it is the amount 
of wire needed to connect an ampli¬ 
fier to a loudspeaker when the two 
are one foot apart. You can find the 
total resistance of a loudspeaker cable 
with the aid of such a table by multi¬ 
plying the resistance per loop foot by 
the number of feet of cable used be¬ 
tween the amplifier and the loud¬ 
speaker. 

For example, let’s suppose you are 
using No. 18 wire, which is a common 
lamp cord size. Its resistance as 
shown in Fig. 27 is .0128 ohm per loop 
foot. A 100-foot run of this wire 
would, therefore, have a resistance of 
1.28 ohms. If you tried to run a wire 
of this size and length from an output 
transformer to a 4-ohm loudspeaker 
voice coil, a considerable amount of 
power would be lost in the line itself, 
because the line resistance is high 

B & S GAUGE 
10 
12 
14 
16 
18 
19 
20 
21 
22 
23 
24 
26 

D C RESISTANCE 
IN OHMS 
0.0029 
0.0032 
0.0051 
0.0080 
0.0128 
0.0161 
0.0204 
0.0256 
0.0330 
0.0407 
0.0513 
0.0816 

FIG. 27. This table shows the resistance 
per loop foot of various gauges of wire. 

WIRE LOAD IMPEDANCE 
SIZE 4 8 16 
(B & S) OHMS OHMS OHMS 
14 125' 250' 450' 
16 75' 150' 300' 
18 50' 100' 200' 
20 25' 50' 100' 

FIG. 28. Maximum loop lengths that can 
be used witli various load impedances to 
keep line loss no more than 15% for 

audio frequencies below 1000 cycles. 

with respect to the load impedance. 
In general, engineers consider a 

line loss of 15% in the 400-to-1000-
cycle range to be reasonable. Tables 
like that in Fig. 28 give the maximum 
length of line of any one size that 
can be used for various low-imped¬ 
ance values, assuming a maximum 
loss of 15%. In the example, the 100-
foot run of No. 18 wire is too long 
for a 4-ohm load; if you were using 
this load value, the maximum length 
of line that you should use is 50 feet 
to keep the line loss at 15% or less. 

Of course, using a larger size wire 
reduces the resistance and permits a 
longer run for the same load imped¬ 
ance, as you can see in Fig. 28. How¬ 
ever, large wire sizes cost considerably 
more money. Furthermore, if the load 
consists of a group of loudspeakers, 
its net impedance will be so low that 
the permissible length of the line will 
be severely limited. Hence, you ordi¬ 
narily will not find a low-impedance 
loudspeaker line longer than about 
200 feet, and seldom one that is over 
50 feet. 

High-Impedance Lines. The prob¬ 
lem of power loss on the transmission 
line can be solved easily by operat¬ 
ing the line at a higher impedance. 
Y'ou car. do this by using impedance 
matching transformers at each end of 
the line, one to match the source to 
the line and a second to match the 
line to the load. For power transfer 
to loudspeakers, terminating line im-
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WIRE LOAD IMPEDANCE 
SIZE 100 250 500 
(B&S) OHMS OHMS OHMS 
14 1000' 2500' 5000' 
16 750' 1500' 3000' 
18 400' 1000' 2000' 
20 250' 750' 1500’ 

FIG. 29. Maximum loop lengths for high-
impedance loudspeaker lines if 5% 
power loss at the middle frequencies is 

allowed. 

pedance values ranging between 100 
and 600 ohms are called high imped¬ 
ances. Notice that these are what we 
call low impedances for microphone 
lines. 

The line loss is negligible when the 
termination is 500 ohms. Effectively, 
of course, going to a higher imped¬ 
ance termination means that for the 
same power, we have a higher voltage 
and lower current. The reduced cur¬ 
rent causes less drop to occur in the 
resistance of the line. 

Fig. 29 gives line lengths that pro¬ 
vide 5% ¡rower loss at the middle 
frequencies. Compare these with Fig. 
28. Incidentally, the loss should not 
be more than 57o, because the imped¬ 
ance-matching transformers have 
some loss. The total loss including 
line and transformer losses will be 
about 15% if the line loss is kept 
down to 5%. 

Obviously, you can run much longer 
lines if you terminate them in high 
impedances. Also, you can use smaller 
wire, thus saving on the cost of the 
line; this saving is often worth while 
if a long line is used. Of course, you 
must use transformers at each end 
of such a line. The transformers may 
be desirable anyway to give the 
proper impedance matching and 
power transfer, as we shall show later. 
Although using a high-impedance 

line does solve the loss problem, it 
reintroduces the problem of the 
shunting capacity. The average ca¬ 

pacity of a twisted-pair electric cord 
is about 50 mmf per foot, so the line 
length must be kept down if the high-
frequency response is not to be seri¬ 
ously reduced. 

Line Lengths. Fig. 30 shows a 
chart prepared by one loudspeaker 
manufacturer from which you can 
find either the length of line that can 
be used for a particular frequency 
response and a fixed impedance, or 
the impedance that is needed at the 
end of the line when a certain length 
must be used. 

For example, let’s assume that the 
line is to be 1500 feet long, and that 
the response is to go to 7500 cycles 
before the power drops to half its 
normal value (3 db loss). We find 
15C0 feet on the vertical scale (where 
the dotted line is drawn in), and fol-

4000 
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Z 200 
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9000 
8000 
7000 
6000 

5000 

1000 
900 

w 800 
IlI 700 
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IMPEDANCE IN OHMS 

Courtesy Jensen Mfg. Co. 

FIG. 30. Transmission line design chart 
prepared by Jensen Radio Mfg. Co. It 
is based on a 5% power loss in line and 
a 3-db loss at the upper limiting fre¬ 
quency due to a line capacity of 50 mmf 
per foot across a typical moving-coil loud¬ 

speaker load. 
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low across to the 7500-cycle curve, 
point A. Reading downward along the 
dotted line to the bottom, you find 
that the load impedance must be 250 
ohms. To find the wire size necessary, 
find the curve that comes closest to 
point A; it is for No. 16 wire. 

If you have a fixed impedance, you 
can determine the line length for a 
particular frequency response. For ex¬ 
ample, suppose you have an imped¬ 
ance value of 200 ohms. Read upward 
until you strike, let us say, the 
10,000-cycle curve at point B. Again 
you can use a 1500-ft line. Notice that 
changing the impedance from 250 
ohms to 200 ohms will allow you to 
go from a 7500-cycle to a 10,000-cycle 
response for the same line length. If 
you go the other way—-toward a 
higher load impedance—the fidelity, 
using the same 1500-ft length, will 
fall off. For example, at 500 ohms, the 
response is something under 5000 
cycles. 
This same chart can be used to 

determine the maximum line length 
for a particular size of wire and fre¬ 
quency response. Let’s suppose you 
want to use No. 18 wire. If the fre¬ 
quency response is to be within 3 db 
up to 10,000 cycles, follow the No. 18 
wire size line to where it crosses the 
10,000-cycle line. This is at point C. 
Reading now to the line length scale, 
you will find that you can use a line 
length of about 1050 feet, and reading 
downwards you will find that the im¬ 
pedance should be about 270 ohms. 
If you used the more practical imped¬ 
ance value of 250 ohms, which crosses 
the No. 18 wire size at D, you could 

use a line 1000 feet long of No. 18 
wire and have a frequency response 
that would be somewhat less than 3 
db down at 10.000 cycles. 

Of course, the response will always 
be improved if any length less than 
these maximums is used. For example, 
returning again to the 250-ohm im¬ 
pedance value, point A shows a length 
of about 1500 feet and a frequency 
response to 7500 cycles. Point D at 
1000 feet and the same impedance 
gives a frequency response flat beyond 
10,000 cycles. If the length is only 
800 feet, the frequency response goes 
to 15,060 cycles. 

SUMMARY 

In this section you learned that 
high impedance microphone lines are 
subject to hum pickup. Therefore, the 
cable must be shielded and kept as 
short as possible. Low-impedance 
microphone lines can be considerably 
longer. Impedance matching between 
the microphone, line, and amplifier 
input circuits can be obtained by 
using transformers. 

You also learned that if you ter¬ 
minate power transmission lines with 
high impedances, the line losses will 
in general be negligible, but the fre¬ 
quency response may suffer. On the 
other hand, the frequency response is 
good if you use lower impedances as 
line terminations, but you will run 
into line loss difficulties. Therefore, it 
is the usual practice to choose some 
compromise impedance value that 
gives the desired frequency response 
without excessive line loss at the line 
length necessary. 
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Loudspeaker Connections 
In the preceding section you learned 

something of the basic characteristics 
of transmission lines. Now, let us find 
out how to connect one or more loud¬ 
speakers to the amplifier. In the aver¬ 
age job, usually at most only three or 
four loudspeakers must be connected 

FIC. 31. The taps on a typical output 
transformer. 

together. More elaborate installations 
may require the use of a great many 
more, however, particularly when sev¬ 
eral rooms are to be covered. 

Very often you will find that you 
can choose any of several different 
voice-coil impedances for a given 
loudspeaker. One that is usually 
equipped with an 8-ohm coil can be 
purchased with a 4- or 16-ohm coil. 
It is particularly helpful to be able 
to make such a choice when you have 
to connect together a group of loud¬ 
speakers and must arrive at some 
reasonable combined impedance that 
can be matched by available trans¬ 
formers. The impedance values usual¬ 
ly provided at the secondary of a uni¬ 
versal output transformer are shown 
in Fig. 31. 
The same 4, 8, and 16-ohm values 

are almost standard today for driver 
units, although some that have a 
higher impedance (about 45 ohms) 
are also offered. High-impedance 

voice coils arc useful when several 
loudspeakers are to be connected in 
parallel; the total net impedance of 
the parallel combination will be very 
low unless the voice-coil impedances 
are fairly high to begin with. 

Impedance matching is only one of 
the methods that can be used to con¬ 
nect loudspeakers to the amplifier 
output. The other method, in which 
the loudspeaker connections are made 
according to the needs at a particular 
location, will be discussed later. 

Now let’s study several practical 
examples of the problems you will 
meet in matching loudspeaker and 
amplifier impedances, and learn how 
they can be solved. 

LOW-IMPEDANCE 
CONNECTIONS 

You learned that when the distance 
from the amplifier to the loudspeakers 
is small, you can connect the trans¬ 
mission line directly to the voice coil 
terminals. If you have more than one 
loudspeaker, you can connect the 
voice coils either in series or in paral¬ 
lel. The parallel connection is the 
most common because if one of the 
voice coils becomes open, the remain¬ 
ing loudspeakers will continue to 
operate. This is important in PA 
installations. 

You can calculate the net imped¬ 
ance of voice coils connected in paral¬ 
lel in the same way as parallel re¬ 
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FIG. 32. Matching impedances of parallel 
voice coils. 
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FIG. 33. Matching impedances of series-connected voice coils. 

sistors. If all the voice coils have the 
same impedance, the net impedance 
will be equal to the impedance of any 
one divided by the number of loud¬ 
speakers. For example, the net imped¬ 
ance of the two 8-ohm voice coils in 
parallel in Fig. 32 is 4 ohms. You can 
use a low-impedance line to connect 
these two voice coils to the 4-ohm tap 
on the amplifier output transformer. 
In figuring the line loss, you must use 
the net impedance; in Fig. 32 it is 4 
ohms, so the maximum line length is 
figured on this basis. If you used two 
16-ohm loudspeakers, the net imped¬ 
ance would be 8 ohms; this would 
make it possible to use a longer line 
for the same wire size. 
If two or more loudspeakers are 

connected in series, and all have the 
same impedance, the load will be the 
sum of the voice-coil impedances. Fig. 
33 shows an example. 

It is also possible to ccnnect the 
loudspeakers in series-parallel, as 
shown in Fig. 34. The impedance of 
this combination is the same as that 
of an individual voice coil as long as 
all the voice coil impedances are the 
same and are connected as shown. 

As long as the loudspeakers in each 
of these cases have the same voice¬ 
coil impedances, the power will divide 
equally between them. Thus, if two 
loudspeakers are connected either in 
series or in parallel and their voice¬ 
coil impedances arc equal, each will 
receive half the power. If there are 
three loudspeakers, each gets one-
third of the power; if there are four, 
each gets one-quarter of the power; 
and so on. Therefore, to make sure 
none of the loudspeakers in such a 

combination will be overloaded, all 
you need do is to see that each has a 
power rating that is greater than its 
fractional portion of the amplifier 
output rating. If the amplifier is rated 
at 50 watts, for example, and you 
have two loudspeakers, each will get 
25 watts of power. The loudspeakers, 
of course, must be rated at 25 watts 
to handle it. 

Unequal Impedances. If the loud¬ 
speaker voice-coil impedances are un¬ 
equal, the power distribution will also 
be unequal. For example, when two 
unequal loudspeakers are connected 
in parallel, the resulting impedance is 

g= ZxZ, 

For example, if you have an 8-ohm 
speaker voice coil in parallel with a 
16-ohm speaker, the result will be 

8X16_128 
84-16-  24 

=5.33 ohms 

There probably won’t be a tap 
rated at 5.33 ohms on the output 
transformer of an amplifier; 4 ohms 
is about the closest. Connecting this 
group to the 4-ohm tap will result 
in a certain loss of power. This cannot 
be avoided. 
There will also be an unequal 

power distribution; the loudspeaker 

AMP. 

FIG. 34. Matching impedances of voice 
coils connected in series-parallel. 
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FIG. 35. Use of high-impedance line with grouped loudspeakers. 

soon 
■ LINE 

having the lower impedance will re¬ 
ceive the greater amount of power 
when they are in parallel. In this case, 
the 8-ohm loudspeaker will get twice 
the power of the 16-ohm loudspeaker. 
(The same voltage is across both, and 
the power in each is P=E2-¿-Z; hence, 
the lower the impedance, the higher 
the power.) 

You should keep this fact in mind 
if you are connecting loudspeakers of 
unequal impedance in parallel, be¬ 
cause otherwise you may accidentally 
overload one of the loudspeakers. If 
a 50-watt amplifier were connected to 
the 8-ohm and 16-ohm combination 
just described. 33% watts would be 
applied to the 8-ohm loudspeaker, and 
16% watts to the 16-ohm one. Thus, 
if both loudspeakers were rated at 25 
watts, the 8-ohm loudspeaker would 
be overloaded. 

If these two loudspeakers were con¬ 
nected in scries, the net impedance 
would be the sum of the two imped¬ 
ance values or 8-)-16=24 ohms. In a 
series connection, the loudspeaker 
with the higher impedance would get 
the most power. In our example, the 
16-ohm loudspeaker would get twice 
as much power as the 8-ohm loud¬ 
speaker. 

You can sec that it is desirable to 
have voice coils of equal impedances 
when low-impedance lines are used, 
unless you want to apply more power 
to some loudspeakers than to others. 
When a high-impedance line is used, 
the loudspeakers are matched to the 
line with transformers. In this case, 
it is not necessary to us? loud-peakers 
having equal voice-coil impedance- to 
get equal power distribution, nor does 

the use of equal impedances mean 
that the power will necessarily be 
equally divided. Let’s take up high-
impedance lines now. 

HIGH-IMPEDANCE 
CONNECTIONS 

Fig. 35 shows how a high-imped¬ 
ance line can be used to match two 
loudspeakers located some distance 
from the amplifier. An impedance¬ 
matching transformer near the loud¬ 
speaker matches the loudspeaker im¬ 
pedance to the 500-ohm line. The line 
is then terminated at the proper 500-
ohm value at the amplifier output 
transformer. 

By using a high-impedance line, 
there is less line loss, and the loud¬ 
speakers can be placed much farther 
from the amplifier. Because of shunt¬ 
ing capacities, however, the total 
length of the 500-ohm line that can 
be used depends on the frequency 
range wanted. If the line has to be so 
long that a 500-ohm terminating im¬ 
pedance will not permit you to get 
the frequency response you want, 
lower impedances must be used. 
Hence, in the example shown in Fig. 
35, it may be necessary to use 250 
ohms instead of 500 ohms at each 
end of the line. Transformer T1 must 
be able to match the impedance of 
the loudspeaker group to a 250-ohm 
line. If the amplifier transformer docs 
not have a 250-ohm tap, replace it 
with one that does. This replacement 
will, of course, have to be designed 
to handle the power output of the 
amplifier. 
Obviously the arrangement shown 
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AMP. 

FIG. 36. Use of high-impedance line with separated loudspeakers. 

in Fig. 35 can be used for practically 
any number of loudspeakers, pro¬ 
vided the loudspeakers can be con¬ 
nected in the proper series or parallel 
arrangement to give a terminating 
impedance that can be matched by 
transformer Tl. 

The statements made before about 
power distribution hold here; in fact, 
you can consider transformer Tl to 
be the same as the amplifier output 
transformer. Therefore, if you use 
loudspeakers of equal voice-coil im¬ 
pedances, they will divide the power 
equally. If their impedances are un¬ 
equal, they will divide the power ac¬ 
cording to their respective impedances 
and to whether they are connected in 
series or in parallel. 

In some PA installations, the loud¬ 
speakers may not be grouped closely 
enough together to make it practical 
to run a low-impedance line between 
the secondary of the matching trans¬ 
former and the voice coils. ín such 
cases, the loudspeakers must be lo¬ 
cated wherever they are wanted, and 
then a high-impedance line must be 
run to each location. Each location, 
of course, must have its own matching 
transformer. 
Fig. 36 shows an example. Here 

each loudspeaker has a matching 
transformer; the transformers are 
chosen so that the net impedance of 
all the primary windings will equal 
the proper terminating impedance— 
500 ohms in this case. Since we have 
two matching transformers and their 
reflected primary impedances are 
1000 ohms, the net impedance of the 
two in parallel equals 500 ohms. If 
we had four loudspeakers, each pri¬ 

mary would have to have a 2000-ohm 
reflected impedance so that the net 
impedance of all of them would still 
be 500 ohms. 

In cases like this, where each loud¬ 
speaker is to get the same power, you 
can find the primary impedance each 
must have by multiplying the ter¬ 
minating line impedance by the num¬ 
ber of loudspeakers wanted. Thus, if 
there are six loudspeakers and the 
terminating impedance is 500 ohms, 
the primary impedance that each 
matching transformer must have is 6 
X 500 or 3000 ohms. Each transformer 
must then be able to match this im¬ 
pedance to that of the voice coil that 
is to be connected to its secondary. If 
each transformer meets this require¬ 
ment, the power will be evenly dis¬ 
tributed among the loudspeakers no 
matter what their voice-coil imped¬ 
ances may be. The transformers effec¬ 
tively make them all equal as far as 
the amplifier is concerned. 

Unequal Power. In many instal¬ 
lations, we do not want equal power 
at each loudspeaker. One example is 
an installation in which high-powered 
loudspeakers are used in an audi¬ 
torium and one or more smaller loud¬ 
speakers are used in side rooms to 
handle an overflow crowd. Obviously, 
an equal distribution of power would 
overload the smaller loudspeakers or 
underdrive the large ones, or perhaps 
do both. 
To see how to create an uneven 

power distribution, let’s suppose we 
have a circuit like that shown in Fig. 
37, in which LSI and LS2 are each 
rated at 25 watts, LS3 is rated at 10 
watts, and the amplifier has an out-
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put impedance of 500 ohms. Our prob¬ 
lem is to find the primary impedance 
values for each transformer that will 
provide the proper power distribution. 

To find these primary impedances, 
we must take these steps: 

1. Find the total power. 
2. Find the ratio between the total 

power and that needed for each indi¬ 
vidual loudspeaker. 

3. Multiply the line or amplifier 
output impedance by the power ratio 
to get the primary impedance each 
transformer must have. 
The total power needed (Step 1) 

for our example is the sum of the 
powers of the individual loudspeak¬ 
ers. This is 25 + 25 + 10, or GO watts. 
Therefore, a 60-watt amplifier must 
be used in this installation. 

The ratio of the power (Step 2) of 
each of the 25-watt units to the total 
power is 60 25 or 2.4. The power 
ratio for the 10-watt speaker is 60 4-
10, or 6. 
The line impedance is 500 ohms. 

Therefore (Step 3), we must multiply 
500 by 2.4 to find the impedance that 
the primaries of T1 and T2 must 
have. This turns out to be 1200 ohms. 
^Multiplying 500 by 6 gives us 3000 
ohms as the impedance of the primary 
for T3. 
We can prove that we have found 

the correct ratios by computing the 
net impedance of these three primary 
impedances in parallel. The net im¬ 
pedance of the two 1200-ohm pri¬ 

maries in parallel is 600 ohms; this 
600-ohm value in parallel with the 
3000 ohms of T3 makes a net imped¬ 
ance of 500 ohms for the whole combi¬ 
nation. Since this is equal to the am¬ 
plifier output impedance, the loud¬ 
speakers are correctly matched to the 
line. 

Therefore, if we use transformers 
that have reflected primary imped¬ 
ances equal to those we have calcu¬ 
lated, the power will be divided so 
that each speaker will receive the 
proper amount. Again, it doesn’t mat¬ 
ter whether the voice coils connected 
to the transformer secondaries all 
have the same impedance or different 
impedances as long as the transform¬ 
ers match them properly to the calcu¬ 
lated primary impedances. 

As another and somewhat more dif¬ 
ficult example, let’s compute the pri¬ 
mary impedance needed for the trans¬ 
formers in the circuit shown in Fig. 
38. This is a small hotel installation 
in which two 25-watt loudspeakers 
are used in a ballroom, four 5-watt 
loudspeakers are used in a dining 
room, and fifteen 2-watt loudspeakers 
are used in individual rooms. The 
loudspeaker groups therefore take re¬ 
spectively: 

2 X 25 •= 50 watts 
4 X 5 = 20 watts 
15 X 2 = 30 watts 

making a total power of 100 watts to 
be supplied by the amplifier. The 

FIG. 37. Unequal powers can be supplied to the various loudspeakers by choosing the 
proper impedances for the transformer primaries. 
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power ratio for the 25-watt loud¬ 
speakers is 4 (100 4- 25). For the 5-
watt loudspeakers, it is 20 (100 ~ 5), 
and for the 2-watt loudspeakers, it is 
50 (100 4- 2). 
With an amplifier termination of 

500 ohms, the primary impedance for 
the 25-watt loudspeakers should be 
2000 ohms (500 x 4) ; for the 5-watt 
loudspeakers it should be 10,000 ohms 
1500 x 20) ; and for the 2-watt loud¬ 
speakers it should be 25,000 ohms 
(500 x 50). 
If you tried to locate the parts for 

this installation, you would find it 
difficult or impossible to obtain trans¬ 

formers for the 2-watt loudspeakers. 
Power-handling transformers rarely 
have turns ratios that would cause a 
loudspeaker voice coil to appear as a 
primary impedance of more than 
10,000 to 15,000 ohms at the most. 
Therefore, it would be wiser to use 
some lower value of source impedance 
so that you can get the turns ratio 
for the 2-watt loudspeakers down to 
a reasonable value. 
If you use a source impedance of 

125 ohms, the 25-watt loudspeakers 
will require primary impedance val¬ 
ues of 500 ohms (125 x 4), the 5-watt 
loudspeakers will require 2500 ohms 

to io OTHER 
2-WATT LOUDSPEAKERS 

HG. 38. A small hotel installation in which unequal powers must be applied to the 
loudspeakers. 
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FIG. 39. Two w ays of keeping I he imped¬ 
ance of a line constant whether loud¬ 

speakers are switched in or out. 

(125 X 20), and the 2-watt loudspeak¬ 
ers will require 6250 ohms (125 x 50). 
Transformers having the necessary 
turns ratios to produce these imped¬ 
ances can be obtained easily. 

Incidentally, while we are on the 
subject of transformers and the values 
that are available, there is one fact 
you should keep in mind when you 
are looking for transformers. A trans¬ 
former rated to match two specific 
impedances can often be used for 
other impedances that are in the same 
proportion. For instance, a trans¬ 
former listed to match 4000 ohms to 
an 8-ohm loudspeaker can also be 
used to match 2000 ohms to a 4-ohm 
loudspeaker, and can be used to 
match 8000 ohms to a 16-ohm loud¬ 
speaker with only a slight loss in 
fidelity. Line-to-loudspcaker trans¬ 
formers can be used this way because 
the source impedance is always less 
than the actual primary reactance of 
the transformer, so there is little fre¬ 
quency distortion. 
In many multi-speaker installa¬ 

tions, it may be necessary to switch 
individual speakers on and off, or to 
regulate the output volume of each 
speaker. This must be done so that 

the impedance match and volume lev¬ 
els are not disturbed along the trans¬ 
mission line. Typical switching and 
attenuator circuits are shown in Figs. 
39 and 40. 

In Fig. 39A, a single-pole double-
throw switch is used. When the 
speaker is switched off. a resistor is 
inserted into the line. The resistor is 
the same value as the voice coil im¬ 
pedance and, consequently, line 
matching and volume levels are not 
disturbed along the rest of the line. 
In the arrangement of Fig. 39B, the 
speaker is transformer-coupled to the 
line. Switching takes place on the pri¬ 
mary side. Here the resistor has the 
same value as the reflected primary 
impedance of the transformer. 

Attenuator L and T pads like those 
shown in Fig. 40 can be used to ad¬ 
just speaker volume levels individu¬ 
ally. These matched attenuators pre¬ 
sent a constant impedance to the 
source and loudspeaker load regard¬ 
less of attenuator volume setting. 
Hence, volume levels can be set com¬ 
fortably at each speaker without dis¬ 
turbing levels along the multi-speaker 
line. 

CONSTANT-VOLTAGE LINES 

The loudspeaker matching method 

FIG. 10. Typical L pad (part A) and T 
pad (part B). 
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Courtesy University Loudspeakers, Inc. 

FIG. 41. A driver unit that can be used 
with either a 70-vo!t constant-voltage sys¬ 

tem or a constant-impedance system. 

just discussed can be called constant¬ 
impedance matching because the im¬ 
pedances of the voice coils and trans¬ 
formers were matched to a particular 
constant output impedance. The volt¬ 
age applied to the loudspeakers de¬ 
pended on the amplifier output rating. 
In the constant voltage distribution 
method, it is the voltage that is held 
constant. The loudspeaker impedances 
are chosen according to the power 
you want the speaker to deliver. 
The constant-voltage system is 

similar to the 110-volt power distri¬ 
bution system in your home. Here the 
voltage is constant at 110 volts; each 
electrical device, such as an appliance 
or light, is rated in watts, and draws 
current according to its needs. In the 
constant-voltage sound system, the 
voltage on the distribution line is held 
constant at 70.7 volts or 141.4 volts, 
usually labeled 70 volts and 140 volts. 
The loudspeakers draw current ac¬ 
cording to their wattage ratings. The 
amplifier is designed to produce 70 
volts or 140 volts across its output 
transformer secondary when operated 

at full power output. 
An example of a driving unit that 

can be used with cither a 70-volt con¬ 
stant voltage system or a constant¬ 
impedance system is shown in Fig. 
41. Notice in the cut-away view shown 
in the illustration that a transformer 
is used between the lou (speaker input 
terminals and the voice coil. The pri¬ 
mary connections are brought out at 
the bottom of the driving unit; a 
drawing of the terminal board show¬ 
ing the wattage an I impedance values 
is shown in Fig. 42. The terminal 
marked “C” is the common terminal. 
Connections can be made directly to 
the voice coil by using terminals VC1 
and VC2. 

If the loudspeaker is used on a 
constant-impedance system, you have 
a choice of impedances from 165 ohms 
to 2000 ohms. On a 70-volt constant¬ 
voltage line, the power output from 
the loudspeaker can be either 2.5, 5, 
10, 20. or 30 watts. The connections 
to make depend on the power needs 
at the location. 
The constant voltage system is 

easier to use because you do not have 
to make complicated calculations as 
in the constant-impedance system. 
Suppose you are making a factory 

FIG. 42. Terminal board shown in the 
cut-away view in Fig. 41. 
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installation in which you need 2.5 
watts for the main office, 10 watts for 
the stock room, and 30 watts for the 
assembly line. Instead of computing 
the impedance ratios to meet these 
requirements, all you have to do is 
connect the distribution line to the 
proper terminals on the loudspeaker 
driving unit. When the connections 
are made, the impedance will be 
matched automatically, and the loud¬ 
speaker will produce the correct 
amount of sound power. Of course, 
the amplifier must be able to deliver 
the total amount of power required by 
all the loudspeakers. 

Another advantage of the constant-
voltage system is that it can be easily 
changed to meet the changing needs 
of the installation. Suppose after a 
period of time two 30-watt loudspeak¬ 
ers are needed in the production area 
instead of the single 30-watt speaker. 
If the amplifier rating is high enough 
to deliver the extra power, all you 

need do is connect another loud¬ 
speaker to the distribution line. Thus, 
you do not have to rearrange the cir¬ 
cuit impedances to include the addi¬ 
tional loudspeaker impedance. Each 
loudspeaker receives the correct 
amount of power regardless of 
whether other loudspeakers are added 
or removed from the system. 

In a constant voltage system, power 
is not wasted in attenuators used to 
adjust the power requirements at a 
location. Connections are made at the 
loudspeaker according to the power 
output desired. Also, if you want to 
turn a loudspeaker off, you can dis¬ 
connect it completely from the distri¬ 
bution line without upsetting the rest 
of the circuit. 

The constant voltage method is be¬ 
coming very popular, especially in 
high-power, multi-speaker systems. In 
the next PA lesson, you will study 
amplifiers that can be used in this 
system. 
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YOU HAVE TO WORK 
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Here is another one of my favorite quotations— 
this one by Bob Burdette: 

“My son, remember yon have to work. Whether you 
are handling piek or wheelbarrow or a set of books, 
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auction bell or writing funny things, you must work. 
Don't be afraid of killing yourself by overworking. 
Men die sometimes, but it is because they quit at five 
p.m. and don't go home until two a.m. It's the in¬ 
tervals that kill, my son. The work gives you appe¬ 
tite for your meals; it lends solidity to your slum¬ 
ber; it gives you a perfect appreciation of a holiday. 
There are men who do not work, but the country 
is not proud of them. It does not even know their 
names; it only speaks of them as old So-and-So’s 
boys. Nobody likes them; the great, busy world 
doesn't know they are here. So find out what you 
want to be and do. Take off your coat and make dust 
in the world. The busier you are, the less harm you 
are apt to get into, the sweeter will be your sleep, 
the brighter your holidays, and tin* better satisfied 
the whole world will be with you. 
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Study Schedule No. 43 

For each study step, read the assigned pages first al your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

□ I. Introduction . Pages 1-3 

Here you learn about the types of battery radios and the tubes that 
are used. You also study about the dry cell batteries used. 

□ 2. The Battery Set . Pages 3-9 

We discuss the special circuits used in battery sets and how to test them. 

□ 3. Three-Way Portable Radios Pages 9-18 

You learn about portable radios which operate from the power line 
as well as batteries. Their power supplies are studied as well as test 
and repair procedures. 

Pages 18-19 
4. Testing Battery Sets and Portables for 
Performance . 

How to test for satisfactory performance. 

H 5. Servicing Portable Radios Pages 19-23 
I low’ Io locate trouble in battery portables, how to align them and how 
to replace a tube rectifier with a selenium rectifier are studied in this 
section. 

0 6. The Transistor Portable .Pages 23-28 

Here you learn the special problems of transistor radios. 

Q 7. Answer the Lesson Questions. 

H 8. Start Studying the Next Lesson. 
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'T'HE battery-operated radio is the 
simplest form of radio receiver, 

using the simplest possible power sup¬ 
ply—dry batteries For this reason, 
battery sets will provide you with 
your easiest service problems, and at 
times, some of your hardest, too! 
However, if the basic circuits are well 
understood, there will be very few 
troubles that you cannot locate and 
repair quickly. Fortunately, the cir¬ 
cuits used in most of these sets are 
basically simple. 

Battery-operated radios can be di¬ 
vided into three classes: the home re¬ 
ceiver, which is usually large enough 
to hold the 1000-hour battery pack; 
the battery-operated portable, pow¬ 
ered only by dry batteries; and the 
three-way portable, which works on 
batteries, ac or de power. The ac-dc 
power supply used is almost the same 
as in home ac-dc sets. There are differ¬ 
ences mainly in the filament circuits. 

Most of the sets built up to 1954 
used tubes of a special series, designed 
for battery operation. Introduced in 
1939 and known as the “GT” series, 
such types as 1A7GT, 1H5GT, 1Q5, 

3Q5, etc., were included. Another 
series, which saw only limited use, is 
the “loctal” group of tubes, inter¬ 
changeable electrically, but having 
different bases: 1LA6, 1LC6, 1LN5, 
1LH4, 3LF4, etc. Later on came the 
miniature types, 1R5, 1U4, 1U5, 3Q4, 
etc., which are electrically the same as 
both of the preceding series, but use 
the miniature size envelope. Most 
miniature and loctal-base tubes, ex¬ 
cept for a few power amplifiers, use a 
filament voltage of 1.4 volts, and a 
filament current of 50 milliamperes. 
The “3” tubes, 3Q4, 3Q5, etc., use 
center-tapped filaments, 3 volts at 50 
ma, or 1.4 volts at 100 ma. 

A word here about the characteris¬ 
tics of a dry-cell battery would be in 
order. These familiar batteries come 
in combinations of many voltages, 
from the single “pen-light” cell up to 
the 300-volt batteries used with Geiger 
counters. The basic unit is the single 
dry-cell. It consists of a carbon rod, 
which is the positive electrode, sur¬ 
rounded by a “mix” of manganese 
dioxide and graphite saturated with a 
solution of sal ammoniac, all enclosed 
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in a case of zinc. The cross section of 
a dry cell is shown in Fig. 1. The sal 
ammoniac reacts with the zinc, releas¬ 
ing electrons by chemical action. 
These electrons flow out of the battery 
from the case. Electrons from the 
outside circuit flow back into the bat¬ 
tery through the positive carbon elec¬ 
trode. 

As the cell is used, hydrogen forms 
around the carbon electrode, and 
tends to block the flow of current 
through the cell. The manganese di¬ 
oxide in the mix provides oxygen 
which combines with the hydrogen to 
form water. This process is called de¬ 
polarization. If a very large current 
is drawn from the cell, hydrogen is 
formed faster than it can be removed. 
This raises the internal resistance of 
the cell and reduces the voltage under 
load. This is the reason an apparently 
dead dry battery, whose voltage has 
dropped below its normal value, will 
be able to furnish more current if al¬ 
lowed to stand unused for a few hours. 

When battery sets were first built, 
names were given to the different 
batteries and are very convenient 
when talking about them. We will use 
these terms throughout the remainder 
of this lesson. The filament battery is 
called the “A” battery. The plate or 
high-voltage battery is called the “B” 

FIG. 1. Construction of a round dry cell. 

battery. For this reason, the plate 
voltage is still known as the B volt¬ 
age; the positive as B-plus and the 
negative as B-minus. Bias voltages, 
for the grids, were furnished by small 
batteries. 4.5, 7.5 or 22.5 volts, and 
called “C” batteries. Present practice 
eliminates all but the A and B bat¬ 
teries, however, which are the only two 
we’ll have to work with. Remember 
those letters, though; you’ll be hearing 
a lot about them. 

The open-circuit voltage of a new 
cell is 1.6 volts. This is the no-load 
voltage that would be measured by a 
vtvm. After about three or four hours 
of use, this voltage will drop, under 
load, to below 1.5 volts, and remain 
there until the active materials of the 
cell are almost used up. Then there 
will be a gradual decline in the volt-
aere under load, until the cell reaches 
the cut-off voltage of 1.1 volts. At this 
point, the active materials in the cell 
may be considered to be completely 
used up. 

Tube designers took note of this de¬ 
cline in voltage in designing the new 
battery tubes. The tubes were designed 
to operate on a normal filament voltage 
of 1.4 volts, with a cut-off at 1.1 volts. 
(Cut-off is the point where the effi¬ 
ciency of the tube falls below a usable 
level, due to the lowered temperature 
of the filament.) Thus, the character¬ 
istics of both tube and battery were 
matched. Tncidenfallv, alwavs make 
measurements in batterv circuits with 
the set turned on so that the batteries 
will be operating under full load. 
Never test a battery without a load, 
because even an almost totally dis¬ 
charged cell, after a little rest, will 
read full voltage without a load. 
To make high voltage supplies, 

small cells are connected in series un¬ 
til the desired voltage is reached. A 
90-volt batterv requires 60 cells (1.5 
X 60 = 90). To make an A battery, 
with a low voltage and high current 
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capacity, larger cells connected in 
parallel are used. 

Battery packs for use with either 
portable or home radios are made by 
putting both A and B batteries into 
a single box, with the connections 
brought out to a special plug. This 
arrangement is shown in Fig. 2. Sev¬ 
eral years ago the RETMA (Radio-
Electronics-Television Manufacturer’s 
Association) brought out a set of stan¬ 
dard sockets and plugs to avoid con¬ 
fusion and eliminate the danger of tube 
burnouts. Those make it impossible 
for a battery radio to be plugged into 
the wrong battery. Unless the right 
voltages are there, the plug will not 
fit. Most of the manufacturers have 
held to these standards although a 

'A' BATTERY: LARGE CELLS, 
IN PARALLEL. 

FIG. 2. Connections of a typical A-B 
battery pack. 

few, unfortunately, have kept on us¬ 
ing special plugs and sockets so that 
only their own make of battery could 
be used. 

The Battery Set 
As we said, the battery set is prob¬ 

ably the simplest radio receiver that 
can be built. These sets are very much 
standardized and servicing them is 
easy, once the basic circuit is mas¬ 
tered. 

Practically all home sets use this 
circuit: a mixer-oscillator, a pentode 
i-f amplifier, a diede-triode 2nd de-

tector-lst af amplifier, and a pentode 
power amplifier stage. The schematic 
diagram is shown in Fig. 3. PM dy¬ 
namic speakers are used in all sets. 
Some sets use one stage of tuned rf 
amplification ahead of the mixer. A 
few designers use an additional i-f 
stage for added gain, but generally the 
circuit consists of the four tubes 

FIG. 3. Basic circuit used in battery receivers. 
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shown. Portables often have five 
tubes, including an rf stage for added 
gain. 

In the four-tube circuit used in 
home sets, there is an A drain of 200 
ma at 1.4 volts, and a B current drain 
of 8-10 ma at 90 volts. These standard 
current drains make it possible for 
battery makers to build the 1000-hour 
battery packs by balancing the ca¬ 
pacities of the A and B batteries so 
that both give about 1000 hours of in¬ 
termittent operation. In the ideal bat¬ 
tery pack, both A and B batteries 
would be exhausted at the same time; 
in use, there is a small difference. 
Most portable radios use a separate 
A battery, so that it can be replaced 
independently of the B battery. This 
is done to make the set. smaller and 
lighter. Tn sets using a flashlight cell 
for the A battery, the B battery will 
usually last through several sets of 
A batteries. 

The larger portables use small ver¬ 
sions of the pack battery; the bat¬ 
teries are balanced for current de¬ 
mand, and usually run down together. 
For this reason, special attention 
should be paid to the condition of the 
batteries in relation to each other. If 
one battery is good and the other is 
down, the set should be checked care¬ 
fully to find out why. The battery 
itself may be defective, or there may 
be trouble in the set. 
Due to the small amount of space 

in portable cases, special compact cells 
have been developed by battery man¬ 
ufacturers. Batteries must fit into odd 
corners of the cases, and are usually 
special types for portables only. Ex¬ 
act physical duplicates must be used 
for replacement. Tn special cases 
where portables are used in the home, 
extension battery cables may be pro¬ 
vided and the larger, less expensive 
home-type batteries used. Due to 
manufacturing costs, the small porta¬ 
ble packs, with a life of only 200-300 

FIG. 4. Standard bias supply circuit used 
in battery radios. 

hours, cost almost as much as the 1000 
or more hour home-type packs. 

SPECIAL BATTERY RADIO 
CIRCUITS 

There are a few unusual features 
common in battery sets but not often 
found in ac sets. Among these are the 
bias circuits, filament circuits, and 
filter circuits. 

Tn the battery set, the power out¬ 
put stage is the only one requiring 
applied bias voltage. The rf, i-f and 
mixer stages are usually biased by a 
circuit which combines avc with con¬ 
tact bias, the small voltage developed 
by random electron flow in tubes. 
Since the power output stage con¬ 
sumes almost 80% of the total cur¬ 
rent drawn by the set, its bias voltage 
is very important to the battery life, 
and should be checked every time the 
set is serviced. 

To obtain this voltage without us¬ 
ing a C battery, a special circuit 
shown in Fig. 4, is used. It has several 
advantages over the C battery. The 
bias voltage developed is always di¬ 
rectly proportional to the amount of 
B voltage applied, making the circuit 
self-adjusting as the B battery runs 
down. A C battery would not go 
down in step with the B battery. 
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lienee, when the B battery was par¬ 
tially discharged, the bias would still 
be at maximum, and the stage gain 
would be reduced or there would be 
distortion. Some sets even include a 
special resistor in the circuit, whose 
only purpose is to deliberately dis¬ 
charge the C battery. In such cir¬ 
cuits, the bias goes down as the B 
voltage goes down, and the output 
of the set does not change very fast. 

The negative connection of the B 
battery goes to ground through a small 
resistor, Rb, ranging from 300 to 1000 
ohms, depending upon the bias volt¬ 
age needed. The grid resistor of the 
power tube is returned to B—. Thus, 
the grid is made negative with respect 
to ground by the amount of voltage 
developed across this bias resistor. 
This bias sets the plate current drawn 
by the output tube, making it work 
at the proper point on the curve. Since 
the plate current of this tube has a 
tremendous effect on the battery life, 
this resistor and circuit are very im¬ 
portant. 

Filter circuits are unusual, too. In 
place of the numerous bypass capaci¬ 
tors used in other types of radio re¬ 
ceivers, the battery set has only one 
major bypass, usually an electrolytic 
capacitor of about 10 mfd at 150 volts. 
The location of this capacitor in the 

MIXER 

FIG. 5. The single filler capacitor, “C”, 
provides a low impedance path back Io 
ground for the return currents of signals 

from all stages in the battery set. 

circuit is shown in Fig. 5. Because of 
its position in the circuit, it bypasses 
both the audio stage returns and the 
radio-frequency stages. This prevents 
any common coupling in the battery 
circuit, which could cause oscillation 
as you tune in each station. Actually, 
this unit should be called the common 
bypass capacitor, but it is better known 
as a filter, and we shall refer to it by 
that name from now on. 

In some sets a tilt resistor will be 
found in the oscillator circuit. This is 
a large resistor, usually around 10 
megohms, between the oscillator grid 
and the avc circuit. This circuit is 
shown in Fig. 6. Its purpose is to 
equalize the gain of the set across the 
entire broadcast band by changing the 
gain of the i-f stages as the set is 
tuned across the dial. The oscillator 
is self-biased. Both the gain of the 
mixer and the bias change as the oscil¬ 
lator is tuned across the band. The 
gain is highest when the oscillator 
bias is greatest. Part cf this bias is 
fed to the avc circuit, so that the gain 
of the i-f depends on the oscillator 
bias. A strong oscillator reduces the 
gain of the i-f stage. In this way the 
gain of the receiver as a whole remains 
constant as the oscillator is tuned 
across the band. 



FIG. 7. These common oscillator-inixer 
circuits are used in most battery sets and 

portables. 

Be careful when checking this cir¬ 
cuit; if this resistor has dropped in 
value, permitting too much voltage to 
be fed into the avc, the over-all gain 
of the set will be reduced to an un¬ 
usable level. Where the set is being 
operated in remote areas, and maxi¬ 
mum gain is needed, this circuit can 
be disabled by removing the tilt re¬ 
sistor entirely. 

TESTING BATTERY RECEIVERS 

One of the main causes of trouble 
is the oscillator circuit. Most sets use 
a pentagrid converter tube, with the 
second grid serving as the oscillator 
plate. The circuits in Fig. 7 show two 
common oscillator circuits. Both oscil¬ 
lators use feedback windings. The 
method of coupling the oscillator grid 
to the tuned circuit and the tube 
types are the only differences between 
them. Either tube will work with 
either circuit. 

The conversion gain of these tubes 
is quite low, hence the need for good 
tubes and correct voltages. Conver¬ 
sion transconductance of a 1A7, for 
instance is only 250 micromhos, as 
compared with almost 500 for a 6BE6. 
The filament voltage is the most criti¬ 
cal of all the applied voltages in this 
circuit. If the tube becomes weak, 

through aging or overloading, the 
transconductance will fall off and the 
tube will not sustain oscillation. The 
same thing happens when the filament 
voltage falls below cut-off (1.1 volts 
in most of these types). 

To check this section, first check the 
filament voltage at the battery, then at 
the tube itself. Substitution of a new 
tube is the best way to check the tube. 
If neither of these tests shows why the 
oscillator does not work, test the oscil¬ 
lator circuit components. Most cir¬ 
cuits use two-winding coils, with 
the oscillator plate voltage applied 
through the tickler winding. Electro¬ 
lysis of the fine wire in this coil will 
stop oscillation, due to the lack of 
voltage on the oscillator plate. Inci¬ 
dentally, this winding usually consists 
of fifteen or twenty turns, always 
wound on the outside of the coil. It 
can be rewound with little trouble, 
noting the number of turns and direc¬ 
tion of winding. If the set does not 
work when the winding has been re¬ 
placed, reverse the leads on the tickler 
winding. A few circuits use a single 
tapped coil. This type of coil should be 
replaced rather than rewound. 

To test the oscillator, always use 
a vtvm. This is a very high impedance 
circuit, and a low-resistance voltmeter 
will load the oscillator so much that it 
will not work. An oscillator works like 
a class C amplifier; the tube is driven 
into grid current on part of each cycle. 
This current through the grid leak re¬ 
sistor will develop a de voltage across 
the resistor, which can be measured 
with a sensitive voltmeter as an indica¬ 
tion of the circuit’s performance. The 
more voltage developed here, the better 
the circuit is working. Actual values 
will run from 15-18 volts de with the 
set tuned to the high-frequency end 
of the dial, and 7-8 volts at the low 
end. This variation is normal. Bat¬ 
tery-set oscillators usually show up 
trouble by weakness at the low end of 
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the dial. Therefore, measure the oscil¬ 
lator grid voltage at the low end; if 
sufficient voltage is developed here, 
the tube is working all right. 

It is quite possible for a set with a 
weak oscillator to work over the upper 
half of the dial, and not play at the 
low end. This is always oscillator 
trouble, if the cut-off is gradual. If 
the set cuts off with a loud “pop” in 
the middle of the dial, one of the 
plates of the tuning capacitor is short¬ 
ing. 

Although oscillator circuits may ap¬ 
pear to be quite complicated, they are 
really simple. If the circuit fails to 
operate, start trouble shooting by 
checking the tube. The operating volt¬ 
ages are next, then the remainder of 
the parts in the circuit. Check all 
parts for proper value, and for shorts 
or leakage to ground. One common 
source of trouble is a short or leakage 
across the tuning capacitor, caused by 
metal particles or dirt. This section, 
in a two-gang capacitor, is usually the 
one with the smallest plates. Remove 
all wiring and check to ground for 
shorts. Wash all trimmer capacitors 
with a solvent and check carefully for 
leakage. Even a 1-megohm leak will 
cause trouble. Dirt or moisture in the 
plates of a mica compression-type 
trimmer will often cause leakage. Re¬ 
place the mica, if necessary. 
Watch out for the special compen¬ 

sating fixed capacitors used in some 
circuits. These are units with a special 
temperature coefficient which compen¬ 
sate for oscillator drift caused by 
changes in the temperature. Replace 
with exact uuplicates, if defective. 
When checking coils, check not only 
for correct resistance of the windings 
(usually 3 to 5 ohms for secondary, 
1 to 3 ohms for plate or tickler), but 
also for a high-resistance leakage be¬ 
tween them. Some oscillator coils use 
a small open-ended winding, shown 
in Fig. 7B, which has only one end 

connected; this is called a “gimmick”, 
and is actually used as a capacitor. 
They occasionally open up, or short 
over to other windings. Used in place 
of the grid capacitor, a gimmick can 
be easily checked by temporarily con¬ 
necting a small capacitor (about 100 
mmf) in its place. Connect it from the 
oscillator grid to the “hot” end of the 
tuned winding of the coil. 

One positive test for the oscillator 
circuit is the “voltage-cutoff” check. 
This is easily done by lowering the fil¬ 
ament voltage and noting the point at 
which the oscillator stops working. 
We will go into detail on how this is 
done later. If the oscillator cuts out 
at some point well above the normal 
cut-off voltage of 1.1 volts, it will 
cause trouble. Battery life will be 
short, since the set will not use up al! 
the available power in the battery. 
Check by replacing tubes, because this 
is the major cause of trouble. A good 
tube will sustain oscillation well down 
into the 1.1-volt region, and some 
have been checked as low as .9 volt! 
However, if the tube will still oscillate 
at 1.1 volts, it will give satisfactory 
performance and full battery life. 

There is a simple check for filament 
continuity which can be used on al¬ 
most all tubes in the battery series, 
especially the GT tubes. The filaments 
of these tubes are of very fine wire, 
almost invisible to the naked eye. 
They are mounted in the tube struc¬ 
ture in the center of the elements, pass-

'HOOK UP' INDICATING 
FILAMENT BURNOUT 

END OF GRID RODS, / 
ETC, OF OTHER X 
ELEMENTS -ZZ-HOOK BENT 

/X / 'XÁ D0WN>G00D 
( 000 ß 0 0 □ 0 ) FILAMENT 

TOP MICA SPACER 
IN TUBE 

FIG. 8. Top mica spacer of battery-type 
tube. 
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riG. 9. Typical i-f amplifier stage in portable or battery radios. 

ing through a triangular hole in the 
upper mica spacer. The upper ends 
are held under tension by a tiny 
spring, called the “hook”, one end of 
which is tied to the mount; the other 
end is welded to the filament. Fig. 8 
shows this hook in a tube of this type. 
Normally, this is under tension and 
shows a decided bow; if the filament 
is broken or burned out, the tension 
is released and the hook flies up into 
the top of the bulb. This can easily be 
seen by a visual examination. If the 
hook is up, the filament is open, and 
no further tests need be made. Make 
a quick check on each tube, before any 
other tests are made. If all tubes are 
burned out (a. common occurrence in 
battery sets), this will save much 
time. 

If you have a set like this, always 
cheek very carefully to see what 
caused it! Remember, there is abso¬ 
lutely no circuit in a standard battery 
set which can cause this! In other 
words, something external caused it. 
At times, the insulation will go bad 

on a battery cable, causing a short be¬ 
tween filament and plate voltages in 
the battery cable. Watch for this con¬ 
dition, and never replace any tubes in 
a set until the trouble has been found 
and cured. Otherwise, all the new 
tubes may burn out. 

The i-f amplifier stages follow the 
oscillator stage. The i-f usually has 
just one pentode stage. Nearly all sets 
use the circuit of Fig. 9. Troubles in 
this section are mostly found in the 
transformers themselves—open or 
high-resistance windings caused by 
electrolysis, just, as in the ease of the 
oscillator coils. Check the windings 
with an ohmmeter; each winding 
should have the same resistance. It 
will vary from 12-18 ohms for a 456-
kc i-f stage, and from 25-30 ohms for 
the 262-kc sets. 

Older sets used large i-f trans¬ 
formers. while the newer, more com¬ 
pact sets u=e powdered-iron core “K-
Tran’s” and similar transformers 
which have much more gain and selec¬ 
tivity yet are much smaller. Schemati-
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cally, the circuit for both is the same. 
One word of caution here—when ad¬ 
justing the iron-core transformers, al¬ 
ways use the special tools made for 
them. Common screwdrivers will dam¬ 
age the cores. 

One exception to the ohmmeter test 
would be the output i-f transformer, 
if it includes a tweet-filter inside the 
can, such as shown in Fig. 10. In this 
case, a resistance reading of 47,000 
ohms would be obtained, due to the 
filter resistor, and only a completely 
open coil could be spotted by this 
test. 

A quick check of the alignment will 
show up troubles in the i-f stage. Con¬ 
nect a vtvm to the avc line. It should 
read 3 to 4 volts on a medium to 
strong signal. Vary each trimmer 
adjustment slightly, and see if each 
one has a good response. If any trim¬ 
mer adjustment shows no response, 
the stage or coil associated with it is 

FIG. 10. Twect-filler inside can (dashed 
line) of output i-f transformer. 

defective. Substitute another tube, and 
check the coil if the tube is OK. Any 
stage that is operating properly will 
show a definite peak in its response; 
the reading will drop off sharply on 
either side of the peak. 

Three-Way Portable Radios 
Three-way portable radios differ 

from straight battery sets mainly in 
the filament circuits. Signal circuits, 
etc., are practically the same, especi¬ 
ally in the basic circuit. Although 
some of the earlier models used a 
parallel filament circuit, the compli¬ 
cated switch needed to make the 
changeover from battery to ac-dc op¬ 
eration made it much simpler to de¬ 
sign the sets with a series filament 
string. This made a change in the bat¬ 
tery hookup necessary. Instead of con¬ 
necting the cells of the A battery in 
parallel, they were connected in series. 
This still gave the same battery life. 
Battery life depends on the total 
wattage drawn from the battery 
(product of the voltage and current). 
1.4 volts at 200 ma gives the same 
number of watts as 5.6 volts at 50 ma. 

If the tubes in a series filament 
string do not draw the same current, 
shunt resistors must be used across the 
low-current tubes. The battery volt¬ 
age must be the sum of the filament 
voltages. For instance, a string con¬ 
sisting of three 1.4-volt tubes and one 
3-volt tube adds up to 7.5 volts; a 7.5-
volt battery must be used. (Although 
the filament voltage is rated at 1.4 
volts, common practice is to call it 1.5 
to simplify calculations, and this will 
be done in this text.) 
Common design practice in these 

sets will always place the tubes in the 
same order in the filament string as 
shown in Fig. 11. The first audio, 
which is the most sensitive to hum, 
is closest to ground. Due to shock 
hazard the chassis is not used as a 
ground. Instead a floating ground or 
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FIG. 11. Usual order of tubes in con¬ 
necting series filament strings. 

B-minus is used. This same practice 
is followed in designing the standard 
ac-dc sets for use on 120 volts ac-dc 
in homes. 
The plate current of each tube must 

also flow through the filament string. 
This is because the filaments of the 
tubes are also the cathodes. While this 
8 or 10 ma is not so important as far 
as actual current is concerned, it is 
considerable percentage-wise, as the 
filaments draw only a very low current. 
Therefore, the careful designer will al¬ 
low for this, and provide shunt re¬ 
sistors across some tube filaments, 
especially the power tubes, as in Fig. 
12. They provide a path for the excess 
plate current to ground around the 
small filaments, to avoid overloading 
them. 

POWER SUPPLIES 

supply if troubles are to be avoided. 
Hence, voltage regulation (the varia¬ 
tion in the voltage output under vary¬ 
ing loads) must be better, and all 
parts must be in perfect condition. 

Because the filaments are also the 
cathodes, almost pure de must be used 
on them to avoid excessive hum. For 
this reason, a large filter capacitor is 
placed across the filament circuit. One 
thing must be remembered: always 
replace parts in this circuit with exact 
duplicates. The filter capacitors are 
not too critical but resistors must al¬ 
ways be duplicated exactly. If a fila¬ 
ment dropping resistor were lowered 
only 10%, it would result in increased 
voltage on all the tubes, shortening 
their life tremendously. The total volt¬ 
age across the filament string must 
be checked carefully with an accurate 
meter when a set is serviced. 
There are two fundamental precau¬ 

tions that must be observed when doing 
any kind of service work on any kind 
of battery set. First, be very careful 
when probing the circuits and making 
voltage measurements not to short the 
high voltage to the delicate filaments 
of the tubes! Even a momentary 
short, by a test prod or screwdriver, 
can completely destroy a full set of 
tubes. Second, never remove any tubes 
while the set is operating or plug the 
set in while one or more tubes are miss-

The power supplies for three-way 
portables are similar in over-all design 
to the half-wave rectifiers used in the 
common ac-dc sets. One big difference 
lies in the closer tolerances required 
in the output voltages. This type of 
power supply must furnish not only 
the plate voltage, but also the fila¬ 
ment voltage and current. A dropping 
resistor is used to reduce the output 
voltage of the supply to the 7.5 or 9 
volts needed by the filaments. Ob¬ 
viously, there is room for only a small 
variation in the output of the power 

FIG. 12. Shunt resistors used on filament 
of power output tube. 
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ing. Always check battery connec¬ 
tions, cables, plugs, etc. to make sure 
that there are no loose connections or 
exposed wires due to bad insulation. 
If you want to make resistance meas¬ 
urements in a suspected chassis, be 
sure that all batteries are discon¬ 
nected, the power plug pulled, and to 
be perfectly safe, take all the tubes 
out of their sockets. When a set is 
brought in for service, always test all 
tubes before making any other tests. 
In this way, if all the tubes are burned 
out, you will be sure that you didn’t 
do it accidentally. This may sound 
like a lot of unnecessary precautions, 
but it is based on the sad experience 
of many technicians, so take heed! 

As we just said, you should first test 
the tubes themselves. They are easily 
damaged by a momentary overload, 
quite common in the three-way porta¬ 
bles where a line surge (or small light¬ 
ning stroke in the power lines) can 
cause the tubes to be overloaded and 
weakened. All tubes in these sets must 
be in perfect condition for best per¬ 
formance. The portables must work 
with a loop antenna, and the low rf 
pickup in remote areas makes it im¬ 
perative that the set be in absolutely 
top condition. 
There is one more rather unusual 

circuit, not often seen, but which 
should be mentioned. This set uses a 
battery-type output tube, such as a 
3Q5, during battery operation, but 
switches an ac-type pentode into the 
power stage when working on ac. This 
circuit is not too common today, but 
should be remembered. If a combina¬ 
tion rectifier-pentode, such as a 117L7, 
is used, or even if a 50L6 is used, the 
filament string (less the 3Q5 filament) 
is often supplied from the voltage drop 
across the cathode bias resistor of the 
pentode when on ac. This voltage nor¬ 
mally runs from 6 to 8 volts in ac-dc 
home sets and is deliberately set at 
4.5 or 6 volts in the portable, depend¬ 

ing upon whether three or four tubes 
are to be fed from it. 
A very common trouble found in 

this circuit is the development of 
leakage in the input coupling capaci¬ 
tor or gas in the tube. Either of 
these conditions will cause the tube 
to draw excessive plate current by re¬ 
ducing the grid bias. This added plate 
current causes the voltage drop 
across the cathode resistor to rise and 
results in an increased voltage on the 
battery tube filaments. Check the fila¬ 
ment voltage very carefully when this 
circuit is used; also check coupling 
capacitors for leakage. Check for volt¬ 
age across the grid resistor with a 
vtvm. Any voltage indicates a leaky 
capacitor or a gassy tube. 

TESTING THREE-WAY 
PORTABLES 

The power supply used in the three-
way portables is almost identical with 
the circuit used in the ac-dc home sets 
using ac type tubes. However, due to 
the much closer tolerances necessary 
in the portables, parts must be kept 
in better condition. 

The rectifier itself may be either a 
tube or selenium rectifier. Types such 
as 35Z5, 50 Y6, or even 117Z3 or 117Z6 
are used. The heater voltage of the 
rectifier tube must be supplied by the 
ac line. Therefore, we must provide a 
resistor to drop the remainder of the 
line voltage. This used to be a long 
flexible resistor wound around the line 
cord. Later models use fixed resistors 
mounted on the chassis. One of the 
benefits derived from replacing the 
tube with the selenium rectifier was 
the elimination of this resistor whose 
high heat dissipation made a “hot¬ 
spot” on the chassis. The dry rectifier, 
of course, has no filament so needs no 
dropping resistor. Incidentally, a tube 
rectifier may be replaced with a sele¬ 
nium rectifier by connecting the posi-
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tive side of the rectifier to the cathode 
connection of the tube, and the nega¬ 
tive side to the plate connection. They 
may be wired into the tube socket 
from the top, if necessary. 

The only precaution needed here is 
the selection of a rectifier that will 
have enough capacity to supply the 
current. The filament circuit needs 50 
ma, while the plate circuits use a total 
of perhaps 15-20 ma maximum. It is 
necessary to use a rectifier of at least 
100-ma capacity to give the unit a 
large enough margin of safety. While 
many set designers use 75-ma recti¬ 
fiers in the original design, the safety 
factor is not large enough and the life 
is usually short. The 100-ma size is 
about the largest that can be mounted 
in the limited space of the cabinets. 
Often, when attempting to replace a 
75-ma rectifier with a 100-ma unit, 
the space will be too small. In this 
case, one of the “encapsulated” recti¬ 
fiers must be used. These are 100-ma 
selenium rectifiers sealed in an insu¬ 
lating tube which look a great deal 
like a large paper capacitor. With 
their insulation, you can mount them 
almost any place in the chassis, as 
long as you don’t short circuit the 
leads. 
The small resistor marked RI in 

Fig. 13 is known as a “surge resistor”. 
It limits the current flow through the 
rectifier and into the filter capacitor. 
This resistor is usually between 27-47 
ohms with a tube rectifier, and from 
47 to 75 ohms with a selenium recti¬ 
fier. It is more important with the 
instant-heating selenium rectifiers 
than with tubes. Selenium rectifiers 
begin to conduct current the moment 
voltage is applied, while the tube rec¬ 
tifiers require a warm-up period. This 
instantaneous conduction will cause 
the full voltage to be applied to the 
input filter capacitor, Cl. A large un¬ 
charged capacitor appears as a dead 
short when voltage is first applied, so 

FIG. 13. Selenium and tube rectifiers, 

the current is limited only by the ex¬ 
ternal circuit resistance. Since the rec¬ 
tifier will be damaged by excessive 
current, a surge resistor is used to limit 
the current. 

The capacitor itself can also be 
damaged by the sudden application of 
voltage. Even though an electrolytic 
capacitor is “formed” during manufac¬ 
ture, part of its dielectric layer is lost 
when it is not in use. The dielectric 
layer is re-formed when voltage is ap¬ 
plied gradually. Therefore, an un¬ 
charged capacitor may break down 
when a large voltage is applied sud¬ 
denly. The flow of the high initial 
charging current through the surge 
resistor keeps the initial voltage across 
the capacitor low. As the capacitor 
charges, the current is reduced and 
the voltage across the capacitor grad¬ 
ually builds up to the full value. 

If the tube is replaced by a selenium 
rectifier, the surge resistor should be 
doubled in ohmic value. A 1/2-watt 
resistor should always be used here, 
so this resistor can act as a fuse. A 
sudden current overload will cause the 
little resistor to explode, sometimes 
quite violently, which saves the rec¬ 
tifier itself from damage. If this re¬ 
sistor is found burned or discolored, 
always investigate to see what caused 
it. 

One of the best clues to the condi-
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tion of a power supply of chis type, 
with either type of rectifier, is the 
output voltage under full load. If it is 
not within very narrow limits, then 
something must be done. When check¬ 
ing the power supply, this is the first 
thing that should be measured. If the 
voltage is there, and of the proper 
value, we can pass the rectifier as 
being all right; if it is not less than 
120 volts, with an input of 110 volts, 
OK. If this voltage is down to 100 
volts, with 110 volts input, we can ex¬ 
pect trouble because it will cause low 
filament voltage. This is an indication 
of one of two troubles: a rectifier with 
low emission, or an input filter capaci¬ 
tor with too low capacity. This is 
assuming that the surge resistor does 
not show signs of burning. A burnt 
resistor might indicate an overload, 
causing the power supply to have too 
much voltage drop. 

First, test the rectifier by substitu¬ 
tion. Plug in a new tube or unhook 
one wire from a selenium rectifier and 
substitute a known good one. If this 
fails, try bridging a good filter capaci¬ 
tor of sufficient capacity across the 
input filter. If the input filter is open, 
the voltage at the rectifier cathode will 
drop to between 40-50 volts. With one 
of lowered capacity, the drop will be 
less. Tn any ease, if shunting with a 
good capacitor raises the voltage more 
than 10 volts, replace the old one. 

The filter capacitors used in most 
sets of this type will have an average 
value of 30-40 mfd, at 150 volts, for 
input filters, and from 50-80 mfd as 
output filters. They are not critical. 

If you need a 30-mfd, and have only 
40-mfd units, go right ahead and re¬ 
place it. If you do not have the exact 
replacements, use more capacity than 
the original, not less. Usually, the fil¬ 
tering will be somewhat better with 
the larger capacitor. 

The filter resistor is more common 
than the choke because it costs less 

and is smaller. Its value is ordinarily 
between 1000 and 1500 ohms and must 
be at least 2 watts in rating. The fila¬ 
ment dropping resistor used to lower 
the high voltage to that required for 
the filaments will run 2000 ohms for a 
7.5-volt string and about 2150 ohms 
for a 6-volt string. Once again, al¬ 
ways use an exact replacement for this 
dropping resistor. It determines the 
voltage applied to the filament string 
and its value must be exactly right. 

If a set is weak, although all tubes 
are good, suspect the power supply. 
If the voltage at the output of the 
filter is at least 90 volts, measure the 
filament voltage next. While it is pos¬ 
sible to measure each tube individ¬ 
ually, it is generally sufficient to meas¬ 
ure the total voltage at the low end of 
the filament resistor. This is ordinarily 
the largest resistor in the set, and will 
be either a metal clad resistor or a 
ceramic-cased type. The voltage from 
the low end of this resistor to the com¬ 
mon negative point should equal the 
sum of the tube filament voltages. 
Four 1.4-volt tubes and one 3-volt 
tube equal 9 volts. To make allowance 
for line surges, a voltage around 8 
volts is generally used on a string like 
this to prolong tube life. If the voltage 
across the filament string is less than 
7 volts for a 9-volt string, trouble can 
be expected. 

Very little trouble is found in the 
filament resistors themselves, aside 
from opening entirely which is easily 
spotted. They are wire-wound and do 
not change in value, as do composition 
resistors. Therefore, most of the low 
voltage trouble in filament circuits 
can be traced to the supply voltage. 
Never change the value of one of 

the filament dropping resistors to raise 
the filament voltage; instead, find out 
why the power supply does not feed 
proper voltage to the filament resistor. 
Some inexperienced technicians shunt 
the filament resistor so as to raise the 

13 



filament voltage, when the trouble lies 
in a weak rectifier tube. Then, when 
the rectifier tube is finally replaced, 
the filament string is severely over¬ 
loaded and tubes will be burned out. 
Never shunt filament resistors; see 
that they have the proper supply, and 
the tubes will work. 
One other trouble, which might be 

baffling, lies in the tubes themselves. 
As a final test, if the right voltage is 
applied to the whole string and there 
is still trouble, check the voltage 
across each tube. Remembering the 
laws of series circuits, you will see 
that each tube must have the same 
resistance to get its proper share of 
the voltage; they are, in effect, just 
a number of resistors in series. If the 
filament resistance of one tube goes 
up, due to a defective filament, this 
tube will promptly take more than 
its share of voltage, causing others to 
be too low. One case was found where 
a 1N5 in the i-f socket had a voltage 
drop of 3.4 volts across it; the oscil¬ 
lator had only .8 volt and refused to 
work. The 1N5 checked out fairly good 
in a tube tester but obviously had a 
high resistance filament. 

Accidental shorts in the middle of 
the string, caused by drops of solder, 
bits of wire, etc. can cause a similar 
effect; the total voltage will read 
nearly right but some of the stages 
will be dead. Remember, any of these 
mysteries can be solved by simply 
checking the filament voltage of all 
tubes in the string; one will be found 
with something out of order! 
An elaborate system of shunting 

resistors, such as the one shown in 
Fig. 14, can also cause confusion, un¬ 
less their existence is remembered. If 
some of the filaments are shunted, 
usuallv by quite small resistors, the 
tube filament can burn out, and the 
circuit continuity will be maintained 
by the shunt resistors. Of course, the 
resistance and voltage measurements 

MG. 14. Typical filament series circuit, 
with shunt resistors. 

will be upset, but the over-all con¬ 
tinuity will not be affected too much. 
Always look out for these resistors 
when checking this kind of trouble. 
For instance, if the half of the fila¬ 
ment shunted by the resistor on a 3Q5 
or similar tube went out, the gain of 
the stage would drop, but the tubes 
would still light and the set would 
still work. It would be very weak but 
it would still be operating. 

While discussing this circuit, it 
might be well to mention the change-
over switch, which transfers the cir¬ 
cuit from the battery position to the 
ac-dc position. Most of these switches 
in the newer sets are actuated by in¬ 
serting the ac line plug into a slot in 
the back of the chassis. This does not 
mean that the metal prongs of the 
plug itself are used to complete a cir¬ 
cuit. The prongs merely serve to actu¬ 
ate a multi-position switch, mounted 
below the chassis deck. It is operated 
by the line plug so that the set can¬ 
not be used on battery and line power 
at the same time. Some of the older 
sets had a separate switch knob on the 
front panel, sometimes combined with 
the on-off switch to make this trans¬ 
fer. 
The transfer switch has several 

jobs. It must disconnect the power 
line from the circuit; transfer the high 
voltage B circuits from the B battery 
plug to the output of the filter system; 
transfer the filament circuit from the 
A battery plug to the end of the fila¬ 
ment dropping resistor. Some of these 



switches can be rather complicated in 
appearance, but the circuit is quite 
simple. Fig. 15 shows the circuit of a 
typical switch. Very little trouble is 
found in these switches, but it will pay 
to check the contact resistance of 
switch points in case of trouble. 

Checking the Audio Circuits. 
The audio stage or stages, as outlined 
earlier in this lesson, are compara¬ 
tively simple. They usually consist of 
the triode section of the 2nd detector 
and a pentode output tube with a PM 
dynamic speaker. While the circuit we 
are about to discuss is one used in 
straight battery sets, everything said 
about it is applicable to the ac-dc 
portable radios as well, with the ex¬ 
ception of the bias circuit. 

The triode section of the 2nd de¬ 
tector serves as a resistance-coupled 
amplifier. Plate load resistors run 
from 250,000 ohms to 1 megohm for 
the usual tubes, with a coupling ca¬ 
pacitor of about .01 mfd. The small 
pentodes such as the 1U5, used in 
some sets, must have a screen drop¬ 
ping resistor and bypass capacitor too. 
Plate load resistors for these tubes are 

around 1 megohm, with the screen 
resistor between 1.5 and 4.7 meg. 
Screen bypass capacitors are about 
.02-.05 mfd. Check these resistors very 
carefully, especially in the portables, 
because many designers use very small 
(matchstick) resistors in these low-
current circuits, and they cause trou¬ 
ble by changing value. Check screen¬ 
grid and plate voltages carefully. Grid 
resistors may be very large (up to 10 
megohms in some circuits). This is 
done to make the tube furnish its own 
bias by means of the contact current 
discussed earlier. 

The grid resistor of the power tube 
is usually .25 megohms. This must 
return to the bias resistor B— junc¬ 
tion to provide the bias voltage for 
the output tube. This is a good place 
to check voltages. Measure the volt¬ 
age developed at the bias resistor and 
then on the grid itself, always using a 
vtvm, because of the high resistances 
in the circuit. A common low-resist¬ 
ance voltmeter would draw so much 
current that the readings would be 
useless. 
For instance, if the correct bias 

FIG, 15, Transfer switch. 
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needed were 4.5 volts for a 1A5 tube, 
this amount should be read at the bias 
resistor (negative with respect to 
chassis, of course). Almost the same 
voltage should also be read at the grid 
itself. If it is not less than 4 volts, the 
circuit is in good shape. If the voltage 
on the grid is less than 4 volts, trouble 
can be expected. Leakage in the cou¬ 
pling capacitor is the most likely 
cause. This leakage causes a very 
small positive voltage to be impressed 
upon the grid, bucking out part of the 
bias voltage. The tube then works on 
the wrong portion of its curve, draw¬ 
ing too much current, and introducing 
distortion. Of course, if the leakage is 
high enough, the entire bias voltage 
may be bucked out, and the grid will 
read several volts positive! 

Unhook one end of the coupling ca¬ 
pacitor, and re-measure the grid volt¬ 
age. If it has returned to normal, 
replace the capacitor. Always use one 
with a 600-volt rating to give it the 
highest insulation resistance possible. 
If the voltage does not go back to 
normal, replace the tube itself. Gas 
currents in the tube or a small inter¬ 
electrode leakage will cause the same 
symptoms. 

This is one test that can be quickly 

made, and should be made on every 
battery set that is serviced. Upon this 
bias voltage depends the amount of 
current drawn by the set, and hence 
the battery life. 

Due to its peculiar position in the 
circuit, the bias resistor will be de¬ 
stroyed instantly if there is a short 
in the plate circuit. A glance at the 
circuit in Fig. 16 will show you why. 
If a dead short is placed from the B + 
to ground, the small bias resistor is, 
in effect, shorted directly across the 
90-volt battery. This resistor must al¬ 
ways be checked for signs of dis¬ 
coloration or charring. Overheating 
will cause it to change in value, upset¬ 
ting the bias voltage. Replace it with 
one of the proper value. Never use 
anything over a half-watt resistor here; 
a small resistor will explode if over¬ 
loaded, opening the circuit and pre¬ 
venting the B battery from being tot al¬ 
ly discharged through the short circuit. 
If you do not have a schematic of 

the set you’re working on, and the 
bias resistor is burned beyond recog¬ 
nition, look up the bias voltage of the 
tube in any tube manual. Connect a 
IK-ohm rheostat in place of the bias 
resistor. Vary the rheostat until the 
bias voltage is correct. Measure the 
resistance that gives the right bias and 
use the closest standard resistor as a 
replacement. 

A variation of this bias circuit is 
used in the portables. In the home bat¬ 
tery set, the filament is grounded; the 
grid then must be negative with re¬ 
spect to ground (in this case the chas¬ 
sis). The chassis is never grounded in 
the portables, but all returns are made 
to a floating ground or B—, and the 
filament of the output tube, due to its 
position in the series string, is always 
above ground potential, too. We can’t 
make the grid negative, but we can 
make the filament positive with re¬ 
spect to the grid. Since the grid volt¬ 
age must be referred to the negative 
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side of its own filament, we return the 
grid resistor to a point in the circuit 
which is more negative than the tube 
filament. 

If we have a 9-volt filament string 
and the negative side of the filament 
is 6.0 volts positive with respect to the 
grid, and we need 6.0 volts bias on the 
grid, we simply return the grid resistor 
to the common B—. If we need less 
than this voltage, say 3 volts, we re¬ 
turn the grid resistor to a point along 
the filament string which is 3.0 volts 
positive (6.0 — 3 = 3 volts). This 
circuit is shown in Fig. 17. The volt¬ 
ages along the filament string are in¬ 
dicated. While some sets use this 
circuit on ac-dc and switch to a con¬ 
ventional bias supply on batteries, it 
is not necessary; the circuit will work 
on either batteries or ac-dc. 

We come now to another very com¬ 
mon trouble, open filter capacitors. As 
we said before, the filter capacitor is 
actually a common bypass capacitor. 
As shown in Fig. 18, it furnishes a 
low-impedance path to ground for the 
signal circuits of the audio, i-f and 
mixer stages. If this capacitor be¬ 
comes open, or if its capacity falls off 
too much, the impedance of this re¬ 
turn path rises. This impedance is 
common to several stages and pro-

PWR TUBE 

IH5 IN5 IN5 IA7 3Q5 

FIG. 17. Grid-resistor returns for series 
filument strings. 

OUTPUT 
TRANS 

FIG. 18. Filter capacitor circuit of a 
battery radio. 

vides coupling between two or more 
stages. The result is oscillation. 

One easy way to find this trouble 
is to try aligning a set in this condi¬ 
tion. You will find that the i-f ’s will 
peak up nicely until you reach the last 
one. Then it will break into oscillation 
or “squeal” when tuning between sta¬ 
tions. This is due to feedback between 
the i-f and mixer stages. If the sound 
is more of a continuous howl at a 
lower pitch, it is feedback between the 
two audio stages. In either case, the 
trouble is probably due to a defective 
filter capacitor. It can be checked very 
easily. Simply bridge a good capaci¬ 
tor across the suspected unit; the trou¬ 
ble will clear up immediately if the 
capacitor is poor. Never leave a good 
capacitor shunted across a defective 
one. Always cut the bad one com¬ 
pletely out of the circuit; it might de¬ 
velop leakage later on and cause 
trouble. 

This same precaution also applies 
to the portables, although we have 
been talking principally about home 
battery sets. If an output filter goes 
down in one of these sets, the same 
symptoms will be found: oscillation, 
howl, and probably a severe hum, 
caused by the failure of the capacitor 
to remove the remaining ripple from 
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the power supply. Never replace a 
single section of a multiple filter ca¬ 
pacitor. Always replace the entire unit 
if one section is found defective. A 
multiple unit is composed of several 

sections in the same can. The sections 
have about the same life. If one has 
failed the others will fail soon, too. 
Therefore, to avoid trouble, replace 
the whole unit. 

Festing Battery Sets and Portables 
For Performanee 

A handy piece of equipment in the 
service shop is one which will enable 
you to accurately test battery radios 
and portables for performance under 
conditions of varying line voltage. 
Varying line voltage is the cause of 
such complaints as: “When the re¬ 
frigerator starts, the radio stops”. All 
that is needed for this test is some 
means of varying the voltage to the 
set while observing the performance 
of the radio under test. 

This can be done in two ways: by 
means of a small auto-transformer, or 
by a large variable resistor, such as 
an old power rheostat, rated for at 
least 15 watts. The average portable 
radio will draw only 10 or 12 watts 
and this size would prove ample. 

When using these preliminary tests 
on portables, the radio is plugged into 
the auto-transformer outlet, and the 
line voltage adjusted to normal. Then 
the voltage is run down to about 105 
volts and up to 120 volts. If the porta¬ 
ble still plays at either end of this 
range, it can be considered satisfac¬ 
tory. If it will not play on a line volt¬ 
age lower than 110 volts, there is 
trouble either in the power supply or 
in the oscillator stage. The easiest test 
is replacement of the oscillator tube. 
If the set then operates at 105 volts, 
fine; if not, check the power supply. 
If a tube rectifier is used, replace it; 

if it uses a selenium rectifier, you must 
remove the chassis for further voltage 
measurements. Exceptionally good 
sets will still play down to 100 volts. 
However, if the set plays between 105 
and 120 volts, it will give satisfactory 
performance in practically any home; 
the line voltages should never vary 
more than that. 

For testing battery sets, another 
piece of equipment is needed. This 
is one of the small battery eliminators 
for electrifying battery sets. They 
simply consist of a small transformer 
and a pair of selenium rectifiers which 
furnish 1.4 volts A supply and 90 volts 
B supply. For use on the bench testing 
battery sets, they are ideal. Plug the 
eliminator into the auto-transformer, 
and hook the set to the eliminator. 
This time, instead of measuring the 
line voltage, connect a low-range volt¬ 
meter across the A battery terminals 
of the plug, so as to read the actual A 
battery voltage applied to the set. 
Using normal line voltages, check the 
set for performance. After it has been 
made to play, run the line voltage 
down gradually, watching the A volt¬ 
age. If the set is still playing on the 
low end of the dial at a voltage of 1.1 
volts, you can pass it as good. 

This form of test is particularly de¬ 
sirable because it exactly simulates the 
running down of a battery. Because 
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we are reducing the primary voltage, 
the B voltage also goes down, exactly 
in step with the A voltage. Inciden¬ 
tally, it is a good idea to allow the 
customer to witness this test, explain¬ 
ing to him just what you are doing, 
and why. If the oscillator tube cuts 
out halfway down, at about 1.3 volts, 
you can show him that a new tube will 
make the set go on down to 1.1 or be-
low, and tell him what that means in 
terms of battery life. He will be highly 
interested. It’s money in his pocket! 

You can use the auto-transformer 
to make checks of power supplies, us¬ 

ing either tube or selenium rectifiers. 
Apply normal line voltage to the set, 
then measure the rectifier output. The 
voltages given earlier in this lesson as 
typical were based on an input volt¬ 
age of exactly 115 volts. For instance, 
if the power supply had an output volt¬ 
age of 110 volts, with an input of 115, 
that would probably indicate the be¬ 
ginning of trouble. If the output volt¬ 
age were 110, with an input of only 
95 volts, the power supply would 
be OK. Always measure the input 
voltage. Then you will know if the 
trouble is in the power supply. 

Servicing Portable Radios 
There are some peculiarities com¬ 

mon to both portable and home-typa 
sets, and others found only in the 
portables. Here are a few of them, 
with their cures. 

If oscillation is encountered at the 
low end of the dial, and the set has a 
standard flat loop mounted on a 
bracket on the rear apron of the chas¬ 
sis, try installing a half-shield of alu¬ 
minum foil or thin sheet-metal closa 
to the chassis and extending half-way 
up the loop. This should extend the 
full length of the chassis. Apparently, 
a feedback occurs between the loop 
and the i-f stages at low frequencies. 
This shield must extend at least as far 
up as the tops of the tubes. Be sure 
that it is well grounded to the chas¬ 
sis. Realign the loop after installing 
this shield. 

If a popping noise is heard when 
the set is jarred, indicating a loose 
connection, and no loose wires are 
found in the circuits, look for a noisy 
35Z5GT rectifier tube. This trouble 
appears to show up mostly in this one 
type. While it does not affect the 

operation of the tube, it is unpleasant. 
Replacement of the tube is the best 
cure, but if this is not possible, an 
open-topped shield may be placed 
over the offending tube. The top must 
be left open to allow heat to dissipate 
and the shield must be well grounded. 
This can be done by tacking a short 
pigtail of flexible wire to the shield 
and soldering it to the chassis nearby. 
Leave enough slack to permit removal 
of the tube when necessary. 
If the fine wires of a cabinet¬ 

mounted loop break off close to the 
wood, drive two common insulated 
staples into the wood, as near to the 
break as possible. Wind the end of each 
wire around one leg of a staple, and 
solder in place. Make the connections 
from the loop to the set by soldering 
larger pieces of wire to the other legs 
of the staples. 

If a set comes in with a special 
battery plug, and you have only a 
standard battery in stock, remove the 
special plug and install a standard 
RETMA plug. This takes only a few 
minutes, and standard batteries can 
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be used from then on. However, be 
sure that the battery you have will 
fit inside the cabinet. 
Some of the early portables used 

the loctal series of tubes. There was 
some difficulty with microphonics in 
the second detector circuit in sets us¬ 
ing a diode-pentode type 1LD5. Re¬ 
place this tube with a type 1LH4, 
even though it is a diode-triode. Leave 
the screen grid resistor and capacitor 
in the circuit; they come out on an 
unused pin of the 1LH4. The circuit 
will work just as well as before, with 
much less trouble from microphonics. 
Very low volume and considerable 

distortion in some portables, especi¬ 
ally those using the diode-pentode 
types in the first audio-second detector 
stage, may be traced to open screen¬ 
grid resistors. Many sets used small 
matchstick resistors; these gave quite 
a bit of trouble by increasing in value 
or opening entirely. Check this very 
carefully, using a high-impedance 
voltmeter, or vtvm, as the indicated 
voltage will be only 15-20 volts. These 
resistors are usually 3.9 megohms. 

PORTABLE RADIO ALIGNMENT 

With few exceptions, everything in 
this section about portable radios will 
also apply to the home-type battery 
radios. Their alignment is just as 
critical as that of the portable. No 
battery set is as powerful as the aver¬ 
age ac set, because of the need for 
economy in operation. Hence, careful 
alignment work is important. 
The i-f stages must be carefully 

peaked on the proper frequency. Con¬ 
sult the service data for the set you’re 
working on to find the location of 
trimmers, alignment frequencies, etc., 
before attempting any over-all align¬ 
ment work. 

I-F transformers are divided into 
two major types; the older large type 
using mica compression trimmers, and 

the smaller iron-core type with a 
higher Q and more gain. The two are 
easily recognized by their size, as the 
iron-core types are usually not over 
% inch square, and about 1-% inches 
high. 

We repeat a warning given before; 
never use a screwdriver to align the 
cores of these transformers. Always 
use the special tool made for the pur¬ 
pose. Some have a bit similar to a 
screwdriver but it has a much broader 
nib and is made to fit exactly into the 
slots in the cores. A small screwdriver 
will cause chipping of the corners of 
the slots in the soft powdered iron 
cores, breaking them out in a few 
turns, so that they cannot be adjusted 
at all. If the cores are touched with a 
metal screwdriver, it will usually de¬ 
tune the transformer, making it im¬ 
possible to get an accurate adjustment 
of the stage. 

To make an over-all alignment, first 
be sure that the entire set is in good 
shape: tubes good, power supply up to 
normal, etc. Set up your signal gen¬ 
erator to the correct intermediate fre¬ 
quency, and connect an indicator to 
the set to show the value of the output 
signal. This can be an output meter 
connected across the voice coil of the 
speaker, or a vtvm connected to the 
avc line. The last method is almost 
standard for service shop work be¬ 
cause of its simplicity. The vtvm is 
always there and it takes no time at 
all to clip its voltage probe to one of 
the grids or to the tuning capacitor. 
AVC voltage is often fed to the first 
stage grid through the loop itself and 
the vtvm can be connected to the bot¬ 
tom of the loop. Maximum avc volt¬ 
age indicates a maximum of signal 
being passed through the stage being 
aligned. It will always be negative to 
ground and the maximum value will 
be about 5-6 volts. 

Connect the signal generator to the 
mixer grid. This connection may be 
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made to the stator plates of the large 
section of the tuning capacitor, if one 
is used, or to the hot end of the loop, 
if the set is slug-tuned. If the signal 
generator seems to upset the tuning, 
merely place the end of the lead on 
or near the loop. Enough signal will be 
picked up for the purpose. To prevent 
the lead from moving and changing 
the roading, if can he clipped to the 
insulation around the loop. 

Set, the signal generator to the inter¬ 
mediate frequency, and disable the 
local oscillator or tune the receiver so 
no beat is heard. If you are using the 
avc as an output indicator, turn the 
generator’s attenuator up until a read¬ 
ing is noted on the vtvm; now back it 
down until it is just a half volt or so 
above its minimum. For instance, if 
the “no-signal” reading on the meter 
is 1.2 volts, set the generator to give a 
reading of about 1.5 or 1.7 volts. Now, 
align the i-f stages. As the reading in¬ 
creases with alignment. back the signal 
generator’s gain down, keeping the 
reading near the starting value. This 
must be done to prevent the high avc 
voltage from flattening the peaks of 
the i-f stages. 

Begin at the last or output i-f trans¬ 
former and work toward the antenna, 
with this or any kind of alignment. 
After peaking all trimmers or adjust¬ 
ments. go back and retouch them. If 
oscillation is found when the align¬ 
ment reaches its peak, check the out¬ 
put fdters. Bridge a good capacitor 
across them as a test. If this clears the 
oscillation, replace the filters. 

The next step should be the calibra¬ 
tion of the dial scale. This means that 
the set must be adjusted so that the 
dial scale will indicate the correct 
frequency. A 1000-kc station will come 
in at 1000 kc or at 100 as the dial is 
usually marked. 

First, locate the oscillator trimmer 
capacitor. This is the trimmer on the 
smallest section of the tuning capaci¬ 

tor; if a slug tuner is used it is visible 
through a hole in the chassis. It can 
usually be reached without removing 
the chassis. If the service data is not 
available, and there are two trimmers, 
one is the rf or antenna, the other the 
oscillator. To tell them apart, tune in 
a station or a signal from the genera¬ 
tor. and move each just a little. The 
rf trimmer will be quite broad; a full 
turn will not have much effect on the 
signal. The oscillator trimmer will 
cause the signal to disappear with a 
very small movement and it can be 
tuned in again by moving the dial of 
the set or generator. Mark it “osc” 
with a pencil and proceed with the 
alignment. 

Turn the tuning capacitors wide 
open or run the slug tuner to the high 
end of the dial, slugs as far out of the 
coils as possible. If the service data 
is on hand, note the high-frequency 
adjustment point recommended; 1500 
kc, 1720 kc, etc. If it is not. look at 
the dial of the set. If the largest figure 
is 1700 or 170. set the generator at 
1720 kc. If the figure is 1500. set the 
generator at 1520 kc. Leave the signal 
generator output clipped to the in¬ 
sulation of the loop. If you want to, 
you can set the dial exactly on the 
1500 mark and the generator at 1500 
kc. With the type of dial used on 
practically all modern home radios, 
and especially on portables, you can’t 
make the calibration exact. Just set 
it so that the stations come in some¬ 
where in the vicinity of the corre¬ 
sponding dial markings. That is the 
best you can do with the broad cali¬ 
bration marks. 

With the dial set at the high end 
and the signal generator at the corre¬ 
sponding frequency, tune the oscilla¬ 
tor trimmer only, until the maximum 
output is reached. Next, tune the sig¬ 
nal generator to a frequency around 
1400 kc, and tune this in on the radio. 
Now, peak the antenna and rf trim-
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mers at this frequency. One important 
point about this adjustment; it must 
be made with the loop antenna in ex¬ 
actly the position it will occupy when 
the set is replaced in the cabinet! This 
is necessary because a change in the 
position of the loop with respect to 
the large mass of metal on the chassis 
will cause a slight detuning effect. You 
need every bit of gain you can get! 

Some of the older sets with the loop 
wound around the case itself have 
holes in the top of the case, with small 
snap buttons filling them, to allow tun¬ 
ing of the antenna after the set had 
been replaced. On others, it is neces¬ 
sary to cut off the handle and blade of 
a very small screwdriver, making it 
only an inch long. With this screw¬ 
driver the trimmer can be adjusted 
after the set is back in the case. Of 
course, if the loop is mounted on a 
bracket on the back of the chassis, it is 
only necessary to see that the loop is 
fastened to the bracket in the right 
position. 
A small amount of adjustment is 

possible if the antenna tuning capaci¬ 
tor has slotted outside sections on the 
rotor plates. The set may be made to 
track better over the dial by bending 
each section individually to provide 
best response. However, this is a slow 
and tiresome procedure and does not 
always give enough improvement to 
justify the time. If the response ap¬ 
pears to be off badly at some of the 
low frequencies, it’s worth a try. Use 
a signal generator and output meter 
for best results. The plates may be 
bent out in sections to make the loop 
track as well as possible. If necessary, 
the setting of the oscillator tuning 
trimmer may be varied slightly, 
throwing the calibration off somewhat 
at the high end of the dial, but giving 
much better results in the middle sec¬ 
tion. This adjustment depends some¬ 
what upon the location of the major 
stations. If they are all near the higher 

end of the dial, say around 1100-1200 
kc, concentrate on making that sec¬ 
tion as “hot” as possible for best re¬ 
sults in use. 

On the old sets, with the loop on the 
case, better results may be had by 
replacing the loop with one of the 
small iron-core loopsticks. One can 
be installed in any convenient place, 
using the bracket that comes with the 
loopstick. Place it as close to the 
mixer-oscillator tube and tuning ca¬ 
pacitor as possible for best results. 
Because they can be adjusted, these 
little loops will give better results than 
the conventional loop. 

To adjust it, connect the loopstick 
in place of the old loop; one lead to 
the stator of the antenna section of 
the tuning capacitor, and the other to 
ground or the avc connection, which¬ 
ever is used. Do not disturb the setting 
of the trimmer capacitor. Tune in a 
signal at around 1400 kc, from the gen¬ 
erator, and adjust the rf trimmer for 
maximum; next, tune the set and gen¬ 
erator to about 600 kc. Adjust the iron 
core of the loopstick for maximum 
volume at this frequency. Now, go 
back to 1400 kc and readjust the rf 
trimmer. It will be necessary to repeat 
this process at least four or five times, 
as each adjustment will throw the oth¬ 
er one off a little. Continue until each 
adjustment has reached its maximum 
and very little adjustment is needed 
when changing from the high to the 
low end of the dial. Now, try the set 
and see if it does not have quite a bit 
more gain all over the dial. 

REPLACING THE TUBE 
RECTI ETER 

WITH A SELENIUM 
If the set has a tube rectifier, and it 

is burned out, a selenium rectifier may 
be substituted. If the rectifier used 
was a straight rectifier type, such as 
35Z5, 50Y6, 117Z6, or 117Z3, the rec¬ 
tifier may be directly replaced, con-
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necting the plus or output side to the 
old cathode connection, and the input 
side to the old plate connection. If the 
tube required a resistor cord or fila¬ 
ment dropping resistor, they can be 
either ignored or removed entirely. 

If the tube used an octal socket, the 
new rectifier can be wired into the cir¬ 
cuit by soldering two short pieces of 
stiff wire to the lugs, covering with 
braided sleeving and slipping these 
wires down through the holes in 
the socket. Pull them tightly into 
place and wrap around the lugs of 
the socket. This will make the recti¬ 
fier almost self-supporting. If desired, 
the base of the old tube may be used, 
and the selenium rectifier plugged in. 
Break the glass, and remove all of 
the old lead wires from the base. With 
a 35Z5, for instance, clean out pin 
8 for the cathode and pin 5 for the 
plate. Connect the new surge resistor 
to either lug of the rectifier, slip a 
large piece of sleeving over it, and 
wire the rectifier into the tube base, 
as outlined above; positive to pin 8 

or cathode and input or plate to pin 
5. The rectifier may be pulled tightly 
down until the bottom of the plates 
rests on the top of the tube base, mak¬ 
ing a sturdy mount. This may then be 
plugged directly into the old tube 
socket. A big advantage is that it 
can be removed and checked in a tube 
checker. Set the tester up for a 35Z5, 
and check for output. 

If the old tube uses a miniature 
base, such as a 117Z3, bolt the rectifier 
firmly to the chassis at any convenient 
place. Run two leads from the recti¬ 
fier lugs down through the center hole 
of the miniature socket, connecting the 
positive lead to pin 6, and the other 
lead to pin 5. Be sure that the wire 
used is braid-insulated, not solid plas¬ 
tic, because of the possibility of heat 
softening the plastic and causing a 
short circuit. 

When making replacements of this 
kind, always use a rectifier of at least 
100-ma rating; the 75-ma rectifiers do 
not have sufficient reserve capacity. 

The Transistor Portable 
Late in 1954 the first transistorized 

radio made its appearance on the 
market. This was the Regency porta¬ 
ble built by I.D.E.A., Inc., of Indi¬ 
anapolis, Ind. During 1955, several 
manufacturers ventured into this field 
and by now there are quite a number 
of different makes available. We will 
discuss the Regency set here, but all 
principles apply to the others as well. 
The average portable of this type 

uses four or five transistors, usually 
of the junction type. Some use power 
transistors in the output stage, some 
use a vacuum tube, while some of the 
smaller sets use low-power transistors. 
A germanium crystal diode is used as 
a second detector in many circuits. 

These transistor receivers are all 
superheterodynes. Although the triode 
oscillator mixer is not too common in 
tube receivers, it is used with tran¬ 
sistors. Printed circuit wiring is used 
in most models, as they are largely of 
the “pocket” type and made as small 
anil handy as possible. The Regency, 
for instance, will slip comfortably into 
a man’s shirt pocket, batteries and all. 
Complete with batteries, the receiver 
weighs only 12 ounces. Cases are made 
of polystyrene plastic, in several col¬ 
ors. 
The parts of the tiny set are 

mounted on the printed-circuit wiring 
board. All are soldered at once, by 
dipping one side of the board in mol-
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ten solder. The antenna is an iron-
core loop, visible above the tuning 
capacitor in Fig. 19. It is flat and non-
directional, a decided advantage in a 
portable of this type. At the left is 
the tuning capacitor, a miniature two-
gang type. Next to it is the volume 
control and switch and an earphone 
jack. Below, in a row across the chas¬ 
sis, are the i-f coils and oscillator coil, 
and the i-f transistors. The output 
transformer is visible at the lower 
right side next to the magnet of the 
speaker, which is only 2-% inches in 
diameter. At the bottom of the chassis 
is the battery clip with the connections 
at each end. On either side of this 
are the two high-capacity, low-volt¬ 
age electrolytic filter and bypass ca¬ 
pacitors. Other circuit components, 
such as resistors and capacitors, are 
visible over the rest of the chassis. 

This is a four-transistor circuit, 
using germanium junction transistors 
of the N-P-N type. The circuit of this 
receiver is shown in Fig. 20. A ground¬ 
ed-emitter circuit is used in all stages. 
Generally, the circuits used are very 
similiar to those in the tube type of 
radio receiver, especially as to signal 
path. 

The signal is picked up by the loop 
antenna, and fed into the base of the 
mixer transistor, XI. This also serves 
as the oscillator. The oscillator injec¬ 
tion voltage is derived from the tuned 
circuit, L3, C3, and C5, which is in¬ 
ductively coupled to coil 1.4 in the 
collector circuit. The mixer is coupled 
through T1 to the base of the i-f 
transistor, X2. X3 is another i-f am¬ 
plifier, feeding the output i-f trans¬ 
former which is coupled to the crystal 
diode second detector. The output of 
this diode is developed across the 
load resistor, Bit, and fed through 
the gain control, to the base of the 
audio transistor, X4. The output of 
X4 is transformer-coupled to the 
speaker. 

In the all-transistor radio, there is 
no filament drain. The small operating 
currents of the collector and emitter 
circuits of the transistors themselves 
are all that are used. These are very 
small ; they run between 3.5 and 4.8 ma 
for this particular set. This current, 
together with the very low voltage re¬ 
quired, makes possible the use of very 
small, compact batteries, which give 
astonishingly long life compared with 
the tube type radios. Only 22.5 volts 
is used here ; others vary according to 
design, but as a general rule, very 
small voltages, compared to those we 
have been working with, are used. 

SERVICING AND REPLACING 
PARTS IN TRANSISTOR SETS 

Service work on these ultra-compact 
sets will be quite different from the 
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other types. You may wonder, upon 
opening the case of one of these tiny 
sets, just how are you going to make 
any voltage measurements or tests at 
all! A closer inspection, however, will 
reveal that it is not too difficult. In 
this set, all components are visible 
from the back of the chassis. Resis¬ 
tors, capacitors, etc. are all accessible 
since their leads go through the 
printed-wiring board and are soldered 
underneath. However, they are acces¬ 
sible from the back, if a small test 
prod is used. If the regular test prod 
is too large, wind a short piece of stiff 
wire around the tip, and slip a piece 
of spaghetti over it, leaving only the 
end exposed. This may then be bent 
so as to reach into tight places, even 
underneath the transistors themselves, 
if necessary. 

Since the transistors are all triodes, 
some form of neutralization must be 
provided to eliminate oscillation and 
feedback if thev are to work as rf am¬ 
plifiers. Feedback RC networks are 
used for neutralization in this set. 
Note CIO and R6 in the first i-f stage, 
and C14 and R9 in the second. These 
RC networks feed back a portion of 
the output voltage of each stage into 
the input for greater stability. These 
networks are matched to the transis¬ 
tors used. If a transistor is replaced, 
the capacitor must be changed also. 

Some very low voltage electrolytic 
capacitors are used in this type of 
circuit for filtering and bvnassing. 
Those may run up to 40-50 mfd. at a 
working voltage ranging from 3 volts 
to 25 volts, depending iinon whether 
they are used in the collector return 
circuit or in the emitter circuit. They 
must be checked very carefully. The 
application of too much voltage, even 
from the ohmmeter, could break them 
down. Always check the polarity of 
the ohmmeter battery before testing 
any capacitors or transistors. 
Do not use an ohmmeter with a 

battery greater than 3 volts for any 
transistor set tests. It might not do 
any damage to the set, but due to the 
nature of the circuits, all readings 
would be misleading. Some of the 
older ohmmeters used as high as 45 
volts. If even 3 volts were applied to 
a transistor with the wrong polarity, 
it could be ruined. 
As in all other battery-operated 

equipment, the batteries themselves 
should be the very first item to be 
tested. With this particular set, using 
a 22.5-volt battery, an under load 
voltage reading of around 15 volts 
would indicate that the battery was 
too low and should be replaced. A low 
battery can cause weak operation and 
also oscillation. Oscillation may result 
from low battery voltage, since the 
neutralization of the i-f stages is de¬ 
pendent upon the operating voltage. 

When a low or dead battery is dis¬ 
covered, the first test that must be 
made is for normal batterv current 
drain. Thore is no means of knowing 
whether the battery was run down 
normally or whether it was discharged 
by a short or leakage in the high-volt¬ 
age circuit. Measure across the battery 
clips with a low-range ohmmeter, 
placing the positive load of the ohm¬ 
meter on the positive terminal. The 
reading in this set should be between 
6000 and 15000 ohms. Roadings in 
other sets will vary according to thoir 
circuitry. Check the schematic dia¬ 
gram and you will usually be able to 
make a very close estimate of resist¬ 
ance to be expected. Tn this set, you 
will note that there are several paths 
to ground: R14-R13 in series, total 
37.000 ohms: R4. R11, and the vol¬ 
ume control, total 128.000 ohms; the 
leakage resistance of C11 together 
with the normal paths through the 
transistors. The total will come out 
around the figure given. If this resist¬ 
ance is too small (less than 6000 
ohms), there is a short or leakage 
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somewhere in the circuit which must 
be checked out. 
A quick way to determine whether 

the resistance is within tolerance is 
to connect a milliammeter in series 
with the battery and measure the cur¬ 
rent drawn. Normal current, as stated 
earlier, is between 3.5 and 4.8 ma. If 
it is more than that, check the elec¬ 
trolytic capacitors for high leakage. 
The quickest way would be to tem¬ 
porarily open one end of a suspected 
capacitor and remeasure the current. 
Any large electrolytic capacitor may 
be used to shunt a suspected electro¬ 
lytic to prevent oscillation while this 
test is being made. 

A novel avc circuit is used in this 
set. The control voltage is developed 
from the output of the diode detector, 
filtered, and then applied to the base 
of the first i-f transistor. This works 
just like any other standard avc cir¬ 
cuit. The received signal, increasing 
in strength, causes an increase in the 
rectifier de voltage developed across 
the diode load resistor, and is fed back 
to the grid (input element) of the 
controlled stage, decreasing its gain, 
to maintain a steady output. 

Base bias for the second i-f transis¬ 
tor is developed across the emitter of 
the output or audio transistor. The 
bias resistor in the emitter lead is by¬ 
passed by a very large capacitor to 
stabilize the voltage, further bypassed 
by a .05 capacitor, C13, and fed to the 
base of the i-f transistor through the 
secondary winding of the second i-f 
transformer. . 

One more very important warning—-
with the small batteries used in these 
sets, it is usually possible to reverse 
the battery when installing it. This 
can cause damage not only to the 
electrolytics but also to the transistors. 
Take extreme care that this does not 
happen and warn the user, too. 

The transistors themselves are very 
stable, long-life devices, and little 

trouble has been found with them in 
the field. There have been many cases 
of mistaken diagnosis, where the 
blame was placed on the transistor 
when actually a bypass capacitor or 
resistor was at fault. 

The printed wiring boards require a 
little different technique in making 
part replacements. Only a few com¬ 
ponents, such as the two large elec¬ 
trolytic capacitors, can be replaced 
in a standard fashion. 

To replace a resistor or capacitor 
located in the central part of the cir¬ 
cuit, the following procedure is rec¬ 
ommended. Using a pair of sharp-nose 
pliers, crush the defective part, leav¬ 
ing the wire leads. Of course, if the 
leads are long enough, they can be 
cut off with a pair of thin diagonal 
cutters. Tn any case, leave at least a 
half inch of wire above the board. Cut 
the leads of the new part short, and 
make a very small loop in each lead. 
Slide these loops over the leads of the 
old part and solder, taking care that 
heat does not travel far enough to 
cause the lead to break loose from 
the board. This can be helped by 
using long-nose pliers; grasp the lead 
between the solder joint and the 
board with the pliers, then solder. The 
tips of the pliers will absorb some of 
the heat, preventing it from melting 
the joint at the board itself. Always 
use a very small soldering iron with 
a fine tip and keep the solder joint as 
small as possible. 

Alignment of these sets is more or 
less conventional. This set uses a 262-
kc i-f; others will vary from this. The 
i-f transformers used here are of the 
single-tuned variety. There is only one 
tuning adjustment per stage, a mova¬ 
ble powdered-iron slug in the primary 
coil. To check alignment, if necessary 
(which is seldom, due to the construc¬ 
tion of the transformers) inductively 
couple the signal generator to the loop 
antenna by making a loop with three 
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or four turns and connecting it across 
the output cable of the signal genera¬ 
tor. Never make a direct connection 
between an ac-operated signal genera¬ 
tor and a transistorized receiver. Al¬ 
ways use inductive coupling. 
Due to the construction of some 

sets, the avc line is not accessible for 
alignment work. Therefore, we will 
have to fall back on the standard out¬ 
put meter connected across the output 
transformer secondary. On this set, or 
any using a phone jack, the high side 
of the voice coil is easily accessible at 
the spring of the phone jack. Use a 
very low signal generator output. 

To align rf and oscillator circuits, 
set the generator to 535 kc, close the 
tuning capacitors completely, and ad¬ 
just the core of the oscillator coil for 
maximum output. Tune set and signal 
generator to 1630 kc, and adjust the 
oscillator trimmer on the tuning ca¬ 
pacitor for maximum. Tune set and 
signal generator to 1500 kc, and tune 
the antenna trimmer. Couple the sig¬ 
nal into the loop by placing the end 
of the generator lead close to the loop 
and using just enough signal to obtain 

a readable deflection on the meter. 
These receivers, although quite 

compact, can be treated exactly like 
any others. The signal circuits oper¬ 
ate in exactly the same way as in tube 
sets. Remember what each stage docs. 
If it is supposed to amplify an i-f sig¬ 
nal, check to see if it is actually doing 
that; if it is supposed to amplify an 
audio signal, check for audio gain. If 
all voltages are correct, a signal fed 
into the input of the stage should pro¬ 
duce an output. If it does not, there 
is something wrong in that stage. 
By starting at the speaker and 

checking back to the antenna, repair¬ 
ing each trouble as it is located, the 
set should be working when you get 
to the antenna. If it isn’t, you have 
overlooked something; go back and 
repeat the process! 
Remember, no matter how compli¬ 

cated any set may appear, it is made 
up of a group of small, simple circuits. 
These simple circuits connected to¬ 
gether make up a complicated circuit. 
Learn what each of the small circuits 
does, learn to test them individually, 
and you will never have any trouble. 
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Lesson Questions 
Be sure to number your Answer Sheet 43B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers too 
long; you may lose them. Don’t hold answers to send in more than two sets 
at a time, or you may run out of lessons before new ones can reach you. 

1. The customer brings in the battery pack for his portable receiver for 
testing. He does not bring in the receiver. The battery is rated at 114 volts 
and 90 volts. The voltage test of this battery without load shows the 
output voltages to be 1.35 and 80. Would you expect these batteries to 
operate satisfactorily in the receiver? 

2. What stages are found in all battery-operated home receivers? 

3. Which stage in a battery receiver has the greatest effect on B battery life? 

4. What is the purpose of the resistors connected in shunt with the filaments 
of the tubes in a three-way portable? 

5. Are the tube filaments in a three-way portable heated by alternating cur¬ 
rent or direct current? 

6. What is an advantage of replacing a vacuum tube rectifier in a three-way 
portable with a selenium rectifier? 

7. What is the purpose of the surge resistor? 

8. Suppose you intend to replace a tube rectifier with a selenium rectifier. 
What should you do about the surge resistor: (a) remove it entirely 
(b) leave it unchanged or (c) increase its resistance? 

9. What part in a battery set should be checked first if the set squeals in 
tuning at every station? 

10. What part of a transistor radio should be checked first when the set does 
not operate properly? 
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NIU training fits this 

chosen field. Also, your fundamental training gives 
you the background of WHY receivers function as 
they do, WHY they break down, and WHY the par¬ 
ticular servicing methods we recommend lead di¬ 
rectly to the source of trouble. 

We not only want you to be a successful service¬ 
man—we want you to have an assured future, with 
every opportunity to advance to the top. You will 
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Study Schedule No. 44 

For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

□ I. Introduction Pages 1-2 

□ 2. Types of Troubles in Hi-Fi Systems.Pages 2-5 

How you can recognize the various troubles and isolate them. 

□ 3. Test Equipment for Audio Servicing.Pages 5-12 
Here you learn about the special equipment necessary for hi-fi servicing. 

□ 4. Defects and Adjustments of Pickups and Turntables Pages 13-20 

Troubles arising in the pickup and turntable and how to correct them. 

21 8. Answer Lesson Questions. 

QI 9. Start Studying the Next Lesson. 

□ 5. Tape Recorder Maintenance .Pages 21-23 

The special problems found in tape recorders. 

0 6. Defects in the Amplifier and Tuner . Pages 24-33 

How to test the amplifier system. 

Q 7. Loudspeaker and Acoustical Considerations.Pages 33-36 

Loudspeaker service and installation problems are discussed here. 
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IN EARLIER lessons you learned about the component units that 
make up a high fidelity system. A 
typical arrangement is shown in Fig. 
1. When there is a complete failure, a 

PICKUP ANO 
TURNTABLE 

TUNER 

PRE-AMPLIFIER 

t 
MAIN 

AMPLIFIER 

SPEAKER 
SYSTEM 

SINGLE UNIT OR 
SEPARATED UNITS 

FIG. 1. Block diagram of a Hi-Fi system. 

decided weakness, or a very apparent 
distortion, the defective section can 
generally be isolated quickly. For ex¬ 
ample, a defect in the amplifier would 
cause poor reproduction of signals 
from player as well as tuner. A defect 
in the phono-pickup section of the pre¬ 
amplifier generally permits a normal 
reproduction of any signal taken from 

the tuner. A tuner defect, when pres¬ 
ent, would not interfere with the 
normal phono reproduction. 

A signal source and an output meter 
can be used to localize defects. A de¬ 
fective major unit can be located by 
checking output levels of the pre¬ 
amplifier, tuner, and main amplifier 
with signals of known strengths ap¬ 
plied to the input circuits. A signal 
generator or a test record can be em¬ 
ployed as a signal source. The usual 
signal-tracing methods used in radio 
servicing are also used here. 
The more obscure defects which 

produce annoying disturbances in the 
quality of reproduction are harder to 
track down. The human ear, test 
records, and a few special test instru¬ 
ments are all that are needed to find 
the simple as well as the obscure de¬ 
fects in hi-fi systems. The good tech¬ 
nician has a critical ear that is able to 
interpret performance by listening to 
test records or hi-fi selections. 

As its name states, a hi-fi system 
is one that can reproduce the audio 
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information exactly as it was picked 
up or recorded. If it cannot, it either 
distorts the tones it is to amplify, or 
adds spurious signals that never ex¬ 
isted at the pickup point. Some of these 

disturbances are quite difficult to hear 
and identify, and you can learn to rec¬ 
ognize them only by experience. Even 
so, these disturbances can be quite 
annoying to the ardent hi-fi fan. 

Types of Trouble 
WAVEFORM DISTORTION 

Three of the fundamental types of 
distortion are amplitude, frequency, 
and phase. Amplitude distortion refers 
to the misshaping of a wave because 
of the inability of the amplifier to pass 
the high amplitude portions of the 
audio signal. For example, when a 
strong sine wave note is passed through 
the amplifier, the top or bottom por¬ 
tion of that waveform may be rounded 
off or clipped as shown in Fig. 2. If wc 
assume the original design of the am¬ 
plifier was correct, this type of dis¬ 
tortion can be caused by an aging 
tube, a decline or change in the supply 
voltages, or a defective component part 
that is changing the operating point of 
one of the stages. This type of defect 
is easy to find with an oscilloscope. 

Frequency distortion has to do with 
the inability of the hi-fi system to 
evenly amplify the entire range of 
audio frequencies. A hi-fi system 
should amplify all frequency com¬ 
ponents with the same gain, from 20 
cycles up to a high frequency limit 
somewhere between 15.000 and 20.000 
cycles. In other words, a 100-cycle tone 
and a 10,000-cycle tone which origi¬ 
nated at the pickup point with the 
same amplitude should also be radi¬ 
ated from the loudspeakers with equal 
amplitude. If one of the tones is lower 
in amplitude, there is frequency dis-

in Hi-Fi Systems 
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- LOW FREQ. OUTPUT 
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HIGH FREQ 

I”*]—DELAY 

PHASE DISTORTION 
- ONE SINEWAVE 
DISPLACED IN TIME 
RELATION TO OTHER 

FIG. 2. Waveform distortions. 

tortion in the reproduction system. 
Phase distortion, although it is not 

as common or as noticeable as the pre¬ 
vious types, can also prevent true 
rendering of the audio information. 
When phase distortion is present, 
different frequencies take different 
lengths of time to pass through the 
system. If we assume that two differ-
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ent frequency notes are picked up at 
the same instant, they should also be 
radiated from the loudspeaker system 
at the same time. If one of the notes 
is delayed a trifle with respect to the 
other, there is phase distortion present 
in the audio system. 

Usually the time displacement is not 
so great that it actually can be heard 
as a time delay of one note with re¬ 
spect to another. Rather, the tones to 
be reproduced run together and a crisp 
and lifelike reproduction is not at¬ 
tained. 
The wave shapes of frequency and 

phase distorted signals are also shown 
in Fig. 2. Notice that with amplitude 
distortion the shape of the applied sine 
wave signal is altered; with frequency 
distortion, the final amplitude of two 
different frequency signals is not the 
same, although they both had the same 
amplitude originally. In an exag¬ 
gerated example of phase distortion we 
notice that the high frequency signal 
follows after the lower frequency one 
in time, although peaks of both oc¬ 
curred simultaneously at the pickup 
point. 

A musical note is made up of the 
fundamental and many harmonics. It 
is the number and strength of these 
harmonics that give each instrument 
its characteristic sound. Phase distor¬ 
tion changes the time relationship of 
these harmonics and the instrument no 
longer “sounds right.” 

SPURIOUS SIGNALS 

Probably the most common form of 
spurious signal distortion is called 
“harmonic distortion.” When harmonic 
distortion is present, harmonics of the 
fundamental tones are produced as the 
audio signal passes through the am¬ 

plifier system. For example, if a 1000-
cycle pure tone is fed to the input of an 
amplifier, there can also be 2000-cycle, 
3000-cycle, etc., tones in the output. 
The harmonic signals are, of course, 
weaker than the fundamental tone, but 
the same action repeated for all of the 
other audio tones passing through an 
amplifier can cause a severely distorted 

ADDITION OF HARMONIC 
DISTORTION - STRONG 
THIRD HARMONIC 

% 
TRIGGERED TRANSIENTS 

OSCILLATIONS 

FIG. 3. Addition of spurious signals. 

and unrealistic output. Thus, as shown 
in Fig. 3A, the presence of harmonic 
distortion in the amplifier develops 
spurious signal tones at frequencies 
that are multiples of the signal fre¬ 
quency to be passed through the am¬ 
plifier. Harmonic distortion always ac¬ 
companies amplitude distortion. 

When an amplifier has intermodu¬ 
lation, or IM, distortion, it produces 
spurious signals when two or more dif¬ 
ferent audio frequencies are fed into 
the amplifier. The spurious frequencies 
that result from intermodulation dis¬ 
tortion are formed by a “beating” or 
nonlinear mixing in the amplifier. For 
example, if a 100-cycle and a 1000-
cycle pure tone are introduced at the 
input of an amplifier, this type of dis-

3 



tortion would cause beat notes to be 
produced at the sum and difference 
frequencies, or at 900 cycles and 1100 
cycles. In fact, with serious IM dis¬ 
tortion a whole series of spurious beats 
are produced. In severe cases of IM 
distortion, harmonic distortion will al¬ 
so be present. Every harmonic will beat 
with every other tone to produce two 
more tones. 

In summary, intermodulation distor¬ 
tion is produced when two of the de¬ 
sired audio tones beat together to pro¬ 
duce sum and difference frequencies 
plus harmonics of the sum and differ¬ 
ence frequencies. With the many tones 
of a musical selection passing through 
such an amplifier, the introduction of 
tones that were not in the original 
music results in very unrealistic 
sounds from the loudspeaker. 

The tones of speech and music are 
composed of a fundamental and many 
harmonics. The presence of these har¬ 
monics on the fundamental, changes 
the shape of the wave from the sine 
wave of the fundamental. The wave 
frequently takes on a very steep front, 
rising almost as fast as a square wave. 
When a steep-fronted wave of this 
type passes through a circuit which is 
resonant in or near the audio fre¬ 
quencies, damped oscillations occur. 
These oscillations take place at the 
resonant frequency of the component 
parts. This damped sine wave adds to 
the signal which was fed into the 
amplifier, and in some cases will cause 
a very definite ringing sound in the 
output. These short-lived oscilla¬ 
tions are called transient oscillations. 
Transient oscillations may be caused 
by feedback loops acting as RC oscil¬ 
lators, or by self-resonant transformer 
windings. Another form of transient 
can occur in the loudspeaker system. 

A good amplifier must be capable of 
passing a steep-fronted wave without 
the formation of these transient oscil¬ 
lations. 

In some amplifiers there are con¬ 
tinuous oscillations at a frequency 
above the audible range. These oscil¬ 
lations are not noticeable in the out¬ 
put. However, when an audio signal is 
passed through the amplifier, these 
waves will add to the signal, overload 
the tubes and cause amplitude distor¬ 
tion of the desired signal. In cases 
where IM distortion is present these 
parasitic oscillations will beat against 
the desired tones and produce spurious 
audible tones in the output. Oscilla¬ 
tions of this type are usually caused 
by faulty operation of feedback net¬ 
works, or by insufficient decoupling be¬ 
tween the individual amplifier stages 
and the power supply. This lack of de¬ 
coupling allows signals from the output 
to be fed back into the input through 
the power supply wiring. At some fre¬ 
quency, the signal fed back will be in 
phase with the signal at the low level 
tube, and oscillation will take place at 
that frequency. When the signal fed 
back is not strong enough for continu¬ 
ous oscillation, it is still possible for 
transient oscillations to be generated 
on strong signals. 

Hum is another spurious signal that 
can be introduced into a hi-fi system. 
To obtain faithful reproduction of 
music it is necessary that the am¬ 
plifier system pass frequencies below 
60 cycles. Consequently, the amplifier 
system will amplify any 60-cycle hum 
components that leak into the system. 
60-cycle hum from the turntable motor 
often finds its way into the system 
through the pickup and tone arm to 
produce a rather high hum level. 

Filter and bypass capacitor failures 

4 



also introduce 120-cycle ripple into 
the amplifier stages. The filaments of 
preamplifiers are often supplied with 
de power to minimize the hum level in 
the early stages. If ac filament voltage 
is used, the filament lines must be bal¬ 
anced and components mounted care¬ 
fully to reduce hum pickup by the am¬ 
plifier stages. 

Occasionally the hiss or tube noise 
level in the amplifier system rises. This 
is often the result of an aging tube or 
overheated components in the first 
stages of the preamplifier. Noise level 
from the tuner also rises with aging 
of tuner tubes, alignment drift, or 
limiter-demodulator defects. 

Spurious noises can also be intro¬ 
duced at the pickup and phono motor. 
Such disturbances can be high level 
record scratch, turntable “wow,” or 
motor “rumble.” The motor assembly 
should be shock-mounted and have a 
minimum of motion horizontally and 
vertically. Of course it should be quiet 
in operation so as not to directly excite 

the pickup cartridge with noise. The 
turntable should rotate smoothly and 
not produce any uneven wear on the 
records. A smooth motion of the record 
at a constant speed prevents the in¬ 
troduction of untrue tones into the sys¬ 
tem due to erratic motion of the record 
on the turntable. 

Record scratch can be the result of 
any of a number of defects or an ac¬ 
cumulation of defects. Some records 
have a high scratch level when new. 
Scratch level is increased by improper 
care and storage. Dust may accumu¬ 
late or the records may become 
scratched in handling and storage. Im¬ 
proper mounting of the cartridge, a 
worn stylus, improper tone arm pres¬ 
sure or position can all increase 
scratch levels. 

It is apparent that a hi-fi system 
can be afflicted with quite a few de¬ 
fects that prevent lifelike reproduc¬ 
tion of audio information. You should 
familiarize yourself with all these dis¬ 
turbances and learn to recognize them. 

Test Equipment for Audio Servicing 
Hi-fi systems can be serviced ef¬ 

fectively with test records, a few 
test instruments, and a critical ear. 
Test records are very helpful in 
checking the over-all performance of 
a hi-fi system from pickup to loud¬ 
speaker. The ear is the final judge, in 
most cases, in evaluating the reproduc¬ 
tion of the test record. 

Test instruments can be attached to 
the amplifier output to permit critical 
measurement of the test record signals 
at the output of the system. Various 
types of test records and their uses 

will be discussed in a later section. 
Performance is measured and de¬ 

fects are localized to specific stages and 
circuits by the use of test instruments. 
Test instruments are particularly use¬ 
ful in showing certain defects in the 
system to the quality-conscious hi-fi 
fan. If he can be shown readings or 
oscilloscope patterns of what should 
or should not occur in the amplifier, 
he will have more confidence in your 
adjustments and the quality of your 
work. It is sometimes difficult to con¬ 
vince a customer that an improvement 
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or change is necessary by simple listen¬ 
ing tests. Often his ideas cf good repro¬ 
duction do not agree with yours. For 
example, many new hi-fi fans assume 
a booming bass is a good thing because 
they have been accustomed to hearing 
the overemphasized bass of juke boxes 
for many years. At the same time a 
visual presentation of results is help¬ 
ful in overcoming some of the mis¬ 
taken notions of the hypercritical high 
fidelity fan. 

THE OSCILLOSCOPE 

The oscilloscope is the most useful 
test instrument for hi-fi work. It has 
a number of applications. It can be 
connected to the amplifier output to 
permit visual observation of the signal 
fed to the input from an audio gen¬ 
erator or test record. Also it can be 
used to make an audio sweep observa¬ 
tion of the system response using one 
of the audio sweep test recordings now 
available. 

Most modern service oscilloscopes, 
because they have been designed for 
TV work, have an adequate high fre¬ 
quency response. Inasmuch as the low 
frequency audio components of music 
are quite strong and, in addition, are 
emphasized to permit truer loud¬ 
speaker reproduction, the performance 
of an audio system at low frequencies 
is very important. Thus it is advisable 
that the oscilloscope be able to pass a 
60-cycle square wave with a minimum 
of distortion. For making critical low 
frequency observations and measure¬ 
ments, a direct-coupled vertical am¬ 
plifier is best. 

With an audio signal or a square¬ 
wave signal applied to the amplifier 
input, an oscilloscope can be used for 
signal tracing. In this way you can 

locate the point where distortion oc¬ 
curs. Used with a voltage calibrator, 
the scope can measure individual stage 
gains or the over-all gain of the sys¬ 
tem. Likewise it is employed to check 
relative gains in various frequency 
ranges. The presence of parasitic oscil¬ 
lations is easily determined by using 
the oscilloscope with no signal applied 
to the input. Transient oscillations will 
show up on the flat top portion of a 
square wave. 

AC VACUUM TUBE VOLTMETER 

The ac vacuum tube voltmeter is a 
small portable type instrument that 
can be used to tell much about the 
operation of a hi-fi system. It can be 
used to check gain and frequency 
response and do work similar to that 
of an oscilloscope. It is not as effective 
in locating waveform distortions in the 
system since it does not present a pic¬ 
ture of the waveform. 

The vtvm is excellent for signal trac¬ 
ing and measuring gain, stage by stage, 
through the system. If the instrument 
is flat from about 20 cycles to better 
than 20,000 cycles, it can be used to 
make frequency response measure¬ 
ments. In this way tests can be made 
for frequency distortion and the source 
of distortion localized. The meter can 
also be used to detect parasitic oscil¬ 
lations. 

A good sensitive vtvm is desirable 
since it can be used to check signals 
in the weak signal stages of the pre¬ 
amplifier and even measure the output 
of the pickup cartridge directly. 

The ac vtvm can be used to check 
the power output of an amplifier by 
measuring the voltage across a termi¬ 
nating resistor. This resistor should 
equal the rated load resistance for the 
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amplifier. From the voltage readings, 
the power output can be calculated us¬ 
ing Ohm’s law. 

FIG. 4. Plan of an audio wattmeter. 

AUDIO WATTMETER 

The audio wattmeter is used to 
measure, directly in watts, the output 
of an audio amplifier. As shown in Fig. 
4, the wattmeter loads the amplifier 
correctly when it is set to the imped¬ 
ance position corresponding to the out¬ 
put impedance of the amplifier. The 
meter is calibrated to measure the 
power delivered to the matched load 
by the amplifier. 

DISTORTION METERS 
AND AUDIO ANALYZERS 

Distortion meters are available that 
read the percentage of distortion at the 

output of an audio amplifier directly. 
When a pure tone is applied to the in¬ 
put of an amplifier, the distortion 
meter separates the harmonics from 
the fundamental in the output and 
measures the strength of these har¬ 
monics. The meter reading indicates 
the percentage of harmonic distortion 
as compared to the fundamental signal 
level output. 
Analyzers which measure IM dis¬ 

tortion are also available. These 
analyzers are of two types. The first 
type measures the strength of the dif¬ 
ference frequency formed when two 
signals beat together in the amplifier; 
the second type measures the percent¬ 
age modulation of a low frequency 
signal on a high frequency signal. 

The difference frequency IM tester 
which is shown in block form in Fig. 5 
is rarely used for service work. This 
type of tester requires much more com¬ 
plicated equipment and more set-up 
time, and is therefore used primarily in 
laboratory development work. Refer¬ 
ring to the block diagram in Fig. 5, 
you will see that there are two oscil¬ 
lators at different frequencies. The 
signals from these two oscillators are 
mixed together and fed to the amplifier 
under test. The amplifier is terminated 

FIG. 5. Difference frequency IM test. 



FIG. 6. Direct IM tester. 

in its proper load and an amplifier 
which is tuned to the difference fre¬ 
quency between /2 and /I is placed 
across the load. The output of this am¬ 
plifier is measured by means of an ac 
vtvm. In this case both oscillators op¬ 
erate at relatively high frequencies. 
This type of circuit allows a choice of 
any desired beat frequency, and any 
pair of frequencies may be fed into the 
amplifier. Test records for aural IM 
distortion tests operate on this prin¬ 
ciple. 

The most common type of inter¬ 
modulation tester for service work is 
the direct type, shown in block form 
in Fig. 6. In this type of tester, an os¬ 
cillator with an output of 5000 to 7500 
cycles is mixed with a 60-cycle signal 
normally taken from the power supply. 
These mixed signals are fed into the 
amplifier; the amplifier is terminated 
in its proper load. From the output of 
the amplifier, the combined signals 
pass through a high pass filter which 
removes the 60-cycle signal. The high 
frequency signal, with any sidebands 
which might be formed by beating in 
the amplifier, pass into a linear de¬ 

tector. The output of the detector is 
passed through a low pass filter which 
completely removes the high frequency 
signal, allowing only the modulation 
to come through. The signal at the in¬ 
put of the detector is measured and 
the signal at the output of the low pass 
filter is measured. The comparison of 
these two signals gives the percentage 
modulation produced by beating with¬ 
in the amplifier. 

There is little standardization as yet 
of test methods for IM distortion or in 
interpreting results. It is generally 
agreed, however, that no hi-fi amplifier 
should have more than 4% IM distor¬ 
tion. An extremely high fidelity am¬ 
plifier should not exceed 2%. 

The two test methods outlined above 
will not give the same results. They are 
actually measuring two different types 
of signal distortion as noticed by the 
ear. The first test method measures the 
strength of the new frequencies added. 
This is the more serious form. The sec¬ 
ond method measures the amplitude¬ 
modulation of high frequency signals 
by a strong bass accompaniment. Thus 
the voices of a choir might be ampli-
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tude-modulated by the deep tones of 
an organ to give a very unpleasant 
sound similar to turntable wow. 

TEST RECORDINGS 

Test recordings are very helpful 
and almost essential if you do much 
servicing of hi-fi systems. Almost 
every performance characteristic can 
be checked using test records. Some of 
the tests that can be made are: fre¬ 
quency response, IM distortion, noise 
level, audio sweep response, wow and 
rumble, and stylus wear. The test 
record serves as the signal source as 
shown in Fig. 7. Some typical test 
records and how they can be used are 
as follows: 

Dubbings D-100. The D-100 has 
two identical sides that can be used to 
check many of the characteristics of a 
hi-fi system. The test information has 
been recorded in a series of bands. 
Bands 1 through 13 are used to check 
the frequency response of hi-fi equip¬ 
ment by generating tone signals in in¬ 
dividual steps between 30 and 12,000 
cycles. The approximate response of 
the system can be judged by ear, 
simply by listening to the output of the 
loudspeaker. Exact measurements of 
frequency responses can be made by 

using some type of an output indicator 
such as a vtvm, audio wattmeter or 
calibrated oscilloscope. 

Band 14 of the D-100 test record is 
a 45-second unmodulated or quiet 
band. In this band no audio signal is 
picked up although the hi-fi system is 
operating from record to loudspeaker. 
Using this band, hum pickup and 
motor rumble as well as other back¬ 
ground noises can be easily detected. 
This helps in adjusting the motor 
mounting and drive mechanism so as 
to have minimum turntable noise. 

Band 15 provides a constant volume 
tone of 3000. The ear is very sensitive 
at this frequency and any wow or flut¬ 
ter will be apparent as a change in 
volume or a frequency variation. De¬ 
fects in reproduction indicate a turn¬ 
table with an uneven motion or an in¬ 
constant speed. 

The same record in bands 16 through 
20 supplies 400-cycle tone, each band 
having a 3-db volume increase over 
the previous one. In this way the 
tracking of the pickup cartridge can 
be checked by listening for any fuzzi¬ 
ness and erratic needle motion in the 
record grooves. 

Dubbings D-1OI. A second test 
record is available to check high 
fidelity equalization. It employs four 

PICKUP 
ARM 

POSSIBLE OUTPUT 
INDICATORS 

RESISTOR OR 
SPEAKER SYSTEM 

FIG. 7. Output indicators for use with test records. 
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individual frequency runs between 30 
and 12,000 cycles. These thirteen-
step runs have frequency-amplitude 
characteristics corresponding to four 
standard recording curves. This record, 
with an output indicator, is used to 
adjust and check the system for cor¬ 
rect equalization as outlined in Fig. 8. 

PLAYBACK BASS TREBLE TYPE OF OUTPUT 
CURVE INDICATOR 
SELECTOR 

FIG. 8. Interconnection for equalization 
adjustments. 

When a small hi-fi system which 
does not employ an equalization 
switch is adjusted, it is necessary to 
set the amplifier tone controls for 
proper equalization. Of course, for 
each standard recording curve, a dif¬ 
ferent group of tone control settings 
can be jotted down to pre-set the con¬ 
trols for matching the various record¬ 
ing curves, or a compromise setting can 
be found to use with all types. 

When adjusting the tone controls of 
an amplifier using an equalizer switch 
for the various recording curves, the 
tone controls are adjusted for a flat 
response. When the equalizer switch 
is set on the proper recording curve 
and the tone controls have been ad¬ 
justed correctly, the amplifier output 
will be fiat over the entire desired 
audio range. 

Later the tone controls must be re¬ 
set to accommodate the acoustical 
characteristics of the room. Flat set¬ 
tings should be jotted down or marked 

so you can return to them when you 
so desire. 
The same company manufactures an 

inexpensive test level indicator, D-500, 
that can be used to make output meas¬ 
urements. This output indicator, which 
is shown schematically in Fig. 9, is con¬ 
nected across the output of the am¬ 
plifier with the loudspeaker system 
connected. If just a single loudspeaker 
is used, it is possible to connect the 
output indicator right across the voice 
coil. It consists of a group of No. 48 
pilot lamps and series resistors. 

The output of the amplifier is ad¬ 
justed until the center lamp barely 
glows. When there is an increase in 
output level of 3 db, the last lamp will 
glow. With a decrease of 3 db the first 
lamp will barely glow while the center 
lamp will go out. The indicator can be 
connected across any speaker having 
a voice coil impedance from 4 to 16 
ohms. This indicator will not respond 
to output variations of less than 3 db. 

ALL NO. 48 BULBS 

FIG. 9. Dubbings Output Indicator D-500. 

Cook Laboratories, Series 10LP. 
The Cook series 10 test records pro¬ 
vides output frequencies in the range 
from 30 cycles to 20,000 cycles. 
Records have a tapered low frequency 
response beginning at 1000 cycles, as 
shown in Fig. 10. The test record has 
about a a 6-db slope below 500 cycles. 
This is comparable to many of the 
recording curves which also have a so-
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called “turnover point" at 500 cycles. 
When the test record is played through 
an equalizer designed for this recording 
curve, the output below 500 cycles will 
indicate if the desired curve is repro¬ 
duced. 

Near the center of this side is a band 
containing 1000-10,000-1000 cps. It 
permits a rapid method of checking 
translation loss (loss of highs) and 
identification of a worn stylus. You 
can compare the output obtained on 
the 10,000-cycle band at the outer 
edge of side A with the 10,000-cycle 
output near the center. More than a 
60% drop in level at the center indi¬ 
cates a worn stylus. 

The second side of the same record 
can be used to check IM distortion. It 
provides simultaneous 100- and 7000-
cycle tones to be picked up by the 
stylus and passed into the amplifier. 
These tones appear in two intermodu¬ 
lation bands—one with a distortion 
level of 4% and a second with not over 
2%. After the signal is fed through the 
hi-fi system, the output is fed to an IM 
distortion analyzer and the percentage 
of IM distortion can be measured. 

Side B also has a test frequency run 
as does side A. However, output levels 
follow the LP pre-emphasis curve in¬ 
stead of the fiat output of side A. A 
flat output should be obtained when 
frequencies are passed through an LP-
compensated equalizer. 

A test for arm resonance and track¬ 
ing ability is also included on side B. 
It is in the form of a high level fre¬ 
quency sweep from 1000 to 35 cycles. 
Defects in tracking cause fuzziness 
and wow. Resonant conditions cause 
erratic output levels. 

Cook Intermodulation Distortion 
Record, Series 15. Cook Laboratories 
also have available an IM distortion 

record that can be used to obtain an 
aural check of system performance. 
This record uses the “A-N” method of 
radio range finders to obtain an 
audible output which indicates the dis¬ 
tortion percentage. 

Two high frequency tones are gen¬ 
erated which gradually decline in fre¬ 
quency. However, a fixed separation 
of 1000 cycles ;s always maintained 
between the two fundamental tone 
frequencies. When the system repro¬ 
duction is perfect, only the original fre¬ 
quencies will be reproduced at the 
loudspeaker output. With intermodu¬ 
lation present, however, a 1000-cycle 
tone will also appear in the loud¬ 
speaker output. 

On the record there is also tran¬ 
scribed a 1000-cycle tone. This signal 
is in the form of a dot-dash signal, 
and has the same amplitude with ref¬ 
erence to the high frequency tones, as 
a 2% IM distortion product would 
have. 
When the intermodulation intro¬ 

duced by the hi-fi system is less than 

FIG. IO. Cook Series 10 lest record re-
cording curves. 
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this transcribed 2% distortion signal, 
the output will be a repeated dot-dash 
or “A.” If the IM distortion in the 
system is greater than 2% it will dom¬ 
inate the transcribed 2% component 
and a dash-dot or “N” will be repro¬ 
duced in the output. Thus, as the test 
recording progresses, an IM distortion 
greater than 2% in the amplifier sys¬ 
tem will cause a dash-dot or “N” tone 
signal to be reproduced by the loud¬ 
speaker. If the IM distortion is ex¬ 
actly 2%, the tone will be continuous. 
Clarkston and Walsco Sweep 

Records. Audio sweep frequency 
records are also available and permit 
rapid frequency runs and simple ad¬ 
justment of tone control circuits. 
These records sweep the range be¬ 
tween 50 cycles and 10,000 cycles. 
However, an oscilloscope must be 
used to reproduce the response pat¬ 
tern on a screen. The response curves 
are calibrated with marker pips to 
permit frequency identification. 
Various other tests can be made 

with additional test records of special¬ 
ized types. For example, Audak makes 
available a special stylus disk which 
can be used to check needle condi¬ 
tions. It is recorded with special 
grooves so that needle wear can be de¬ 
termined by a close observation of the 
grooves after the needle has passed. 
Thus, by observing the nature of the 
groove wear and discoloration, the 
condition of the stylus can be learned. 

One test disk of this type will permit 
many checks and is a good invest¬ 
ment because you can demonstrate the 
cutting effect of a poor needle on the 
record grooves. 

The Cook Series 20 record is useful 
for checking noise in the hi-fi system. 
It supplies noise components in vari¬ 
ous bands and with specified amounts 
of high and low frequency noise. Just 
by listening to the noise output of the 
loudspeaker many types of noise con¬ 
ditions can be tracked down. 

Walsco also has available test rec¬ 
ords that can be used to check wow 
and turntable rumble. As mentioned 
earlier, tones and quiet bands on the 
record are used to emphasize wow and 
rumble. The IM test records also give 
an indication of excess wow or rumble 
because the IM percentage increases 
sharply when these disturbances are 
present. 
You should become familiar with 

these various types of test records. 
They can be used to demonstrate sys¬ 
tem performance to the customer. 
They provide convincing arguments 
and positive checks where one person’s 
concept of good audio quality is not 
the same as another’s. Various special 
test records are also available featur¬ 
ing musical instruments, demonstrat¬ 
ing how faithfully their tones can 
be reproduced. Such recordings can be 
used effectively in demonstrating hi-fi 
characteristics to your customer. 
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Defects and Adjustment of Pickups 
and Turntables 

In a hi-fi system, the over-all per¬ 
formance can be no better than the 
poorest unit of that system. Once a 
defect is introduced, it will continue 
on through the system and result in 
distorted or noisy reproduction. Much 
emphasis is placed on the amplifier 
system. However, a good amplifier 
system is of no use if the pickup and 
reproducer of the hi-fi system are 
poor. It follows, then, that the quality 
of the record pickup and turntable 
are important in obtaining good hi-fi 
music. You must be able to locate de¬ 
fects and make adjustments to turn¬ 
table and pickup in order to obtain 
peak performance and minimum rec¬ 
ord wear. You should also instruct 
your customer concerning proper rec¬ 
ord, turntable, and pickup care. 

Record wear and care are important 
considerations in the maintenance of 
a hi-fi system. If there is rapid record 
deterioration, all the advantages of 
the system are lost after a few play¬ 
ings. 

Special liquids are available for 
spraying or wiping records to reduce 
static charges and dirt collection. 
There are also anti-static cloths avail¬ 
able that keep records clean and mini¬ 
mize their attraction for dust particles. 
A wise recommendation to make is to 
clean the needle of dust and lint with 
a stiff but fine brush after each play¬ 
ing. 
Record storage is an important 

consideration with the modern plastic 
types which are sensitive to humidity 
and temperature extremes. Records 
should be stored in their stiff contain¬ 

ers in a dust-free location. Soft plastic 
record covers are also available. A 
closed cabinet or a filing cabinet type 
of storage is best to use. They should 
be stored where humidity and temper¬ 
ature change the least. 

Records can be stored vertically 
provided they are enclosed in their 
stiff cases and are able to stand up 
straight without leaning. If a sufficient 
number of records are not available to 
fill a cabinet for vertical storing it is 
best to stack them flat to prevent 
warping. If you prefer vertical storage, 
add some additional bulk such as 
books to prevent any of the records 
from leaning. 

RECORD AND STYLUS WEAR 

Record wear is important if the hi-fi 
quality is to be preserved. The factors 
that influence record wear are the type 
of stylus, needle tracking or compli¬ 
ance, and needle pressure. Choice of 
stylus is quite important when you 
desire to preserve your records. When 
records are played, the tip of the 
stylus tends to conform to the shape 
of the groove, particularly when the 
needle is relatively soft. After the 
needle becomes worn, it begins to cut 
and wear the record. Record wear adds 
distortion and noise to the audio in¬ 
formation and results in a decline of 
high frequency response. In terms of 
hi-fi reproduction, there is a choice 
between four types of styluses—dia¬ 
mond, sapphire, osmium, or steel. The 
diamond stylus is preferable and, of 
course, is most expensive. However, it 
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is good for many thousand playings 
before there is serious wear. For a per¬ 
son with a large number of records 
the diamond is the most economical ; 
the savings on record replacement 
more than cover the higher cost of the 
diamond stylus. 

The sapphire needle is less expen¬ 
sive and is an improvement over the 
latter two types but is subject to wear. 
Despite the fact that it is referred to 
as a permanent needle, it is best not 
to use one for more than 500 playings. 
The steel and osmium needles are not 
recommended for hi-fi work and 
should be replaced after only a few 
playings. 
As mentioned previously, stylus 

wear can be checked using the Audak 
test record. With experience, a micro¬ 
scope can also be used to detect stylus 
wear. The influence of a defective 
stylus is shown in Fig. 11. To repro¬ 
duce the audio information, the stylus 
should ride the groove as indicated in 
Fig. 11. When the stylus is worn, it 

SHOULDERS OF 
GROOVE BEING 
CHISELED OFF 

CORRECT SIZE 
AND PROPERLY 
ROUNDED STYLUS 
RIDES SMOOTHLY 
IN GROOVE 

TOO SHARP STYLUS 
CUTS INTO 
BOTTOM OF GROOVE 

WORN STYLUS 
GRINDS INTO 
SHOULDER OF 
GROOVES 

I IG. 11. Record grooves and stylus wear. 

is in contact with more of the groove 
and, as it moves along, gradually wears 
the groove down. The wear and slug¬ 
gishness prevents proper reproduction 
of the audio information and the abil¬ 
ity to follow the high frequency vari¬ 
ations. 
The next step in reducing record 

wear is to make certain that the needle 
pressure is correct. Be certain that the 

needle pressure used is in accordance 
with the manufacturer’s recommenda¬ 
tions. It is obvious that the less pres¬ 
sure required, the less record wear. 

PICKUP ARM 

=— CHECK AT NORMAL 
H"’-"ON RECORD" POSITION 

OF STYLUS 

STYLUS 
PRESSURE 
SCALE 

FIG. 12. Pickup arm pressure gauge. 

However, the various styluses are de¬ 
signed for different pressures. If the 
pressure is less than normal, the 
needle does not follow the groove per¬ 
fectly, resultingin intermodulation dis¬ 
tortion. Also, when a light needle pres¬ 
sure is used, the pickup arm and stylus 
are inclined to skid which can result 
in record or stylus damage. Conse¬ 
quently, with light needle pressure, 
every precaution must be taken to 
shock-mount the turnable so that it 
is not subject to external motions and 
vibrations. 
Most hi-fi pickup arms provide a 

pressure adjustment. Inexpensive pres¬ 
sure gauges designed for testing this 
are available. If you do considerable 
hi-fi service, you should have such a 
gauge. In using the pressure gauge, as 
shown in Fig. 12, the measurement 
should be made at the same level the 
pickup arm assumes when a record is 
in place on the turntable. Likewise, 
the pressure should be observed as the 
needle moves up and down slightly 
(approximately Vs inch). This corre¬ 
sponds to the up and down motion of 
the stylus as it rides the groove. The 
pressure should not vary more than 
2 grams over the normal vertical up 
and down range of motion. 

On occasion, the turntable top may 
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become magnetized and thus exert a 
greater “pull down” on the stylus. 
The effective pressure on the record¬ 
ing becomes greater and results in 
more rapid record wear. Special pads 
are now available for placing on top 
of the turntable when it is subject to 
this type of disturbance. The pad acts 
as an isolation surface and reduces 
the magnetic pull on the stylus and 
pickup arm. 

TONE ARM TRACKING 

Of perhaps even more importance 
than the stylus maintaining an exact 
pressure in the grooves, is the manner 
in which it follows them. The angle 
which the cartridge of the tone arm 
makes with the groove of the record, 
greatly affects the IM distortion of 
the signal and the wear on both the 
record and the needle. Fig 13A shows 
the relationship between the tone 
arm and the groove of a record. On 
this record is shown the radius be¬ 

tween the center of the record and the 
point of contact of the needle with 
the groove. The line drawn through 
this point perpendicular to the radi¬ 
us is tangent to the groove. The axis 
of the pickup cartridge should, in a 
perfect pickup, always be tangent to 
the groove. 

In a practical system, since the 
tone arm has a fixed pivot point, it 
is impossible to maintain the axis of 
the cartridge along this tangent. The 
reason for this is shown in Fig. 13B. 
Here the tone arm is shown positioned 
so that the pickup is tangent to the 
center groove. At grooves both inside 
and outside of this point, the cartridge 
axis no longer lies along the tangent. 
The angle between the tangent to the 
groove and the axis of the pickup 
cartridge is called the tracking angle, 
and since this angle is rarely zero, it 
is referred to as the tracking error. 
Unfortunately, a mounting which 
gives the minimum tracking error 
does not give minimum distortion, un-

TANGENT 

ANGLED WITH RESPECT 
GROOVE TO RECORD 

LESS ANGULAR 

ARM OR 

POSITION 

INNER GROOVE ARM 

CENTER •NEEDLE PATH 

RECORD 

RECORD OVERHANG UNDERHANG CENTER 

TONE ARM 
POSITIONS 

OUTER 
GROOVE 

CENTER 
GROOVE 

NEEDLE 
ONLY AT 
GROOVE 

PATH FOLLOWED 
BY NEEDLE 

PERPENDICULAR 
CENTER 

FIG. 13. Needle tracking. 
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less the tracking error is zero. 
When using a straight tone arm it 

is not unusual for a tracking error to 
vary over the range from -|-35 de¬ 
grees to -10 degrees. In a hi-fi system, 
the tracking error should never be 
more than 2 degrees at the outer 
grooves and less than 1 degree at the 
inner grooves. 
The tracking error is reduced by 

the construction of the tone arm and 
location of its pivot point. This is the 
job of the manufacturer; once it is 
done, the serviceman must go along 
with the design. 

When a straight tone arm is pivoted 
past the center of the record, the 
needle will fall short of, or “under¬ 
hang” the center as shown in Fig. 13C. 
For any arm length there is a specific 
amount of underhang. The longer the 
arm. (he less the underhang. Also, the 
best underhang is greater for large 
records than small ones. 

In order to reduce the distortion 
caused by tracking error, a curved or 
bent arm is used. This places the 
pickup at an angle to the line between 
the needle and the pivot point. The 
pivot point is located where the least 
change in tracking error occurs as the 
tone arm moves across the record, as 
shown in Fig. 13D. The head is then 
offset at the angle that gives minimum 
distortion. The needle of a properly 
mounted offset arm will overhang the 
center, as in Fig. 13E. Again for any 
given distance from the needle to the 
pivot point, there is a definite over¬ 
hang and also a definite offset angle 
for minimum distortion. The longer 
the tone arm, the less the overhang 
distance and offset angle. The under¬ 
hang and overhang of any tone arm 
are very critical, and are measured to 
one one-hundredth of an inch. 

The position of the needle tip in 
the cartridge is different for different 
types of cartridges. For example, in a 
crystal pickup the needle tip is well out 
to the far end of the pickup cartridge, 
whereas in most magnetic pickups the 
tip is back near the middle of the car¬ 
tridge. Since this is the case, great 
care must be exercised when changing 
cartridge types in a tone arm to be 
sure that the tip of the new cartridge 
falls at the same distance from the 
pivot point as the tip of the old car¬ 
tridge. If it does not, the tone arm 
must be remounted. Correct location 
of the pivot point of the tone arm is 
determined by measuring the over¬ 
hang or underhang. The required 
overhang for any given tone arm is 
given by the manufacturer in the 
mounting data for that arm. 
When excessive record wear is 

thought to be due to tracking error, it 
is well to check the overhang against 
that recommended by the manufac¬ 
turer. When cartridge types are 
changed in a tone arm, care must be 
taken that the overhang of the needle 
in the new cartridge is that recom¬ 
mended by the manufacturer for the 
tone arm. If the overhang is incorrect, 
the tracking error may become very 
great. 
Some pickup arms are provided 

with adjustable cartridge mounts; the 
position of the cartridge in the mount 
can be adjusted to obtain correct 
tracking. 

When you are called upon to mount 
or replace a tone arm, you should 
make the measurement of overhang 
or underhang very carefully. If there 
is any doubt as to the accuracy of the 
measurement, it is best to have the 
underhang or overhang less than is 
normally called for. In this way, less 

16 



wearing of the record will occur due 
to tracking error. That is, it is best to 
have the needle closer to the center 
than called for, rather than farther 
away. 

The replacement of higher quality 
cartridges or pickup arms on present 
equipment can be a disappointment 
unless you carefully consider the fac¬ 
tors of record wear, tracking, and 
needle pressure. An improper installa¬ 
tion can produce poorer results than a 
direct replacement with the lower 
priced type used originally. 

INTRODUCTION OF SPURIOUS 
SIGNALS 

The input circuits are subject to the 
pickup of spurious noise components. 
Generally, the better the pickup de¬ 
vice, the more subject it is to these 
disturbances, because of its lower out¬ 
put and broader frequency response. 
The most common disturbances are 
turntable rumble, hum, or wow. Rum¬ 
ble is a result of mechanical noises 
and vibrations in the turntable which 
are picked up by the sensitive car¬ 
tridge. Wow is a result of an uneven 
motion of the turntable due to faulty 
adjustment or uneven wear. It can 
also be caused by binding between the 
stylus and the record groove. This 
binding in turn can be caused by im¬ 
proper tracking or sluggish vertical or 
lateral motion of the stylus in the 
cartridge. 
Hum. Hum can be a troublesome 

defect in a hi-fi system, and can leak 
into the signal from a number of 
sources. It can result from improper 
power supply filtering or improper po¬ 
sitioning of component parts with re¬ 
spect to sensitive pickup devices. The 
proper isolation between power cables 

and audio lines is important. 
The crystal cartridge has a high 

output and is not as sensitive to hum 
pickup as the lower output variable 
reluctance and magnetic pickups. The 
magnetic cartridge is subject to in¬ 
ductive hum pickup from the mag¬ 
netic fields of the tumable motor and 
record changer. If you find a changer 
particularly subject to hum pickup of 
this kind, it is often helpful to replace 
the pickup device with the ceramic 
type. The ceramic pickup has a high 
output and is less subject to hum. In 
addition, its frequency response and 
performance are nearly as good as the 
lower priced magnetic types when 
used with popular records. 

If you have the task of mounting 
a pickup cartridge and arm on a turn¬ 
table, be sure to choose the mounting 
position carefully to minimize hum 
pickup from the motor. The pickup 
arm should be mounted so that on its 
travel across the record, the cartridge 
is at the greatest possible distance 
from the motor. The four-pole motor 
is, of course, preferred over the two-
pole type because of its lower hum 
radiation level. It is used on most hi-fi 
systems. A more expensive and even 
better motor is the hysteresis type. 

A low impedance magnetic pickup 
and its transformer can be made less 
subject to hum pickup than the vari¬ 
able reluctance type. When using this 
type, however, its matching trans¬ 
former should be mounted and oriented 
correctly with respect to the turntable 
motor and power supplies in order to 
minimize hum pickup. 
A foam rubber turntable mat can 

also cure some disturbances. It acts 
as a cushion for the record and stylus. 

At times it is helpful to ground the 
case of the motor to reduce hum. The 
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lead dress between pickup arm and 
input of the preamplifier is very im¬ 
portant in holding hum level low. The 
lead length should be as short as pos¬ 
sible, and isolated from any power 
cords. This cable should have a low 
capacity between leads, and from 
leads to shield. High capacity causes 

I' IG. 14. Keduction of cable hum pickup. 

loss of highs. If a long cable is neces¬ 
sary between units it should connect 
a low impedance source to a low im¬ 
pedance load. A two-conductor shield¬ 
ed cable, as shown in Fig. 14, is help¬ 
ful in reducing hum pickup by the 
line. The shield should be grounded 
only at the input to the amplifier. 

Turntable Rumble. Rumble is 
caused by mechanical vibration in the 
motor and drive assembly. The higher 
priced heavy turntable has much less 
rumble than a changer because of bet¬ 
ter armature balance and more critical 
bearing tolerances. When rumble is 
present, the vibration is picked up by 
the cartridge and results in a contin¬ 
ual fluttering of the loudspeaker cone 
at a low frequency. This action in¬ 
terferes with the reproduction of low 
frequency audio components even 
though at times it occurs at lower than 
audible frequencies. 

Outside of the inspection of suspen¬ 
sion mounts, there is little you can do 
to reduce this disturbance. A small 
level can be used to align the turn¬ 
table. This step will not only reduce 
vibration, but also will give better 
needle tracking and less record wear. 

A changer is more subject to rumble 
because of its more complicated mech¬ 
anism. A foam rubber turntable cush¬ 
ion will help here. 
Turntable lubrication should be 

checked and the manufacturer’s pro¬ 
cedure followed to the letter. Over¬ 
lubrication is just as dangerous as 
under-lubrication, since it permits 
grease or oil to reach the drive and 
idler wheels, and slippage results. 
Most often, rumble occurs in the 

20- to 30-cycle range. It is possible to 
design special high pass filters, as 
shown in Fig. 15, which have sharp 
cut-off characteristics in the 25-cycle 
range. They can be installed in the 
amplifier system and act as a rumble 
frequency filter, preventing the rum¬ 
ble vibration from reaching the loud¬ 
speaker. 
Wow. Wow is a result of changes 

in turntable speed as the stylus rides 
the record groove. It is usually a sign 
of mechanical wear in the motor and 

MAXIMUM ATTENUATION 

FIG. 15. High pass rumble filter. 

drive assembly. It is caused by un¬ 
even wear or a flat place in the drive 
wheel or idler. Many changers and 
turntables employ rubber idlers and 
after long use they become worn and 
develop uneven surfaces. This gives 
the same effect as driving the turn¬ 
table with an eccentric wheel and the 
turntable rotates with a changing 
speed. Thus if a continuous tone is 
played, the changing speed of the 
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turntable motion will modulate the 
audio note. A wavering tone instead 
of a pure tone will come from the 
loudspeaker. Dirt, oil, or grease on the 
idler or turntable rim can also cause 
slippage and uneven turntable speed. 

A test record giving a single tone 
frequency of about 3000 cycles is 
ideal for checking wow. If any wow is 
present it will add an easily heard 
waver to the 3000-cycle loudspeaker 
output. 

A stroboscope can also be used to 
make this check. When it is placed on 
the turntable, the presence of wow 
will cause the pattern to move instead 
of standing still, as it would at a con¬ 
stant speed. 

It is apparent that wow is generally 
a mechanical disturbance. Thus if 
wow develops in a system, you should 
inspect the turntable or changer me¬ 
chanically and replace worn drive and 
idler assemblies. If wow has always 
existed in a system, it may be the re¬ 
sult of an inferior design or a defect 
in construction, mounting, or adjust¬ 
ment. Follow the manufacturer’s rec¬ 
ommended adjustment procedures for 
the particular turntable or changer. If 
wow or rumble persists in a higher 
priced unit, it is advisable to seek the 
manufacturer’s help concerning tests 
or possible replacement. 
Wow can also be caused by im¬ 

proper leveling of the turntable. A 
small level is a very useful tool if you 
plan to do extensive hi-fi servicing. If 
wow is a result of a magnetic pull on 
the needle, it can be helped by the use 
of a good turntable cushion or a non¬ 
magnetic turntable. 

In replacing cartridges or needles, 
follow the manufacturer’s recommend¬ 
ed procedure as carefully as possible. 
For many cartridges, needle replace¬ 

ment is made by the factory. Do not 
attempt any needle changes unless you 
have the instructions for the particu¬ 
lar cartridge with which you are con¬ 
cerned. A needle replacement can be 
made more easily with the cartridge 
removed from the arm. 

PICKUP INSTALLATION 

Most hi-fi replacement units, such 
as the tone arm shown in Fig. 16, have 
standardized dimensions. Standard 
mounting enables installation in prac¬ 
tically all commercial pickup arms 
and changers. 
Most hi-fi cartridges have good 

compliance and track with little pres¬ 
sure. The manufacturer generally in¬ 
dicates the proper pressure and his 
recommendation should be followed to 
overcome friction and reduce record 
wear. 
Follow any impedance matching 

Courtesy Fairchild Recording Equipment Co. 

FIG. 16. Typical none arm. 
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ARM REST POSITION 

FIG. 17. Tone arm 
Courtesy Fairchild Recording Equipment Co. 

mounting template. 

recommendations. If the cartridge has 
an output impedance of 200 ohms, it 
should be connected through a good 
200 ohm-to-grid input transformer. 
In this way it gives maximum output 
with the least hum pickup. 

With cartridges mounted in metal 
arms, it is sometimes found desirable 
to ground the arm to the turntable 
frame with a flexible lead. 
Some other important considera¬ 

tions are: 
1. Do not make a soldered connec¬ 

tion to either output prong of the 
cartridge. Always solder to the clips 
which in turn slip on the prongs. 
2. It is important that flexible 

leads attached to the arm do not catch 
or bind as the arm is rotated through 
its lateral swing across the disk. 

3. Finally, it pays to keep the rec¬ 
ords free from finger marks. Dust and 
grit will adhere to the finger marks, 
causing a pile-up of dirt around the 
stylus. This oily mass will attack the 
rubber damping pads or the gland 
which is intended to keep magnetic 
and other foreign particles from get¬ 

ting inside the cartridge cover. 

Notice the stylus pressure and drop 
limit adjusting screws. The stylus 
pressure may be adjusted by means of 
the knurled screw. Turning the screw 
“in” decreases the stylus pressure. 
When making the pressure measure¬ 
ment, the stylus tip should be the same 
height as when in playing position on 
a record. 

The drop limit adjusting screw per¬ 
mits exact positioning of the stylus so 
it will just clear the turntable when 
there is no record on it. Thus stylus 
damage is avoided by preventing ac¬ 
cidental contact with a running turn¬ 
table. 

Typical installation data for a tone 
arm often includes a mounting tem¬ 
plate. Its layout is shown in reduced 
size in Fig. 17. The template can be 
placed on the motor board to locate 
all holes in relation to the turntable 
center pin. This information is very 
important and permits you to mount 
the tone arm at a position that will 
give the most favorable tracking. 
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Tape Recorder Maintenance 
Tape recorders are subject to many 

of the adjustment and maintenance 
problems of disc play-back units. Wow 
and flutter may occur in tape record¬ 
ing units due to mechanical wear of 
the motor drive and elements. A low 
cost tape unit will have a wow and 
flutter of about one-half of one per¬ 
cent when new, while professional 
equipment should have wow not ex¬ 
ceeding one-tenth of one percent. The 
best check for excessive wow and 
flutter is to play back a tape which 
has a constant level high frequency 
tone. 

This wow and flutter may be caused 
by drive capstans which are out of 
round, or idlers with flat sides. The 
correction for this condition is the 
same as with a record player; the cap¬ 
stan drive rubber should be cleaned 
or replaced. A second cause of flutter 
in a tape recorder is due to wear in 
the friction clutch used to drive the 
take-up reel. As these clutches wear 
they begin to slip and a variable ten¬ 
sion on the tape results. When a vari¬ 
able tension tape is pulled by the cap¬ 
stan, wow and flutter result. The cor¬ 
rection here is to clean and adjust or 
replace the clutch. 
Two troubles which generally go 

together are noise and even-order 
harmonic generation. Regardless of 
the operation of the tape recorder, any 
noise or harmonics generated in the 
amplifier which drives the recording 
head will be on the tape. The record¬ 
ing and play-back heads can also in¬ 
troduce noise and even-harmonic dis¬ 
tortion. 

These conditions may be caused by 
improper bias level adjustment. The 

bias should be adjusted to a value 
slightly greater than that, which gives 
maximum output on play-back for a 
constant input on recording. 

The second common cause of noise 
and harmonic distortion is due to re¬ 
sidual magnetism in the recorder head. 
This may be checked easily with a 
small pocket compass. If a magnetized 
head is found, it may be demagnetized 
by means of a commercial head de¬ 
magnetizing unit or the head may be 
replaced. 
The causes of head magnetization 

are passage of a direct current or large 
non-symmetrical pulses through the 
windings. The direct current may re¬ 
sult from a leaky coupling capacitor 
or a leaky output transformer. A com¬ 
mon cause of non-symmetrical pulses 
is a non-sinusoidal output from the 
bias oscillator. This condition may be 
checked with an oscilloscope. If it is 
found that the bias waveform is dis¬ 
torted, the operation of the bias os¬ 
cillator should be corrected so that 
the output is a good sine wave. Large 
non-symmetrical pulses through the 
recording head can also result from 
switching input circuits when the 
amplifier output is connected to 
the head. 
Head magnetization can raise the 

noise output by 5 to 10 db and at the 
same time introduce quite severe 
even-order harmonics. 

Both the recording and play-back 
heads are subject to wear and possible 
misalignment. The gap of the head 
should always be at right angles to 
the tape edge. Misalignment of the 
gap by less than a degree can result 
in an output as low as one-quarter of 
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what would normally be expected. 
The heads are mounted with ad¬ 

justment screws so that their position 
may be changed slightly with respect 
to the tape. The best way to make this 
adjustment is to use a standard head 
alignment tape and adjust the position 
of the head for maximum output. The 
head alignment tape is a high fre¬ 
quency signal recorded at a normal 
level and run at a constant speed. 

As the tape runs over the recording 
and play-back heads, it wears down 
the surfaces slightly. This wear in¬ 
creases the size of the pole face in 
contact with the tape and may in¬ 
crease the gap width. Both of these ef¬ 
fects lower the recording level and 
cause a great reduction in highs. The 
best check for head performance is by 
means of a frequency run tape in 
which constant levels at different fre¬ 
quencies are recorded on the tape and 
the output is checked by means of an 
oscilloscope or an ac vacuum tube 
voltmeter. 

The head should be cleaned period¬ 
ically with carbon tetrachloride to re¬ 
move any dirt or gum which may have 
stuck to the pole faces. In doing this 
use a cotton swag or piece of soft cloth, 
but never use a metallic object to 
scrape them. 
The moving parts of the tape re¬ 

corder should be lubricated in accord¬ 
ance with the manufacturer’s instruc¬ 
tions. In all cases, avoid the use of 
excessive lubricants since they may 
cause destruction of idler wheel tires 
and capstan drive rims. When lubri¬ 
cant does get onto these rubber rims 
it should be removed with alcohol. 
After continued use some of the 

older machines may tend to stall or 
to break the tape. This condition is 
caused by a “Johansson effect.” It 

gets its name from the “Johansson 
test blocks” which are used for cali¬ 
brating gauges and micrometers. 
These blocks are so smoothly polished 
that when they are in contact they will 
stick together. The continued motion 
of the tape over the recording head 
will polish the head so smooth that 
the tape will stick to it. This condition 
cannot be corrected by cleaning; that 
only makes it worse. The only repair 
that can be made is to rub the face of 
the head lightly with crocus cloth to 
roughen it a little, and then clean it 
with carbon tet. It is best to do this 
before the condition has reached the 
point of breaking tapes. This effect is 
first noticeable as a squeal as the tape 
passes over the recording head. When 
this squeal is first noticed, the head 
should be roughened or replaced. 

There are test tapes available for 
use in checking tape recorders. 

The Dubbings DUO tapes are avail¬ 
able at speeds of both 7% and 15 
inches per second. These tapes may be 
used to check for wow and flutter, head 
alignment, frequency response, signal 
level, signal-to-noise ratio, and tape 
speed. These types are used on a re¬ 
corder in exactly the same way that 
a test record is used to check a record 
player. 

The Audio Devices No. 200 test tape 
is used to check head alignment with 
a tape speed of 15 inches per second. 
This tape contains pre-recorded sig¬ 
nals at 2000, 10,000 and 15,000 cycles 
per second. By means of this tape, 
very precise alignment of the head 
may be made. It is available only at 
the 15-inch speed and consequently it 
is not usable on the majority of low 
priced tape recorders. 

Before any test tape is used on a 
tape recorder, the head should be 
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checked for residual magnetism and 
any uneven surfaces. Residual mag¬ 
netism of a play-back head will dis¬ 
tort the signal recorded on the tape. 

The longer material is left on a tape, 
the harder it will be to erase. When a 
tape is used to record temporary in¬ 
formation, it should be erased as soon 
as the need for the material on the 
tape is over. Recorded tapes should 
be stored away from any magnetic 
fields due to power lines or electrical 
equipment, and preferably in some 
place which is not subject to abnormal 
temperatures. Storage at high temper¬ 

atures also tends to increase the 
permanence of the material and make 
the tapes more difficult to erase. 

When a service call complaint is for 
improper erasure, you should find out 
how long ago the tapes were recorded. 
When the normal erase head on the 
recorder will no longer clear the tape, 
it is necessary to use a bulk eraser. 

New tape or blank tape left in stor¬ 
age for some time should always be 
erased before recording. In this way 
any magnetism resulting from induc¬ 
tion fields is removed and noise and 
distortion are reduced. 
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Defects in the Amplifier t m 

The major purpose of the amplifier 
system of a hi-fi installation is to 
build up the weak audio signal pres¬ 
ent at the output of a pickup cartridge 
to a sufficient power to drive the loud¬ 
speaker system. Of course the more 
elaborate the loudspeaker system, and 
the more space to be filled with sound, 
the higher must be the power of the 
amplifier. The amplifier system must 
amplify uniformly over the entire 
audio range. The flatter the frequency 
response of the system, and the more 
extended the low and high frequency 
ranges are, the more realistic becomes 
the audio reproduction. 

Special compensating circuits are 
required to correct for the nonlinear 
output of some pickup cartridges as 
well as to compensate for whatever 
commercial recording curve has been 
used. 
The three most common arrange¬ 

ments of audio equipment are shown 
in Fig 18. The usual changer or low-
priced turntable and pickup combina¬ 
tion uses a crystal cartridge. The crys¬ 
tal cartridge permits a good output 
and therefore can be used to drive the 
main amplifier directly. Usually a 
small low-power amplifier is used to 
drive a small loudspeaker system. 
This combination represents the econ¬ 
omy-type high-fidelity system. When 
good quality components are used, it 
is able to reproduce a hi-fi record 
fairly well. 
The higher-priced magnetic pickups 

require additional amplification and 
frequency equalization. When proper¬ 
ly used, their frequency response and 
performance characteristics are su¬ 

perior to the crystal cartridge, but 
their output is substantially less. 

To utilize the good frequency re¬ 
sponse characteristics of a cartridge, 
its output must be terminated correct¬ 
ly. Furthermore, when improved fidel¬ 
ity is desired, it is also helpful to have 
a stronger output available from the 
main amplifier. Once the hi-fi en¬ 
thusiast has progressed to a high 
quality pickup and turntable, he gen¬ 
erally desires a higher output ampli¬ 
fier and a more elaborate loudspeaker 
system. As a result, the amplifier sys-

F1G. 18. Block plan of Hi-Fi methods. 

tem must be capable of delivering a 
stronger audio signal to the loud¬ 
speakers. 

A preamplifier, as shown in Fig. 18, 
may be used along with the main 
amplifier. These two units can be sep¬ 
arate or mounted as a single unit. The 
preamplifier builds up the weak signal 
output of the cartridge to an adequate 
level for driving the main amplifier. 
In addition, it presents the proper 
termination to whatever type pickup 
cartridge is employed. Still another 
function of the pre-amplifier, as you 
have learned, is to supply equalization 
for the recording curves of the various 
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standard types of hi-fi records. The 
main amplifier increases the strength 
of the moderate output signal of the 
preamplifier to the necessary power 
required to drive the loudspeaker ar¬ 
rangement (often as high as 25 to 40 
watts). 

The input tube should have a low 
noise level. Here, triode tubes are best. 
Hum and background noise can often 
be reduced by interchanging tubes to 
make certain the very best tube is 
used at the input stage. Special low-
noise tubes are available and can be 
used to replace some of the standard 
types used in preamplifiers. 

Aging tubes, poor filters, and de¬ 
teriorating bypass capacitors should 
be looked for when there is any in¬ 
crease in hum level in the amplifier 
system. Any type of low resistance 
shunt across the B+ supply line will 
result in an increase in hum level be¬ 
cause the greater drain placed on the 
power supply reduces the filter effi¬ 
ciency. In the construction of hi-fi 
amplifiers, you must be certain to 
choose well shielded transformers and 
mount them so that hum is not fed 
into sensitive circuits. Output circuit 
components and power supply lines 
must be kept well spaced from low 
level audio lines. 

It is not advisable to crowd all the 
components into a single cabinet if 
hum level is to be at a minimum. 
There should be a safe spacing be¬ 
tween the pickup and input stages, 
and the higher level output stages, 
power supply and loudspeaker. Keep¬ 
ing the loudspeaker away from the 
pickup reduces the effect of speaker 
vibration on the pickup. 

In troubleshooting a hi-fi ampli¬ 
fier, there are four major performance 
standards. One consideration is the 

power output of the amplifier. It 
must be capable of driving the loud¬ 
speaker system fully so as to fill the 
required space with sound. Adequate 
power levels must be available to con¬ 
vey the instantaneous peaks in mu¬ 
sical renditions. The frequency re¬ 
sponse of the amplifier must extend 
over the useful range of fundamentals 
and musical overtones. This range of 
frequencies must be reproduced equal¬ 
ly to obtain the greatest benefit from 
the hi-fi system. The amplifier must 
be free of distortion and must not 
change the shape of the audio signals 
passing through it. Nor should it con¬ 
tribute spurious signals in the form of 
harmonics or intermodulation distor¬ 
tion. Finally, the amplifier system 
must have a low hum and noise level 
to permit an undisturbed reproduction 
of quiet musical passages. 

FREQUENCY RESPONSE 
MEASUREMENTS 

There are four basic plans for 
checking the frequency response of an 
amplifier, as shown in Figs. 19 through 
22, depending on the type of test 
equipment available. In the method 
shown in Fig. 19, the signal source is 
an audio generator. The audio signal 
is applied to the input of the amplifier 
system under test. There are four 
possible choices of output indicators: 
ac vacuum tube voltmeter, audio pow¬ 
er meter, bulb indicator, or a calibrat¬ 
ed oscilloscope. An initial approxi¬ 
mate check can be made using the 
audio signal generator and listening to 
the loudspeaker output. If there is a 
severe loss in low or high frequency 
response, it will be apparent as the 
audio signal generator is varied 
through its frequency range, keeping 
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the output of the audio generator at a 
reasonably constant level. 
The audio wattmeter is ideal for 

making frequency response observa¬ 
tions. The wattmeter has a linear fre¬ 
quency response over the audio range 
and consequently it can be used to 
measure output wattages over the en¬ 
tire audio spectrum. 

In making power output and fre¬ 
quency checks the audio signal gen¬ 
erator is connected to the input of the 
amplifier. If the output of the audio 
generator is not constant over the 
audio range, it is advisable to connect 
an ac vacuum tube voltmeter to its 
output so that a constant amplitude 
input is fed to the amplifier at all 
frequencies. 

With the gain control of the ampli¬ 
fier wide open, it is possible to 
measure the maximum output of the 
audio amplifier. Maximum output is 
indicated when there is no further in¬ 
crease in audio output as the input 
level is increased. For a precise 
measurement of power output it is 
helpful to attach an oscilloscope to the 
audio amplifier output. With the os¬ 
cilloscope connected, the audio output 
of the generator is increased to the 
point at which the waveform seen on 
the oscilloscope begins to distort. Then 

the audio output is decreased to just 
below the distortion point. This level 
of output wattage indicates the maxi¬ 
mum output of the amplifier. 

To check the frequency response of 
the amplifier, it is only necessary to 
set the audio generator on various spot 
frequencies through the audio range 
and measure the audio output. You 
must be sure that a constant input 
voltage is applied to the amplifier by 
making certain (with the ac vtvm) 
that the output of the audio generator 
is set at the same level for each check 
frequency. 
Frequency response can also be 

checked by using the oscilloscope as 
an output indicator. Many scopes now 
include internal calibrating voltages 
so that the screen can be calibrated to 
measure the voltage output. In using 
the scope to make the output measure¬ 
ments, it is necessary to terminate the 
output of the amplifier in the proper 
impedance. The termination should be 
a resistor of the proper ohmage and 
wattage. If the loudspeaker system is 
used as the termination, mechanical 
resonances of the speaker will vary 
the load impedance with frequency, 
and the voltage measurements will be 
inaccurate. 

It is also possible to use an ac vtvm 

AUDIO WATTMETER 
AC VTVM 
CALIBRATED SCOPE 
BULB INDICATOR 

FIG. 19. Amplifier test using signal generator. 
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as the output indicator. In this ar¬ 
rangement it is again necessary to 
measure the voltage across a resistor 
that corresponds to the recommended 
load for the amplifier. In using the ac 
vtvm to make frequency response 
checks, it is possible to install a 
changeover switch so that the meter 
can be switched between input and 
output circuits. Remember that in 
checking frequency response, it is 
necessary to hold the output of the 
generator constant so that a fixed in¬ 
put reference level is applied to the 
amplifier at the various check fre¬ 
quencies. 

The vtvm is a handy instrument be¬ 
cause it can also be used to measure 
the output voltage at various stages 
throughout the amplifier system. It 
can be connected to the output of the 
preamplifier to check the frequency 
response of the preamplifier alone. It 
can be used to measure individual volt¬ 
age amplifier stage gain by record¬ 
ing output and input voltage levels 
and dividing output by input. 

Of course, various other frequency 
response defects can be found by vary¬ 
ing the audio generator through its en¬ 
tire audio frequency range and ob¬ 
serving the output indicator for any 
sharp dips or resonant conditions in 
the amplifier system. Any sharp 
change in output readings at specific 
frequency ranges can indicate a 
tendency toward instability or oscilla¬ 
tion at certain frequencies. If the volt¬ 
age across the voice coil of a loud¬ 
speaker which is driven by a flat 
amplifier is checked in this way, the 
resonance points of the speaker and 
its enclosure can be found. 
A very effective method of check¬ 

ing the frequency response of a hi-fi 
system is to use a test record as shown 

in Fig. 20. The test record checks fre¬ 
quency response from record to loud¬ 
speaker. Generally, the use of instru¬ 
ments confines the frequency response 
measurements from the input of the 
amplifier to the output, and does not 
indicate the performance characteris¬ 
tics of the pickup cartridge and turn¬ 
table or speaker. Just a limited wear 
of the stylus (even before the wear is 
great enough to damage the grooves) 
can cause a sharp decline in high fre¬ 
quency response. A frequency re¬ 
sponse check of the amplifier system 
would have indicated normal perform¬ 
ance despite the fact that the stylus 
was causing a severe loss in high fre¬ 
quency response. Resonances in the 

TEST 
RECORD 

AUDIO WATTMETER 
AC VTVM 
CALIBRATED SCOPE 
BULB INDICATOR 

FIG. 20. Amplifier tests using test records. 

pickup can be found by playing a test 
record through a flat amplifier. Volt¬ 
age fluctuations across a resistor load 
on the amplifier show the response of 
the pickup. 
The output indicators that can be 

used with the test records are again 
an ac vtvm, audio wattmeter, bulb in¬ 
dicator, or calibrated oscilloscope. The 
audio wattmeter is again ideal be¬ 
cause of the ease with which it can 
be connected and its ability to pro¬ 
vide a correct termination for the 
amplifier output. Armed with a good 
test record or two, along with an audio 
wattmeter, you can do a thorough job 
of checking the performance of the hi-
fi system in the customer’s house. 

The test record can be used as a 
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signal source in checking frequency 
response by observing the output 
wattages for the various frequency 
tones on the record. By turning up the 
gain of the amplifier you can see if the 
amplifier is capable of giving its maxi¬ 
mum rated output. Other bands on the 
test records can be used to check ad¬ 
ditional performance characteristics 
of the system as explained earlier in 
this lesson. 
A very effective and convenient 

method of checking the over-all fre¬ 
quency response of a hi-fi system, as 
shown in Fig. 21, is to use an audio 
sweep test record and an oscilloscope. 
As mentioned earlier in this lesson, 
such a record provides a sweep signal 
over the audio range. As the stylus 
rides along the record grooves it picks 
up an audio sweep signal and applies 
it to the input of the amplifier. The 
scope is used to show the sweep signal 
at the output of the amplifier. There-

FIG. 21. Audio sweep record testing of 
amplifiers. 

fore the response pattern of the ampli¬ 
fier can be shown on the screen of the 
scope tube. The sync circuit and sweep 
adjustments of the scope are adjusted 
to lock in a single alignment response 
curve. If it is not possible to lock-in 
the pattern firmly with the scope, it 
may be an indication of turntable wow. 

The sweep response records are par¬ 
ticularly effective in adjusting the 
equalizer controls of a hi-fi system. A 
sweep record that would generate 

sweep signals corresponding to the 
standard playback curves is particu¬ 
larly effective in adjusting each play¬ 
back curve equalizer of a preampli¬ 
fier. A sweep record also indicates 
whether or not the cartridge sees the 
proper termination at the input to the 
preamplifier. 

LOAD RESISTOR 

OSCILLOSCOPE 

FIG. 22. Square-wave generator test of 
amplifier, 

A final method of checking the re¬ 
sponse of the amplifier system is 
shown in Fig, 22. In this arrangement 
a square-wave generator is used as a 
source for applying signals to the in¬ 
put of the amplifier. The output indi¬ 
cator is again a good oscilloscope 
capable of passing a very low fre¬ 
quency square wave without distor¬ 
tion. A direct-coupled vertical ampli¬ 
fier is excellent. The performance of 
the amplifier is shown by its ability to 
pass the square-wave signals without 
distortion. The types of distortion ap¬ 
pearing on the square-wave reproduc¬ 
tion indicate particular defects in the 
frequency response of the amplifier 
system. 
You have learned that a square 

wave consists of a fundamental fre¬ 
quency and an infinite number of 
harmonics. Thus, in the application of 
the square wave to the amplifier, the 
amplifier must not only pass the 
fundamental frequency but also its 
harmonics, if the square wave is not 
to be distorted. When a 1000-cycle 
square wave is applied to an amplifier, 
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the amplifier must be able to pass up 
to the tenth harmonic of the 1000-
cycle fundamental frequency in order 
not to distort the square-wave shape. 
It is apparent that the 1000-cycle 
square wave can thus be used to judge 
the frequency response of the ampli¬ 
fier up to 10,000 cycles and higher. 
You also learned that the higher order 
harmonics of a square wave determine 
the shape of the leading edges, while 
the low and middle range harmonics 
influence the flat-top portion. If there 
is poor high frequency response or 
high frequency phase distortion, the 
leading edge and the trailing edge of 
the square wave become rounded or 
distorted as shown in Fig. 23. In gen¬ 
eral, if a 1000-cycle square wave 
passes through the amplifier without 
distortion, the amplifier can be con¬ 
sidered as having a flat response up to 
10,000 cycles and higher. Of course, by 
increasing the frequency of the square 
wave up to 2000 cycles or higher, the 
frequency response can be judged up 
to as high as 20,000 cycles. 
The low frequency response is 

checked using a low frequency square 
wave at some frequency between 20 
and 60 cycles. Again, the lower the 

frequency of the square wave, the 
more critical it is of the low frequency 
response of the amplifier system. When 
there is a low frequency defect it dis¬ 
torts the shape of the flat-top portion 
of the square wave. Low frequency 
attenuation results in a dip in the flat-
top portion of the square wave. If low 
frequency attenuation is accompanied 
by a phase shift, the square wave is 
tilted as shown. The degree of the dip 
or tilt in the low frequency response 
is an indication of the severity of the 
low frequency attenuation. 

When an amplifier is not adjusted 
properly it is also possible to accent 
the low frequencies. If the low fre¬ 
quencies are accented there is a bulge 
in the square-wave output of the 
amplifier or, if accompanied by phase 
shift, an upward tilt of the reproduced 
square wave. 

It is apparent that the manner in 
which an amplifier responds to an ap¬ 
plied square wave is a very good indi¬ 
cation of the performance of that 
amplifier at low and high frequency 
audio ranges. A square-wave check can 
also indicate other types of amplifier 
disturbances. For example, narrow 
dips and rises in the reproduced square 

FLAT-TOP DEPENDS 
ON LOW FREQUENCY 
RESPONSE 

LEADING EDGES 
DEPEND ON HIGH 
FREQUENCY RESPONSE 

INPUT LOSS OF HIGHS LOSS OF LOWS ACCENTED LOWS 

LEADING LOW 
FREQUENCY 
PHASE UNDER 
COMPENSATED 

LAGGING LOW 
FREQUENCY 
PHASE OVER 
COMPENSATED 

RESONANT DIP DAMPED 
OSCILLATION 

TRANSIENTS 

FIG. 23. Square-wave scope patterns. 
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wave can indicate a defect that only 
occurs over a narrow segment of the 
audio frequency range. Transients and 
spurious oscillations in the amplifier 
system also show up as a damped 
train of oscillations on the flat-top or 
specific oscillation bursts somewhere 
along the square wave. 
An amplifier that will reproduce 

both 100-cycle and 2000-cycle square 
waves can be considered free of fre¬ 
quency and phase distortion over the 
range of 20-20,000 cycles. 
In making square-wave checks of 

an amplifier, it is at times important 
to have some means of changing over 
between the output of the square-wave 
generator and the output of the ampli¬ 
fier under check. In other words, be¬ 
fore making a square-wave analysis of 
an amplifier, it is important to know 
if the scope itself can pass the square¬ 
wave signal without distortion. Only if 
this is so, can you rely on the scope and 
know that any square-wave distortion 
is caused by a defect in the amplifier 
and not by the scope amplifier. 

The output of the square-wave gen¬ 
erator should not be made high enough 
to overdrive any of the amplifier 
stages. If an amplifier stage is over¬ 
driven, it is possible that the square 
wave observed on the scope will ap¬ 
pear to be a good one because the 
amplifier is clipping and flattening the 
top of the square-wave signal. 

PREAMPLIFIER ADJUSTMENTS 

In addition to the equalizer switch 
(set according to the type of record¬ 
ing used) and the volume control, the 
preamplifier also contains individual 
bass and treble controls as well as a 
roll-off adjustment. Often the cus¬ 
tomer will not adjust these controls 

properly because of lack of technical 
knowledge, as well as a hearing ac¬ 
ceptance based on listening to older 
and inadequate systems. The customer 
is inclined to adjust bass, treble, and 
roll-off controls so that the reproduc¬ 
tion corresponds to what he considers 
good on the basis of what his ear is 
accustomed to. 
The technician must educate the 

customer in terms of what to listen 
for in a hi-fi system. Often it is help¬ 
ful to discuss the matter thoroughly 
with someone in the family who is 
musically inclined and who will grad¬ 
ually teach other members of the fam¬ 
ily how to listen to hi-fi records. 

When a hi-fi installation is made, 
you should adjust the various controls 
properly, marking down the settings 
and giving them to the customer to 
keep. Thus the customer can make ad¬ 
justments on the preamplifier and still 
be able to return the control to the 
optimum settings you have located. 
Many hi-fi installations have been 
made without precise setting of the 
preamplifier controls and without ade¬ 
quate customer instruction. Over a 
period of time the preamplifier controls 
require resetting to establish optimum 
performance. 

A fast method of checking equaliza¬ 
tion is to use one of the sweep fre¬ 
quency test records and an oscillo¬ 
scope. The usual sweep test record is 
recorded with LP pre-emphasis. When 
played back through an LP equalizer 
a linear response pattern should ap¬ 
pear on the oscilloscope screen. If it 
does not, you can adjust the bass, 
treble, and roll-off controls to obtain a 
more linear response. 

Generally, with the equalizer ad¬ 
justed for one of the standard record¬ 
ing curves, it will then also be set cor-
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rectly for the various other standard 
curves. It should be emphasized again 
that perhaps the most common cause 
of a change in frequency response and 
playback characteristics is a worn 
stylus. High frequency response drops 
off a small amount with each playing 
and consequently, after just a limited 
number of playings, it is worn to the 
extent that its frequency character¬ 
istics are changed. 
More exact measurements can be 

taken using a test-frequency record 
and an output indicator such as an 
audio wattmeter. In using a test rec¬ 
ord for checking or adjusting the 
equalizer controls of the preamplifier, 
be certain you know the playback 
curves of the test record. Some test 
records available employ a flat output 
while others use the standard LP pre¬ 
emphasis. Test records are also avail¬ 
able that have outputs that correspond 
to some of the standard playback 
curves. It is apparent then, that you 
must be familiar with the output char¬ 
acteristics of the test records you use 
and that you follow to the letter the 
instructions that come with the rec¬ 
ord. 

Generally tlte best procedure is to 
adjust the equalizer for a flat response 
on the LP setting using a test record 
employing LP pre-emphasis. Perform¬ 
ance with other standard playback 
curves can then be observed by 
changing the equalization selection on 
the preamplifier. Results are compared 
with charts that generally accompany 
the test record and show compensation 
for the various types of curves. With 
those records that correspond to each 
playback curve it should be possible 
to obtain a flat output as the equaliza¬ 
tion selector switch is changed when 
the recording moves into another 

standard playback band. 
As the frequency runs are made, any 

resonant condition in pickup, pre¬ 
amplifier, or amplifier will make itself 
known by a sharp rise in output. Wow 
and improper tracking will also show 
up as you listen to the test record re¬ 
production. As a frequency run is 
made, you should listen for any other 
disturbances that might exist in the hi-
fi system. Finally, the bass and treble 
controls are readjusted to satisfy the 
room acoustics. Unfortunately this is 
a trial-and-error procedure because 
reproduction is not uniform at all parts 
of a room. 
Frequency measurements can, of 

course, be made using signal generators 
and output indicators as detailed pre¬ 
viously. However, the tests are most 
tedious as a number of test instru¬ 
ments must be manipulated. In addi¬ 
tion, it does not give as thorough a 
picture of over-all performance be¬ 
cause the influence of turntable and 
pickup cartridge do not become a part 
of the measurement. 

BALANCE AND FEEDBACK 
ADJUSTMENTS 

Most hi-fi amplifiers employ push-
pull output stages. This means that in 
addition to the push-pull output stage 
itself, there must be some form of in¬ 
verter or transformer to provide bal¬ 
anced signals at the input grids of the 
output stage. The advantage of the 
push-pull stage, in addition to the 
greater possible output over a single 
tube, is that it does not generate even 
order (second, fourth, etc.) harmonics. 
However, this freedom from harmonic 
generation of a push-pull stage de¬ 
pends on the maintenance of perfect 
balance. The output stage should be 
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balanced to within a few percent and 
the excitation from the driver should 
be balanced to within 5 percent. 

Balance. Many hi-fi amplifiers in¬ 
clude a balance adjustment. Follow 
the manufacturer’s recommended pro¬ 
cedure for completing this adjustment. 
Generally the amplifiers are balanced 
by connecting a high impedance vtvm 
from plate to plate of the output stage 
as shown in Fig. 24. When the output 
stage is balanced there should be a 
zero reading on the meter. If there is a 
positive or negative meter reading, 
adjust the balance control to as near 

zero as possible. If the unbalance is in 
excess of 5 percent, check the output 
tubes (normally balanced tubes are 
used in push-pull output stage) and 
other circuits. Voltage measurements 
can be made on plate and screen sup¬ 
ply lines to locate any point of un¬ 
balance. 

If the amplifier uses an unbypassed 
common cathode resistor, an ac vtvm 
or scope will show no signal across this 
resistor when the amplifier is balanced. 

To obtain balanced operation of the 
output stage, it is also necessary that 
the signals driving the two grids of the 
output stage be of opposite polarity 

and equal amplitude. To check for bal¬ 
anced excitation, an ac vtvm (or a 
calibrated scope) can be connected al¬ 
ternately to the grids of the output 
stage. A 1000-cycle audio signal should 
be applied to the input of the ampli¬ 
fier. A voltage measurement can now 
be made at each grid of the output 
stage. Signal voltage readings should 
be within 5 percent. If the unbalance 
is greater than this amount, the pre¬ 
ceding phase inverter or driver stage 
should be checked. Signal voltages can 
be measured at the dual outputs of the 
driver stage. Resistance measurements 
can be made to check the balance of 
the phase inverter stage if balanced 
voltages are taken off across equal 
value output resistors. The resistance 
measurements should be within 5 per¬ 
cent. If a phase-splitter type of driver 
stage is employed the resistance read¬ 
ings of plate and cathode resistors 
should be within 5 percent of their 
schematic values. 

Often the unbalance is the result of 
an aging coupling capacitor. A faulty 
coupling capacitor can be located 
easier by applying a low frequency 
signal to the input of the amplifier. At 
low frequencies the reactance of cou¬ 
pling capacitors is quite high, and any 
unbalance is made more noticeable. 
With the low frequency signal applied 
to the amplifier input, the ac vtvm can 
be used to check the relative signal 
voltages on the two grids of the output 
stage. If there is a great difference, tire 
coupling capacitors can be checked one 
at a time by substitution. 

Feedback. If balance in the main 
amplifier has been established but dis¬ 
tortion or high hum level is still iso¬ 
lated to this part of the hi-fi system, 
it is well to check the feedback link. 
The feedback system of a hi-fi ampli-
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fier has much to do with holding a low 
noise and hum level as well as a very 
low IM distortion percentage. Thus the 
component parts of the feedback link 
should be checked carefully for open 
or leaky capacitors or resistors whose 
values have changed. 

TI1NE« PERFORMANCE 

'Die tuner, too, can have an influence 
on the quality of an FM broadcast be¬ 

ing reproduced by a hi-fi system. If 
the system performs normally when 
playing records but is distorted for FM 
broadcast, the defect is in the tuner. 
Poor performance is often a result of 
improper alignment of the tuner or too 
narrow a band pass in the i-f stages. 
The alignment and balance of the FM 
demodulator is also very critical in ob¬ 
taining a good signal for application 
to the hi-fi amplifier. Refer to the FM 
lessons for discussions of tuner prob¬ 
lems and alignment procedures. 

Loudspeaker and Acoustical 
Considerations 

The loudspeaker, its enclosure and 
the acoustics of the room to be filled 
with sound are very important consid¬ 
erations. It is generally conceded that 
the loudspeaker is the weakest link in 
a hi-fi system. A mediocre loudspeaker 
system can destroy all the value of 
the other costly components in the 
system. 
You have learned in the previous 

lesson on loudspeaker systems, that a 
large speaker is necessary to repro¬ 
duce the low frequency audio range 
and is not efficient at reproducing the 
highs. A small speaker capable of re¬ 
producing highs satisfactorily has poor 
low frequency output. Thus the hi-fi 
loudspeaker in its simplest form con¬ 
sists of two loudspeakers—a small 
speaker for reproduction of highs and 
a larger one for reproduction of lows. 
These can be two separate speakers or 
in the form of one speaker frame with 
coaxial or triaxial sections. 

The choice of a loudspeaker system 

is very important and warrants verj 
careful consideration. It is best to 
choose matched components (speakers 
and enclosure) rather than try to build 
up suitable combinations using com¬ 
ponent parts picked up here and there. 
It is true that good hi-fi systems can 
be constructed by purchasing assorted 
components and building up the unit 
in the shop. However, this method is 
not recommended unless the shop has 
facilities for making loudspeaker meas¬ 
urements. Speakers and enclosures 
must be very well matched to eliminate 
improper damping, resonant conditions 
and output that varies with frequency. 
You will get fewer headaches and truer 
reproduction if you install a matched 
combination of speakers, cross-over 
network, and enclosure. 

Since the loudspeaker system is the 
weakest link in the hi-fi system, it is 
economical to stress good quality. A 
good loudspeaker system can make a 
mediocre installation sound good while 
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a mediocre loudspeaker used with a 
very high quality hi-fi system results 
in no better and generally poorer re¬ 
sults. The trend toward smaller and 
smaller enclosures and smaller speakers 
is certainly a trend in the wrong direc¬ 
tion. Although they are referred to as 
hi-fi speaker systems, they do not use 
the other expensive components to the 
best advantage. They should be con¬ 
sidered as installations capable of ren¬ 
dering good audio reproduction but 
should not be classified as high fidelity. 
Performance can be improved by 

adding more loudspeakers to the repro¬ 
duction system. The influence of addi¬ 
tional speakers is twofold. First, it 
helps to correct the influence of reso¬ 
nant conditions in loudspeaker and en¬ 
closure. A multiple speaker system 
tends to stagger the resonant points 
and thereby permits a flatter over-all 
reproduction. Second, it overcomes 
some of the acoustical difficulties of 
the room to be filled with sound. This 
is particularly the case when a large 
room or auditorium is to be filled with 
high fidelity audio. Of course any in¬ 
stallation of this type requires proper 
phasing and matching of loudspeakers 
to the amplifier output. 

The loudspeaker system should be 
checked carefully if you are called 
upon to service an installation you did 
not make. This applies particularly 
when one of the customer’s complaints 
is that the quality of reproduction was 
not satisfactory from the beginning. In 
servicing a strange installation, a rec¬ 
ommended first step is to put your test 
record on the turntable and make an 
aural frequency run on the system. As 
the frequency run is being made, you 
can look over the components used in 
the system and obtain some idea as to 
what performance can be expected 

from the system. This survey will per¬ 
mit you to judge whether the defects 
you hear are due to equipment limita¬ 
tions or actual troubles in the system. 

Nearly all speakers in use today are 
of the permanent magnet dynamic 
type. The magnet gradually loses its 
strength with age. As the magnet be¬ 
comes weaker the high frequency re¬ 
sponse is reduced. The response of a 
speaker which when new was 15,000 
cycles, may fall as low as 8000 cycles. 
A second effect of a weak magnet is to 
reduce the damping of the speaker. 
When this happens the low frequency 
natural resonant point becomes more 
pronounced. 
Wide range and low frequency 

speakers are subject to defects caused 
by aging of the cone and its supports. 
The material of the cone becomes soft 
with age. This causes the surface of 
the speaker to break into harmonic 
vibrations on strong tones. Cone break¬ 
up produces very strong odd and even 
harmonics, and can completely ruin 
the mid-range response. These har¬ 
monics give rise to a large number of 
resonance points throughout the SOO-
15,000 cycle range. 

The cone is fastened to the rim at the 
outer edge through a flexible support. 
This support stiffens with age and 
causes standing waves on the cone sur¬ 
face at harmonically related frequen¬ 
cies. These harmonics can change the 
timbre of instruments on certain notes 
so much that the instrument is not 
recognizable. 

The spider at the apex of the cone 
may become stretched. When this hap¬ 
pens the cone no longer has one rest¬ 
ing place in the center of its travel, 
but two—one on each side of the nor¬ 
mal resting place. Since the cone no 
longer travels equal distances on both 
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sides of its resting place, severe har¬ 
monic distortion results. 

Both the cone and the voice coil 
mount can become warped. This con¬ 
dition also tends to change the resting 
position of the cone. In extreme cases 
the warping is so great that the voice 
coil rubs against the field magnet. 

Speaker Location. An important 
consideration in filling a room with 
high fidelity audio is the proper place¬ 
ment of the loudspeaker system. The 
present trend is to favor corner mount¬ 
ing. In a corner-mounted installation 
it is possible to fill the room more fully 
with low frequency energy because of 
the horn-like influence of the side 
walls. The floor or ceiling gives addi¬ 
tional energy conduction when the 
speaker system is mounted near them. 
Fig. 25 shows the mid-wall mounting 
which has been popular. It acts as a 
complete and infinite enclosure but 
does not radiate as much low frequency 
energy. 
High frequency limitations in a 

room result from the tendency of the 
high frequency audio information to 
beam, and the ability of wall surfaces 
and other room objects to absorb the 
high frequencies while reflecting the 
low and middle ranges. Thus the flat 
setting of bass and treble controls does 
not always permit the best acoustical 
reproduction. In fact, the bass and 
treble controls are included to permit 
the customer or installer to adjust the 
amplifier output to match the room 
characteristics. 

When there is a concentration of 
absorptive materials the treble output 
must be increased. Likewise if the room 
is not adequately filled with low fre¬ 
quency energy, it is necessary to add 
some bass boost. The spreading effect 
of multiple speakers also contributes 
to better room coverage so that high 
fidelity reproduction can be had in all 
parts of the room. Above all, if your 
customer desires good hi-fi reproduc¬ 
tion, get him away from the idea of 
using just a simple single speaker, with 

FIG. 25. Speaker mounting positions. 

35 



all the components including the 
speaker, crowded into a single enclo¬ 
sure. 

The reflection and absorption char¬ 
acteristics of the room are important 
in obtaining distinct and clear high 
fidelity reproduction. The presence of 
severe multiple reflections can produce 
mushy reproduction or echoes. If there 
is too much absorption the room is 
dead and the music lacks sparkle and 
presence. Fortunately the average size 
room in a home is not as subject to 
these types of disturbances as large 
banquet rooms and auditoriums. In ad¬ 

dition, the average home listening room 
has a good division of reflecting and 
absorbent surfaces. For the average 
basement installation the ceiling and 
one wall are often covered with an 
absorbent material such as celotex. 
Thus some absorption surface is added 
to the reflecting cellar wall. In general, 
the reflecting surfaces should be con¬ 
centrated near the speaker system and 
can be the adjacent walls of a corner¬ 
mounted position. The opposite walls 
should have a generous area of absorp¬ 
tion material to eliminate severe wall-
to-wall reflections. 
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Lesson Questions 

Be sure l<> number your Answer Sheet I IB. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers too 
long; you may lose them. Don't hold answers to send in moie than two 
sets at a time, or you may run out of lessons before new ones can reach 
you. 

1. What is the first indication of a worn stylus? 

2. What causes “wow” in (a) a turntable; (b) in a tape recorder? 

3. Why is needle pressure so important? 

4. What are the two major functions of preamplifiers? 

5. What is (a) harmonic distortion; (b) intermodulation distortion? 

6. Why is intermodulation distortion more disturbing than harmonic dis¬ 

tortion? 

7. Why are more expensive pickups inclined to be more subject to hum 

pickup? 

8. What are some of the causes of record scratch? 

9. Give two common causes of noise and harmonic distortion in a tape 

recorder. 

10. Which instrument, an ac vtvm, or a calibrated oscilloscope, would you 
choose to check the bias of a noisy tape recorder? Why? 
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GETTING AHEAD 

full of failures 

energetic, 
lems—lie 
does noth 

ACTION. Take tw 

You need only to look around 
wishing is not enough. The world i 

It is what we do about our wishes that makes all 

We have all heard the old proverb, “If wishes 
were horses, beggars would ride.” This is just an¬ 
other way of saying that if wishes could bring 
success, all men would be successful. 

the difference. The secret 

or success. The men who 
ere are men of ACTION. 

men with equal ability and the one who works harder 
will get ahead faster than the other man. 

■does something about his prob-

But our common sense tells us that these men are 
not failures because they did not wish to succeed. 
So what is the secret of success? 

If one of the two men has less ability than the 
other, less education, fewer opportunities—but is 
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Vf AN-MADE interference includes 
any kind of disturbance to radio 

and TV reception whose source is not 
"natural” or atmospheric. In this les¬ 
son, we will discuss the broad group 
of man-made interferences that pro¬ 
duce noise—crackling, sputtering, fry¬ 
ing, whining sounds from a radio re¬ 
ceiver—or noise interference patterns 
on a television picture. We will also 
cover interference that arises from the 
operation of transmitters, which pro¬ 
duces squeals, whistles, and unwanted 
programs (or certain bar-shaped in¬ 
terference patterns in a TV picture) 
by causing various kinds of adjacent-
channel co-channel, and image inter¬ 
ference. 

For the sound or picture to be en¬ 
joyable, the radio or TV signal must 
be considerably stronger than the 
noise level. However, since there is 
always some noise, there is a limit to 
how weak a signal can be and still 
be usable. Some of this noise is de¬ 
veloped within the receiver; the input 
stage and the converter stage are both 

noise producers. This is a design prob¬ 
lem—there is nothing the serviceman 
can do about this noise—he can be 
expected to reduce the internal re¬ 
ceiver noise only when there is an 
excess oí noise because of a defect. 
Internal receiver noise caused by de¬ 
fects is covered in another lesson. 

There is also a certain amount of 
outside noise that is picked up by the 
receiver. Noise due to atmospheric 
conditions cannot be controlled on 
AM receivers, and it is not practical 
to eliminate all other noise interfer¬ 
ence, even when it arises from man¬ 
made devices. However, the worst of 
this interference can be controlled, 
and that is the subject of this lesson. 

Although strong signals from near¬ 
by powerful stations tend to override 
and drown out even powerful noise 
signals, the steady increase in the 
number of home electrical appliances 
and industrial or commercial equip¬ 
ment has kept man-made noise inter¬ 
ference a problem in broadcast-band 
and short-wave reception because the 
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noise harmonics are concentrated in 
the lower rf bands. Devices located 
very near the receiver, and even those 
at a distance if improperly installed 
or defective, can cause trouble in rela¬ 
tively noise-free locations, and inter¬ 
ference is always a problem for peo¬ 
ple in outlying areas who depend on 
distant stations, or in locations where 
a heavy concentration of equipment 
causes a high noise level. 

In TV sets, the sound system is FM, 
so it is little bothered. However, the 
video (picture) signal is amplitude 
modulated, so it is subject to noise in¬ 
terference. Furthermore, the eye is 
very sensitive to disturbances in the 
picture, so that one is more aware of 
interference on television than of a 
similar amount of interference in a 
radio broadcast. Fortunately, many 
noise signals that interfere with 

Courtesy RCA 
The test pattern shown here is covered 
by “snow.” Snow is an indication of noise. 
Generally, this represents local noise, and 
if the signal is strong enough, it will 
lower the sensitivity of the receiver to 
where the snow is wiped out of the pic¬ 
ture. However, where the signals are 
weak, as in fringe areas, some snow is 
always seen. Also, in neighborhoods 
where the over-all noise level is high, 

snow will be seen. 

Of course, FM radio reception is 
almost completely noise-free as a re¬ 
sult of the frequencies used for trans¬ 
mission, and because the limiter stage 
or the ratio detector in the receiver 
wipes out amplitude variations such 
as are produced by noise pulses. If 
everyone had an FM receiver, only 
the most powerful noise sources could 
cause interference. However, by far 
the majority of radio receivers are 
still AM, and these can be troubled 
by noise. 

broadcast-band radio reception do not 
have appreciable components in the 
VHF band used by television, but 
those that can interfere cause enough 
trouble as it is. The television signals 
in the UHF band have such high fre¬ 
quencies that very few man-made 
sources of noise can cause trouble. 
An FCC regulation places a limit 

on the amount of interference signal 
any device may produce. Proper 
shields or filters must be placed on all 
devices capable of creating interfer-
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ence signals, such as industrial, scien¬ 
tific, and medical equipment, and ra¬ 
dio and television receivers them¬ 
selves. To locate the source of inter¬ 
ference or prevent the signals from 
getting into radio or TV receivers, if 
the source cannot be located or elimi¬ 
nated easily, you need to know how 
noise is produced, and what the char¬ 
acteristics of various kinds of noises 
are. Each kind of electrical equip¬ 
ment produces its own characteristic 
noise, and the nature of the noise or 
the time during which it interferes 
may be important clues as to the 
source. You must learn how the noise 
gets into a receiver, because most of 
the ways of reducing interference con¬ 
sist of blocking the paths over which 
noise signals travel. 

When you are called upon to serv¬ 
ice a receiver that is noisy, you must 
determine whether there is a defect 

within the set, or whether the noise 
is being picked up. In this lesson, we 
will go over the tests for determining 
whether the noise arises in the set or 
outside. Sometimes this is not easy to 
prove right away. 

Once you have found that the noise 
is coming from outside the radio or 
television receiver, you can try filters 
at the receiver, shielding at the 
receiver, or changing the antenna sys¬ 
tem. Usually, however, far better re¬ 
sults can be obtained by installing a 
filter right at the noise source itself. 
This means you must not only deter¬ 
mine that the noise is coming from 
outside the set, but also that you will 
have to locate the actual source of the 
noise. 

Let us turn now to each of these 
subjects in turn, starting first with a 
study of how noises are produced. 
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How Man-Made Interference 
Is Produced 

Fundamentally, all man-made noise 
interference is produced by extremely 
sharp, irregular variations in current. 
The amount of variation may not be 
very high—the wave shape is more 
important. The main difference be¬ 
tween a hum current and a noise pulse 
is that the hum is produced by a regu¬ 
larly recurring, smooth variation in 
current, whereas noise is produced by 
far more irregular current variations. 

The irregular variation that causes 
noise can be produced in two ways: 
(1) by static electrical discharges 
such as are produced by friction; and 
(2) by a disturbance in an electrical 
circuit. 

In turn, the disturbance in the elec¬ 
trical circuit can be broken into sev¬ 
eral classifications: (1) a sharp 
change in circuit current like that 
produced by turning a circuit on or 
off; (2) an irregular change caused 
by a poor connection or by a rapidly 
changing contact such as at the arma¬ 
ture of a generator or motor; (3) a 
sharp change as in neon signs and 
fluorescent light devices where volt¬ 
age must build up before conduction 
occurs; and (4) leakage from power 
lines as where power lines touch trees 
or where salt spray or conductive 
fumes cause leakage across insulators. 

We shall consider all these in this 
section, and, in addition, we will de¬ 
scribe the effects on TV reception of 
interference from local transmitting 
stations (amateur, AM broadcast, and 
FM), local receiver oscillators, and 

diathermy equipment. We will also 
see how TV stations interfere with 
each other to produce co-channel and 
adjacent-channel interference. 

Now let us examine each method of 
causing interference in some detail. 

CURRENT INTERRUPTIONS 
In a 60-cycle power line, the cur¬ 

rent reverses its flow regularly and 
sinusoidally sixty times each second. 
Since there are no harmonics of this 
60-cycle variation, there can be no rf 
component, so hum cannot get into 
the rf sections of receivers except in 
those rare cases where the hum volt¬ 
age is mixed with another signal in an 
rf stage that is overloaded or is act¬ 
ing improperly as a detector. Other¬ 
wise, the power line ac causes very 
little trouble. 

However, as soon as this current 
flow is interrupted, a noise interfer¬ 
ence develops. When the circuit is 
opened, as when a switch is turned off, 
the current must change from what¬ 
ever value it happens to be, to zero, 
and this change must be practically 
instantaneous. Therefore, when a 
switch is turned off, there will be a 
sharp change in the current. Also, if 
the circuit contains any devices that 
can cause the current to be changed 
erratically and sharply, interference 
can develop. A motor with a commu¬ 
tator is a typical example of this; the 
contact resistance varies, and the cur¬ 
rent is interrupted as different com¬ 
mutator segments come under the 
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brushes. A discharge device such as a 
neon or fluorescent lamp is another 
example; current does not start until 
the voltage reaches a certain value, 
then it rises abruptly to normal. 

If the electrical circuit were purely 
resistive, the disturbance would not 
be so bad. However, it is made worse 
by the fact that practically all elec¬ 
trical circuits contain considerable 
amounts of inductance. Whenever 
there is a sharp change in the current 
flow through an inductance, the mag¬ 
netic field collapses in an effort to 
prevent the current change. The rate 
at which the energy is returned to the 
circuit from the field depends on the 
rate of change of current, so the more 
abrupt the change, the higher the in¬ 
ductance voltage kick will be. (This 
principle is used in automobile igni¬ 
tion systems where a low-voltage cir¬ 
cuit is interrupted sharply and thus 
produces voltages of several thousand 
volts.) The result is that a consider¬ 
able amount of interference energy is 
produced every time the current 
changes. Thus, the effect of inductance 
in the circuit is to increase the inter¬ 
ference energy greatly. Because of the 
high voltage, sparking occurs at the 
place where the circuit is broken. The 
contacts of a switch, or the commuta¬ 
tor of a motor may be burned by this 
arcing. 

Why does a sharp change in current 
cause trouble? To begin with, har¬ 
monics are produced. A sine wave has 
a fundamental frequency but no other. 
A square wave, however, is formed by 
adding together a fundamental fre¬ 
quency and all the odd harmonics of 
it up to about the 99th. In other 
words, the fundamental frequency, 

plus the third, fifth, seventh, etc. har¬ 
monics are combined to make up the 
square wave. Therefore, as the wave¬ 
form departs from the sine-wave 
shape to a more abrupt one with steep 
sides like the square wave, we have 
generated not only the fundamental 
frequency but many harmonics of it, 
and some of these harmonics may 
cause interference. 

Most noise sources do not generate 
wave shapes even as regular as that 
of a square wave. Instead, most noise 
pulses are a series of high, sharp, nar¬ 
row pulses containing many even and 
odd harmonics. Because of this pro¬ 
duction of harmonics, it is possible for 
a noise source with an audio-frequen¬ 
cy fundamental to have harmonics at 
radio frequencies that will interfere 
directly with the reception of any re¬ 
ceiver tuned to one of them. If the 
fundamental frequency is low, these 
harmonics will be fairly close to¬ 
gether, and the interference may ap¬ 
pear over a broad band of frequencies 
rather than just at certain specific 
spots. On the other hand, if the noise 
source has a fairly high fundamental 
frequency, its harmonics may cause 
random interference over a band of 
frequencies. 

If the noise source produces pulses 
at a regular rate (such as may be the 
case from sparking at a commutator 
on a motor turning at a constant 
speed), there will be a repetitive pat¬ 
tern that forms a fixed fundamental 
frequency. However, many sources of 
noise produce a random pattern that 
may appear and disappear; this can 
occur even from a motor commutator. 
This changes the fundamental fre¬ 
quency, and therefore produces the 
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effect of a broad smear of interference. 
Shock Excitation. In addition to 

producing harmonics of its fundamen¬ 
tal frequency, there are two ways in 
which a noise pulse can produce fre¬ 
quencies it may not originally have. 
If a sharp pulse is applied to a reso¬ 
nant circuit, the circuit is shock-
excited into producing several cycles 
at its resonant frequency. Therefore, 
a strong noise pulse may excite an in¬ 
put resonant circuit in a receiver and 
thus produce an interference at what¬ 
ever frequency that circuit is tuned 
to, regardless of the fundamental fre¬ 
quency of the pulse. In such a case, 
no matter where the set is tuned, the 
noise will be heard. 

Similarly, any resonant circuits as¬ 
sociated with the noise source or the 
power lines to it may be excited, caus¬ 
ing a wave to be radiated at that fre¬ 
quency (in addition to being conveyed 
along the lines away from the source). 
This may cause the interference to be 
concentrated at a particular frequen¬ 
cy, rather than spread over the dial 
as when the excited resonant circuit is 

in the receiver. The resonant circuits 
in electrical systems are not “lumped” 
inductances and capacities; they are 
formed mostly by the distributed in¬ 
ductance and capacity along the wires. 
These distributed constants are such 
that the length of line bears a direct 
relationship to the wavelength of the 
wave at which it is resonant. 

Every electromagnetic wave has a 
wavelength (distance from peak to 
peak), found by dividing the velocity 
at which it travels by its frequency. 
A two-wire line is resonant to the 
wavelength at which its length corre¬ 
sponds to %, or one wavelength. 
Since there are wavelengths corre¬ 
sponding to distances ranging from 
fractions of a centimeter up to many 
miles, any power line section is reso¬ 
nant to some wavelength, and will 
produce an electromagnetic wave at 
that frequency when it is shock-
excited sufficiently. 

The power line is divided into sec¬ 
tions by “discontinuities” — that is, 
every branch line going to an appli¬ 
ance, and each separately fused line, 

Courtesy RCA 

FIG. 1. Light ignition interference causes streaks of the kind shown at the left 
across the picture. A series of black streaks as shown at the right indicates ignition 
interference such as may be produced by a passing automobile, and sometimes by 
certain oil-burner equipment. The interference may be light or heavy, depending on 

the strength of the interfering signal. 
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is independent and each has its own 
resonant wavelength. Once interfer¬ 
ence pulses have excited any or all 
sections into oscillation, they then 
radiate interference, or transfer it 
along by capacitive coupling from 
section to section. Even the small 
amount of wiring within electrical de¬ 
vices may produce an interference on 
the higher frequencies. An automobile 
ignition system is a good example of 
this kind of interference producer. 
The effect of light auto ignition noise 
pulses on the TV picture is shown at 
the left in Fig. 1. The effects of severe 
auto ignition or motor commutator 
noise are shown at the right. 
The rf wave produced by such 

shock-excitation is modulated at the 
rate at which the current change oc¬ 
curs, but the interference is primarily 
concentrated at the frequencies at 
which resonance exists. If the receiver 
is not tuned to or near these fre¬ 
quencies, there will be little interfer¬ 
ence. However, if a desired station 
frequency is at or near one of the in¬ 
terfering frequencies, then there may 
be a great deal of interference. 

LEAKAGES 
It is possible for leakage from a 

power line or between power lines to 
cause interference. Any such leakage 
paths are unwanted, but they may 
develop as a result of insulation 
breakdowns. A power line rubbing on 
a wet tree limb is a common source 
of trouble, and near the seashore, salt 
encrusted on the insulators of high-
voltage lines is a common source. 
These paths provide intermittent con¬ 
tact, which of course produces erratic, 
irregular variations in the line current. 

When driving around in a car, you 
will frequently hear a heavy, low-
frequency buzz on the radio as you 
pass a pole transformer. This noise is 
characteristic of a poor power line 
connection. Power companies are in¬ 
terested in having people report the 
location of power line noise of this 
type so that they can send their re¬ 
pair men to the proper place to cor¬ 
rect the difficulty. 

STATIC DISCHARGES 
When certain objects are rubbed to¬ 

gether, static charges are produced. 
For example, rubbing a glass rod with 
a piece of silk will produce charges 
on both the cloth and the rod. Simi¬ 
larly, wherever friction is involved 
and one or more of the parts is a non¬ 
conductor, static electricity is pro¬ 
duced. Machines handling paper 
(printing presses, for example) and 
belt-driven machines are common 
sources of trouble. In a belt-driven 
machine, friction between the belt and 
the drive pulley produces electric 
charges on the belt that jump errati¬ 
cally to nearby grounded objects, 
thus producing sudden momentary 
currents that are like any other noise 
current. 

In paper-handling machinery, static 
electricity causes so much trouble that 
proper grounding and the use of static¬ 
collecting devices are necessary for 
operation. Belt drives may or may not 
have static collectors installed, how¬ 
ever. The usual static collector for a 
belt is a brush or “comb” with many 
flexible wires or fingers that contact 
the surface of the belt. The comb and 
the drive pulley are both grounded 
and thus bleed off the static charges. 
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Interference develops when static 
combs are not installed, or where the 
comb is worn or no longer attached to 
a ground. 

RF RADIATION 
In the rest of this section, we will 

study some of the interference prob¬ 
lems that occur primarily in TV re¬ 
ception or are produced by TV re¬ 
ceivers. First, we will describe inter¬ 
ference that can be caused by rf sig¬ 
nal radiation from nearby receiver 

FIG. 2. Interference of this sort can be 
produced by the local oscillator of a near¬ 
by TV or FM set. You can distinguish it 
from other kinds of rf AM interference 
by the fact that the number and positions 
of the lines will change when the tuning 
of the interfering oscillator is changed. 

circuits and from diathermy equip¬ 
ment. Then, we will take up the inter¬ 
ference that can be produced by local 
broadcasting stations. 
Receiver Interference. Interfer¬ 

ence may be caused by radiation from 
the local oscillator and harmonic fre¬ 
quencies from the horizontal sweep 
circuits of nearby TV receivers. The 
waveform from the horizontal oscil¬ 
lator is sharply peaked and, therefore, 
contains many high-frequency har¬ 
monics. An example of the interfer¬ 
ence pattern produced on the picture 
tube screen is shown in Fig. 2. The 

wavy lines move as the frequency of 
the interfering oscillator changes. 

There is frequently trouble of this 
type in apartment installations where 
there are many receivers close by. It 
is not common in installations in pri¬ 
vate dwellings where TV antennas 
have a reasonable separation between 
them. 

The number of lines produced by 
the interfering signal and the position 
of the lines (whether they are hori¬ 
zontal or vertical) depend on the fre¬ 
quency of the interfering signal with 
relation to the receiver’s horizontal 
sweep frequency. The horizontal 
sweep frequency of a television re¬ 
ceiver is 15,750 cycles per sec¬ 
ond. An interfering signal having a 
frequency less than the frequency of 

FIG. 3. Horizontal bars like this are pro¬ 
duced by interference with a frequency 
less than that of the horizontal sweep. 
The frequency of the interference is 
roughly equal to 60 times the number of 

bars. 

the horizontal sweep of the receiver 
will produce one or more horizontal 
bars across the picture as shown in 
Fig. 3. Horizontal bars of this type 
can be produced by a low-frequency 
signal produced when two higher fre¬ 
quency signals beat together. It can 
also be caused by a receiver defect, 
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such as cathode-to-heater leakage in 
one of the tubes. This 60-cycle hum 
will produce a single bar across the 
picture as shown in Fig. 4. If there is 
a defect in the power supply, such as 
a defective filter capacitor, the re¬ 
sultant 120-cycle hum will produce 
two bars across the picture. 

Courtesy RCA 
FIG. 4. 60-cycle hum in picture. 

It is easy to see why an interfering 
signal occurring at a frequency less 
than the horizontal sweep rate will 
produce a horizontal interference pat¬ 
tern. If the frequency of the interfer¬ 
ing signal is less than that of the hori¬ 
zontal sweep, the horizontal sweep 
will go through one or more complete 
cycles while the interfering signal is 
going through one cycle. Therefore, 
several lines will be affected and the 
interference pattern will be horizontal. 

Of course, if the frequency of the 
interfering signal is higher than the 
horizontal sweep, then it will go 
through one or more complete cycles 
while the horizontal sweep is going 
through one cycle. Therefore, the in¬ 
terference pattern will show up sev¬ 
eral times on each line. This will pro¬ 
duce a series of vertical bars as shown 
in Fig. 5. If the frequency of the in¬ 

terference signal is changing, you will 
get a series of wavy bars like those 
shown in Fig. 2 instead of the straight 
vertical bars. From this, you can see 
that the pattern produced by the in¬ 
terference signal is helpful in deter¬ 
mining what may be causing the 
interference. 
About the only practical way of 

eliminating interference of this type 
is to locate the antenna as far as pos¬ 
sible away from the antenna or the 
receiver from which the interfering 
signal is being picked up. Sometimes 
part of the interference is picked up 
by the transmission line—in this case, 
the use of a shielded transmission line 
will greatly reduce, if not completely 
eliminate, the interference. 

FIG. 5. Vertical bars of this sort are pro¬ 
duced when the frequency of the inter¬ 
ference applied to the picture tube is 
higher than the horizontal sweep fre¬ 
quency. The frequency of the interference 
is roughly equal to the horizontal sweep 
frequency times the number of bars. 

This type of trouble is quite com¬ 
mon in many of the older TV sets. RF 
radiation interference from receiver 
circuits, as from all other sources, is 
forbidden by FCC regulations. Filters 
and shielding must be used at the of¬ 
fending receiver to eliminate the in¬ 
terference. 
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FIG. 6. Diathermy interference; weak, to the left; heavy, to the right. 

Diathermy Interference. Dia¬ 
thermy interference is caused by radi¬ 
ation from the oscillator of a diather¬ 
my machine. Examples of this type of 
interference are shown in Fig. 6. In¬ 
terference of this type is common 
near a doctor’s office or a hospital. 
Because of the FCC regulations 

governing radiation from these ma¬ 
chines, modern machines are made so 
that radiation is seldom very serious. 
However, there are still a number of 
older machines in use and they may 
cause this type of interference. 

Diathermy interference can defi¬ 
nitely be eliminated at the source, if 
the source can be found. Shielding the 
diathermy oscillator completely will 
keep the radiation from the oscillator 
itself to a minimum. In addition, radi¬ 
ation can be reduced by using an rf 
filter on the power supply of the 
equipment. 

BROADCAST STATION 
INTERFERENCE 

Interference may be caused by 
nearby AM broadcast stations. This 
interference will look something like 
a wire mesh across the face of the pic¬ 

ture or diagonal lines as shown in Fig. 
7. The most effective method of re¬ 
ducing this type of interference is to 
use a high-pass filter. Commercially 
manufactured high-pass filters are 
available. If a filter of this type is 
mounted directly at the tuner where 
the transmission line goes into the 
tuner, it will generally eliminate the 
interference even when the receiver is 
right beside the broadcast station. 

FM signals also can interfere with 
both low-band and high-band VHF 
TV stations. The interference, if it 
occurs on channel 2, might be image 
interference. If it occurs on the other 

FIG. 7. The diagonal lines shown here 
indicate an interference from an AM sta¬ 

tion or signal. 

10 



channels, it is usually caused by a 
strong FM signal getting through the 
front end of the receiver and for one 
reason or another producing this in¬ 
terference. The interference pattern 
produced on the picture tube screen 
is similar to that shown in Fig. 2. 

There are several methods that can 
be used to reduce or eliminate FM 
interference. A series wave trap, an 
absorption trap, or a stub can be used. 
A quarter-wave open stub is the most 
commonly used, because it is effective 
and is comparatively simple to make 
and adjust. These devices will be de¬ 
scribed in detail in another section of 
this lesson. 

In addition to using a stub or a 
wave trap to eliminate this type of 
interference, sometimes reorienting 
the antenna will help. You may find 
that there is a position for the anten¬ 
na where pickup from the FM station 
is at a minimum but the signal pickup 
from the TV station is still satisfac¬ 
tory. 
Amateur Interference. The inter¬ 

ference from an amateur station pro¬ 
duces a pattern similar to that pro¬ 
duced by any other AM transmitter. 
There are three possible ways in which 
an amateur transmitter can cause in¬ 
terference in a TV set. There may be 
excessive harmonic radiation from the 
transmitter, the signal may be getting 
directly into the i-f stages, or the sta¬ 
tion may be operating on a frequency 
near that of one of the TV channels. 

Most amateurs are aware of the in¬ 
terference that can be caused by har¬ 
monic radiation from the transmitter 
and will take the necessary precau¬ 
tions to be sure that harmonic radia¬ 
tion is kept down. If there is inter¬ 

ference it is usually because the ama¬ 
teur signal is getting directly into the 
i-f stages. 
The 21-mc amateur band is very 

close to the i-f used by many of the 
older TV receivers. Amateur signals 
from this band can pass through the 
front end and enter the i-f amplifier 
in the receiver. The interference pro¬ 
duced may be so severe that the pic¬ 
ture will be lost completely. Interfer¬ 
ence of this type can, in most cases, 
be completely eliminated by the use 
of a good low-pass filter. Sometimes 
the filter can be connected between 
the transmission line and the antenna 
input terminals on the receiver. Some¬ 
times, it may be necessary to install 
the filter at the tuner where the lead-
in passes into the tuner assembly. 

When there is interference because 
the amateur station is operating on a 
frequency near one of the TV chan¬ 
nels, parallel resonant traps inserted 
in the transmission line will be help¬ 
ful in eliminating it. Usually the ama¬ 
teur will be helpful in working out 
problems of this type and will be glad 
to furnish information as to the band 
in which he is operating to help you 
make up the trap. Wave traps of the 
absorption type are also excellent for 
eliminating interference of this type. 
We will discuss them later. 

Interference in channel 2 from a 
transmitter operating in the 28-rnc 
amateur band is probably due to a 
harmonic radiat'on from the trans¬ 
mitter. Usually the amateur will take 
whatever steps may be necessary to 
eliminate radiation of this type. 
Amateur transmitters operating 

single-sideband can also cause inter¬ 
ference, although it is unlikely that 
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they will, because of their operating 
frequencies. You will be able to recog¬ 
nize this type of interference easily; 
the pattern will appear on the picture 
tube only when the operator is 
speaking. 
Remember, the amateur transmit¬ 

ter has a legal right to be operating, 
and the FCC recognizes that certain 
harmonics may be radiated. However, 
usually interference due to harmonic 
radiation is confined to the immediate 
vicinity of the transmitter. Amateur 

times interference occurs when it is 
possible to pick up signals from two 
different stations operating on the 
same channel. This might happen in 
some fringe areas where you may be 
able to pick up the signal of a station 
operating on channel 4 that is fifty 
miles away and at the same time pick 
up interference from another station, 
say 125 miles away, in another direc¬ 
tion, operating on the same channel. 
When this happens, an interference 
pattern similar to Fig. 8 may appear 

FIG. 8. Co-channel interference. 

operators are very careful to design 
their equipment so that as little har¬ 
monic radiation as possible is pro¬ 
duced. Therefore, if there is an inter¬ 
ference pattern on your customer’s 
TV screen, the interference is prob¬ 
ably caused by radiation from a 
source other than an amateur trans¬ 
mitter. 

The preceding information on re¬ 
ducing amateur interference can also 
be applied to interference caused by 
commercial short-wave stations op¬ 
erating at frequencies near the TV 
channels or at frequencies having har¬ 
monics that fall in the TV channels. 
Co-Channel Interference. Some-

on the screen. The use of a highly di¬ 
rective antenna will often help cut 
down interference of this type. 
Fortunately, a simple method of 

adjusting the two transmitters to elim¬ 
inate this interference has been 
worked out and is in use. Both trans¬ 
mitters are adjusted so that there is 
a difference of about 10 kc between 
them. The interference pattern on a 
TV screen due to this difference fre¬ 
quency is so fine that the bar pattern 
disappears completely. Therefore, this 
particular type of interference is sel¬ 
dom encountered. 
Adjacent Channel Interference. 

Adjacent channel interference is in-
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terference from a station on the chan¬ 
nel immediately above or below the 
channel to which you are tuned. This 
type of interference is rare in large 
cities to which TV channels have been 
assigned, but may be found in some 
fringe areas where it may be possible 
to pick up a station on almost every 
channel. 

Many receivers have adjacent chan¬ 
nel interference traps, and if these 
traps are properly adjusted, this type 
of interference should not be objec¬ 
tionable. If the receiver does not have 
traps of this type, the use of a more 
directive antenna may be helpful in 
reducing the signal from the interfer¬ 
ing station to such a low level that it 
will not be objectionable. 

It may also be possible to use a 
stub cut to a frequency near that of 
the interfering station to attenuate 
the interference. This is practical, of 
course, only if the presence of the stub 
does not reduce the strength of the 
desired signal too much. You will 
learn how to make and adjust devices 
of this type in a later section of this 
lesson. 

SUMMARY 
There are two main kinds of exter¬ 

nal rf interference—“blanket” inter¬ 
ference and “station” interference. 
Blanket interference, such as diather¬ 
my interference, ignition interference, 
etc., can best be eliminated at the 
equipment causing it. The use of ap¬ 
propriate filters and shielding will 
usually eliminate the interfering radi¬ 
ation. 
On the other hand, interference 

caused by a particular station, 
whether it is an FM, an amateur, a 
short-wave or some other station, can 
be eliminated by the use of wave 
traps or stubs at the receiver. Of 
course, if the interference is caused by 
excessive harmonic radiation from an 
amateur station, the elimination or 
the suppression of the harmonic at 
the station will be the most effective 
means of combating the difficulty. 
When the interference is due to near¬ 
by stations operating on frequencies 
near the TV channel or near the TV 
i-f, however, the best way to eliminate 
the interference is to trap the inter¬ 
fering signal at the receiver. 
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How to Localize Interference 
Interference signals may travel 

from the source to the receiver by 
conduction directly along the power 
line, or by radiation from the device 
or its associated power line into space. 

When the noise signal is radiated, it 
may be picked up by the receiving 
antenna, it may be picked up directly 
by the receiver chassis or some part 
on it, or it may be induced in another 
power line and travel along this power 
line to the receiver. 

To produce interference, a radiated 
signal must get into the normal signal 
path in the receiver. If the receiver 
antenna picks up the interference sig¬ 
nal, then it acts just like any other 
signal and will travel directly to the 
receiver input. There, if it is at a fre¬ 
quency near that to which the receiver 
is tuned, it will travel like any other 
signal along the usual signal path. 
Even if it is at a frequency far re¬ 
moved from that to which the receiver 
is tuned, if it is strong enough, it may 
drive the first rf stage into acting as 
a detector, in which case the interfer¬ 
ence signal will be cross-modulated 
with the desired signal. This causes 
the modulation of the undesired signal 
to be impressed on the desired one, 
after which the desired signal travels 
through the receiver with both modu¬ 
lations—desired and undesired—on it. 

If the signal is strong enough, a 
voltage can be induced directly in the 
receiver wiring. This is true whether 
the interference is coming in by radi¬ 
ation or has come in by conduction 
over the power line. Stray capacity 
between the power cord and a signal 

circuit, or direct radiation from the 
power cord to a nearby signal circuit 
can induce the interference in the 
signal path. 

Because of differing sensitivities 
and different amounts of exposed wir¬ 
ing within the sets, it is impossible to 
say whether a particular set will or 
will not pick up interference. Two re¬ 
ceivers of different makes or models 
in the same home may both be noise 
free, both be noisy, or one may have 
interference and the other be relative¬ 
ly noise free. (Sometimes this means 
that the noisy receiver has an internal 
defect.) 
When confirming a complaint of 

man-made interference, the first thing 
to do is to listen to the receiver or 
look at the pattern on the picture 
tube. If the interference is of the kind 
that could be produced by diathermy 
equipment or by TV sweep oscillator 
radiation, you know that it is external 
to the receiver, and the problem be¬ 
comes one of preventing radiation or 
conduction by applying the proper 
filters or shielding. However, if the 
complaint is one of noise, you can’t 
be sure right away that the difficulty 
is not somewhere within the set. 

INTERNAL OR EXTERNAL 
There are certain basic test proce¬ 

dures that will help you determine 
whether the noise is internal or exter¬ 
nal. The first procedure is that of 
disconnecting the antenna, if the re¬ 
ceiver is operating from an outside 
one. If the noise disappears, it prob¬ 
ably was being picked up by the an-
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tenna, but you cannot be sure that it 
was, because sometimes a difficulty 
within the set will show up only when 
a signal is coming through. By con¬ 
necting a signal generator to the an¬ 
tenna terminals of the receiver, and 
by feeding an rf signal into the set, 
you can determine whether noise now 
occurs If it does, it probably is origi¬ 
nating somewhere in the rf or i-f sec¬ 
tion of the receiver. (When the noise 
originates in the audio amplifier, it 
usually will appear without the need 
for a signal.) 

If the antenna is built in so that it 
is impossible to disconnect it, or if 
disconnecting it does not have much 
effect on the noise, then a line filter 
(to be described later) can be used 
between the receiver and the power 
line to block any noise from coming 
in over the power line. If this has 
much effect on the noise, it again indi¬ 
cates an external noise source. 

In cases of doubt, the receiver can 
be removed from the home and tried 
in another location (your shop). If 
the receiver is still noisy, then the 
noise is probably originating within 
the set, or the noise covers a very wide 
area. However, if the noise, disappears 
when the set is moved away, it prob¬ 
ably was being picked up at the origi¬ 
nal location of the set. 

Another test is to try another re¬ 
ceiver in place of the noisy one. If the 
noisy set is an AM radio, one of the 
3-way (ac-dc-battery) portables is 
good as the test set because you can 
operate it either from the power line 
or from batteries. First try power-line 
operation. If you hear the same noise 
as on the original set, then it is being 
picked up. Try the portable on bat¬ 

teries—if the noise disappears, it is 
coming in over the power line; if it 
remains, it is being picked up by the 
antenna or chassis of the portable. 
Intermittent Interference. If, 

when you arrive to test the receiver, 
the interference of which the owner 
complains is not evident, it is possible 
that the interference comes from with¬ 
in the set and is intermittent, or that 
it is being picked up, but the source 
is in operation only at times. In such 
a case, it is necessary to question the 
customer carefully. Try to determine 
the characteristics of the interference, 
what the noise sounds like, or the type 
of pattern it produces on the picture 
tube, and the hours at which it is evi¬ 
dent. If it occurs rather frequently, it 
may pay to wait for it to show up. 

While waiting for the interference, 
you might try thumping or jarring the 
receiver chassis, to see if the interfer¬ 
ence will appear. In many instances, 
intermittent interference due to a re¬ 
ceiver defect will respond to mechani¬ 
cal vibration of this kind. 

In particular, watch for interfer¬ 
ence that occurs consistently a short 
time after the receiver is turned on. 
no matter what time of the day the 
receiver is put into use; a receiver 
defect is indicated in such cases 

An interference that occurs at more 
or less regular intervals during the 
day, exists for a short period of time 
and then disappears, usually comes 
from a device that operates cyclically. 
An oil burner is a good example of 
this. The burner may be in operation 
for five or ten minutes, and then may 
shut off for twenty minutes or more 
before repeating this action. 

As a similar time clue, an interfer¬ 
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ence that occurs only around meal¬ 
times may indicate a household elec¬ 
trical appliance used in preparation 
of food. Devices like toasters, coffee¬ 
makers, mixers, etc., may be the 
offenders. 

Interferences that occur only at 
hours that a nearby factory is operat¬ 
ing almost directly indicate that the 
source is in that factory or plant. 
Similarly, an interference that occurs 
only when a nearby neon sign is il¬ 
luminated, or that occurs only when a 
streetcar passes, likewise more or less 
definitely indicates its source. 

If you cannot be sure that the in¬ 
terference is originating outside the 
receiver, it may be best to take the 
set to your shop for an operational 
test over a period of time, or to ar¬ 
range to come back at some future 
time to try to catch the noise or inter¬ 
ference. Remember that moving a re¬ 
ceiver may jar it enough to cause the 
intermittent defect to clear up for a 
time. Even when the set is quiet in 
your shop for a few hours, you can’t 
always be sure that it still does not 
contain a defect. 

THE NOISE DETECTIVE 
Once you are sure the interference 

arises from something outside the re¬ 
ceiver, it is desirable to try to locate 
the source. A simple filter installed at 
the source may clear up interference 
better than very elaborate filters 
elsewhere. 

In general, curing the interference 
is usually far simpler than locating 
the source in the first place. With so 
many kinds of electrical devices in 
use, often a careful, systematic search 
is necessary to find the particular one 

that is causing the interference. 
If the receiver is located in a de¬ 

tached house, particularly one in a 
suburban or farm area, first search 
the home, unless the nature of the 
interference definitely leads you to 
suspect an outside source. This is logi¬ 
cal because interference signals are 
attenuated as they travel through 
space or along power lines, so a near¬ 
by device is a more likely offender 
than a distant device. 

This same procedure should be fol¬ 
lowed even if the receiver is in an 
apartment house or is near stores or 
factories. If tne source could be in 
the home, you may save quite a lot of 
time by searching there first. 
Whether you are searching within 

the home or outside of it, it is impor¬ 
tant to keep in mind that the kind of 
noise and the times at which it occurs 
are valuable clues to possible sources. 
With this in mind, and a little experi¬ 
ence, it will frequently be possible for 
you to go directly to the offending 
device and prove that it is the source 
of trouble by merely turning it on and 
off, demonstrating that the interfer¬ 
ence appears and disappears. Table 1 
gives a list of some of the common 
sources of trouble and the kinds of 
sounds they produce in radio receiv¬ 
ers. Many of them produce charac¬ 
teristic interference patterns on the 
picture tubes of TV sets, so with ex¬ 
perience you will be able to recognize 
them, too. 

In a large home, it is not always 
practical to go around turning on and 
off various lamps and devices. In¬ 
stead, there is a simpler, more direct 
approach to take—that of opening 
branch electric circuits within the 
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TABLE I. 

Whirring, crackling, buzzing, humming, droning, and whining sounds are char¬ 
acteristic of motors and generators. When motors start, the pitch of the whine in¬ 
creases until it reaches a steady level. This is especially true of commutator-type 
motors. Look for such electrically operated equipment as: 

Adding Machines 
Air Conditioning Units 
Barber Clippers 
Beauty Parlor Devices 
Cash Registers 
Dental Engines 
Drink Mixers 

Elevators 
Fans 
Floor Polishers 
Hair Dryers 
Portable Electric Drills 
Printing Presses 
Refrigerators 

Sewing Machines 
Small Blowers 
Toy Electric Trains 
Vacuum Cleaners 
Valve Grinders 
Vibrators 
Washing Machines 

Rattles, buzzes, and machine-gun lire sounds indicate interference from buzzers, 
telephone dials, or doorbells. These noises are usually intermittent, starting and 
stopping at irregular intervals. Short machine-gun firing sounds indicate telephone¬ 
dialing interference. 

Violent heavy buzzing or rushing sounds are often heard over a large area or even 
a whole town, the sounds being at times so loud that they drown out the radio pro¬ 
gram. They may be louder at one end of the tuning scale of the receiver, indicating 
high-frequency noise-modulated radiation; they may be heard only on certain bands. 
These sounds may be traced to: 

Battery Chargers Neon Signs Violet-Ray Apparatus 
Diathermy Machines Oil Burners X-Ray Machines 

Crackling, sputtering, snapping, short buzzes, or scraping sounds, indicate loose 
connections; if in the house, they will be especially noticeable when someone is 
walking about; and heavy traffic or street cars may increase the intensity of the 
sounds. Look for: 

Elevator Controls 
High Tension Lines 
Power Lines Grounded 

to Trees 

Street Cars 
Wet Line Insulators 

Loose connections in floor 
lamps and appliance 
cords; broken heater ele¬ 
ments in household ap¬ 
pliances. Unbonded rub¬ 
bing metal contacts in 
houses, such as adjacent 
pipes. 

Clicking sounds are a definite indication of make-and-break connections essential 
to electrically controlled equipment, such as: 

Elevator Controls 
Flashing Signs 
Heaters, Automatic 
Heating Pads 

Incubators 
Irons 
Electric Typewriters 
Ovens 

Percolators 
Thermostats 
Traffic Signals 

Heavy violent buzzing sounds, usually of short duration, are characteristic of 
heavy sparking or arcing across a gap. Such sounds are traceable to: 

Arc Lights 
Automobile Ignition 

Elevators Street Car Switches 
Motion Picture Projectors Toy Electric Trains 

TABLE 1. Several typical interference sources are indicated in this table. 

home and thus cutting off a number 
of devices at a time. To do this, have 
an assistant or someone in the home 
listen to the radio or watch the TV 
set while you unscrew fuses in the 
main electric fuse panel, one at a 

time. By unscrewing a fuse, you will 
completely kill one branch of the elec¬ 
tric circuit in the home and will thus 
stop any noise production that arises 
from any device on that particular 
branch. If the noise disappears when 
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you unscrew one of the fuses, then 
that branch must be gone over care¬ 
fully and the devices on it examined 
or turned on and off individually, to 
locate the source. 

Unscrewing a fuse will also stop a 
noise that is due to loose electrical 
wiring in that branch of the circuit. 
This is important to keep in mind, 
because in many instances the noise 
occurs because of a poor connection 
between a plug and a wall outlet, or 
because too many devices are con¬ 
nected into a wall outlet through a 
cube tap or a similar multiple-con¬ 
nection device. Such devices invari¬ 
ably develop poor contacts. 

Poor connections of this kind can 
be fixed by you or by any appliance 
serviceman. However, if there are 
poor connections in the outlets them¬ 
selves, or in the electrical wiring, an 
electrician should be called in. 
Of course, when you unscrew the 

fuse controlling the branch on which 
the receiver is operating, it will stop 
operating. The receiver should be con¬ 
nected to another branch while its 
own branch circuit is cut off. 
Rubbing Pipes. If the source of 

noise is an electrical device within 
the home, the noise will stop when the 
device stops working, so this proce¬ 
dure of blocking each branch circuit 
in turn should localize the trouble. 
However, there is one rather common 
source of noise within homes that is 
not electrical. This is noise interfer¬ 
ence that will be heard when someone 
walks around, or when heavy trucks 
pass the house and set up vibrations 
in it. Once you are sure that the trou¬ 
ble is not within the receiver, the next 
thing to look for in a case of this kind 

is pipes in the basement that can 
touch each other. The cure is either to 
bond the two pipes together so that 
they make good electrical contact (use 
flexible metallic braid, and clamps or 
solder), or to wedge them apart so 
they cannot touch. The latter is usual¬ 
ly the easier; a small wooden wedge 
driven between the pipes where they 
cross each other will clear up this 
trouble. 

LOCALIZING OUTSIDE 
INTERFERENCE 

If the home in which the receiver is 
located has been cleared of suspicion, 
the interference must be coming from 
some source outside the home. 

There is no longer the question of 
who will pay for the filters or repairs 
needed on the equipment producing 
the noise signals once the noise source 
is located. The FCC regulations state 
that the owner of the device must see 
to it that his equipment does not 
radiate harmful interference signals. 
What you have to be concerned about 
now is who is going to pay you for the 
time you spend in finding the inter¬ 
ference source. It may take you a con¬ 
siderable amount of time to find it. 
Should your customer pay for it, or 
should you do this at little or no 
charge to try to earn the good will of 
the neighborhood? It is likely that the 
noise signal is also causing interfer¬ 
ence in many other receivers in the 
immediate vicinity. Sometimes the re¬ 
ceiver owner will be willing to pay be¬ 
cause he is anxious to be free of the 
interference. It is best to have an 
agreement beforehand, however, be¬ 
fore spending too much time. 

Because of these financial consider-
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ations, it may be best to see if install¬ 
ing a filter at the receiver will reduce 
the interference to a reasonable level. 
Even if this works fairly well, the 
interference remains with other re¬ 
ceivers in the neighborhood, and if 
the interference gets worse, this solu¬ 
tion may be only a temporary one. 

Practically all electric power com¬ 
panies have crews that specialize in 
locating noise sources and defects on 
their power lines. Many power com¬ 
panies will use their equipment to 
help you locate the interference source 

only if the noise is in the frequency 
band between 500 kc and 1600 kc. 
Since these receivers are fairly sensi¬ 
tive, you can move the receiver to 
different points to see if the noise 
level changes. Obviously, if you move 
to a point where the noise becomes 
louder, you are approaching the 
source of the noise. 

Furthermore, most of these receiv¬ 
ers use loop antennas, which are some¬ 
what directional. The loop antenna is 
usually arranged along the back of 
the receiver chassis in such a way that 

FIG. 9. A portable receiver receives best 
along the line A-B and poorest in the 

directions C-D. 

if you ask them, even if the interfer¬ 
ence is originating somewhere other 
than from their lines. 

Let us assume that you can find no 
one who will help you, and you have 
decided that it will be economical to 
try to localize the source of the noise 
yourself. What must be done? 

We have already mentioned that a 
small 3-way portable receiver (ac-dc-
battery operated) may be used to de¬ 
termine whether the noise is due to a 
receiver defect or to an interference 
signal outside the receiver. These por¬ 
table sets may also be used to localize 
the source of noise. Of course, most 
of these portable sets cover only the 
broadcast band, so they are useful 

maximum energy will be picked up 
from directions in line with the ends 
of the receiver cabinet, and minimum 
energy from directions directly in 
front of or directly behind the cabinet 
of the receiver, as in Fig. 9. Rotate 
the receiver cabinet through a semi¬ 
circle. When you have turned it to a 
position in which the noise is greatest, 
the receiver cabinet indicates a line 
along which the noise source probably 
exists. 

Of course, even if the receiver does 
indicate the line along which the noise 
exists, you don't know whether it is 
in direction A or direction B. How¬ 
ever, by moving along this line in one 
direction or the other, you can deter-
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mine whether the noise becomes louder 
or weaker. If it is becoming louder, 
you are, of course, approaching the 
source. 

In a somewhat similar manner, it 
is possible to drive around in an auto¬ 
mobile having a sensitive receiver and 
listen for the greatest amount of noise. 
This is helpful when there is a single 
device somewhere in the neighborhood 
creating a large amount of interfer¬ 
ence. However, if the interference is 
being carried along power lines, this 
method isn’t very effective. 

10 shows how a de voltmeter is con¬ 
nected to measure the avc voltage 
level. If you do much work of this 
kind, it would pay to bring out con¬ 
nections on the receiver you are using, 
so that you can plug in a meter. 
For the man with a great deal of 

interference-locating work, there are 
special interference localizers. These 
are receivers that have been specially 
modified for this service. The loop 
antenna that is used on them is de¬ 
signed to be much sharper in direc¬ 
tivity than those found on the average 

FIG. 10. How to connect a de voltmeter 
to the avc circuit of a receiver. 

In either case (portable set or auto 
set) you must use judgment as to the 
strength of the noise interference you 
hear. It isn’t very easy to judge signal 
strength this way, particularly when 
a receiver has an avc system, which 
will tend to keep the output at a fair¬ 
ly constant level by changing the gain 
as the signal strength changes. 

It is possible to add an indicating 
meter to the avc system of a receiver 
and thus get a more accurate indica¬ 
tion of the strength of the signal, be¬ 
cause the avc voltage will vary di¬ 
rectly with the signal strength. Fig. 

portable receiver. They also have a 
built-in vertical antenna of the whip 
type much like that found on an 
automobile. By combining the recep¬ 
tion characteristics of the two anten¬ 
nas, it is possible to get pickup from 
a single direction as a maximum, 
rather than to have to worry about 
which direction along a line the signal 
may be originating from. This per¬ 
mits you to move directly toward the 
source by rotating the receiver to the 
point of maximum response, then 
moving in that direction. 

Such interference locators have a 
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FIG. 11. How to locate a noise source by 
determining the direction from which the 

noise signal comes. 

built-in signal-strength meter. They 
generally also have as extra equip¬ 
ment a pickup coil mounted on a pole 
that can be used as a probe. When 
this is brought near an electrical 
device, it is possible to determine 
whether the noise level increases, thus 
picking out the offending device 
among many that may be in a large 
store or factory. 

Usually it is not possible to move 
in a straight line toward an interfer¬ 
ence source because of buildings in the 
way. In such cases, you can localize 

the source of noise by a method known 
as triangulation, if the interference is 
radiated directly from the source 
rather than carried along power lines. 
As shown in Fig. 11, the noise locator 
is rotated for maximum interference 
at a location such as A, then a line 
is drawn on a sketch of the neighbor¬ 
hood. The locator is then moved to 
another point such as B, a new direc¬ 
tion is determined, and a new line is 
drawn. Where the two lines cross will 
be approximately the location of the 
noise source. Two or three readings 
will usually be enough to allow you 
to move almost directly to the build¬ 
ing in which the source is located. 
This same general method can be used 
with a portable receiver, but the lack 
of sharp directivity does not make the 
portable receiver as good for this. 

Once the interference is traced to 
a building, you can inform the owner 
or occupant that the interference 
source has been localized to his build¬ 
ing. It is then up to him to eliminate 
the interference. Perhaps he will want 
you to install the necessary filters or 
make the necessary repairs. The 
method used to eliminate interference 
is the subject of the following section. 
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Eliminating interference 
Once the source of the interference 

has been located, there are four basic 
steps in reducing or curing the inter¬ 
ference: (1) repair or replace the 
noise source; (2) connect the device 
to a good ground; (3) use a filter; 
and (4) shield the device. If these 
steps do not completely remove the 
interference, or if some of them can¬ 
not be carried out, then you can: (1) 
install a line filter at the receiver; 
(2) move the receiver to another out¬ 
let or another position to get as far 
as possible from the noise source; (3) 
try a noise-reducing antenna when 
the receiver uses an outdoor antenna. 
Let’s consider each of these procedures 
in turn. 

REPAIR OF APPLIANCES 
The first step in any interference¬ 

elimination procedure is that of re¬ 
storing the electrical equipment, to 
first-class condition. A motor with 
worn, dirty commutator segments can 
have so much sparking that even an 
elaborate filter is unable to clear up 
the trouble completely. In many in¬ 
stances the trouble will be cleared up 
once the equipment is properly re¬ 
paired, or is replaced if repair proves 
impossible. 

For all motorized devices, it is im¬ 
portant that the commutator be 
cleaned and properly shaped, and in 
many instances new brushes will have 
to be installed in the motor. 
If the trouble occurs because of 

poor connections, a repair is all that 
is necessary. 
Contacts on thermostats and on 

large power switches can be cleaned, 
or the control replaced. An ordinary 
ON-OFF switch usually must be re¬ 
placed if its contacts are worn and 
pitted. 
A careful check should be made 

of all sockets and other means of 
connecting and disconnecting elec¬ 
trical power. With age, they all give 
trouble. Incidentally, light bulbs 
themselves very frequently cause in¬ 
terference just as they are about to 
burn out. If you trace interference 
to a lamp, try new bulbs as one of 
your first steps. Also, examine all 
appliance cords and recommend the 
replacement of any that are frayed 
and worn, even if they do not directly 
contribute to the interference. 

PROPER GROUNDING 
Another very important step to take 

in interference elimination is making 
sure that all industrial equipment is 
grounded. The metal frames of most 
pieces of machinery will act as a 
shield, and if the machinerv is ground¬ 
ed, this will reduce the interference 
radiation. 
Generally such equipment is 

grounded when originally installed, 
but it is always possible for the 
ground wire to break, or become dis¬ 
connected. 

Of course, for small household ap¬ 
pliances, grounds usually are not pro¬ 
vided. Because an extra lead to 
ground would get in the way or reduce 
the portability, it is usually not advis¬ 
able to attach a ground to appliances 
that are not built in. Generally, such 
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equipment creates interference of such 
a low level that filtering can take 
care of it without the necessity of 
grounds. 

If a ground is to be connected, be 
certain that it goes to a cold water 
pipe or to a ground rod driven in the 
earth. Never depend on gas pipes or 
heating systems—the “dope” used by 
plumbers in joining sections of gas 
or steam pipe together acts as an 
insulator, thus making the series of 
pipe sections a poor ground, and the 
practice of using gas pipes is danger¬ 
ous anyway, and is against fire regu¬ 
lations, because of the danger that a 
spark will cause an explosion. 

NOISE FILTERS 
The same kind of filters can be 

used at the device creating the dis¬ 
turbance and at the radio receiver. 
Fundamentally, a noise filter is just 

like the hum filter used in a power 
supply. It is arranged to have a high 
impedance in series with the power 
line, plus a low impedance across the 
line to set up a voltage divider to 
reduce the interference voltage that 
can travel along the line. 

In general, the simplest filter that 
will work should always be used. Cost 
and size are important reasons for 
this. Fig 12 shows the basic types 
that are used most commonly. They 
are arranged approximately in their 
order of effectiveness, that at F being 
the most effective. 

When used to filter the noise source, 
terminals 1 and 2 connect to the 
source, and 3 and 4 connect to the 
power line. When used at the receiver, 
terminals 3 and 4 connect to the set, 
and 1 and 2 to the power line. 
At A we have nothing but a capac¬ 

itor across the power line. One side 

FIG. 12. Here are the basic filter circuits. The parts values for best results should be 
determined by experiment. 
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of the power line is grounded; the 
capacitor offers a low-impedance path 
between the ungrounded side and the 
grounded side of the line. If there is 
enough series impedance in the line 
or device connected to terminals 1 and 
2, a voltage divider action will be set 
up so that very little of the interfer¬ 
ence voltage will appear across the 
low reactance of the capacitor. This 
reduces the transfer to terminals 3 
and 4. 

If a 220-volt power line is used to 
operate the noise source, or if the 

be lost across LI with little across Cl 
for transfer to terminals 3 and 4. 

The filter shown at D is a capacitor 
input type. It is better than that at 
C only when the line or source con¬ 
nected to terminals 1 and 2 has 
appreciable impedance so that with 
C2 it forms another filter section. 
At E and F are shown examples of 

filters in which choke coils are placed 
in both sides of the power line. The 
one shown at F provides an extra 
ground connection similar to that 
shown at B. 

Courtesy J. W. Miller Co. 
FIG. 13. A typical interference filter 

choke. 

effectiveness of the ground on the 
power line is questionable because of 
extra long lengths of wire, an “arti¬ 
ficial ground” filter as at B in Fig. 12 
can be used. Here both sides of the 
power line are connected through 
capacitors to a short, direct wire to 
a ground. Essentially, this is the same 
filter as at A except that it is not 
necessary for one side of the power 
line to be grounded. 
The filter shown at C is a basic 

“brute-force” type. Here a choke coil 
has been placed in the line. This 
makes a much more effective filter, 
because we can obtain a high im¬ 
pedance ratio between LI and Cl, so 
most of the interference voltage will 

In most filters the capacitor values 
are relatively small, ranging from .005 
mfd to .5 mfd. The smaller capacitor 
sizes bypass the rf noise signals to 
ground better than the larger ones, 
but if there is a large audio com¬ 
ponent developed as a part of the 
interference, then the larger capacitors 
will be necessary. 
The bypass capacitors should be 

paper with voltage ratings of 600 volts 
when used on 120 and 240-volt power 
lines. Electrolytic capacitors are un¬ 
satisfactory—they can be used on ac 
only in a “back-to-back” arrange¬ 
ment; they have relatively short life, 
and they have too much inductance 
to be good rf bypass capacitors. 
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Courtesy P. R. Mallory & Co. 

FIG. 14. Several typical interference filters. Each type shown is intended for a specific 
appliance. 

The choke coils used must be made 
of wire heavy enough to carry the 
current being drawn. For industrial 
equipment, very large and rather 
costly chokes are required. 

Since the portion of the interference 
that causes the most trouble is at rf 
rather than audio frequencies, air-core 
chokes rather than iron-core are gen¬ 
erally used. This simplifies the prob¬ 
lem of insulating the choke for the 
power-line voltage. Fig 13 shows a 
typical commercial choke designed for 
this service. These chokes come with 
a wide range of inductances. Usually 
the choke coil with the lowest induc¬ 
tance that will do the job is the one 
to use because of cost and size. These 
chokes have the “universal” winding 
shown in Fig. 13, rather than a layer 
winding, to reduce the stray capacity 
between turns that would reduce its 
effectiveness. 

Since the interference voltage across 
the choke coil is high, it is necessary 
to shield the filter to prevent radia¬ 
tion from the choke. Also, a metal 
housing is desirable for safety reasons. 
Small size and a neat appearance are 

also desirable, particularly on filters 
to be used in a home. 

The problem of obtaining a suitable 
filter is greatly simplified by several 
of the coil and capacitor manufactur¬ 
ers who have specialized in developing 
filters for various purposes. The 
shapes of these filters vary with the 
application. Fig. 14 shows several 
typical styles. By purchasing the filter 
designed to work on the particular 
appliance, you will get a neat, prop¬ 
erly assembled unit at lowest cost. 

The plug-in style shown in Fig. 15 
is available in models ranging from 

Courtesy Aerovox Corf. 
FIG. 15. A typical plug-in filter. 
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Courtesy J. W. Miller Co. 

FIG. 16. A cut-away view of a filter de¬ 
signed to be used with an electric razor, 

very simple filters to more elaborate 
ones. They may contain only one 
capacitor, or, as shown in the cut¬ 
away view in Fig. 16, they may con¬ 
tain a pair of capacitors and two 
choke coils. 

If the correct filter for the partic¬ 
ular device is not available, or if you 
are uncertain what filter type to use, 
then you can use an interference 
analyzer to find the proper filter. Fig. 
17 shows a typical commercial ana¬ 
lyzer. Essentially, this is an arrange¬ 
ment of a number of different filter 
elements, as shown in Fig. 18. A mul¬ 
ti-position switch allows you to try 
each of the basic filters. For example, 
in one position of the switch only 
capacitor Cl is across the line. At 
other positions of the switch various 
other elements are added, and there 
is even a tapped choke-coil arrange¬ 
ment so that different sizes of choke 
coils can be tried. By starting at the 

Courtesy Aerovox Corp. 

FIG. 17. An interference analyzer con¬ 
taining a number of basic filter units and 

a switch to combine the units. 

simplest filter arrangement, and then 
moving to more complex ones, it is 
possible to determine just how good 
each filter type is, and thus to deter¬ 
mine the cheapest one that will give 
adequate filtering. 

Of course, you can try individual 
capacitors and chokes, but the process 
is so time-consuming that an interfer¬ 
ence analyzer of this kind is very 
desirable if you do much of this kind 
of work. 

The filter used must not interfere 
with the proper operation of the 
device it is connected to, and it must 
meet all safety requirements. Filters 
installed on industrial equipment come 

FIG. 18. A simplified schematic of an interference analyzer. 
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Courtesy J. W. Miller Co. 
FIG. 19. Typical housing for an indus¬ 
trial filter unit designed for high-power 

equipment. 

under electrical codes, so it may be 
necessary to have such a filter in¬ 
stalled by a licensed electrician. 

Fig. 19 shows the appearance of a 
large industrial filter case. Fig. 20 
shows a view of the inside of one such 
filter. This one has several different 
capacitors arranged so that it is pos¬ 
sible to try different sizes. In some, 
however, fixed capacitors are used, 
and it is assumed that the proper size 
has been found beforehand. 
Switch Filters. In an inductive 

circuit, there is likely to be excessive 

Courtesy J. IV. Miller Co. 
FIG. 20. A cut-away view showing the 

interior of an industrial filter. 

sparking at a switch contact when¬ 
ever the circuit is opened. This is a 
common source of interference, and 
it also produces excessive burning of 
the switch contacts and thus leads to 
short switch life. A capacitor con¬ 
nected across the switch contacts will 
be helpful in reducing this sparking, 
but a capacitor-resistor combination 
as shown in Fig. 21 is better. The 
sizes are not critical. A capacitor 
from .05 to .5 mfd can be tried, and 
the resistor can be 100 to 200 ohms. 
This same filter can be used with 
thermostats, relays, and other on-off 
controls. 

Ri Cl 
—WA II 

FIG. 21. A typical filter for a set of on-
off contacts. This kind of filter can be 
installed across a switch, relay, or ther¬ 

mostat. 

TV INTERFERENCE 
ELIMINATION 

Radio-frequency interference, 
whether it is from a broadcast station 
operating in the standard broadcast 
band or from an FM broadcast sta¬ 
tion, can usually be kept out of the 
receiver by means of a suitable stub 
or trap. Let’s look into these devices 
and see how they can be used to 
eliminate interference. 

Stubs. You already know that a 
parallel-resonant circuit presents a 
high impedance across the terminals 
at the frequency to which the circuit 
is resonant. We can, therefore, use a 
parallel-resonant circuit to eliminate 
an undesired signal by connecting one 
tuned to the interfering signal, in 
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series with one of the leads to the 
receiver. Most of the interfering sig¬ 
nal will then be dropped across the 
parallel-resonant circuit, and very 
little applied to the input of the TV 
receiver. 

If coaxial cable is used to connect 
the antenna to the receiver, insert the 
parallel-resonant circuit in series with 
the ungrounded conductor. If 300-
ohm twin lead is used to connect the 
antenna to the receiver, it is usually 
worthwhile to install two parallel-
resonant circuits, one in each side of 
the transmission line. 

Since a series-resonant circuit acts 
as a very low resistance at resonance, 

“open” and the “shorted” stub. The 
shorted stub is about a half wave¬ 
length long at the frequency of the 
signal to be eliminated. The open 
stub, on the other hand, is approxi¬ 
mately one-quarter of a wavelength 
long. 
To make a shorted stub, the ends 

of a transmission line are stripped 
clean of insulation, twisted together, 
and soldered to form a short circuit 
at the end of the line. An open stub 
is made simply by cutting off the 
correct length of transmission line, 
leaving the ends open. Obviously, an 
open stub is much easier to make. 
Furthermore, it is easier to work with, 

FIG. 22. How a stub is connected to the 
input terminals of a TV set. 

it can be used to eliminate an unde¬ 
sired signal by connecting it across 
the antenna terminals of a television 
receiver and tuning it to the frequency 
of the interfering signal. The resonant 
circuit will then act as practically a 
short across the set terminals as far 
as the interfering signal is concerned, 
and the interference will be eliminated 
completely or greatly reduced. 

The series-resonant circuit can be 
made up of a suitable coil and capac¬ 
itor, or it can be a piece of trans¬ 
mission line cut to the correct length. 
This is called a stub. A stub is shown 
connected across the receiver input 
terminals in Fig. 22. 

There are two types of stubs, the 

because a stub must be adjusted to 
the correct length to make it perform 
properly after it has been connected 
to the set. It is much simpler just to 
cut a small piece off the end of an 
open stub than it is to connect the 
ends of a shorted stub together again 
after cutting off a piece. 

Stubs are frequently used to elim¬ 
inate interference from a nearby FM 
station. However, they can be used 
to eliminate any interfering signal in 
the VHF or UHF range. A stub is 
not practical for use in the elimina¬ 
tion of low-frequency signals, because 
it would have to be too long. The 
following procedure illustrates the 
method of constructing a stub for the 
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elimination of the interfering FM 
broadcast signal. However, the same 
procedure can be used to construct a 
stub to eliminate either interfering 
signals. 
To make an open stub, the first 

thing you should do is to determine 
how long a quarter-wave open stub 
should be. The FM broadcast stations 
operate in the band of frequencies 
from 88 to 108 megacycles. Since the 
lowest signal will have the longest 
wavelength, cut the stub for 88 mega-

whether or not the stub has any effect 
on the interference. The chances are 
that there will be no noticeable 
reduction of the interfering signal. 

The next step is to adjust the stub 
to the correct length. You can start 
by cutting off about one inch from 
the open end of the stub. Continue 
this procedure until you notice some 
effect on the interference. As soon 
as the interference has started to de¬ 
crease, you should cut off small bits 
of the stub until you have either com-

Courtesy Crystal Devices Co. 
FIG. 23. A commercial wave trap. 

cycles to start, and then adjust it to 
the correct length later. 

To determine a quarter wavelength 
at 88 megacycles, use the formula for 
determining the length in inches for a 
half wavelength of 300-ohm transmis¬ 

sion line ( £905 X .82 = length), 

and divide the result by 2 to get the 
length of a quarter-wave open stub. 
Thus, the length of the stub at 88 
me is approximately 27 inches. To be 
sure that the stub is long enough to 
start with, cut the stub 30 inches long 
and connect one end of it to the 
receiver antenna terminals. Note 

pletely eliminated the interference or 
have reduced it as much as possible. 

In most cases it will be impossible 
to eliminate the interference complete¬ 
ly. Instead, as you continue to cut 
off lengths of the stub, you will find 
that the interference first decreases, 
then begins to increase again. When 
this happens, you will have made the 
stub too short, and you will have to 
start over again. This time, however, 
you will know approximately how 
long the stub should be, and you will 
be able to recognize when you have 
made it the length that gives the 
maximum interference elimination. 
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During your adjustment of its 
length, the stub should be placed as 
nearly as possible in the position that 
it will occupy after you have finished. 
Changing the position of the stub 
frequently has an effect on its per¬ 
formance. Thus, if you stretch it out 
on the floor in the front of the set for 
convenience while you are shortening 
it, you may find that it does not work 
properly when you place it behind the 
set. Another reason for not changing 
the position of the stub as you adjust 
its length is that its performance can 
be affected by nearby objects. 
The use of a stub may cause a 

change in the rf response curve of the 
front end of the set on channels close 
to the frequency to which the stub is 
tuned, especially on channel 6. In 
some cases this may cause smearing 
in the picture. This effect can often 
be prevented by inserting a small 
capacitor in series with each line of 
the stub at the point where it is 
fastened to the front end or antenna 
input of the receiver. A 5-mmf capac¬ 
itor can usually be used for this pur¬ 
pose if the stub is cut for the FM 
band; but if the interfering signal 
is a higher frequency, around 200 
me, you may find that capacitors 
smaller than 5 mmf are more satisfac¬ 
tory. The addition of capacitors in 
series with the stub will usually make 
it necessary to use a longer piece of 
line for the stub. 

WAVE TRAPS 
If the station causing the interfer¬ 

ence has a comparatively low fre¬ 
quency, the transmission line stub 
may have to be impractically long 
to eliminate the interference. In such 

cases, you should use a wave trap 
tuned to the frequency of the inter¬ 
fering station instead of a stub. Wave 
traps are even used for some of the 
higher-frequency stations to avoid the 
need for having an extra piece of 
transmission line hanging from the 
set. Commercial wave traps are avail¬ 
able; one is illustrated in Fig. 23. 
Electrically, the wave trap may 

take one of several different forms. 
Fig. 24A is a schematic diagram of 
the commercial wave trap in Fig. 23. 

The transmission line from the an¬ 
tenna is connected to the terminals 
marked “in” or “input” on the wave 
trap, and the transmission line run¬ 
ning from the receiver is connected to 
the terminals marked “out” or “out¬ 
put.” Thus, with the wave trap con¬ 
nected, coils LI and L3 are inserted 
in series with the transmission line. 
Coil L2, tuned by capacitor Cl, is 
coupled to coil LI ; and coil L4, tuned 

FIG. 24. Three forms of absorption wave 
trap. 
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by capacitor C2, is coupled to L3. 
L2-C1 and L4-C2 act as absorption 
wave traps, absorbing energy from the 
line at the frequency to which they 
are tuned. To use this trap, therefore, 
all you need do is insert it in the 
transmission line and adjust Cl and 
C2 until the interference is minimized. 

Slightly different arrangements of 
absorption wave traps are shown in 
Figs. 24B and 24C. 

A series-resonant wave trap that is 
connected directly across the antenna 
input terminals is shown in Fig. 25. 
Electrically, this is approximately the 
same as the quarter-wave open stub 

with each conductor of the transmis¬ 
sion line. Since each wave trap has 
a very high impedance at its resonant 
frequency, most of the interfering sig¬ 
nal will be dropped across the traps, 
and very little will be applied to the 
receiver input terminals. 

SPECIAL INTERFERENCE 
INSTALLATIONS 

To indicate how some special power 
line filter units are used, and to show 
how the problems have been explored 
by filter manufacturers, let’s consider 
several typical examples of filter 
installations. 

FIG. 25. A series resonant wave trap. As 
the text shows, this is often not as effec¬ 

tive as an absorption trap. 

or the half-wave shorted stub previ¬ 
ously described. A wave trap of this 
type is often not as effective as an 
absorption trap, because the attenua¬ 
tion it produces in the undesired sig¬ 
nal depends upon how low its im¬ 
pedance becomes at resonance in com¬ 
parison to that of the receiver. Since 
the input impedance of a receiver is 
comparatively low, a series trap may 
not be able to produce a low enough 
impedance to produce sufficient atten¬ 
uation of the undesired signal. 

Fig. 26 shows how parallel-resonant 
wave traps can be used. Notice that 
a trap is connected directly in series 

Fluorescent Lamps. Fluorescent 
lamps cause severe interference to 
reception if the receiver or its antenna 
lead-in is close to the fixture, or if 
the fixture is not properly installed. 
It has been found that, in general, 
direct radiation from the lamp is neg¬ 
ligible beyond ten feet, so if the 
receiver can be kept at least this far 
from the fluorescent lamp, direct radi¬ 
ation from it should not be trouble¬ 
some. 
However, most fluorescent lamps 

are in metal fixtures, and it is very 
important that a good ground be used 
on the fixture. Usually the BX cable 
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armor or the conduit in which the 
power wires are placed is depended 
upon to provide the ground. If the 
fixture makes poor contact at the out¬ 
let box, or there is a poor connection 
between this box and the eventual 
ground point for the electrical sys¬ 
tem, then considerable radiation will 
occur, and interference pulses will be 
transferred to the power line. Before 
trying a filter, have an electrician go 
over the electrical system to check 
on the grounding. 

A built-in interference-eliminating 
capacitor is found in most modern 

be grounded. If the filter is of the 
kind that grounds to the frame hold¬ 
ing the lamp, then the frame must also 
be well grounded. 
Oil Burners. Oil burners cause 

interference in two ways. They con¬ 
tain a pump or blower assembly oper¬ 
ated by a motor, which may cause 
interference as any other motor may. 
In addition, many oil burners use elec¬ 
trical ignition systems to light the 
fuel. These systems consist essentially 
of a transformer designed to develop 
a high voltage, and a spark gap 
arrangement somewhat similar to the 

FIG. 26. A pair of parallel resonant wave 
traps. The inductance and capacity should 
be chosen to make the traps resonant at 
the frequency of the interfering signal. 

starter units used with fluorescent 
lamps, but some of the older starters 
may not have had such capacitors. 
Furthermore, the filtering obtained 
this way may not be enough for some 
conditions. In such cases a line filter 
can be used between the lamp connec¬ 
tions and the power line. Since it is 
impossible to tell exactly what kind 
of filter will work in every case, it 
may be necessary to try several differ¬ 
ent ones. Manufacturers of interfer¬ 
ence filters make different models. 
Fig. 27 shows the diagrams of three 
typical filters. 

Notice that in each case the filter 
is shielded, and that this shield must 

spark plug used in an automobile. Like 
all spark-discharge devices, this igni¬ 
tion system can cause severe inter¬ 
ference. 

With modern oil burners, the high-
voltage leads to the spark gap are 
carefully shielded to cut down the 
radiation from them, and the trans¬ 
former is shielded and filtered. How¬ 
ever, on some of the older models you 
may find that no particular care was 
taken to prevent interference. 

On a device of this kind, it is very 
important that nothing be done to 
prevent the electrodes from sparking 
properly, because a dangerous condi¬ 
tion, possibly leading to an explosion, 
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FIG. 27. Circuits of typical fluorescent light filters. 

can exist through faulty firing of the 
furnace. 

Practically all oil burner manufac¬ 
turers are aware of the noise problem. 
If you find a poorly filtered unit, con¬ 
tact the local distributor or the manu¬ 
facturer of the oil burner. They have 
either complete conversion kits that 
in effect install new wiring, or filters 
that work satisfactorily on their units. 
Neon Signs. Most of the interfer¬ 

ence that is developed by neon signs 
comes from the high-voltage discharge 
through the neon tubing. Direct radi¬ 
ation may occur, but the interference 
field generally dies out within a few 
yards. 

However, practically all neon signs 
are mounted in metal frames, and if 
these frames are not properly ground¬ 
ed, the radiated interference from the 
frame is severe over a wide area. Like¬ 
wise, some of this interference may 
get onto the power line and travel 
along it. 
When you find interference which 

is obviously due to a neon sign, it is 
best to contact the people who in¬ 
stalled the sign rather than to work 

on it yourself. Very high voltages are 
produced on these devices, and it is 
best to have someone familiar with 
the characteristics of the sign install 
the proper filters. Actually, with such 
devices, the improper installation of 
chokes and capacitors in the high-
voltage circuit may even increase the 
interference instead of reducing it. 

Much of the interference produced 
by neon signs is caused by dirt and 
dust collections along the tubing, 
which provide leakage paths. There¬ 
fore, carefully cleaning the sign will 
frequently reduce the interference. 
Grounding the surface of the tubing 
is also helpful. A ground can be made 
by wrapping a small piece of tin foil 
around the tubing at its center point, 
and running a ground wire from this 
foil to the metal frame. However, 
this should be done only by an expert 
on neon signs, so as to avoid causing 
trouble with its operation. 

Finally, if it is necessary to install 
filters, they should be installed in the 
power line leading to the sign rather 
than in the sign wiring itself. Fig. 28 
shows a typical filter installation, as 
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Courtesy J. W. Miller Co. 

FIG. 28. Schematic showing the filter connections for a low-tension neon sign 
installation. 

recommended by manufacturers spe¬ 
cializing in this field. 

SHIELDING 
There are some devices whose very 

nature makes it impossible to do a 
perfect filtering job. Diathermy equip¬ 
ment is a good example. If the proper 
filter does not clear up the interfer¬ 
ence, it is sometimes necessary to 
shield the apparatus. However, since 
the plates and coils used for medical 
treatment may also radiate, it is 
necessary to provide room within the 
shield large enough for the patient 
and the doctor. 

Essentially, a shield cage of this 
type consists of two layers of copper 
screen wire, carefully insulated from 
each other. The inner layer is con¬ 
nected to the outer layer and to a 
ground in a special way so as to make 

the shield effective. Filters are used 
in all power lines that come into the 
shielded cage. Such shielding is rather 
expensive, so it is usually not installed 
except as a last resort. 
TV Sweep Radiation. Radiation 

from the horizontal sweep circuit of 
a TV set may cause interference with 
a nearby AM radio. The radiation 
occurs from the deflection yoke and 
the circuits associated with it. Some¬ 
times a filter installed in the TV set 
power line will prevent radiation this 
way, but usually the trouble occurs 
because of direct radiation from the 
yoke. Careful shielding of the yoke 
itself and the wires going to it has 
been the best cure found to date, but 
the kind of shielding necessary varies 
with the TV receiver and its layout. 
Many set manufacturers are aware of 
this problem, and, if a case of this 
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kind is found, it is sometimes possible 
to get factory information and, occa¬ 
sionally, a complete shielding kit for 
the elimination of the interference. 

NOISE-REDUCING ANTENNAS 
Most interference is produced in a 

relatively limited area, hence in those 
cases where the receiver is operating 
from an outside antenna, it is some¬ 
times possible to erect the antenna 
itself far enough away from the noise 
source so that little noise energy is 
picked up. A noise-cancelling lead-in 
between the antenna and the receiver 
should also be used. 

pickup. Where the pickup is exces¬ 
sive, the shielded transmission line 
is somewhat better than the twin-lead 
transmission line. However, the shield¬ 
ed line cannot always be used because 
of impedance-matching problems and 
increased signal loss. 

SUMMARY 
In this lesson you learned the prob¬ 

able causes of noise and other types 
of interference in radio and TV receiv¬ 
ers. You also learned how to recog¬ 
nize the various types, and what steps 
to take to eliminate or reduce them. 
Any device producing interference 

FIG. 29. How noise signals induced in the 
two wires of a transmission line will can¬ 
cel because they flow in opposite direc¬ 
tions through the primary, and hence in¬ 
duce no voltage in the secondary. The 
dotted arrows show the desired signal 
current from the antenna. Because this 
current circulates, it will not be cancelled. 

For AM receivers the lead-in usu¬ 
ally consists of a twisted pair of 
wires. Equal interference voltages are 
induced in both lead-in wires. By 
connecting the input of the receiver 
as shown in Fig. 29, it is possible to 
cause the interference signals to be 
equal and to travel in opposite direc¬ 
tions through the primary coil and 
thus cancel transfer of interference 
signals to the receiver. 

Television receivers ordinarily use 
either a pair of parallel wires, or a 
shielded transmission line. In either 
instance there is little interference 

signals must be repaired, filtered, 
grounded, or shielded, depending on 
the device producing the interference. 
After you find the interference 

source, the owner of the device will 
in most instances give you his full 
cooperation in eliminating the noises. 
However, you may find that everyone 
is not so cooperative. If this happens, 
and all your attempts to get his help 
fail, as a last resort write to the 
Federal Communications Commission, 
Washington 25, D. C. In your letter 
give the location of the interference 
source, the owner’s name and the 
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names and addresses of the people 
whose receivers are being interfered 
with. Be sure to sign the letter and 
give your own name and address. The 
FCC will make a complete check to 

see if the amount of interference is 
higher than that allowed by the regu¬ 
lations. If it is, they will give notice 
that the interference must be cleared 
up in a specified length of time. 
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Lesson Questions 
Be sure to number your Answer Sheet 45B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time, or you may run out of lessons before new ones can 
reach you. 

1. What characteristic of the waveform of a noise signal permits it to interfere 
with radio and TV receivers? 

2. Which of the following will cause the interference signal to increase if in¬ 
stalled in a switch circuit: (1) a capacitor; (2) an inductance; (3) a resistor? 

3. If a noise signal shock-excites a resonant circuit, what will the resultant 
frequency be? 

4. How can you tell by observing the pattern on a TV tube screen whether the 
frequency of the interfering signal is above or below 15,750 cycles? 

5. If you are called in to repair a receiver having a complaint of noisy recep¬ 
tion, what is the first thing you should find out? 

6. What would you use to eliminate power line interference picked up by the 
antenna? 

7. Does a quarter-wave open stub act as a series-resonant circuit or a parallel-
resonant circuit? 

8. Under what conditions would you use a wave trap in preference to a stub, 
and why? 

9. Which circuits of a TV set produce interference in AM radio receivers, and 
how can you eliminate the interference? 

10. Why must air-core chokes be used instead of iron-core chokes in the power¬ 
line filter circuits? 
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WASTED TIME 
;—something 
But, just as 
make hours, 
wasted daily 
work-week— 

A minute seems such a little thing-
most of us thoughtlessly throw away, 
pennies make dollars, so do minutes i 
Few people realize that ten minutes ' 
make over sixty hours—more than a ' 
in a year’s time. 

Study the habits of most successful men and you 
will find that they made use of odd moments, read¬ 
ing or writing, or thinking. Those precious minutes 
gave them the extra weeks, months, and years of 
time necessary to prepare and to advance them¬ 
selves. 
Now, time spent in healthful recreation is not 

being wasted. But, how much of your time is spent 
in idle amusements instead? How much time do 
you waste “stalling” before starting a task—doing 
unnecessary or useless things—or doing nothing 
at all? 

Study your actions during the day. Make a list of 
the things you do. You’ll be surprised at the num¬ 
ber of five- or ten-minute intervals you can put to 
better use, in studying or planning for the future. 
Be ready for your opportunity when it comes! 
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STUDY SCHEDULE 

Pages 1-2 13 I. Introduction 

Here you get a look at what this lesson covers. 

□ 2. Power Requirements Pages 2-10 

You learn the effect of room acoustics and noise levels on the power 

required, and also how loudspeakers and microphones can be placed to 

the best advantage. 

Pages 11-21 □ 3. Commercial PA Systems 

You study examples of low-power, medium-power, and high-power systems. 

p ¡ 4. Typical PA Installations Pages 22-39 

In this section we take up typical examples of PA installations in industry, 

in hotels, in schools, and also mobile installations. Intercommunications 

systems are also covered. 

□ 5. Maintenance of PA Systems Pages 40-44 

First we take up preventive maintenance, and then we take up some 

common complaints. 
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you are called on to install 
” a PA system, the first thing to 

do is to look over the installation and 
see what will be required. Find out 
whether the system is to be used in¬ 
doors or outdoors. If it is to be in¬ 
doors, the wattage rating of the am¬ 
plifier and the number of loudspeak¬ 
ers to be used will depend on the size 
of the auditorium or room. If it is to 
be outdoors, it will require more power 
to cover the same area. 
The amount of amplifier output 

power needed to fill a given indoor 
area with sound also depends on the 
noise level and the acoustical charac¬ 
teristics of the area; the higher the 
noise level, the more power needed to 
over-ride the noise. The acoustical 
characteristics depend upon the mate¬ 
rial on the walls and ceiling. The more 
sound-absorbing material used, the 
more power required to get the same 
sound level. You will have to consider 
these factors in each PA installation. 
You will probably never actually have 
to calculate the sound-absorption 
quality of a room; charts and tables 

arc available that will enable you to 
get a rough estimate of the sound 
power needed. This is all that is 
usually required. 

Finally, find out what type of pro¬ 
gram material will be sent over the 
system and the type of sound source 
that will be used, whether microphone, 
phono pickup, tape head, or tuner. 
With this information, you will be 
able to choose the amplifier and the 
other components to meet these re¬ 
quirements. 

In this lesson, you will find out how 
to determine the amplifier rating, and 
learn how to place microphones and 
loudspeakers to get the best sound 
coverage. Next, you will study low, 
medium, and high-power amplifier 
circuits. Then you will study typical 
examples of public address systems. 
These include multi-outlet distribu¬ 
tion systems like those used in fac¬ 
tories, hotels, and schools, and several 
types of specialized systems. Finally, 
you will learn how to service and 
maintain PA systems. The circuits in 
the PA amplifiers are basically simi-
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lar to those found in the audio stages 
of radio and TV sets, so you can use 
many of the same servicing proced¬ 
ures on both types of equipment. In 
a PA installation, the important thing 

is to prevent a complete failure by 
periodically checking the entire sys¬ 
tem. The procedure to follow is dis¬ 
cussed in the last section of this les¬ 
son. 

Power Requirements 
One of the first things to consider 

in planning a PA installation is the 
way the physical surroundings of the 
installation will affect the sound 
waves. We call this the “acoustics” 
of the area. Let us see how acoustical 
characteristics affect power require¬ 
ments. 

ACOUSTICAL 
CHARACTERISTICS 

When sound strikes an object, part 
of its energy is absorbed by the ob¬ 
ject, and the rest is reflected. A 
smooth, hard surface such as plaster 
reflects more energy than it absorbs. 
Soft porous materials such as carpets 
and Celotex absorb more energy than 
they reflect. 

The sound-absorbing qualities of 
various types of material are given in 
Fig. 1. A coefficient of 1 means that 
the sound energy is entirely absorbed ; 
an example of this is an open window. 
Some sound reflection is desirable, but 
too much can cause trouble. 

When the surfaces of a room are 
hard and smooth, sound reflections 
will occur and recur so that it takes 
a certain interval of time for the 
sound to die out. As shown in Fig. 2, 
the walls of the enclosure prevent the 
sound energy from escaping and re¬ 

flect it back and forth. The sound, 
therefore, reaches the listener over 
more than one path. 

Materials Coefficients 
Floor Coverings : 
Carpet -20 
Cork flooring .08 
Linoleum -03 
Rug, Axminstcr .20 
Wood flooring .03 

Hangings: 
Fabrics : 
Light -11 
Medium .13 
Heavy .50 

Hard Wall : 
Brick, painted .017 
Cement .025 
Plaster on lath .03 

Openings : 
Window .5—1 
Balcony .5—1 

Audience and Chairs: 
People 3—4.3 
Chairs, wooden .17 
Chairs, upholstered 1.6 

Acoustic Materials: 
Acousti-Celotex C-2 .67 
Acousli-Celotex C-4 .99 
Acoustone F .87 
Fiberglas Tile (1") .97 
Permacoustic (1") .71 

FIG. 1. The absorption coefficients of 
various materials. The figures given for 
audience and chairs arc in terms of ab¬ 
sorption units per person or per chair; 
the other figures are for absorption units 
per square foot. These units were deter¬ 
mined at 512 cycles. The absorption at 
other frequencies differs somewhat, usu¬ 
ally, though not always, increasing at 

higher frequencies. 
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FIG. 2. The direct sound wave between 
the source and the listener travels over 
path 1, which is the shortest path between 
these two points. Waves traveling over 
paths 2, 3, or 4 must go a greater dis¬ 
tance to reach the listener, and conse¬ 
quently arrive somewhat later than those 

taking path 1. 

In Fig. 2, the direct sound wave is 
shown by path 1. Paths 2, 3, and 4 
show the influence of the reflective 
surfaces on the paths taken by the 
sound to reach the listener. Since 
some paths are longer than others, 
the over-all effect is to prolong the 
sound; it takes a certain interval of 
time for the sound to die out. This is 
called the reverberation time. 

If the reverberation time in a room 
is too long, the sound information will 
blend together, and the intelligibility 
will be reduced. On the other hand, if 
the reverberation time of a room is 
too short, the room will be “dead” 
acoustically, and music and speech 
will sound flat. A certain amount of 
reverberation makes a room “alive,” 
and adds brilliance and richness to 
the quality of the sound. 
In an auditorium or hall, the 

amount of reverberation and liveness 
depends on the treatment of the walls 
and the construction of the room. A 
reverberation or die-out time of ap¬ 

proximately 2 seconds provides the 
proper liveness for a large auditorium. 
For the most intelligible speech, the 
reverberation time should be approxi¬ 
mately one-half to two-thirds of this. 

The shape and size of the room also 
must be considered in planning a pub¬ 
lic-address installation. For example, 
the auditorium shown in cross-section 
Fig. 3 is shaped so that the sound 
paths tend to concentrate the sound 
at a spot in the balcony. This is called 
a focal point. If the sound waves ar¬ 
rive in phase at this location, the 

FIG. 3. Sounds reflecting from various 
points on the curved ceiling of this audi¬ 
torium are brought to a focus at a single 
small area in the balcony, making the 
volume level there considerably higher 

than it is elsewhere. 

sound will be excessive. It is also pos¬ 
sible for the shape of a room to cause 
dead spots. Here the phases of the 
sound waves arriving along different 
paths are such that there is a cancel¬ 
lation effect. Such spotty responses are 
common in large auditoriums, rather 
than small rooms. 

A room can be treated acoustically 
to break up the reflection points and 
prevent excessive reverberation, focal 
points, and dead spots. However, the 
cost of such acoustical treatment may 
be more than the customer will want 
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to pay. Your responsibility, then, is 
to place the loudspeakers so that you 
will get the most even distribution of 
sound with the least sound interfer¬ 
ence. 

If the customer is willing to have 
the auditorium or hall treated acous¬ 
tically, you should have the work 
done by someone who is familiar with 
the materials used for that purpose. 
Call in an engineer or a representa¬ 
tive of a company manufacturing 
sound-absorbing materials for consul¬ 
tation. Do not try to do the job your¬ 
self unless you have had considerable 
experience in this type of work. 

In making a PA installation in a 
large auditorium or hall, always make 
spot checks throughout the seating 
area to be sure there are no severe 
dead spots. Likewise, if reverberation 
is high and intelligibility is seriously 
affected, place the loudspeakers so 
that the sound is directed toward 
areas where reflections do not occur 
or where reflections cannot seriously 
affect the over-all intelligibility. 

For example, you can place direc¬ 
tional loudspeakers over the stage. 
This will sometimes help to deaden a 
hall with a high reverberation factor. 
To reduce wall and ceiling reflections, 
tilt the speakers forward so that the 
sound is directed down over the heads 
of the audience. People filling the 
hall will reduce floor reflections. 

In small halls, reverberation does 
not build up to as high a level, and 
the area is not large enough to de¬ 
velop serious focal points and dead 
spots. In treating a small hall, the 
sound-absorbing material is usually 
placed in the rear of the room. The 
front and side areas near the sound 

source are used as reflective surfaces; 
the sound energy reflected from the 
walls is used to improve the sound 
level at the rear of the room. Often 
the ceiling, if it is low, is allowed to 
remain a reflective surface and the 
walls at the side and rear are treated. 
The ceiling can be used to reflect the 
sound down over the audience all the 
way to the rear of the room. At the 
same time multiple reflections will not 
occur, and reverberation will not be 
objectionable. 

NOISE LEVELS 

Every location has a certain 
amount of background noise. Most of 
the time we do not notice it because 
it is a normal part of the location. 
Nevertheless, you must consider the 
noise level in planning a public ad¬ 
dress installation; it has an influence 
on the amount of amplifier power 
output needed to fill the area with 
sound. 
Sound levels of various common 

noises, and the noise levels found in 
typical places where PA systems may 
be used are shown in Fig. 4. The 
levels are given in terms of human 
ear response. The threshold of hearing 
is represented as the reference level 
of zero db, and the threshold of pain¬ 
ful sound is 130 db above this refer¬ 
ence level. 

Notice that the noise level in the 
average quiet home is about 35 db 
above the threshold of hearing. Since 
the average conversational level is 
about 60 db, no amplification is 
needed to overcome the noises in a 
home. Public address systems are 
needed only where the noise level is 
above that of the desired sound. The 
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average sound level for speech should 
be maintained at least 10 db above 
the surrounding noise level. This may 
not be practical in locations where 
the noise level is near the threshold of 
pain. Fortunately, such locations are 
not common. 

If musical programs are to be sent 
over the PA system, the sound should 
be from 15 to 25 db above the noise. 
A high-fidelity reproduction ot sym¬ 
phonic music should maintain an 
average of 35 db above noise level. 
You must measure or estimate the 

noise levels in order to determine the 
audio power requirements for a given 
installation. Sound measuring instru¬ 
ments are expensive, and the meas¬ 
urement techniques become very tedi¬ 
ous. The tests must, of course, be 
made when conditions and crowds are 
the same as they will be when the 
public address system is in operation. 

For most PA installations, you can 
get reasonably satisfactory results by 
estimating the noise level from a chart 
like that shown in Fig. 4. Other types 
of charts are also available from 
manufacturers of public address 
equipment (especially those that 
manufacture public address loud¬ 
speakers). Often the manufacturer’s 
charts recommend specific speaker 
types best suited for particular noise 
conditions. 
Let us see how you would use the 

chart in Fig. 4. Suppose you want to 
install a PA system in a ballroom. 
The chart shows that the average 
noise level is 80 db. Thus. 90 db of 
audio power should be used for 
speech, and 95 to 105 db should be 
used for music reproduction. (Re¬ 
member, this is the acoustic power 

Type of Sound Source DR Level 
Threshold of painful sound 130 
Hammer blows on steel 120 
Riveting machine 100 
Factory (very noisy) 90 
Machine Shop (average) 90 
Heavy street traffic 85 
Printing Press 80 
Rall Rooms 80 
Restaurant (noisy) 80 
Factory (average) 75 
R.R. waiting room 75 
Auditorium (average) 75 
Office (busy) 65 
Department store (average) 65 
Auditorium (quiet) 65 
Ordinary conversation 60 
Quiet residential street 60 
Restaurant (average) 60 
Store (quiet) 60 
Office (quiet) 60 
Hotel lobby 55 
Hospitals 55 
Average quiet residence 35 
Quiet garden 25 
Average whisper 20 
Rustle of leaves in 
gentle breeze 10 

Threshold of hearing 0 

FIG. 4. These are the levels in db above 
the threshold of hearing of various com¬ 
mon sounds and noises. The figures have 

been compiled from several sources. 

needed—not the amplifier output 
power. You use this figure to calcu¬ 
late the amplifier power in watts.) 
Of course, this is only a rough esti¬ 
mate; the actual noise level will de¬ 
pend on the location. 
The power required also depends 

on the room acoustics. If it is a very 
live room, the sound will be dispensed 
to all sections of the room, so less out¬ 
put is needed to fill the room with 
sound. A dead room which is highly 
absorbent and has a low reverbera¬ 
tion factor requires a greater power 
output to obtain full coverage. How¬ 
ever, keep in mind that too much 
liveness or a high reverberation fac¬ 
tor affects the intelligibility of the 
audio information. 



ACOUSTICAL POWER 

Before we can figure out how much 
electrical power we need for a par¬ 
ticular location, we must find out 
how much acoustical power is needed; 
that is, how much power the loud¬ 
speaker needs to give out. Then we 
can figure out how much power needs 
to be delivered to the speaker for it 
to give this output. 
The acoustical power needed in a 

particular indoor application depends 
not only on the noise level, but also 
on the size of the room. Typical 
acoustical wattages for various noise 
levels and room sizes are shown in 
the chart of Fig. 5. Notice that the 
chart is divided into two parts—one 
for speech only, and another for both 
speech and music. We have shown 
only some noise levels. You can fill 
in the lower and higher noise levels 
by dividing or multiplying the acous¬ 
tic powers by 10 for each 10-db de¬ 
crease or increase in noise. 

To use the chart, first find the area 
of the room in square feet by multi¬ 

plying the length by the width. Then 
find the approximate height from the 
floor to the ceiling. From the chart, 
find the noise level that is average for 
the particular location. With this in¬ 
formation, you can find the acoustic 
power you will need. 
Now, you want to know the watt¬ 

age rating the amplifier should have 
to produce the required acoustic 
power. Before you can convert acous¬ 
tic power into electrical power, you 
must know the efficiencies of the loud¬ 
speakers you intend to use. Cone 
loudspeakers are usually considered 
to be 2% efficient when installed in 
baffles, and 5% in projectors. Large 
horn loudspeakers have efficiencies up 
to 30 or 40%. By dividing the acous¬ 
tic power in watts by the speaker 
efficiency expressed as a decimal, you 
will find the electrical power needed. 

For example, let us find the sug¬ 
gested acoustical power for a noise 
level of 80 db for a room area of 2000 
to 5000 sq ft. The ceiling height is 
about 15 ft. As shown in Fig. 5, to 
cover this area with speech and music 

Courtesy John F. Rider 

Noise Level Area (sq, ft.) Area (sq.ft.) Area (sq.ft.) Area (sq.ft.) Area (sq.ft.) 
(db) 500-2000 2000-5000 5000-10,000 10,000-30,000 30,000-70,000 
Above Assumed Room Assumed Room Assumed Room Assumed Room Assumed Room 

Threshold Height (ft.) Height (ft.) Height (ft.) Height (ft.) Height (ft.) 
of Hearing 10-15 15-20 20-25 25-35 35-50 

SPEECH ONLY 

70 0.001-0.004 0.004-0.010 0.010-0.019 0.019-0.056 0.056-0.126 
80 0.012-0.044 0.014-0.100 0.100-0.199 0.199-0.562 0.562-1.26 
90 0.126-0.447 0.447-1.0 1.0-1.99 1.99-5.62 5.62-12.6 
100 1.26-4.47 4.47-10.0 10.0-19.9 19.9-56.2 

SPEECH AND MUSIC 

70 0.039-0.141 0.141-0.316 0.316-0.631 0.631-1.78 1.78-3.98 
80 0.398-1.41 1.41-3.16 3.16-6.31 6.31-17.8 17.8-39.8 
90 3.98-14.1 14.1-31.6 31.6-63.1 

FIG. 5. Minimum acoustic power required to override noise for normal PA require¬ 
ments for sound reproduction in indoor coverage areas indicated. Areas are in 

square feet. 
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Noise 
Level 10-30 ft. 30-75 ft. 75-150 ft. 150-300 ft. 300-500 ft. 500-1000 ft. (db) 
70 0.002-0.017 0.017-0.112 0.112-0.501 0.501-1.78 1.78-5.01 5.01 20.0 
80 0.020-0.178 0.178-1.12 1.12-5.01 5.01-17.8 17.8-50.1 
90 0.200-1.78 1.78-11.2 11.2-50.1 
100 2.0-17.8 17.8-112 

Courtesy John F. Rider 

FIG. 6. Minimum acoustic power required to override noise for reproduction of speech 
outdoors for coverage of indicated distance in feet. A coverage angle of 30° is 

assumed. More power is required if larger angles of coverage are used. 

requires an acoustical power some¬ 
where between 1.5 and 3 watts. Let 
us assume that the recommended 
acoustical power is approximately 2 
watts. If the speaker efficiency is 5%, 
the amplifier output wattage would 
have to be 40 watts (2 watts .05 = 
40 watts). 

As you can see, a considerable am¬ 
plifier output is required to obtain a 
rather low acoustical wattage. Of 
course, if you use a more efficient 
loudspeaker, the amplifier wattage 
rating can be less. 
In outdoor public address work, 

there is no reverberation problem, but 
there is the problem of the very rapid 
attenuation of sound. Since there are 
no walls to reflect energy back to the 
audience area, sound power decreases 
rapidly (6 db for each doubling of the 
distance between loudspeaker and lis¬ 
teners). As a result, horn loudspeak¬ 
ers because of their higher efficiency 
are preferable for most outdoor in¬ 
stallations. In general, they are more 
rugged than the conventional cone 
speakers. Likewise, the horns can be 
shaped to give the necessary coverage 
angles to make the most efficient use 
of the audio power by directing it 
specifically into the listening area 
only. Often a group of narrow-angle 

horns are used to give effective cover¬ 
age of a wide area and overcome high 
noise levels better. 
As shown in the chart in Fig. 6, 

the acoustic power needed outdoors 
is far higher than that needed indoors. 
Notice that the chart is for a cover¬ 
age angle of 30 degrees. The power 
must be higher if a wider coverage 
angle is required. Compute the ampli¬ 
fier wattage rating in the same way 
as described for the indoor installa¬ 
tion. 

PLACING LOUDSPEAKERS 

After you have found the power 
output requirements of the amplifier, 
the next step is to place the loud¬ 
speaker or loudspeakers to get the 
best coverage of the area to be filled 
with sound. Cone speakers are avail¬ 
able with power-handling capacities 
from as low as 1 watt to about 40 
watts. If the required power level is 
so high that it cannot be hanoled by 
one speaker, you will have to use sev¬ 
eral to divide the power load prop¬ 
erly. Often a given area can be cov¬ 
ered more efficiently with two low-
wattage speakers than with a single 
high-wattage speaker. This technique 
is also effective in eliminating acous-



tical dead spots and focal points in a 
large hall or auditorium. 

In very large installations, most of 
the power load is handled by several 
large speakers. Smaller speakers can 
be used to cover particular dead spots 
or small areas off the main audito¬ 
rium. Multiple speaker installations 
also are used in hotels, hospitals, fac¬ 
tories, and other locations where more 
than one area must be covered. In 
this type of installation, the sizes of 
the loudspeakers will depend on the 

back radiation. 
Directional and baffle-mounted 

speakers must be positioned carefully 
to provide the best coverage. Usually 
these speakers have a wide coverage 
angle at low audio frequencies, but a 
narrower coverage for the middle and 
high-frequency ranges. Place the 
speakers so that the middle and high-
frequency response is as uniform as 
possible over the area to be covered. 
Generally, two loudspeakers, one 
above the stage, to the right and one 

FIG. 7. Connecting loudspeakers in 
phase. A. parallel connection; B, series 
connection; C, finding polarity of 

speaker. 

area sizes. For example, in a hotel 
installation, a group of high-powered 
speakers can be used in the ballroom 
and lobby, and individual smaller 
speakers in each guest room. 
When the loudspeakers are in¬ 

stalled in the same room in which the 
performance is occurring, you should 
put the loudspeakers somewhere near 
the source of sound so that the audi¬ 
ence will have the feeling that the 
sound is coming from the source. Gen¬ 
erally, the loudspeakers are placed 
slightly ahead of the microphones to 
minimize acoustical feedback howl 
between the microphones and the 
loudspeakers. A speaker that is baffled 
or mounted as a directional horn is 
more effective in minimizing feed¬ 
back, because it is completely en¬ 
closed, and has very little side and 

to the left, directed downward toward 
the audience are better than a single 
speaker. If there are loudspeakers 
along the side walls, they should 
never be more than 40 feet apart to 
prevent echo effect. 

LOUDSPEAKER PHASING 

When more than one loudspeaker is 
used in a PA installation, the voice 
coils must be connected so that the 
loudspeakers operate in phase. One 
method of checking the phase is by 
listening. With one person in the cen¬ 
ter of the audience area, a second 
person reverses the leads to one pair 
of speaker terminals. When the speak¬ 
ers are connected out of phase, there 
will be a cancellation effect in the 
audience area; sound reinforcement 
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will result when they are in phase. 
When the loudspeakers are identi¬ 

cal and made by the same manufac¬ 
turer, you can usually assume that 
the connections from the voice coil to 
the terminals on the loudspeaker are 
the same on each speaker. Thus, you 
can connect similar terminals together 
when the loudspeakers are in parallel, 
as shown in Fig. 7A. An in-phase 
series connection is shown in Fig. 7B. 

When the speakers are not identi¬ 
cal, you can use a listening check or 
you can use a 1.5-volt dry cell battery 
to check the motion of the cone, as 
shown in Fig. 7C. Mark the speaker 
terminals according to which way the 
cone moves. It is customary to mark 
the speaker terminal “plus” that 
causes a forward motion of the 
speaker cone when the positive ter¬ 
minal of the battery is connected to 
it. Once the markings have been made 
on the speaker terminals, they can be 
used time and time again with the 
certainty that all loudspeakers will be 
phased correctly. 

PLACING MICROPHONES 

The position of the microphone 
with respect to the loudspeakers, per¬ 
formers, and audience is important in 
all PA installations. If only voice is 
being picked up, it is common prac¬ 
tice to place the microphone directly 
in front of the person who is speak¬ 
ing. If it can be done tactfully, people 
should be told to speak over the mi¬ 
crophones instead of into them. Like¬ 
wise, it is not advisable to speak too 
close to high-quality microphones, 
such as expensive dynamic and ve¬ 
locity ones. 

Close-speaking microphones should 
be used in noisy locations and the 
speaker should not be permitted to 
wander too far away from the micro¬ 
phone. Directional microphones are 
also used in noisy locations, because 
they can be designed to have mini¬ 
mum pickup from a noisy audience or 
machinery. 

Stage and orchestral pickups gener¬ 
ally require anywhere from one to 
four microphones. The microphones 
can be placed near the footlights of 
the stage or suspended above the 
stage. Suspended microphones are not 
as subject to vibrations and stray 
noise pickup as those on the stage. 
So if there is anything to cause vibra¬ 
tions, such as an organ or percussion 
instruments, a suspended microphone 
is definitely superior. 

The suspended microphone also re¬ 
moves the hazards of tripping over 
microphone cords or knocking over 
microphone stands. It must be empha¬ 
sized that all microphone and loud¬ 
speaker lines as well as ac lines should 
be sheltered as much as possible to 
prevent interruption, damage to 
equipment, or injury to someone. 

Some typical examples of good mi¬ 
crophone placement are shown in Fig 
8. In Fig. 8A a microphone having a 
bi-directional, figure-eight pattern is 
used to pick up equal sound from two 
pianos. In Fig. 8B, a single micro¬ 
phone is used and instruments are 
placed so that the weaker string in¬ 
struments are nearest the micro¬ 
phone. Next are the intermediate, and 
finally the bass strings. 
Typical placement for a small 

dance orchestra is shown in Fig. 8C. 
Here individual microphones are used 
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FIG. 8. Practical microphone placements 
for picking up (A) a 2-piano team, (B) 
a small salon orchestra, and (C) a dance 

orchestra. 

for the brass, woodwind, and string 
and percussion instruments. The main 

advantage of a multiple-microphone 
installation is that the level of each 
microphone channel can be adjusted 
to obtain proper musical balance. 

One factor that should always be 
considered is the proper balance be¬ 
tween voice and instrumental accom¬ 
paniment. If one microphone is used, 
the singer’s voice may be almost hid¬ 
den by the orchestra. The best method 
is to use separate microphones for the 
singer and the musical accompani¬ 
ment, and adjust the gain as neces¬ 
sary. 

Remember that installing a system 
and operating it properly are two dif¬ 
ferent things. No matter how well a 
system is planned and installed, the 
customer will not get best results un¬ 
less it is operated correctly. Unfortu¬ 
nately the microphone levels cannot 
be adjusted, in most cases, from the 
back-stage operating position of the 
public address amplifier. Adjustments 
should be pre-set during rehearsal or, 
if they must be set during the pro¬ 
gram, you should have someone out 
in the audience to help you establish 
the correct levels. If you are not to 
operate the system, you must instruct 
some responsible person as to its op¬ 
eration. 
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Commercial 
Public address amplifiers range in 

size from about 8 watts to over 50 
watts. The basic circuits are the same 
regardless of the power, but the sizes 
and ratings of the parts vary accord¬ 
ing to the power requirements. 

There are also differences in some 
of the amplifier circuits to meet the 
needs of different installations and 
the components to be used with the 
amplifier. For example, the amplifier 

PA Systems 
LOW-POWER PA AMPLIFIERS 

Low-power PA amplifiers have out¬ 
put wattage ratings of between 8 and 
15 watts, and are provided with at 
least one microphone and one phono¬ 
graph input. A typical portable 15-
watt system is shown in Fig. 9. The 
amplifier, phonograph, microphone, 
and two loudspeakers are enclosed in 
a carrying case so that they can be 

Courtesy Lafayette Radio 

FIG. 9. A 15-wall PA system. 

may have three or more microphone 
inputs and one or two inputs for 
phonographs, tape heads, or tuners. 
The amplifiers usually contain tone 
controls, and some have provisions to 
regulate the amount of acoustic feed¬ 
back. We will discuss some typical 
amplifier circuits in this section be¬ 
ginning with the low power units used 
in portable and semi-permanent PA 
systems ; then we will take up medium¬ 
power installations; and, finally, high-
power installations. 

moved easily from one place to an¬ 
other. If the system in Fig. 9 is used 
for a semi-permanent installation, the 
speakers and transmission lines are 
mounted permanently; the amplifier 
and microphone can be brought in and 
connected when they are needed. 

A schematic diagram of this ampli¬ 
fier is shown in Fig. 10. Notice that 
the microphone preamplifier and pho¬ 
nograph input circuits are similar to 
those described in an earlier lesson. 
The output of the microphone ampli-
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FIG. 10. Schematic diagram of Lafayette 15-watt amplifier. 

fier is coupled through a microphone 
gain control to the grid of the phase 
inverter stage. The phono signal is 
also introduced to this same grid 
through its own gain-control poten¬ 
tiometer. Resistor RI isolates the two 
signal inputs to minimize interaction 
between mike and phono controls. 

The plate circuit of tube VT2 sup¬ 
plies signal to the grid of the output 
tube VT4. A low-amplitude version 
of the same signal is applied through 
a voltage divider arrangement con¬ 
sisting of resistors R2 and R3 to the 
grid of VT3. A signal equal in ampli¬ 
tude but opposite in polarity to that 
on the plate of VT2 is developed by 
the lower triode and is applied to the 
grid of VT5. The output tubes are 
beam-power pentodes that provide the 
power sensitivity necessary to develop 
a high power output with the mini¬ 
mum of grid signal drive. The stage 

is operated class A push-pull, and 
therefore, self-bias can be developed 
in its cathode circuit. 

A universal output transformer is 
provided so that the amplifier can be 
made to match various speaker im¬ 
pedances or audio lines. Dual output 
receptacles are included so that both 
speakers or only one speaker can be 
plugged in quickly in setting up the 
system. The hot side of the recep¬ 
tacles must be connected to the cor¬ 
rect tap on the universal output trans¬ 
former according to the impedance of 
the speaker system to be driven. 

A tone control is also connected in 
the plate circuit of tube VT2. It is 
the simple series capacitor and po¬ 
tentiometer combination of the type 
found in some radio and TV sets. 
The phase inverter and output 

stages in higher power amplifiers are 
essentially the same as shown in Fig. 
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10, except higher powered output 
tubes, such as types 6L6, 5881, 807, 
1614, etc. are used instead of the 
6V6. The power supply, output trans¬ 
former, and circuit parts, of course, 
must be physically larger to handle 
the power. Since the output stages are 
similar, we will not include them in 
each diagram; we will show the out¬ 
put circuit only when it is consider¬ 
ably different from that in Fig. 10. 

high-impedance input and a triode 
amplifier to feed a separate gain con¬ 
trol that links to the input of a second 
audio amplifier tube. The outputs of 
this second pair are connected in par¬ 
allel and supply signal to a phase 
inverter. A tone control is located in 
the grid circuit of the phase inverter. 

The second microphone channel in¬ 
cludes a single-pole double-throw 
switch arrangement that converts this 

Courtesy Allied Radio 

FIG. 11. Input circuit of a 30-watt 
amplifier. 

MEDIUM-POWER AMPLIFIERS 

A medium power amplifier is 
needed for sound coverage of an audi¬ 
torium seating from 300 to 1000 peo¬ 
ple. If the noise level is high, a me¬ 
dium-power system is best even for 
small crowds. Medium-powered in¬ 
stallations are generally semi-perma¬ 
nent or permanent. 

The input circuit of a 30-watt me¬ 
dium power amplifier is shown in Fig. 
11. Notice that it has two separate 
microphone channels. Each has a 

second stage input from a high to a 
low impedance. Consequently, a mag¬ 
netic pickup cartridge can be used to 
supply a phono signal into the second 
audio channel. The switch throws in 
the proper termination resistor for a 
magnetic cartridge. 
Two high-impedance phono jacks 

are also provided to supply phono 
signal through a gain control directly 
to the grid of the phase inverter stage. 
The phase inverter is the same basic 
type used in the previously discussed 
public address amplifier. 
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A more elaborate version of a me¬ 
dium-power amplifier is shown in Fig. 
12. This is the type that is more often 
used in permanent installations. 
The schematic diagram in Fig. 13 

shows that the amplifier contains four 
microphone channels. Each channel 
has its own triode amplifier and out¬ 
put gain control. The gain controls 
through separate isolating resistors 
supply signals to the grid of the sec¬ 
ond audio amplifier stage. Low-noise 

connections are shown in Fig. 14B. 
The microphone signals mix at the 

grid of tube VIA. Proper relative lev¬ 
els are set with the separate micro¬ 
phone gain controls. The output of 
the mixing stage is developed across 
resistor RI, and the signals are sup¬ 
plied to the next grid through a spe¬ 
cial tone control network. 
A separate phono input jack sup¬ 

plies signal through a phono gain con¬ 
trol to the grid of tube V1B. The am-

Courtesy David Boyen Co.. Inc. 
FIG. 12. Bogen 30-watt amplifier. 

triode tubes are used to get a good 
signal-to-noise ratio for each micro¬ 
phone input. Each microphone signal 
is amplified before it is applied to the 
mixing circuits. 

Either low impedance or high im¬ 
pedance microphones can be used with 
this amplifier as shown in Fig. 14A. 
When a high-impedance microphone 
is used, a shorting plug must be in¬ 
serted into the 9-pin socket. The plug 
shorts pins 8 and 9 so that the micro¬ 
phone signal is fed directly to the grid 
of the microphone preamplifier. When 
a low-impedance microphone is used, 
as in Fig. 14A, a special plug-in trans¬ 
former that matches the microphone 
to the high impedance input is inserted 
in the 9-pin socket. The transformer 

plified output signal across resistor 
R3 is coupled through an isolating re¬ 
sistor R4 to the tone control circuit. 
Resistor R2 and capacitor Cl act as a 
scratch filter. 

Remote control facilities are in¬ 
cluded. It is possible to operate the 
first microphone channel and either 
of the other channels by volume con¬ 
trols. These controls are connected to 
the amplifier by cables, which may 
be any length up to 2000 feet, plugged 
into the remote socket. 
The remote control (which is not 

shown here) is composed of two po¬ 
tentiometers which are used to vary 
the plate voltage on the preamplifier 
stages, and thus control the gain. One 
side of each potentiometer is grounded 
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by the connection to pin 1 of the re¬ 
mote socket in Fig. 13. Pin 6 is con¬ 
nected to the adjustable slider on one 
potentiometer. Thus, Channel 1 is 
connected to the circuit at all times 
during the remote operation. The ad¬ 
justable slider on the second poten¬ 
tiometer connects to pin 3 of the re¬ 
mote socket. By plugging the selector 

pin into the remote selector at the 
amplifier, any of the other channels 
can also be controlled from the re¬ 
mote location. 

Fig. 15 shows the tone control and 
anti-feedback circuits that follow the 
mixer stage in Fig. 13. The tone-
control network is similar to those 
used in high-fidelity amplifiers. The 
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MICROPHONE CONNECTIONS 

LOW IMPEDANCE MICROPhQNE 

NOTE FOR 200 OHMS MIC 
-- use TI55 

Courtesy David Bogen Co., Inc. 

FIG. 14. A, Low-impedance microphone 
connection for Bogen JX30, and B, 
impedance-matching transformer connec¬ 

tions. 

bass and treble can be adjusted sep¬ 
arately without interacting or disturb¬ 
ing the middle range gain. With both 
bass and treble tone controls set at 
the mid-position, the amplifier re¬ 
sponse is flat. 

The output of the tone control stage 

is developed across resistor R5, and 
is then supplied to the parallel grids 
of audio amplifier V2A and feedback 
tube V2B. The output of the ampli¬ 
fier is supplied to the following phase 
inverter stage, while the output of 
the feedback tube is fed back to the 
variable-frequency reject filter sec¬ 
tion. 

The filter, which is referred to as 
an “anti-feedback control,” can be 
switched in or out of the circuit. The 
control is used to eliminate the squeal 
and howl that often occurs because of 
acoustic feedback from the loudspeak¬ 
ers to the microphone. This feedback 
takes place in the range of frequen¬ 
cies from about 300 to 4000 cycles. 
The parts in the anti-feedback circuit 
are chosen to tune sharply and reject 
narrow bands of frequencies within 
this range. Since the circuit tunes 
sharply, it does not affect the flat 
characteristics of the amplifier except 
at the selected frequency to be re¬ 
jected. 

In use, the gain control of the se¬ 
lected channel is advanced until feed¬ 
back howl occurs. Then, the feedback 
control is rotated through its range 

Courtesy David Bogen Co., Inc. 
FIG. 15. Tone control and anti-feedback circuits for the Bogen JX30 amplifier. 
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FIG. 16. A typical loudspeaker set-up for a large indoor arena. 

slowly until the howl stops. The gain 
control may now be turned up to a 
point just short of further feedback. 
Thus, it is possible to get a greater 
audio power output from the system 
without squeals and howls from 
acoustic feedback. 

IIIGII-POWER AMPLIFIERS 

The high-power installation is used 
for covering large areas. A typical in¬ 
stallation for an indoor arena is shown 
in Fig. 16. The PA system is used for 
making announcements during sport¬ 
ing events and other special shows, 
and for providing musical interludes 

during intermission. In an installa¬ 
tion of this type, clarity of speech 
and power handling ability are gen¬ 
erally more important than fidelity. 
The fidelity should be as good as it is 
practical to make without sacrificing 
intelligible coverage. 

For covering such a large open area, 
the loudspeakers can be suspended 
over and directed toward the audi¬ 
ence. All the listeners will be about 
the same distance away from the 
loudspeakers, and the sound coverage 
will be uniform. The suspended 
mounting method also helps to mini¬ 
mize the acoustical problems of dead 
spots. 
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HG. 17. Power distribution system used to feed 8 loudspeakers from the outputs of 
4 amplifiers. Eight matching transformers are used. 

A typical installation of this type 
might require 200 watts of audio 
power to be divided among 8 reflex 
horn speakers. This would require a 
single 200-watt amplifier or four 50-
watt amplifiers as shown in Fig. 17. 
The amplifiers feed parallel signals 
into an audio line, which distributes 
the sound to the eight speakers. To 
obtain suitable match and permit the 
use of long audio lines, a separate 
transformer is used with each speaker. 
A typical high-power public ad¬ 

dress amplifier is shown in Fig. 18. 
The input circuits, which consist of 
two microphone inputs and one phono 
input, are similar to those shown in 
previous diagrams, so they are not 

included here. The bass and treble 
tone controls, however, are shown be¬ 
tween the second audio stage and the 
phase inverter. 
The balanced outputs from the 

phase inverter drive the grids of a 
push-pull cathode-output driver stage. 
The cathode-follower output provides 
low-impedance drive for the beam¬ 
power output stage. High-powered 807 
tubes are used to develop a full 50-
watt output. The secondaries of a uni¬ 
versal output transformer connect to 
a special impedance terminal strip. 
A lead from the speaker sockets is 
connected to the proper terminals on 
the strip to provide correct impedance 
match with whatever loudspeaker sys-
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tem or line is used. Notice that this 
amplifier can also be used in a 70-volt 
or a 140-volt constant-voltage system. 
When the estimated power output 

required for a particular PA installa¬ 
tion is in the hundreds of watts, there 
are several methods that you can use. 
You can connect two or more com¬ 
plete amplifiers, containing micro¬ 
phone input circuits, in parallel as 
shown in Fig. 17. Another method is to 
plug additional booster amplifiers into 
the receptacle at point A in Fig. 18. 
The booster amplifiers contain just 
the push-pull drivers and the push-
pull output stages shown in the sche¬ 
matic diagram. A third method is to 
use a mixer preamplifier to supply 
signal to all the high-powered booster 
amplifiers. The amplifier outputs can 
be connected in parallel to a single 
distribution line, or each booster can 
operate its own distribution line. 
Any of these methods can be used 

to increase the power of an existing 

PA system to take care of Suture ex¬ 
pansion. Thus, if the customer wants 
to increase the power from 50 to 100 
or 200 watts, he need not remove the 
present system and install ä com¬ 
pletely new one. You should mention 
this fact to those customers who want 
to start their public address system 
modestly. Of course, for a large arena 
or other large enclosure, full power 
must be provided to obtain complete 
coverage. In an installation of this 
type, never start with a low powered 
amplifier system. 
A typical mixer preamplifier is 

shown in Fig. 19. Notice that the 
microphone and phonograph inputs 
are similar to those shown in Fig. 13. 
The main difference between the two 
circuits is in the output circuit. 

The mixer preamplifier in Fig. 19 
can be purchased with either a high 
impedance or a low impedance output 
for making connections to the booster 
amplifiers. If the distance between the 

Courtesy David Dogen Co., Inc. 
FIG. 18. A 50-watt amplifier. 
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Courtesy David Bogen Co., Inc. 
FIG. 19. Schematic of a mixer preamplifier. 

Courtesy David Bogen Co., Inc. 

FIG. 20. A typical booster amplifier. 
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FIG. 21. Schematic dia¬ 
gram of school sound 
distribution system. 

Courtesy Allied Radio Corp. 
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Typical PA 
You have learned how to determine 

the power requirements of a PA in¬ 
stallation, and studied various sizes 
and types of commercial PA ampli¬ 
fiers. Here we will discuss examples 
of several typical PA installations to 
give you an idea of what each type 
requires. 

First, we will take up PA systems 
that can be used in industrial plants, 
hotels, and schools. Next, we will 
cover mobile PA systems that are in¬ 
stalled in a truck or car. The last 
type of installation we will discuss 
is the intercommunication (intercom) 
system. These systems are not actu¬ 
ally classed as public address; they 
are similar to a telephone hookup in 
that they are used between one per¬ 
son and another. 

SCHOOL SOUND SYSTEM 

A school communication system 
must be able to provide programs to 
all rooms or any chosen group of 
rooms in the school building. Often, 
the same system is used as a public 
address amplifier for the auditorium, 
gymnasium, or large lecture hall. 

A typical school system is shown in 
Fig. 21. The amplifier is shown in Fig. 
22. The unit shown can be used for in¬ 
tercommunications or supplying pro¬ 
grams for as many as 24 rooms. Forty-
eight-room systems are also available. 
When a lecture or other special pro¬ 
gram material is to be sent over the 
system, a good quality microphone 
can be attached to the microphone in¬ 
put terminal. This input supplies sig-

Installations 
nal directly to the grid of a micro¬ 
phone preamplifier shown in Fig. 21. 
With the selector switch set to the 
microphone position, the output of the 
microphone amplifier supplies signal 
through the volume control to the grid 
of the second audio stage. 

The signal is further amplified by 
a third triode audio amplifier and 
then passes on to a phase inverter 
which supplies balanced signals to the 
beam-power audio output stage. The 
secondary of the output transformer 
supplies signal through a switching 
arrangement and push-button output 
system. There are individual push¬ 
buttons for each classroom, and sepa¬ 
rate lines run from the amplifier to 
each of the loudspeakers. 

When the selector switch is set on 
the normal position, the school system 
can be used for paging purposes. A 
paging microphone-speaker unit is 
used, operating in conjunction with 
the listen-talk paging switch. All 
rooms can be paged simultaneously by 
setting the control toggle switch to 
“all calls.” Individual rooms or groups 
of rooms can be called by setting this 
switch to “selective” and depressing 
the appropriate push buttons. 

Courtesy Allied Radio Corp. 

FIG. 22. A school communications system. 
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preamplifier and the boosters is short, 
the mixer preamplifier can have a 
high impedance output, as shown be¬ 
tween points A and B in Fig. 19. 
However, if the transmission line is 
very long, the booster amplifiers 
should be driven from a low imped¬ 
ance output. This output circuit is 
shown between points B and C. 

The output of the mixer preampli¬ 
fier can be used to drive as many as 
ten separate booster amplifiers. The 
output meter (db meter) is used to 
make sure that there is a constant 
signal level on the distribution lines so 
that the booster amplifiers will be 
excited properly. 
The diagram of a typical booster 

amplifier that can be used with the 
mixer preamplifier unit is shown in 
Fig. 20. With the proper amount of 
audio signal fed to the booster input, 
the booster will develop 100 watts of 
output power. The input signal level 
required is about 5 volts. Notice that 

the booster amplifier can be fed from 
either a high-impedance or a low-
impedance source. 

As you can see from the schematic 
diagram in Fig. 20, the input signal 
is supplied directly to a phase in¬ 
verter stage. Its output is fed to the 
two dual-triode driver stages which 
are cathode-coupled to the grids of 
the push-pull 807 output tubes. The 
output transformer has taps for 
matching 200 ohms at 140 volts, 110 
ohms at 105 volts, or 50 ohms at 70 
volts constant-voltage audio lines. 
The output provides a constant volt¬ 
age across this impedance line for 
driving a multi-speaker distribution 
line that reflects the proper imped¬ 
ance back to the output transformer. 
The lower 6SN7GT tube acts as a 

voltage regulator for the screen grids 
of the output tubes. Thus, the plate 
dissipation of the output stage is held 
to a safe value regardless of the ap¬ 
plied signal levels. 
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To talk, the intercommunication 
switch is held on talk and the infor¬ 
mation is spoken into the microphone. 
To listen, the switch is released and 
held on listen. Talk-back information 
can then be heard from the classroom 
being paged. The permanent-magnet 
speaker in the classroom acts as a 
microphone and supplies signal to the 
grid of the second audio stage. The 
classrooms can reply to calls from the 
central office, but cannot originate 
calls. The system can be modified so 
that the classroom can originate calls, 
by running a second line to each room 
and installing a special switch. 

With the selector switch set on the 
phono position, a high-impedance 
cartridge can be connected to the 
phono input receptacle to supply a 
signal through the volume control to 
the grid of the second audio stage. 
The output from a radio tuner or tape 
recorder can be plugged into the 
auxiliary receptacle. 
A remote, low-impedance micro¬ 

phone should be connected to the in¬ 
put when the school system is used for 
public address work in the audi¬ 
torium. This microphone is linked 
through a cable and matching trans¬ 
former to the high impedance micro¬ 
phone input of the amplifier. Like¬ 
wise, a remote volume control can be 
attached through a remote control 
socket at the back of the amplifier. 
The remote volume control can be in¬ 
stalled in the auditorium, and used to 
regulate the volume whenever the am¬ 
plifier is used for public address work. 
Accessory matching transformers are 
available that connect to the output 
terminal strip of the amplifier, and 
permit driving a pair of 12-inch 

speakers which can be mounted on 
each side of the auditorium. 

These elaborate public address units 
can be used in public buildings, offices, 
and other places that have a number 
of rooms to be served. Probably the 
most difficult part of a job of this type 
is running the wires between the am¬ 
plifier location and the individual 
rooms. Remember, the electrical code 
in your locality may require that a 
licensed electrician do the actual in¬ 
stallation. If you are allowed to do the 
work yourself, run the wires over the 
shortest route that requires the least 
construction work, such as boring 
holes in the walls. Use multi-wire 
cable or run the wire through conduit. 

INDUSTRIAL SOUND SYSTEM 

In most areas of an industrial plant, 
the noise level is very high, perhaps 
from 70 to 85 db or more. The acous¬ 
tic power must be high enough to 
overcome this noise level. If the noise 
is higher, say about 100 db, it would 
be impractical to use a PA system at 
all ; the audio power would have to be 
near the threshold of pain to over¬ 
come the noise. 

The sound power needed in one part 
of the plant may not be the same as 
that in another. You will want high-
powered loudspeakers in the produc¬ 
tion area, but low-powered speakers in 
the offices. All the power requirements 
must be considered in planning the 
installation. 

An example of a factory installation 
is shown in Fig. 23. We will assume 
that the average noise level is from 
70 to 85 db. By multiplying the length 
of the room (300 feet) by the width 
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(125 feet), we find that the area is 
37,500 square feet. This installation 
will probably be used for speech only. 
The chart in Fig. 5 shows that the 
acoustic power needed for a noise 
level of 90 db is about 7 watts. (We 
used 90 db rather than 80 db to make 
sure the sound would be above the 
noise level.) If we use loudspeakers 
that have an efficiency of about 5 per 
cent, the amplifier must have a mini¬ 
mum wattage rating of 140 watts (7 
watts divided by .05 = 140 watts). 
Of course, there will be some power 

loss in the transmission lines, and 
aging parts will cause the amplifier 
output to decrease over a period of 
time. Thus, to have some reserve 
power, it would be best to use 200 
watts of output power. The compo¬ 
nents needed for the job, therefore, 
are two 100-watt or four 50-watt 
booster amplifiers and eight 25-watt 
loudspeakers. 
After you have determined the 

power requirements, look over the lo¬ 
cation and decide where the loud¬ 
speakers can be placed to give the 

FIG. 24. Block diagram of a factory PA installation. 
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typical hotel PA installation. FIG. 25. Block diagram of a 

best sound coverage. In Fig. 23 there 
are two production areas, one on each 
side. The eight 25-watt loudspeakers 
should be placed down the center of 
the room, properly hung from a sup¬ 
porting beam in the ceiling. 

Other factory installations may not 
be as simple as the one shown in this 
diagram. The loudspeakers may have 
to be quite far from each other, and 
connected by a high-impedance trans¬ 
mission line. Fig. 24 shows an installa¬ 
tion where a mixer preamplifier is 
used to feed separate booster ampli¬ 
fiers in separate buildings or parts of 
the factory. Each loudspeaker has its 
own impedance-matching transformer. 
Therefore, the power can be divided 
according to the needs at the loud¬ 
speaker location. 

HOTEI. SOUND SYSTEM 

The sound systems used in hotel 
dining rooms and ballrooms are basi¬ 
cally the same as those used in a fac¬ 
tory installation, except that they 

must carry music as well as speech 
Therefore, the quality of the micro¬ 
phones, amplifiers, and loudspeakers 
should be better than the components 
used in a factory sound system. 
Another type of hotel PA system 

is one in which there is a small loud¬ 
speaker in each guest room instead of 
a radio, and all of them are fed from 
tuners and amplifiers in the office or 
some other part of the building. A 
block diagram of such a system cap¬ 
able of supplying four separate radio 
programs is shown in Fig. 25. Usually 
each tuner is adjusted to receive one 
local radio channel, and its tuning re¬ 
mains fixed. The extra tuner and am¬ 
plifier are for emergency use. If one 
of the tuners or amplifiers fails, there 
is another to take its place. Also, a 
microphone can be plugged into the 
amplifiers for making special an¬ 
nouncements. 

The outputs of the amplifiers are 
fed along separate lines to each room. 
Each room contains a loudspeaker, a 
program selector, and a volume con-
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trol. Thus, the programs as well as 
the volume can be adjusted at the 
loudspeaker location. 

The amplifier output rating depends 
on the number of rooms to be supplied 
with signal. Usually 1 watt per room 
is enough. Thus, a 90-room hotel 
would require an amplifier with a 90-
watt output. To allow for amplifier 
aging and line loss, a 100-watt ampli¬ 
fier would be considered adequate in 
this case. One such amplifier is needed 
for each tuner. Likewise, a separate 
group of amplifiers is needed for each 
group of 90 rooms to be supplied with 
signals. It would also be possible to 
use a booster amplifier arrangement 
as discussed previously for supplying 
signals to the hundreds of rooms of a 
large hotel. 
An important problem for any 

multiple-outlet system of this type is 
proper impedance matching to the dis¬ 
tribution line. If the loudspeaker im¬ 
pedances are matched, the audio 
levels and frequency power will re¬ 
main constant throughout the system 
regardless of the number of speakers 
that are operating on the same chan¬ 
nel. To do this a selector arrangement 
must be used that reflects a constant 
load on each channel. Such a switch¬ 
ing arrangement must connect a load 
resistor across each channel whenever 
the loudspeaker is disconnected, to 
keep each channel fully loaded at all 
times. 

A typical arrangement for one room 
is shown in Fig. 26. Notice first that 
a constant impedance volume control 
is provided for the loudspeaker. As 
the guest regulates the gain control, 
the load placed on the distribution 
line remains constant. 

Resistors RI, R2, R3, and R4 load 
the distribution lines that are not 
being used. With the selector set as 
shown, the loudspeaker is reproducing 
the audio program present on line A. 
Resistors R2, R3, and R4 present the 
proper load to each of the other pro¬ 
gram lines B, C, and D. If program 
line B is chosen by the guest, the 
selector switch supplies signal to the 
output transformer from line B. At 
the same time the selector switch 
throws in the terminating resistors RI, 
R3, and R4 to terminate each of the 
other program lines properly. As 
shown in the diagram, the ground re¬ 
turn for the system is through the 
shield surrounding the cable. 
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FIG. 27. Suggested arrangement of equipment in a sound truck. 

MOBILE SOUND SYSTEMS 

There are many specialized sound 
services that you can give if you de¬ 
cide to go into large scale sound work. 
In addition to renting and installing 
sound equipment, you will probably 
find it profitable to have either a 
sound truck or a portable mobile sys¬ 
tem that you can install in your car 
or station wagon. 
If you own a radio shop and al¬ 

ready have a delivery truck, you may 
be able to convert it into a sound 
truck and still have enough room in 

it for deliveries. An example of a 
mobile installation in a light or me¬ 
dium panel truck is shown in Fig. 27. 
Notice that the loudspeakers arc 
mounted on the roof, and the ampli¬ 
fier, microphone, and other equipment 
are placed on shelves in back of the 
cab. 
If you use a passenger car for 

mobile sound service, you can mount 
a platform on the roof, similar to a 
luggage carrier, and attach the loud¬ 
speakers on it. The record player and 
microphone can be located inside the 
car; the amplifier itself can be 
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mounted in the trunk of the car. 
The size and complexity of the sys¬ 

tem depends on the amount of power 
output desired. Even the small port¬ 
able 8 or 12-watt ac-operated systems 
can be adapted for mobile service. 
Such a unit can be operated by one 
of the small vibrator converters now 
available. The converters produce HO 
volts ac from the 6-volt battery sup¬ 

volts ac for operating the public ad¬ 
dress equipment. AC generators are 
also available that can be attached 
directly to the fan belt. Thus, the car 
motor turns over the generator to pro¬ 
vide a suitable ac power source for the 
public address system. 
A typical dynamotor is shown in 

Fig. 28. It is capable of developing 
115 volts ac at 150 watts from a 

Courtesy Carter Motor Co. 

FIG. 28. Dynamotor power source for 
mobiilc PA system. 

ply at a continuous power rating of 
from 60 to 150 watts. The average 
8 to 12-watt ac-operated public ad¬ 
dress amplifier requires approximately 
60 to 100 watts of input power. 

Although it is not too common, the 
ac power for a high-powered mobile 
public address system can also be ob¬ 
tained from ac generators or dyna¬ 
motors. A dynamotor is a combination 
motor and generator. The motor sec¬ 
tion is driven by power from the 6 or 
12-volt battery. The motor turns over 
the generator, which develops the 110 

6-volt de source. Notice the receptacle 
on the dynamotor for plugging in 110-
volt ac-powcred equipment. 

The storage batteries used to supply 
power to the mobile PA system must 
be in good condition to withstand the 
severe power drain of the public ad¬ 
dress amplifier. The battery should be 
checked frequently and kept in the 
best operating condition. Remember 
that the battery cannot withstand a 
severe current drain over a long 
period of time. Even the lowest 
powered public address amplifier can 
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Courtesy S tro mb er g-Carlson 

FIG. 29. An 8-watt mobile PA system. 

drain a battery rather quickly if the 
battery is not kept under charge. Be¬ 
cause of the heavy drain, another 
battery can be connected in parallel 
with the truck or car battery. Also, 
a heavy duty generator should be in¬ 
stalled in place of the original one. 
This makes sure that the battery gets 
a proper charge when the PA equip¬ 
ment is operating. 

A small unit designed specifically 
for mobile operation, and completely 
self-contained, is the Stromberg Carl¬ 
son model shown in Fig. 29. Notice 
that a push-to-talk microphone and a 
small reflex horn can be used with the 
amplifier. The schematic diagram in 
Fig. 30 shows that units are available 
for 6-volt or 12-volt battery opera¬ 
tion. For 6-volt operation, the fila¬ 
ments are connected in parallel. They 
are connected in series-parallel if 12 
volts is used. Of course, different vi¬ 
brators, power transformers, and 
buffer capacitors (part C-ll) are 
needed for the two voltage values. 

The amplifier has a self-contained 
vibrator power supply. A single triode 
input stage amplifies the microphone 
signal, and applies it through a gain 
control to the grid of the phase in¬ 
verter. Phono signal through isolating 

STROMBERG CARLSON MODELS AM-48 AND AM-49 MOBILE AMPLIFIERS 
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resistor R14 is also applied to this 
grid. The phase inverter applies 
balanced signals to the pentode push-
pull output stage. The output trans¬ 
former is capable of matching 4, 8, 
and 16-ohm load impedances. 
A single-conductor lead containing 

the fuse holder and fuse is wired to 
the amplifier. This lead must be con¬ 
nected to the ungrounded side of the 
battery. If more lead is needed to 
reach the battery, No. 10 or larger in¬ 
sulated wire should be used and 

and heard in the audio output of the 
amplifier. Be sure that sparte plug and 
distributor suppressors and generator 
bypass capacitors are installed on the 
motor. Remember too that the proper 
voltage must be applied to the phono¬ 
graph motor. Motors are available 
that operate from 6 to 12 volts de. 
A second choice is to use a regular 
110-volt phono motor, and operate it 
through a suitable vibrator-converter. 
Medium-power mobile systems up 

to 20 or 30 watts are also available. 

FIG. 32. Diagram of a heavy-duty vi¬ 
brator used in medium-powered mobile 

PA amplifiers. 

routed over the shortest possible dis¬ 
tance to the battery. Always keep in 
mind that in low voltage and mod¬ 
erate power circuits, the loss due to 
the resistance of the power line can 
be serious. Thus, wire size must be 
chosen so that there is a low resistance 
and a high current-carrying ability. 
Of course, resistive losses can be held 
down by keeping the power leads to 
the battery as short as possible. This 
unit is designed with a special mount¬ 
ing bracket and snap clips so that it 
can be fastened securely to the flat 
surface of the bulk head or dash 
board. 

In all mobile installations, ignition 
noises should be held to a minimum. 
If there is severe interference in the 
ignition system, it may be amplified 

A typical 20-watt mobile amplifier 
that can be used for 6-volt de as well 
as 110-volt ac operation is shown 
schematically in Fig. 31. The ampli¬ 
fier is changed from ac to de simply 
by changing power cables, separate 
cables for ac and de operation are 
furnished. 

The input and output amplifier cir¬ 
cuits are similar to those found in the 
PA amplifiers discussed in an earlier 
section. Therefore, we will concen¬ 
trate on the power supply. 

With the de cable plugged into the 
receptacle, power is supplied to a 
heavy duty vibrator which vibrates at 
a frequency of 60 cps. A diagram of 
the vibrator used in this amplifier is 
shown in Fig. 32. The vibrator assem¬ 
bly is enclosed in a single container, 
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and the electrical connections are 
made through two 6-pin plugs. The 
vibrator changes the 6-volt de supply 
to 60-cycle ac, which is supplied to 
the transformer primary L2. The 
transformer action produces high 
voltage for the rectifier circuit across 
winding L4, and 110-volts ac to oper¬ 
ate the phonograph motor from wind¬ 
ing LI. 

this type contain a standby switch to 
turn off the vibrator supply. The fila¬ 
ments remain lit during these periods. 
Switch M8 is the standby switch in 
Fig. 31. 

The vibrator supply can be turned 
off at a remote location by connecting 
a long two-wire cable containing a 
switch on one end and a plug on the 
other to fit the standby socket. The 

SPEAKER 

SLAVE 
SPEAKER 

MICROPHONE 

TO OTHER 
SLAVE UNITS 

FIG. 33. Basic intercommunication sys¬ 
tems. A, wireless; B, direct wire. 

When the ac cable is plugged into 
the receptacle, the electrical connec¬ 
tions to the vibrator are broken, and 
the 110 volts ac is applied to winding 
LI. Again there is 60-cycle ac across 
windings L2, L3, and L4. Notice that 
the filament voltage for the tubes is 
taken off the lower part of winding 
L2. The filaments operate from the 6-
volt de supply when the de cable is 
plugged into the receptacle. 

When the amplifier is operated from 
the 6-volt battery supply, the system 
should be turned on only during the 
time that it is actually in use, to con¬ 
serve the battery. Most amplifiers of 

standby switch M8, of course, should 
be closed when the remote switch is 
used. 

Most of the mobile assignments you 
will get will be to canvass a specific 
area with a special announcement. 
The work will generally have to deal 
with politics, charity drives, or some 
other special event. In some areas, 
you cannot make public announce¬ 
ments of this type unless you get 
special permission to do so. There¬ 
fore, find out if you will need a spe¬ 
cial permit or license before you ac¬ 
cept a job of this type in your com¬ 
munity. 
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INTERCOMMUNICATION 
SYSTEMS 

All the PA systems you have stud¬ 
ied so far have been designed pri¬ 
marily to communicate with large 
groups of people. The intercommuni¬ 
cation, or intercom system is usually 
a person-to-person communicator 
similar to an amplified telephone 
system. 

Intercom systems can be useful in 
almost any large or small business, 

The diagrams in Fig. 33 show the 
two basic intercommunication sys¬ 
tems—wireless and direct wire. The 
direct-wire type uses audio line be¬ 
tween units, and all signal frequencies 
are in the audio range. For the wire¬ 
less type, the sound first modulates an 
oscillator. This signal goes out at a 
radio frequency over the power line to 
the receiving unit. At the receiver, the 
rf signal is detected and the audio 
output is amplified to operate a loud¬ 
speaker. 

Courtesy David Bogen Co., Inc. 

FIG. 34. Wireless intercom system. 

office, dwelling, farm, or estate. For 
example, an intercom is helpful in 
restaurants or other locations where 
frequent verbal instructions must be 
given above a high noise level. By 
using an intercom, an executive can 
contact various departments through¬ 
out the office or plant without having 
to wait or burden telephone connec¬ 
tions. In large and small dwellings, an 
intercom is useful in communicating 
between rooms or floors, or between 
the dwelling and the garage. 

Intercommunication equipment, of 
course, can be obtained to meet the 
needs of almost any installation. In 
many cases, the intercom is easier to 
install than a regular PA system. 
Therefore, you should not overlook 
the sales and installation possibilities 
of these simple devices. 

In either system, the sound is 
picked up and reproduced through a 
loudspeaker. In fact, intercommuni¬ 
cators are inexpensive because it is 
possible to use the small permanent 
magnet loudspeakers as microphones 
as well as loudspeakers. The pressure 
of the sound wave moves the voice coil 
back and forth in a magnetic field. 
Consequently, audio output is de¬ 
veloped across the voice coil. The 
intercom is able to pick up sound over 
distances of 10 to 20 feet away from 
the unit. With a telephone system, the 
person must speak close to the tele¬ 
phone microphone. 
A simple switching system makes 

the changeover between talk and 
listen. For most intercoms, the 
changeover switch is held in the listen 
position so that a station can hear 
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any other station that may be calling. 
When the operator at a station wishes 
to talk, he presses down the change-
over switch, connecting the loud¬ 
speaker for use as a microphone in 
the talk position. 

Now, let us study examples of both 
wireless and direct-wire intercom 
systems. 
Wireless System. A simple wire¬ 

less system is shown in Figs. 34 and 
35. The intercom shown is a two-
station system; the two units are 
identical. Such a twin rf system is 
ideal because the units can be placed 
m operation at any ac receptacle and 
thus can be moved about from room 
to room to meet changing needs. Com¬ 
munications can be established be¬ 
tween dwellings with ease, and can be 
extended up to a few miles provided 
all the stations are located on the 

same side of the utility power trans¬ 
former. 
Each unit is tunable between 160 

and 196 kilocycles, generally factory-
adjusted to 175 kilocycles. By using 
different frequencies, two or more pri¬ 
vate systems can be operated close to 
each other without interference. 

As shown schematically in Fig. 35, 
each unit consists of a modulated os¬ 
cillator, an audio amplifier, and an 
audio output stage. When the switch 
is in the receiver position, as in the 
diagram, the oscillator functions as a 
grid detector and supplies signal 
through the volume control to the grid 
of the first audio amplifier. The signal 
is amplified by two triode audio stages 
and a beam-power audio output am¬ 
plifier which drives the speaker. 

In the talk position, the speaker is 
used as a microphone, and is con-
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nected tnrough the press-to-talk 
switch to the grid of the first audio 
stage. The microphone signal is in¬ 
creased in amplitude by the audio 
stages to a level sufficient to modulate 
the radio frequency oscillator. The 
plate of the output stage is connected 
to the plate circuit of the oscillator 
through the press-to-talk switch. 
Thus, plate modulation is accom¬ 
plished. 

A pickup coil couples the modulated 
rf signal through a 0.1-mfd capacitor 
to the ac line plug. When the line cord 
is plugged in, the radio frequency sig¬ 
nal goes out over the power distribu¬ 
tion lines. 

At the remote location, the rf mod¬ 
ulated signal enters the second inter¬ 
com unit through its line cord and 
reaches the 50C5 oscillator tube. This 
tube is now functioning as a receiver¬ 
detector for the modulated signal. Of 
course, the unit also becomes a trans¬ 
mitter when its press-to-talk switch is 
held down. 

Wired System. The direct inter¬ 
com system is similar to the school 
sound system in that it contains 
master stations and a number of re¬ 
mote or slave stations. Also, cables 
are used to interconnect the master 
units and each of the remotes. The 
three major units of a typical inter¬ 
com system are shown in Fig. 36. 
These are the control station, the am¬ 
plifier and power supply, and the re¬ 
mote speaker. Usually a system of this 
type contains one amplifier and one or 
more control stations and remote 
speakers. The amplifier and power 
supply once installed can be turned 
on and need not be touched during 
normal operating procedure. When the 
system is not in operation, the stand¬ 
by current is very low. Thus, the 
operating cost is low. If the system is 
not to be operated for an extended 
period of time (more than two weeks), 
it is advisable to turn off the system. 

The amplifier shown in Fig. 37 has 
two stages with input and output con-

Courtesy David Bogen Co., Inc. 

FIG. 36. Three major units of a typical intercom system. A. the control station; I?, the 
amplifier and power supply; C, the remote speaker. 
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Courtesy David Bogen Co., Inc. 

1IG. 37. Intercom amplifier and power supply. 
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nections. The selector switch on the 
control station is used to switch to the 
other control units and remote 
speakers. Then, the position of the 
pickup-talk switch determines whether 
the speakers in these units are used 
as microphones or speakers. With the 
switch in the talk position, the loud¬ 
speaker in the control unit is con¬ 
nected across the amplifier input and 
the remote speaker across the output. 
When the switch is in the pick-up 
position, the connections are reversed. 
A relay is located in the power 

supply circuit. Whenever a control 
station is set on talk position, the 
relay closes and supplies power to the 
amplifier. Thus in "standby” only 
filament power is drawn. 

A remote or “slave” station consist¬ 
ing of speaker alone cannot originate 
calls. However, replies can be made 
when such a remote is switched in by 
a control station. The Bogen system 
can have as many as six control sta¬ 
tions or “masters” and four remotes 
or “slaves.” 

The plan of a more elaborate plant 
or office-type intercom is shown in 
Fig. 38. This system is very versatile 
and many arrangements of master and 
slave stations can be used to fit spe¬ 
cific commercial needs. The installa¬ 
tion consists of three master stations 
providing push-button selection of 
ten or twenty remotes. The number, 
of course, depends on the model used. 

The rest of the system consists of 
a number of types of remotes—baffle¬ 
mounted cone-speaker, reflex horn 
remote (for noisy or outdoor sta¬ 
tions) , and remote units with break-in 
switches that can be used to call a 
selected master station or stations. 

The wireless intercom is usually 
best for a small business or a home, 
and the wired system is better for 
larger, more complicated installa¬ 
tions. In the wired system, you have 
a choice of several types of remote 
stations designed to fill the needs of 
various locations. Keep this in mind 
when you are called on to install a 
large intercom system. 
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Maintenance of PA Systems 
In some respects servicing and 

maintaining public address systems is 
similar to radio and TV servicing. 
Although the amplifier contains more 
stages than are usually found in the 
audio sections of radio and TV sets, 
you can use many of the same 
trouble-shooting procedures on either 
type of equipment. 
The microphones and loudspeakers 

connected to a PA system present 
problems not found in receivers. 
These units are attached to the am¬ 
plifier by cables and connectors, so a 
poor connection or a break in the 
cable can always occur. Defects of 
these types, however, are usually easy 
to find. 

The servicing procedures for a PA 
system should be designed to prevent 
a complete breakdown of the system 
while it is being used. A radio or TV 
set, on the other hand, can be oper¬ 
ated until it fails. Preventive main¬ 
tenance procedures will be discussed 
in this section. You should follow 
these procedures on your own rental 
equipment as well as on your cus¬ 
tomer’s equipment. 

PREVENTIVE MAINTENANCE 

Preventive maintenance is a testing 
procedure that is designed to prevent 
a PA system from breaking down 
completely. It involves a definite 
step-by-step procedure for regular 
and frequent inspection and testing 
of the equipment and the installation. 
For a permanent installation, the 
maintenance service is usually given 

on a contract basis. The serviceman 
agrees for an annual fee to make 
periodic inspections and to repair any 
defects he finds. Generally the fee 
also includes all labor costs, but does 
not, in most cases, cover the cost of 
the parts. Parts are not included in 
the contract because there is always 
the possibility that the failure could 
be a large and expensive loudspeaker 
or a high quality microphone. If you 
contracted to pay for the parts too, 
your charges would have to be very 
high to cover the failure of these com¬ 
ponents. Hence, it is best to contract 
for a definite preventive maintenance 
schedule and for labor costs only. 
A well planned preventive main¬ 

tenance schedule is good insurance 
against breakdowns. You will have to 
develop an ability to notice small de¬ 
fects in performance or operation that 
serve as advance indications of future 
failures. This ability will improve 
with experience. The schedule you will 
follow will apply in general for most 
systems, but each system will have a 
few specific requirements of its own. 
Nevertheless, there are three proce¬ 
dures you should follow at each 
periodic visit to a permanent installa¬ 
tion. You should listen to it, inspect it 
carefully, and make various instru¬ 
ment tests. 
Naturally, the first thing you 

should do when you make a main¬ 
tenance call is to ask the user of the 
equipment if there are any complaints 
or apparent defects. Follow through 
with his remarks when you are going 
over the maintenance schedule. Train 
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yourself to be alert to any possible 
causes of trouble. 

A good procedure to follow when an 
installation is first made or when you 
are first called in and have the equip¬ 
ment operating normally is to jot 
down various gain control settings 
that produce a specific output ampli¬ 
tude. If you know when speaking into 
a microphone at a given distance with 
the controls set at certain positions 
the volume level in the room should 
be normal, you can always reset the 
controls and the microphone position 
to duplicate this test. If the volume 
level has declined in the room or the 
amplifier noise level is higher (room 
conditions being unchanged), it is an 
indication of performance deteriora¬ 
tion in the system. 
Turn on the equipment and listen 

for excess hum. Run the gain and tone 
controls up and down quickly several 
times to make certain that they have 
not become excessively noisy. Always 
replace a noisy control because it will 
usually become noisier over a period 
of time. Check each microphone and 
loudspeaker individually to see that 
each unit and channel is performing 
normally. 

Audio lines, cables, and connectors 
in particular should be checked care¬ 
fully. You can inspect them while 
you are performing the listening test. 
Jiggle all the lines and cables to make 
certain that there are no loose, dirty, 
or intermittent connections. Inspect 
each loudspeaker while you are listen¬ 
ing to it, making certain that it is 
fastened firmly and that the cables 
are in good condition. 

Inspect the amplifier. See that all 
knobs and controls are tight, and that 

all connectors fit snugly. Be certain 
that all tubes are firmly seated and 
that all shields are in place. Dust out 
the amplifier and use your eyes in¬ 
telligently to detect any changes that 
were not there at your last visit. Look 
in particular for signs of overheating. 
It is true that some of the parts will 
run hotter than others, but after you 
have made a number of inspections, 
you will learn which parts in a par¬ 
ticular amplifier normally run hot 
and which remain cool. 

In general, the resistors used in the 
power circuit and the supply-line 
voltage-dropping resistors run quite 
hot. However, there should be no ex¬ 
cessive sign of overheating, such as 
burned or smoking parts. Capacitors 
will operate cool unless they are de¬ 
fective or are located close to a re¬ 
sistor that runs hot normally. 

Instrument tests are also effective 
in localizing possible sources of 
trouble. Check all the tubes on a 
good quality tube checker and dis¬ 
card any that are questionable or 
weak. Always remember that tubes 
are the most common causes of 
trouble in an amplifier, and you 
should not hesitate to replace them at 
the first sign of weakening. 

Make voltage measurements at key 
test points in the amplifier. Often the 
instruction manual for the public ad¬ 
dress amplifier will indicate the volt¬ 
age that you should measure at vari¬ 
ous points. If it does not, draw up a 
voltage test procedure from the sche¬ 
matic, and check the same points dur¬ 
ing each preventive maintenance visit. 
First measure the power supply 

voltages at each tap-off point. Jot 
these readings down on your chart 

41 



Next, measure and record the supply 
voltage line into each vacuum tube 
stage. Finally, measure and record 
the bias supply voltage, if this circuit 
is used in the amplifier. Each time 
you perform the maintenance pro¬ 
cedure, you can compare the voltage 
readings with previous readings. From 
them you can easily determine 
whether or not there is a marked 
change between the values that indi¬ 
cates the possibility of future trouble. 
Small variations may be due to lower 
than normal power-line voltage, and 
should be ignored. 

A small, portable audio wattmeter 
is a useful device for checking the 
power output of a PA amplifier. If 
you have an audio signal generator 
with a calibrated output, you can use 
it to supply a signal of a specific am¬ 
plitude into each channel. Set the gain 
and tone controls at specific settings, 
and connect the audio wattmeter 
across the output. Make a note of 
each input and output value and the 
control settings. Each time you check 
the equipment, you can set up the 
equipment in the same way and com¬ 
pare the new output measurements 
with the previous ones. 
You should carry out a similar 

maintenance schedule on your own 
amplifier systems. At times we are 
inclined to worry less about our own 
equipment than that for which we 
have contracts. However, in the case 
of public address work, your own am¬ 
plifiers should be kept in peak oper¬ 
ating condition so there are no operat¬ 
ing failures on the job. No matter 
how much you know about the public 
address equipment and how efficiently 
you can repair it, any breakdown on 

the job is to be avoided. To too many 
people not familiar with electronics, 
any type of breakdown reflects on the 
ability of the technician. 

The well-established sound man al¬ 
ways has spare microphones, ampli¬ 
fiers, and speakers to take care of 
in-use breakdowns. Often the emer¬ 
gency amplifier is smaller and lower-
powered than the original. The unit 
can be connected into the system tem¬ 
porarily while the main amplifier is 
being repaired. 

You should always keep one or two 
complete sets of spare tubes on hand; 
one set should always be available on 
the job. You should also carry spare 
cables so that you can substitute them 
quickly if an audio line is broken or 
a connector is damaged. 
You can check a microphone by 

substituting a microphone known to 
be good in its place. If the perform¬ 
ance and response of the system im¬ 
proves when the test microphone is 
installed, either the original micro¬ 
phone, the matching transformer, or 
the connecting cable is defective. The 
test microphone, of course, should be 
a similar type to the one being 
checked. 

If you find that a microphone is de¬ 
fective, do not attempt to repair it 
yourself, except for replacing car¬ 
tridges in some of the crystal and 
ceramic types. If it becomes inopera¬ 
tive, contact the manufacturer. Gen¬ 
erally the manufacturer will request 
that you return the microphone for 
repair. 

You can also check loudspeakers by 
substitution or with an ohmmeter. 
Connect the ohmmeter across the 
voice coil terminals. If the meter 
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shows that the voice coil is not open, 
check the cable and its connectors 
back to the amplifier. Never use an 
ohmmeter to check the crystal or 
ceramic microphone. 

PUBLIC ADDRESS SERVICING 

The most common defects of public 
address systems are oscillation or 
motorboating, hum, noise, low volume, 
no output, distortion, and intermittent 
operation. The standard signal-trac¬ 
ing techniques you have studied can 
be used to localize defects in a public 
address system. Be certain in making 
any public address tests or adjust¬ 
ments to connect a loudspeaker or 
proper dummy load across the ampli¬ 
fier output while it is in operation. If 
the public address amplifier is not ter¬ 
minated, the output stage may be 
damaged by very high peak voltages. 

Dead System. When you are re¬ 
pairing a public address system that 
is dead, your first step should be to 
make sure that the amplifier is 
plugged in correctly and that supply 
voltages are being applied. Then 
check each input to see if the com¬ 
plete system is dead, or just a single 
channel. If all inputs are inoperative, 
the trouble is in the amplifier or loud¬ 
speaker system. If only one input cir¬ 
cuit is dead, look for the defect in that 
particular channel, or in the micro¬ 
phone, phonograph, or cable asso¬ 
ciated with that section. 
When all the input circuits are 

dead, first check the connections be¬ 
tween the amplifier and the loud¬ 
speaker. If the loudspeakers are con¬ 
nected properly, the defect is in the 
amplifier. From here you can follow 

the usual service procedures to locate 
the defective part. Remember again 
that tubes are the most common 
source of failure in electronic equip¬ 
ment. Also check to be certain that 
the fuse has not been blown by a 
momentary overload. 

Low Output. Low output is an¬ 
other common complaint for public 
address systems. The same procedure 
you followed in checking a dead sys¬ 
tem can be used to locate a low out¬ 
put defect. 

First determine whether all input 
circuits produce a low output, or 
whether the output is low on just a 
single channel. Make certain too that 
the amplifier has been operated prop¬ 
erly and that the volume and gain 
controls have not been accidentally 
turned too low. If more than one 
speaker is used, check to see that they 
are all connected properly. 

Noise Defects. Hum and intermit¬ 
tent noises are common defects. Most 
hum defects are a result of poor 
ground or incomplete shielding of the 
microphone or loudspeaker lines. 
When poor connections develop be¬ 
tween the cable shields and the ampli¬ 
fier chassis ground, hum pickup is 
magnified, producing a loud hum or 
roaring noise. Hum can also be picked 
up directly by a microphone located 
near a strong hum field. 

Hum in a public address system is 
often due to a defective filter capaci¬ 
tor or high cathode-to-heater leakage 
in a vacuum tube. Hum also increases 
when the output stages become un¬ 
balanced with changing operating 
conditions over a period of time. 

Intermittent noises in a public ad¬ 
dress system are not generally caused 
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by an intermittent in the amplifier 
itself. Rather the intermittent is most 
likely to develop in microphone and 
speaker cables, in connectors, and in 
microphones. These are the com¬ 
ponents that are moved about and 
subjected to rough handling and acci¬ 
dental jarring or tipping. 
Look for common noise troubles 

when a complaint is made. The high 
noise complaint may be caused by old 
worn recordings. Perhaps the noise 
level in the establishment has in¬ 
creased since the system was installed, 
or some particularly noisy device has 
been placed close to one of the micro¬ 
phones. 

When you are sure the noise source 
is due to an amplifier defect, you can 
use the same trouble-shooting proce¬ 
dure as for a dead amplifier or one 
with a low output. 

Distortion. If the sound from the 
PA system is distorted, your first step 
should be to determine whether the 
defect is in a single channel or on all 
channels. If the distortion occurs in a 
single channel, check the microphone 
by substituting one known to be in 
good operating condition. Next, check 
the tube or tubes associated with that 
particular channel. 

If all channels produce a distorted 
output, check the audio output tubes, 

because distortion is often due to tube 
defects. For example, the audio out¬ 
put stage may be unbalanced because 
of dissimilar aging characteristics of 
the output tubes. It can be corrected 
by substituting two new balanced out¬ 
put tubes. If these tests do not help 
you find the trouble, use signal trac¬ 
ing techniques using an oscilloscope if 
you have one available. Remember 
that interstage coupling capacitors are 
frequently defective and result in a 
distorted audio output because of im¬ 
proper tube biasing. 

SUMMARY 

In these lessons on public address, 
you have been given information on 
almost every phase of PA work. You 
have learned how each component of 
a PA system works, and have been 
given examples of typical circuits, 
components, and installations. You 
also know how to connect the various 
components together, how to maintain 
the equipment, and how to repair it 
when the system breaks down. 
There may be so much radio and 

TV repair work in your service shop 
that you may not have time to go 
into PA work. However, if you live in 
a small town, or if competition in 
your community is high, PA work can 
be a source of additional income. 
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THE MAN WHO COUNTS 

Roosevelt. 

without possessing his 
too well how to make 

appealed to me as being a very sound piece of practical 
advice. Read it carefully. It can be of real value to you. 

The man who counts is the man who is decent and who 
makes himself felt as a force for decency, for cleanliness, 
for civic righteousness. First, he must be honest. In the 
next place, he must have courage; the timid man counts 
but little in the rough business of trying to do well the 
world's work. In addition, he must have common sense. 
If he does not have it, no matter what other qualities he 
may have, he will find himself at the mercy of those who, 

desire to do right, know only 
the wrong effective.—Theodore 
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STUDY SCHEDULE NO. 46 
For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

□ I- Introduction .Pages 1-4 
This section contains a brief discussion of changer operation, and describes 
tiie tools you will need to service record changers. 

[21 2. Record-Changer Mechanisms Pages 5-14 

Here you study the basic mechanical tools used in changers, such as the lever, 
the wheel, the link, the gear, the cam, the clutch, the ratchet and pawl, and 
the spring; and you also study different drive mechanisms. 

Q 3. Actuating the Change Cycle Pages 14-18 
lou learn about the various methods of starting the operation of the changer 
mechanisms, such as the position trip, the velocity trip, and the eccentric trip. 

LU 4. Cycling and Indexing the Pickup Arm Pages 18-23 
ùou learn how the pickup arm can be lifted from the turntable, moved over, 
and set down again in the proper place to play the next record. 

□ 5. Record-Dropping Mechanisms . . . . Pages 23-28 
You study the two most popular record-dropping methods—the spindle type 
and the pusher type, and also an older method -the slicer type. 

Q 6- The VM-Tri-O-Matic, Model 935 Pages 28-32 
In this section we describe the operation of a three-speed record changer. 

E j 7. The 45-RPM Changer Pages 33-36 
In this section we follow the operation of a 45-rpm changer through its 
change cycle. 

□ 8. Answer Lesson Questions. 

□ 9. Start Studying the Next Lesson. 

COPYRIGHT 1956 BY NATIONAL RADIO INSTITUTE, WASHINGTON, D. C. 
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SERVICING record changers is 
rapidly becoming an important 

part of the radio serviceman’s business 
because of the tremendous increase in 
popularity of records and record play¬ 
ers. Millions of phonographs are sold 
every year. Some record changers are 
built into radio and TV consoles, but 
most are separate units. There is also 
a widespread interest in high-fidelity 
equipment. 

Since record changers must use some 
sort of amplifier and reproducer sys¬ 
tem, servicing them is a logical part of 
a radio-TV serviceman’s business. The 
serviceman should not avoid working 
on changers simply because they are 
more mechanical than electrical. 

Since very few service shops special¬ 
ize in servicing record changers alone, 
when a serviceman advises a customer 
to take his changer to another shop 
that can service it, he is likely to lose 
all of that customer’s business to the 
other shop. It is most important for a 
serviceman to provide complete serv¬ 
ice, and. besides, servicing record 
changers can be quite profitable. 

SERVICING AIDS 

Detailed repairing and adjusting in¬ 

structions for record changers are 
available from the manufacturers and 
in the record-changer manuals pub-
iisiied by John F. Rider and Howard 
W. Sams, which are available from 
radio wholesalers. Refer to this in¬ 
formation whenever necessary. Until 
you are quite experienced, check it for 
each servicing job. 

As you gain experience with par¬ 
ticular models and types, you will find 
that you do not need to refer to the 
service-changer manuals as often. As 
with certain radio and TV receivers, 
the same problems come up again. 

Your first step in servicing a record 
changer, after finding out the cus¬ 
tomer’s complaint, is to confirm that 
complaint, and at the same time 
familiarize yourself with the record 
changer and its operation. Do this 
by carefully examining the mechanism 
on top of and underneath the record 
changer while rotating the turntable 
by hand. While doing this, press the 
reject button, and the cycling action 
should begin (unless this is the cause 
of the trouble). Very often binding 
parts, weak or missing springs, bent 
parts, etc can be located simply by 
Pho'o above Courtesy Garrard. 
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following this procedure. Otherwise, 
hours of time can be wasted by just 
poking around in a changer trying to 
determine by inspection just what 
doesn’t look right. 

TOOLS NEEDED 

In order to observe the working 
mechanism under a record changer it 
is necessary to support the changer in 
some convenient position where it will 
be rigidly held, but where it will be 
easy to get at the underneath surface. 
Since some record-changer actions op¬ 
erate on the principle of gravity, you 
must work on it in its normal position. 
If you turned it on its side or upside 
down to get at it, it wouldn’t work. A 
changer must be held in its normal 
horizontal position. Although the rec¬ 
ord changer can be supported on the 
service bench with wooden blocks, this 
is seldom a satisfactory method, since 
the changer can easily be pushed off 
the blocks and severely damaged. To 
aid in servicing record changers, 
changer cradles are available from ra¬ 
dio wholesalers and mail-order houses. 
One such record-changer cradle is 
shown in Fig. 1. A simple wooden 
frame with three or four legs could 
easily be built. 

One of the most convenient methods 
of holding a record changer is to sup¬ 
port it by small light chains attached 
to the ceiling. One slight disadvantage 
of this system is that the changer is 
not held perfectly rigid, but the weight 
of the changer itself generally holds 
it steady enough for most work. 

Most servicemen have enough tools 
for servicing record changers, and ad¬ 
ditional ones need not be purchased. 
However, there are some tools, such as 
a greater selection of screwdrivers, 
wrenches, and pliers, used in servicing 
record changers that are not always 
used in radio-television servicing. 

For bending the parts in a record 

changer, a pair of duck-bill pliers is 
essential. The jaws of duck-bill pliers 
are short and broad. The inner surfaces 
of the jaws are smooth to prevent mar¬ 
ring of metal surfaces. Actually, they 
look like large size long-nosed pliers 
with the tips broken off. 

To adjust some record changers it 
is necessary to have a set of alien-head 
wrenches and bristo-head wrenches. 
In addition to this, a ball-peen ham¬ 
mer is often quite useful to remove 
pins or rivets. 

All of these tools can be purchased 
from either a radio wholesaler or a 
hardware store. 

Since burring of parts often occurs 
in record changers, it is necessary to 
have a selection of files. 

Selections of both single-cut and 
double-cut files are useful. In a single¬ 
cut file, a single row of parallel teeth 
is set at an angle across the face of the 
file. As might be expected, a double¬ 
cut file has an additional row of 
parallel teeth which cross the first row 
at right angles, giving a criss-cross ap¬ 
pearance. 

Courtesy General Cement Co. 

FIG. 1. A commercial adjustable cradle for 
holding record changers. This style can be 

tilted for cleaning. 
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Besides single- and double-cut files, 
both coarse and fine files are necessary. 
Incidentally, files are graded according 
to coarseness in the following order: 
coarse, bastard, second-cut, and 
smooth. 

In addition to flat files of all these 
different types, there are half-round 
files, round files, and triangular files all 
in different lengths. 

Don’t go overboard on the purchase 
of files. Obtain just a few to start with, 
and you’ll soon decide just what other 
types you need. Although hundreds of 
different types and sizes could be ob¬ 
tained, each serviceman seems to pre¬ 
fer to use only a few for all jobs. 

Incidentally, it is most important 
for you to keep your files clean. Ob¬ 
viously, if the grooves in the file are 
filled with metal chips, the file would 
be useless. A stiff wire brush, called 
a “file card,” is used to clean files, and 
is obtainable at hardware stores. 

A vise is very often necessary in 
changer repair work. Only a small vise 
is necessary. It can be obtained at any 
hardware store. 

Of all the tools used in record¬ 
changer repair, the most useful and 
most often used are lubricants. 

There are two greases recommended 
for record-changer work: Lubriplate 
and Sta-Put. These can be obtained 
from radio wholesalers. 
Oil is often necessary in record 

changer work to lubricate fast-moving 
parts. The recommended oil is SAE-
10W motor oil. It can be obtained from 
any automobile service station. A small 
pressure-squirt oil can is convenient 
for applying it. 
To clean the parts in a record 

changer both alcohol (or naphtha) 
and carbon tetrachloride are used. 
Refer to the manufacturer’s instruc¬ 
tions for cleaning parts—especially 
any rubber, synthetic rubber, or parts 
other than metal. Also, be sure to 
follow all safety precautions when 

you are using any of these cleaners. 
In the servicing of record changers, 

the customer will very often complain 
that the changer is not working proper¬ 
ly, since the phonograph does not 
sound right. This trouble is very often 
caused by a worn needle in the cart¬ 
ridge, or a defective cartridge. 

There is little doubt that most record 
changers in operation today (includ¬ 
ing those only a few months old) are 
using worn needles, or styluses, as 
they are called. It is a good plan to 
try a new needle in the record player 
after repairs have been made. (This 
does not apply to the record changers 
in high-fidelity systems that use 
diamond-pointed styluses.) Unfortun¬ 
ately, the stylus can be considerably 
worn before affecting the sound of the 
record except to the most critical ear, 
but even though the distortion cannot 
be heard, the record grooves are being 
gouged and the records are slowly but 
surely being destroyed. The service¬ 
man should warn the customer of this, 
since he may not be aware of it. 

The tone arm must properly track 
the record. That is, the needle must 
ride in the record groove at the proper 
angle in the center of the groove. Im¬ 
proper tracking can cause the needle 
to skip grooves or to repeat a groove. 
Even if the tracking is not far enough 
off to cause groove-skipping, the 
grooves of the record are being dam¬ 
aged by the excessive pressure of the 
stylus against the wall of the record 
groove. 
One common cause of improper 

tracking is an unlevel mounting. This 
can easily be checked with a small 
pocket-size level. 

Needle pressure is of primary im¬ 
portance to both correct tracking and 
proper treatment of records. Excessive 
needle pressure will cause excessive 
record wear and will also prevent 
proper high-frequency response. It can 
also cause distortion. 
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TYPES OF CHANGERS 
Because there are several different 

sizes and speeds of records on the mar¬ 
ket, there are different types of chang¬ 
ers available. Standard record sizes are 
7, 10, and 12 inches, and standard 
speeds are 78, 45, and 33-1/3 revolu¬ 
tions per minute. There have also been 
some records made with a speed of 
16-2/3 rpm. 
Some record players can play all of 

these various types of records; others 
play only some types. Some record 
changers will play inter-mixed sizes 
of records of the same speed; others 
can play only the same size at one 
time. 

CHANGER OPERATION 
Although there are many types of 

record changers, they all do just about 
the same thing. After the records are 
placed on the changer and the manual 
adjustments have been set, the changer 
goes through the following operations: 

1. The turntable rotates. 
2. The pickup arm rises from its rest¬ 

ing position, moves over to the 
outer edge of the record, and is 
lowered to the lead-in groove of 
the record. 

3. As the record rotates, the tone 
arm is moved by the spiral forma¬ 
tion of the grooves, toward the 
center of the turntable. 

4. The stylus in the pickup arm 
enters the fast-finishing or eccen¬ 
tric grooves at the inside of the 
record, and the record-changing 
mechanism is actuated. 

5. The tone arm rises and moves over 
to or toward its resting position. 

6. Another record drops to the turn¬ 
table. 

7. The tone arm again moves over to 
the outer edge of the record and is 
lowered to the lead-in groove of 
the record. 

8. The process repeats itself until all 
the records are played. 

9. The record changer then turns it¬ 
self off or repeats the last record. 

MANUAL ADJUSTMENTS 
Let us go over the manual adjust¬ 

ments that must be made before a 
record changer can be operated. 

Speed. On multispeed models, 
there must be a manually adjustable 
speed control. Although there are rec¬ 
ord changers that change speed accord¬ 
ing to record size, playing 7-inch rec¬ 
ords at 45 rpm and larger records at 
33-1/3 rpm, on most record changers, 
records played at one time must all be 
of the same speed. 

Needle Size. Different sizes of 
needle or “stylus” are used. The stylus 
used for micro-groove records, as 
33-1/3 and 45 rpm records are often 
called, is smaller than the stylus used 
for 78-rpm records, and therefore we 
must also have some means of choos¬ 
ing the proper one. Most record play¬ 
ers have cartridges with a dual-stylus 
system by which the proper stylus can 
be easily switched, rotated, or tilted 
into the proper position. In some 
changers, the cartridge end of the pick¬ 
up arm, called the “head,” is a separate 
piece, which plugs into the arm by 
means of two or three pins. In such a 
case, two heads are provided, one using 
a .001-inch stylus for micro-groove 
records, and the other a ,003-inch 
stylus for “standard groove” or 78-rpm 
records. 

Record Size. In addition to select¬ 
ing the proper speed and stylus, it may 
also be necessary to adjust a record¬ 
size control. In some record changers, 
a special larger spindle must be placed 
over the regular record changer spindle 
when 45-rpm records are to be played. 

ON-OFF Switch. All record chang¬ 
ers have a switch to turn them on and 
off. 
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Record-Changer Mechanisms 

In studying radio and television re¬ 
ceivers, you have found that there are 
certain basic components—tubes, re¬ 
sistors, capacitors, and coils—with 
which we build electronic circuits. In 
the most complicated electronic cir¬ 
cuitry, we find that circuit action is 
possible because of the individual 
characteristics of these components. 
Even the most complicated circuit can 
be understood when we understand the 
working of the various parts. 

The same thing is true with record 
changers, except that tools such as the 
lever, the wheel, the gear, etc. are used, 
instead of coils, capacitors, and re¬ 
sistors. 

Let us study the characteristics of 
these mechanical tools in order to 
understand the seemingly complex 
mechanisms of record changers. 

First of all, just what do we want 
to do with all of these mechanical 
tools? Basically we want to do only 
three different things: Change the 
direction of a motion, change a motion 
of one type to a motion of another type, 
and obtain mechanical advantage. 
Mechanical advantage simply means 
a method of making work easier. An 
example of mechanical advantage is 
using a claw hammer instead of our 
fingers to remove nails. Sometimes, we 
may deliberately give up mechanical 
advantage in order to accomplish 
either or both of the first two aims. 

MECHANICAL TOOLS 

The Lever. The most common me¬ 
chanical tool is the lever. This is illus¬ 
trated in Fig. 2. A lever can be used to 
increase motion or to obtain me¬ 
chanical advantage, depending upon 
the position of the fulcrum or pivot. 
The product of the force applied and 

the distance the point at which the 
force is applied is moved, will always 
equal the product of the weight moved 
and the distance it is moved. The posi¬ 
tion of the fulcrum determines the 
amount of force required to move a 
weight. With the fulcrum in the middle 
as at A, 9 pounds of force applied for 
one inch will lift a 9-pound weight 1 
inch. With the fulcrum of the 
way from the left as at B, a force of 
9 pounds applied for one inch will lift 
3 pounds 3 inches at the other end. 
With the fulcrum % of the way over 
as at C, a force of 9 pounds applied 
for 1 inch will lift 27 pounds 1/3 of an 
inch. At B, motion is increased, and 
at C mechanical advantage is obtained. 

FIG. 2. Lever action. The direction of 
motion depends upon the position of the 
fulcrum and the direction of the applied 

force. 
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FIG. 3. The link, which is used lo transmit 
motion from one lever to another. 

If the fulcrum is at the end, and the 
weight is % of the way from the 
fulcrum as at D, the direction of force 
and the direction of motion will be the 
same. Again a 9-pound force applied 
for 1 inch will move a 27-pound weight 
1/3 of an inch. 
An example of a lever in a record 

changer is the pickup arm itself, which 
is the lever, and the point to which 
it is attached to the changer is the 
fulcrum. The fulcrum and the point 
where force is applied are placed to 
avoid mechanical advantage so that a 
small movement of the arm near the 
fulcrum will result in a larger motion 
near the “cartridge” or needle end 
where it is needed. 

The Link. The link is used to con¬ 
nect two levers to each other in order 
to transmit the motion of one lever to 
the other as shown in Fig. 3. This is 
very often desirable if two pickup arms 
on a changer must have the same mo¬ 
tion at the same time. Such systems 
are very often used in two- and three-
shelf changer mechanisms. 

The Wheel and Axle. Fig. 4A 
shows the combination of a wheel and 
axle. The wheel and axle provide me¬ 
chanical advantage if the force is ap¬ 
plied to the wheel, since their radii are 
different. Notice in Fig. 4A that point 
B on the outside of the wheel must 
move through a greater distance for 
each revolution than point A on the 
axle. If the center is considered the 

fulcrum, the wheel and axle is similar 
in operation to the lever shown in Fig. 
2D. 

Gears. A gear is merely a wheel 
with teeth. The same principles that 
apply to the wheel, apply also to the 
gear, and a gear has less tendency to 
slip. 

In many applications, it is not neces¬ 
sary to use a complete gear and axle 
assembly, but only a section as shown 
in Fig. 4B. 

Gear and Wheel Trains. Wheels 
and gears can be combined to work 
with each other and obtain mechanical 
advantage, a change of direction of 
motion, or a change in speed of rota¬ 
tion, as shown in Fig. 5. 

Mechanical advantage is always ac¬ 
companied by a change in speed. The 
small wheel always rotates faster than 
the large one. The greater the differ¬ 
ence in size between the two wheels, 
the greater the difference in their 
speeds will be. If the large wheel is 
twice the size of the small one, the 
small one will rotate twice as fast as 
the large one. If one wheel is three 
times as large as the other, the small 
one will rotate three times as fast. 

You can see from Fig. 5B that when 
a third wheel, called an “idler wheel,” 
is used, the direction of motion is not 
changed, and if the drive wheel and 
the driven wheel are of the same size, 
mechanical advantage is not obtained 
either. However, by using rubber tires 

FIG. 4. A wheel and axle combination is 
shown at A. Sometimes only a segment of 
a wheel or gear is used, as shown al B. 
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FIG. 5. Different types of wheel trains. At A, the drive wheel and the driven wheel 
rotate in opposite directions; in B, the drive wheel and the driven wheel rotate in the 
same direction because there is an idler wheel between them; and in C. they rotate in 
the same direction, because their centers are both on the same side of the point where 

the wheels touch. 

on the wheels, isolation is obtained be¬ 
tween the drive wheel and the driven 
wheel. This system is very often used 
to rotate a turntable and thereby 
isolate the motor from the turntable 
to help in reducing rumble and hum. 

Many turntables are driven on the 
inside of the rim as shown in Fig. 5C. 
In this case, both wheels rotate in the 
same direction. Whenever the centers 
of the drive and driven wheels are on 
the same side of the point at which 
they touch, they will rotate in the 
same direction. If the centers of the 
two wheels are on opposite sides of the 
point of contact, they will rotate in 
opposite directions. 

Belt Drives. An endless belt around 
two wheels can be used instead of an 
idler wheel. This is sometimes more 
convenient than using a third wheel if 
the drive wheel and the driven wheel 
are some distance apart. With this ar¬ 
rangement, the drive wheel and the 
driven wheel both rotate in the same 
direction, as shown in Fig. 6. The belt 

FIG. 6. When a belt instead of an idler 
wheel is used, the drive wheel and the 
driven wheel rotate in the same direction. 

drive may provide more isolation than 
an idler wheel. 
The Cam. The cam is a rotating 

piece, similar to a wheel, but its sur¬ 
face is grooved or contoured so as to 
control the movement of a roller or 
pin moving against it. Fig. 7 shows a 
roller moving against a track on a cam 
that controls the vertical movement of 
the arm to which the roller is attached. 
When the roller reaches point X, it 
will be higher than it is at the point 
shown. Fig. 7B shows a pin or stud 
riding in a groove on the cam. The 
groove or track can be shaped to con-

FIG. 7. A cam can change rotary motion to 
either horizontal or vertical motion as 

shown here. 



trol either the horizontal or the verti¬ 
cal movement of the arm to which the 
roller or the pin is attached, or both. 
Cams are used to change rotary mo¬ 
tion to back-and-forth or up-and-
down motion. 

Perhaps the operation of a cam can 
best be understood from one of the 
actions it can cause. When the pickup 
arm reaches the inner grooves of a rec¬ 
ord, it must be lifted up from the rec¬ 
ord surface and then moved toward 
the outside of the record. If it were not 
lifted, the needle would scratch across 
the grooves of the record. Thus, two 
motions are necessary: the vertical 
movement of the arm, and the hori¬ 
zontal movement of the arm. Such op¬ 
erations can be accomplished by 
means of cams. 
It is important to remember that 

the cam wheel is not in use at all 
times. It must be disengaged during 
the playing of the record, and put into 
operation only when it is desirable to 
lift the arm from the record surface 
and move it out of the way for the next 
record to drop (or to turn off the 
changer after the last record has been 
played). 

FIG. 9. A ratchet and pawl. 

The Clutch. This brings us to an¬ 
other tool—the clutch, which is a 
coupling for working parts that per¬ 
mits them to be engaged or disengaged. 
Fig. 8 shows an example of a clutch 
for engaging and disengaging two 
gears. 

One section of the large gear has no 
teeth. When that section is toward the 
small gear, the two gears are disen¬ 
gaged, as in Fig. 8A. On the large gear 
is a projection, called a pawl, which 
can be pushed out beyond the edge of 
the gear. When this happens, as in 
Fig. 8B, the pawl catches on the teeth 
of the small gear, which is rotating 
clockwise. This pulls the large gear 
around in a counter-clockwise direc¬ 
tion, causing the teeth to mesh with 
those of the small gear as in Fig. 8C. 
The large gear will continue to rotate 
until the section without teeth is again 
toward the small gear. The large gear 
will then stop rotating until the clutch 
pawl is pushed out again. 

The Ratchet and Pawl. A ratchet 
is a series of notches that works with 
a pawl to permit us to have motion in 
one direction but not in the other, or 
to transmit motion. Fig. 9 shows an 
example. The pawl is pivoted in the 
middle. As you can see, if the notches 
are moved to the left, they will slide 
right over the pawl, and it will have 
no effect. If the part with the notches 
is moved to the right, however, the 
teeth will catch on the pawl, and either 
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the motion will be stopped, or the 
piece to which the pawl is attached 
will be moved along with the notched 
piece. 
The Inclined Plane and the 

Wedge. The inclined plane and the 
wedge are similar to each other, and 
their effect can be seen by studying 
the directions of force and motion 
shown in Fig. 10. Notice that in both 
cases, not all the motion is in the same 
direction as the applied force. With 
an inclined plane, two motions are ob¬ 
tained from the one applied force. 

The Spring. A spring is a piece of 
metal that tends to resume its original 
shape if it is stretched, compressed, or 
bent, as shown in Fig. 11 A. Although 
a coil spring is the kind most often 
used in changer mechanisms, you will 
sometimes find a leaf spring, whose 
action is shown in Fig. 11B. 

This short discussion covers most 
of the mechanical tools used in a rec¬ 
ord changer. The various parts in a 
changer will consist of one of these 
tools or a combination of them. Even 
though their shapes may vary, other 
characteristics will be similar. It can¬ 
not be overstressed that an under¬ 
standing of these basic components is 
essential, just as an understanding of 
the components of a radio is essential 

NORMAL COMPRESSED EXPANDED 

NORMAL COMPRESSED 

FIG. 11. Two types of springs are used in 
record changers, the eoil spring shown at 

A, and the leaf spring shown at B. 

to an understanding of the over-all 
action of the radio. 

Gravity and Friction. Gravity is 
often used in a record changer. For 
example, we might invert the ratchet 
and pawl mechanism shown in Fig. 9, 
and hold the pawl away from the 
notches by means of a lever. When the 
lever was removed, the pawl would 
then drop by force of gravity to the 
notches. 

Friction is the resistance to motion 
between two bodies in contact. Some¬ 
times it is desirable, and sometimes it 
is not. For example, friction is desir¬ 
able in wheel trains and in belt drives, 
but is very undesirable in an inclined 
plane. 

MOTORS 

FIG. 10. The inclined plane is shown at 
A; the wedge at B. 

The first important function of any 
record changer is to rotate the turn¬ 
table on which the record is placed. 
Turntables are rotated by motors, 
which may be electrical or mechanical. 
In old phonographs, mechanical 

motors were used, but today practical¬ 
ly all phonographs use electric motors. 
If you are ever called upon to repair 
a turntable using a mechanical motor, 
where the motor is causing the trouble, 
it is best to replace the motor rather 
than try to repair it. 

There are three basic types of elec¬ 
tric motors used: two-pole and four-
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FIG. 12. Ilie operation of a 4-pole induc¬ 
tion motor is shown at A and B. C shows 

what the motor looks like. 

pole induction motors, and hysteresis-
synchronous motors. Two-pole motors 
are quite simple, and synchronous 
motors are quite complicated. The 
two-pole motors are the least expens¬ 
ive; the synchronous motors are the 
most expensive and are used only in 
turntables of very high quality. 

Most record changers use the two-
pole or four-pole motors. 

In this type of motor, there are two 
parts. The electromagnet portion of 
the motor remains stationary and is 
called the stator or field coil. The part 
that rotates is called the rotor or 
armature. 

These two principal parts of the 
motor are shown in Fig. 12. In this 
example, the stator has 4 poles. The 
four poles are wound with coils to 
which is applied the 115-volt, 60-
cycle power line voltage. When cur¬ 
rent flows through these coils, the en¬ 
tire stator becomes an electromagnet. 
Thus, lines of force are set up as shown 
in the illustration. This operation is 
very similar to transformer operation, 
which you have studied. The inductor 
motor is so-called because it uses in¬ 
duced current to create the magnetic 
field in the rotor or armature. 

The armature, or rotor, consists of 
copper or aluminum bars imbedded 
in a laminated iron core, and connect¬ 
ed together at each end by a copper 
ring. The rotor is inside the stator, so 
that the magnetic field of the stator 
or field coil, will induce current in the 
copper bars, which will, in turn, create 
a magnetic field of their own in op¬ 
position to the magnetic field of the 
stator. 

Fig. 12 shows how this induction 
motor operates. Below the stator dia¬ 
gram is a graphic representation of 
one cycle of alternating current. Fig. 
12A shows the positions of the rotor 
and the stator during one half-cycle. 
The dotted lines represent the mag¬ 
netic fields that are created in these 
parts. Current is flowing from the 
left-hand terminal of the field wind¬ 
ing on the stator through the winding 
back to the right-hand terminal as in¬ 
dicated by the arrows on the winding. 
This current creates magnetic fields 
as shown by the dotted lines, of the 
polarity indicated by N (north) and 
S (south). The induced fields in the 
rotor are again represented by dotted 
lines. The polarities of these induced 
fields are in opposition to those of the 
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stator, since like poles repel each oth¬ 
er. Therefore, the rotor will tend to 
rotate until the north poles of its fields 
are adjacent to the south poles of the 
stator fields. However, as shown at B, 
before these poles can be lined up, the 
polarity of the alternating current re¬ 
verses, and the armature must con¬ 
tinue to rotate in its attempt to line 
the fields up. Of course, this continues 
as long as power is applied to the 
motor, so the motor continually ro¬ 
tates. The drive shaft attached to the 
rotor also rotates, and drives the 
turntable. 

The rotor of a four-pole motor gen¬ 
erally rotates at about 1750 rpm; the 
rotor of a two-pole motor at about 
3500 rpm. Because of the lower speed 
of the four-pole motor and its greater 
power capabilities, it is preferable. 
Furthermore, because of the lower 
speed, vibrations are at low frequen¬ 
cies, which are not as objectionable 
as vibrations at high frequencies. Be¬ 
cause, in a four-pole motor, the rotor 
is larger, it can be more easily bal¬ 
anced than in a two-pole motor. 

The rotor turns inside the stator of 
the motor and is held in position by 
bearings, as shown in Fig. 12C, which 
are held in place by the end plates 
attached to the motor frame. The 
bearing retainer in some changers con¬ 
tains a felt washer saturated with 
oil; in others it is necessary to oil 
the bearing itself periodically. In 
some expensive motors, ball bearings 
packed in grease are used. 

The motor is mounted on the motor 
board by means of springs or rubber 
grommets or both. You can usually 
tell the mounting method by examin¬ 
ing the motor and motor board 
assembly. 

Motor Repairs. One very common 
trouble is hardening of the rubber 
grommets of the motor mounts. This 
makes them useless, so motor vibra¬ 
tions are transmitted to the turntable. 

This causes excessive rumble. You can 
test them simply by feeling them. If 
springs are used alone or in combina¬ 
tion with the grommets, they should 
not be so tight that their action is 
useless. The motor should be mounted 
loosely enough so that it can be 
bounced up and down with the fingers. 

When the motor itself does not ro¬ 
tate, the trouble may be due to the 
jamming of a part or parts in the 
changer. By manually moving the 
turntables, the trouble can be isolated 
to jamming in the changer or to trou¬ 
ble with the motor itself. 

If you find that the changer mecha¬ 
nism is not jammed, then the rotor of 
the motor may be frozen. This can 
happen if the motor is knocked out of 
its bearing. The trouble can sometimes 
be cleared up by tapping on the end 
plates after they are loosened. 
The motor lubricant sometimes 

hardens and glues the rotor to the 
stator or gums up the bearings. If this 
happens, the motor must be disassem 
bled and the rotor removed. The rotor 
can sometimes be cleaned by using an 
emery cloth to remove the film, and 
then polishing with a crocus cloth. Be 
careful when using the cloth not to 
remove enamel from the wire, thereby 
causing a short circuit. The motor 
should then be completely cleaned 
with carbon tetrachloride and lubri¬ 
cated with light, high-grade motor oil 
such as SAE-10W. Do not use any 
other oil. Be extremely careful when 
using carbon tetrachloride not to 
breathe its fumes, as they are poison¬ 
ous. 

Very often a motor becomes dirty 
with a heavy accumulation of lint, 
dust, dirt, and oil. If the motor runs 
erratically or slowly, it should be dis¬ 
assembled, cleaned, and oiled as de¬ 
scribed above. 
Constant use and age sometimes 

loosens the laminations of a motor, 
which causes buzzing. Tightening of 
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the motor bolts will usually clear up 
this trouble. If the motor is riveted 
together, or if it isn’t possible to 
tighten the motor bolts sufficiently, 
lamination buzz can sometimes be 
stopped by forcing small wedges of 
wood between some of the laminations. 
Check the turntable speed after doing 
this. If it has changed, the motor will 
have to be replaced. 

Finally, the windings in the motor 
may open. If this happens, since the 
serviceman is usually not equipped to 
rewind the motor, it must be replaced 
or, if it is an expensive motor, re¬ 
turned to the manufacturer for re¬ 
winding. Replacement motors are 
available at radio wholesalers. 

A short circuit sometimes occurs 
between a motor winding and the core 
of the motor. If this happens, the en¬ 
tire changer and the amplifier to which 
it is connected becomes a shock haz¬ 
ard. The short circuit can sometimes 
be repaired, but most often the motor 
must be replaced. 

It is important that all parts of the 
motor be lubricated with SAE 10W 
motor oil. Do not use the usual house¬ 
hold general-purpose lubricant. 

Motor Drives. Since two-pole and 
four-pole motors run at approximate¬ 
ly 3500 rpm and 1750 rpm, respective¬ 
ly, it is necessary to use a drive mech¬ 
anism between the motor shaft and 
the turntable in order to obtain turn¬ 
table speeds of 78.26 rpm, 33-1/3 rpm, 
45 rpm, and 16-2/3 rpm. 

A direct drive is seldom, if ever, 
found in commercial record changers, 
since it would be necessary for the 
motor to have a great number of poles 
in order to turn at all of the standard 
speeds. 
One method of changing speeds 

would be to use a gear train. In this 
case, a gear would be attached right to 
the motor shaft and then one or more 
gears would be used in a train to drive 
the turntable directly. 

This method of driving a turntable 
has been used quite frequently, even 
though it has the undesirable feature 
that precision machining of the gears 
is required to reduce gear noise and 
speed variations. Furthermore, this 
system is likely to transmit motor vi¬ 
brations to the turntable. 
The most common drive method in 

record changers is the rim drive in 
which there are three or more wheels 
in a wheel train, the turntable being 
the final driven wheel, and the main 
idler having a rubber tire. Such a bas¬ 
ic mechanism is shown in Fig. 13. At 
A is shown the arrangement for a 
single-speed changer. The motor turns 
the drive wheel, which turns the idler 
wheel, which turns the turntable. 

At B is shown one method of chang¬ 
ing speed. There are two idler pulleys, 
connected to the drive wheel by belts, 
so that when the drive wheel rotates, 
they rotate in the same direction. The 
position of the idler wheel is set by 
the speed-change switch. When the 

MG. 13. Different methods of driving the turntable. A is for a single-speed changer; 
B ami C are for three-speed changers. 
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switch is set for 78 rpm, the idler 
wheel will come in contact with the 
drive wheel itself. When the switch is 
set for 45 rpm, it will be moved over, 
and will contact the 45 rpm pulley. 
When the switch is set for 33-1/3 rpm, 
it will contact the 33-1/3 rpm pulley. 
Its speed is determined by the size of 
these pulleys. 

Another system is to have three dif¬ 
ferent levels on the drive wheel with 
different diameters as shown in Fig. 
13C. 
There are many variations of these 

systems, but they are quite simple, and 
you will usually be able to figure them 
out quite easily. 

Drive-Mechanism Servicing. The 
most common effects of trouble in a 
drive mechanism are improper turn¬ 
table speed, and rumble. 

Improper turntable speed causes a 
change in pitch. A stroboscopic disc 
can be used to determine the actual 
speed of rotation. These discs can be 
obtained from most radio wholesalers. 
A portion of one is illustrated in Fig. 
14. The disc is placed on the turntable. 
On the disc are rows of dots, labeled 
with the different speeds to be tested. 
When the row of dots for a particular 
speed appears to be stationary as the 
turntable is rotated, the speed of ro¬ 
tation is correct. The light from a 
neon bulb, which flashes on and off 
120 times a second, must be used with 
a stroboscopic disc to synchronize the 
speed of the dots with the flashing of 
the light. Light from an ordinary in¬ 
candescent lamp will not work. 

The rubber tires of rim-drive mech¬ 
anisms often become coated with oil 
or grease, which causes slippage. Clean 
them carefully with a dry cloth. This 
is a very common trouble. 

Caked lubrication on the gears in a 
drive can cause binding. The gears 
should be cleaned and then lubricated. 
The lubricant should be a high-quality 
grease such as “Sta-Put” or “Lubri-

FIG. 14. A section of a stroboscopic disc, 
which is used for checking the speed of a 

record player. 

plate,” which can be obtained at most 
radio wholesalers or hardware stores. 
Rumble in a rim-drive mechanism 

is often caused by a flat developing 
on the rubber tires of the idler wheels. 
In high-quality changers, the idler 
wheels are removed from contact with 
the turntable and other idler or drive 
wheels when the mechanism is shut 
off. If this is not done, tl>e rubber tire 
rests tightly against a hard surface 
and a flat develops. This flat will 
cause a variation in speed and result 
in rumble and/or “wow,” which is a 
slow variation in speed as the flat 
comes in contact with the turntable. 
This results in a change of pitch, which 
is most noticeable on a sustained 
sound. The only solution is to replace 
the rubber tire or the entire idler 
wheel. Do not attempt to repair the 
wheels. 

When cleaning the rubber tire, do 
not use carbon tetrachloride or other 
solvents that might dissolve or dam¬ 
age the rubber. Alcohol is the best 
cleaning agent for the rubber tires. 
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After the rubber idler wheel is cleaned, 
the inner rim of the turntable as well 
as the other idler wheels should be 
cleaned. 

In belt-drive mechanisms, the belt 
very often becomes stretched and 
causes wow. Replacement of the belt 
is the only solution. Be sure to keep 
the belt free from grease and oil, or 
it will slip. Very often rubber belts 
become cracked and hardened and 
cause considerable rumble. A tempo¬ 
rary cure is to turn the belt inside-out, 

but a hardened belt should be replaced 
if at all possible. 

Since friction plays such an import¬ 
ant part in drive mechanisms, it is 
most important to keep oil and grease 
away from the rubber tires and pul¬ 
leys. Be careful not to use too much 
lubrication. Too much lubrication 
will cause friction-driven parts to slip. 
When you are lubricating parts that 
are near the friction-drive mecha¬ 
nisms, it is better to use too little lu¬ 
bricant than too much. 

Actuating the 
As we saw when we discussed me¬ 

chanical tools, we can get all types of 
motions in a record changer with these 
tools, but in all cases, some primary 
force has to be applied. In a record 
changer this primary force is obtained 
from the motor. The motor rotates the 
turntable. On the turntable hub is a 
gear, which drives other gears, as 
shown in Fig. 15. This hub gear is 
generally smaller than the gear or 
gears it drives. It is called a pinion 
gear. The usual method of driving the 
changer mechanism is to use a large 
gear, called the drive gear, which 
meshes with the hub gear. The drive 
gear very often has a cam mechanism 
built into it, or the cam may be direct¬ 
ly above or below it. The main drive 
gear is coupled to other levers, gears, 

H-*-SPINDLE 
TURNTABLE 

HUB OR PINION 
GEAR 

FIG. 15. The hub or pinion gear on the 
turntable drive« the other gears. 

Change Cycle 
and mechanical tools that carry out 
the actual changing process. The first 
problem is to arrange the drive gear 
so that it comes in contact with the 
hub gear only when records are to be 
changed. The drive gear should not be 
engaged with the hub gear at other 
times during the playing of records. 
The section of a record changer that 
is used to actuate the changing mecha¬ 
nism is called the “trip” mechanism. 

CLUTCH MECHANISMS 

The first requirement of the trip 
mechanism is some sort of clutch to 
disconnect and connect the drive gear 
to the hub gear when necessary. 

Mutilated Clutch. One of the 
simplest clutches is called a “mutilat¬ 
ed gear” clutch. This is the type men¬ 
tioned earlier in which one section 
of the large gear has no teeth. 

When the change cycle is to start, 
the drive gear must be turned enough 
so that its teeth will mesh with the 
teeth of the hub gear. This is done 
by means of a lug or pawl on the drive 
gear which is forced into the hub gear. 
The drive gear will then rotate until 
the mutilated section again moves op-
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FIG. 16. A gravity clutch mechanism using 
a ratchet and pawl. 

posite the hub gear teeth. The drive 
gear will then stop until the clutch 
pawl is again actuated. 

Gravity Clutch. Another popular 
type of clutch mechanism is the grav¬ 
ity type, illustrated in Fig. 16. This 
uses the ratchet and pawl arrange¬ 
ment described earlier. In this mecha¬ 
nism the drive gear is directly over the 
cycling cam and the pawl is between 
the cycling cam and the drive gear. 
At A is shown the under side of the 
drive gear, and at B is shown the up¬ 
per side of the cam. The pawl is freely 
pivoted and fastened to the cycling 
cam. One end of the pawl is heavier 
than the other. The light end of the 
pawl is shaped so that it will fit into 
the teeth in the lower face of the upper 
drive gear. Thus, if it is not prevented, 
the light end of the pawl will rise and 
engage the teeth in the drive gear, so 
that the drive gear and the cycling 
cam will be locked and rotate togeth¬ 
er. This is the position during the 
changing cycle. At other times anoth¬ 
er part of the changing mechanism is 
used to hold the pawl away from the 
upper gear. A great number of chang¬ 
ers use this mechanism. 

TRIPPING MECHANISMS 

There are three popular types of 
tripping mechanisms used in record 

changers. The velocity trip, the eccen¬ 
tric trip, and the position trip. In all 
of these, the trip mechanism is actu¬ 
ated by the pickup arm through a 
lever attached to the lower end of the 
pickup arm shaft, which therefore 
moves with the pickup arm. 

The velocity trip operates on the 
principle that when the record is play¬ 
ing, the pickup arm is moved slowly 
toward the center of the record by the 
spiraling action of the grooves. When 
the record is completed, the pickup 
arm moves into the fast-finishing 
grooves and moves very rapidly. The 
velocity trip uses this rapid movement 
to actuate the clutch mechanism. 

The eccentric trip operates on the 
eccentric movement of the pickup arm 
when it is in the fast finishing grooves 
at the inside of a record. The pickup 
arm moves quickly toward the center 
of the record and then outward again 
in the fast-finishing grooves. The in¬ 
ward and outward movement of the 
arm actuates the eccentric trip. 

The simplest tripping mechanism is 
the position trip which operates when 
the pickup arm has reached a specific 
distance from the center of the record 
or spindle. The distance is usually 
1-7/8" from the spindle. 

Position Trip. Record changers 
most often use the position trip be¬ 
cause of its simplicity. It is seldom 
used alone today because of its limita¬ 
tions, but it is often used in conjunc¬ 
tion with the eccentric trip. 

A simple position trip is shown in 
Fig. 17. The trip lever is attached to 
the pickup arm underneath the chang¬ 
er, and as the pickup arm moves to¬ 
ward the center of the record, the trip 
lever moves toward the clutch pawl, 
which is attached to the cycling cam. 
When it strikes the end of the clutch 
pawl, it rotates the other end into con¬ 
tact with a lug on the hub gear. This 
turns the cam enough so that its teeth 
mesh with those of the hub gear, and 
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FIG. 17. The operation of a position trip. 

it starts rotating, and the change cycle 
is actuated. 

Velocity Trip. The velocity trip 
mechanism depends upon some fric¬ 
tion device that does not trip the 
mechanism until the pickup arm trav¬ 
els at a high rate of speed as it does 
when it enters the fast-finishing 
grooves of a record. 

In the system shown in Fig. 18, the 
pickup arm is connected through a 
link to the friction plate, which is 
pushed in the direction of the pickup 
arm. This motion is transferred to the 
trip arm through a friction pad at¬ 
tached to the trip arm. Although there 
is little friction here, it is sufficient 
to move the trip arm as shown. 

There is a projection, called a strik¬ 
er, on the spindle at the center of the 
turntable. This rotates with the turn¬ 
table. As the record is being played, 
the trip arm moves with the pickup 
arm, and the trip lever is brought 
closer to the striker. This movement 

FIG. 18. The operation of a velocity trip. 

of the trip lever toward the spindle is 
very slow. Gradually the lever is 
moved far enough in so that the tip 
end is hit by the rotating striker. Since 
only the tip end is hit, the blow is 
light, and the trip lever is pushed 
back away from the striker. The 
amount of friction between the trip 
arm and the friction plate is such that 
the trip lever merely moves back 
through the hole in the trip bar in¬ 
stead of moving to the left and actuat¬ 
ing the trip bar. When the pickup arm 
reaches the eccentric or fast finishing 
grooves of the record, it is moved in 
very rapidly toward the spindle. As a 
result, the trip lever is moved rapidly 
toward the striker and the striker hits 
the side of the trip lever very hard. 
Since the blow is at the side of the 
lever, it does not move the trip arm 
back across the friction plate but in¬ 
stead strikes it against the trip bar 
and actuates the changing mechanism. 

There are many variations of this 
velocity trip mechanism but they all 
work on the same principle of friction 
preventing the actuating of the trip 
mechanism for small or slow move¬ 
ments of a part, but permitting the 
tripping action for larger or faster 
movement of a part. 

Eccentric Trip. The eccentric trip 
operates on the principle that the 
pickup arm reverses its normal direc¬ 
tion of moving toward the center of 
the record when it enters the fast-fin¬ 
ishing or eccentric grooves of the rec¬ 
ord. It is this outward movement to-
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ward the edge of the record that ac¬ 
tuates the trip mechanism. 

One simple eccentric trip mecha¬ 
nism is shown in Fig. 19. As the pick¬ 
up arm is moved toward the center of 
the record, the pickup arm lever with 
the pawl at the end moves in toward 
the trip lever ratchet. The spring-
loaded trip pawl contacts the teeth of 
the ratchet lever near the end of the 
record. As the pickup arm enters the 
eccentric, fast-finishing groove of the 
record, it moves toward the center of 
the record and then back toward the 
outside. This backward movement 
also causes the pickup arm lever to 
move backward and the trip pawl is 
rotated to a position in line with the 
trip lever. This causes the pawl to 
stick farther out from the end of the 
trip lever. The pawl then forces the 
ratchet lever away from the trip lever. 
The ratchet lever is pivoted and its 
far end starts the change cycle. 

TRIP MECHANISM TROUBLES 

The most common difficulty in a po¬ 
sition trip mechanism is improper set¬ 
ting of the part that causes the actual 
tripping. This part is generally called 
the trip shoe—it is always an adjust¬ 
able part. If it is incorrectly set, or 
jarred loose, the mechanism may not 
trip at all, or may trip too soon. If 
this happens, the screws holding the 
trip shoe should be loosened and then 
readjusted so that the mechanism 
trips when the needle is 1-7/8" from 

FIG. 19. The operation of an eccentric 
trip. 

the center of the record. 
Even if the trip shoe is not loose, 

it may still need readjustment. How¬ 
ever, if it needs to be readjusted more 
than a fraction of an inch, there is 
probably trouble elsewhere in the 
changer. The pickup arm lever may 
have slipped in relation to the pickup 
arm itself. This can easily be checked 
by holding the pickup arm and trying 
to move the pickup arm lever. If the 
lever will move while the pickup arm 
is held steady, then it is loose and 
should be tightened to the pickup arm 
shaft. 

A broken or worn tooth on the trip 
shoe, a bent edge on the trip pawl, or 
a defective or missing spring on the 
pawl will cause failure in an eccentric 
mechanism. Bending and light filing 
will generally clear up such troubles. 
If a gear tooth is completely missing, 
the gear itself will probably have to 
be replaced. Defective springs can 
sometimes be repaired, but since their 
cost is low, replacement is usually best. 

If a velocity trip fails to actuate 
the change cycle, there is generally a 
weak or oily friction connection. Some¬ 
times a customer will try to oil his 
record changer himself and drop oil 
down on the friction pad. All friction 
connections must be clean and dry, or 
there will not be enough friction. 

In some changers, a spring is used 
to provide friction-loading of the pick¬ 
up arm lever. The spring will often 
slip out of the tab to which it is at¬ 
tached, or break. 

A felt washer may be used between 
the clutch weight and the pickup arm 
lever. If it is worn, it can become slip¬ 
pery, there will not be enough fric¬ 
tion, and the record changer will trip 
too soon. 

Since a great number of springs are 
used in a record changer, missing and 
weakened springs are very often 
causes of trouble. It is usually not ad¬ 
visable to try to repair a spring, es-
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pecially since they are so inexpensive. 
Assortments of springs can be pur¬ 
chased from a radio wholesaler. When 
using such replacement springs, be 
sure the substitute spring not only is 
of the same size as the original but 
also has the same tension (springi¬ 
ness). Occasionally a special type of 
spring that must be replaced with an 
exact replacement from the manufac¬ 
turer is used. 

Record changer parts must be able 
to move freely; any tendency to bind 
is a cause of trouble and should be 
cleared up. Most binding is caused by 
a bent part or an accumulation of dirt. 
Cleaning and straightening of parts 
will usually clear up the trouble. 

Burring of parts in a record chang¬ 

er will very often cause undesirable 
friction. The burrs must be removed 
by filing and cleaning. 
All record changers are completely 

oiled and lubricated when they leave 
the factory. This lubrication usually 
lasts for a year or more. 

Unless the manufacturer’s instruc¬ 
tions specifically state that certain 
sections of the tripping mechanism 
are to be lubricated, then all oil and 
grease should be kept away from the 
tripping mechanism. In friction-type 
mechanisms, any lubrication will pre¬ 
vent proper operation. 

Gear teeth and sliding surfaces in 
a tripping mechanism are generally 
lubricated with Sta-Put or Lubri-
plate. 

Cycling and Indexing the 
Pickup Arm 

The movement of the pickup arm 
out of the way of the record stack 
after a record is played so that anoth¬ 
er record can drop to the turntable is 
known as “cycling.” The return of the 
pickup arm to the beginning groove 
of the next record, another part of this 
operation, is known as “indexing.” 

The indexing section of the record 
changer is a very common source of 
trouble, since the pickup arm is on 
the top of the record changer and is 
subject to mishandling by the owner. 

In the type of record changers that 
turn off after the last record is played, 
trouble is seldom found in the index¬ 
ing system. However, in changers 
where the last record is repeated un¬ 
til the changer is turned off, trouble 
is frequently found. The owner often 
lets the last record play two or three 
times and then decides to turn off the 
mechanism or change the records. He 

may move the pickup arm in the mid¬ 
dle of a record and cause the tripping 
action to begin. However, the user 
suppresses the normal movement of 
parts by holding the pickup arm and 
this places a strain on the mechanism. 

Force should never be used to stop 
a changer mechanism from going 
through its usual routine. It is also im¬ 
portant not to shut off the changer 
during the change cycle. At all times 
let the change cycle be completed be¬ 
fore shutting off the changer or chang¬ 
ing records. 
In a non-mixing record changer, 

the size of record being played must 
be set on the changer itself by a switch 
or lever. On an intermixing changer, 
all sizes of records can be played. The > 
size of the record itself determines the 
set-down position of the pickup arm. 

For all records, the pickup arm must 
be lowered between the outer edge of 
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the record and the first recording 
groove. There is a single turn groove 
here, running from near the edge to 
the first recording groove, known as 
the starting groove. It brings the 
needle quickly into the regular play¬ 
ing grooves. Naturally if the pickup 
arm is not moved far enough in to¬ 
ward the record before it is lowered, 
it will miss the record completely. If 
it is moved too far in, it will miss 
the first few grooves of the record. 
Both of these troubles are common in 
record changers and can usually be 
cleared up by a simple adjustment. 

Along with the lateral movement of 
the pickup arm toward the record 
stack, there is also a vertical move¬ 
ment. The arm must rise high enough 
to clear the pile of records already on 
the turntable but not high enough to 
rub the underside of the records that 
are still to be played. 

CYCLING THE PICKUP ARM 

Let us follow the operation of a 
changer through the change cycle. Do 
not be discouraged if you find it a 
little hard to understand. When you 
actually have a changer in front of 
you to work on, you will be able to 
follow its operation much more easily. 
When you are actually working on a 
changer, refer to this lesson to help 
you understand it. 

Fig. 20 shows the cycling mecha¬ 
nism of a popular record changer. 
When the tripping mechanism (not 

shown) causes the cycling cam to ro¬ 
tate, the stud on one end of the pick-
up-arm raising lever begins to ride in 
a track on the under side of the cy¬ 
cling cam. As it does so, because of 
the formation of the track, it is 
pushed down and rotated by the cam. 
Notice that the lever has pivots for 
moving in two directions. As one end 
of the lever goes down, since the ful¬ 
crum or pivot of this raising lever is 

MAIN CYCLING CAM SHARP BEVELED EDGE 

LEVER 

FIG. 20. Ilie cycling mechanism of a 
popular record changer. 

in the center, the other end of the lever 
moves up. At this end of the raising 
lever, a sharply beveled edge is in con¬ 
tact with the pickup-arm raising disc. 
The upward movement of the beveled 
edge causes the raising disc to move 
up. This in turn moves the pickup 
arm up from the record surface. 

The raising lever is pivoted to move 
in a horizontal direction also. As it 
moves, the beveled edge of the lever 
rotates the pickup-arm raising disc. 
This in turn moves the pickup arm 
away from the center of the record 
toward its resting position. The rais¬ 
ing disc rotates until the projection 
on it strikes against the pickup 
arm shaft bracket, which prevents 
further movement. The beveled edge 
then slips on the pickup-arm rais¬ 
ing disc until the cycling mecha¬ 
nism finishes its action. As this bev¬ 
eled edge moves on the pickup-arm 
raising disc, after the pickup arm is 
moved to its resting position, it finally 
slides into a small V cut in the pickup¬ 
arm raising disc. The beveled edge 
then rests in this V until a record drops 
on the turntable. After this happens, 
the track on the cycling cam reverses 
the movement of the pickup-arm rais¬ 
ing lever. The beveled edge is now in 
the V cut of the pickup-arm raising 
disc, and the entire assembly (includ¬ 
ing the pickup arm itself) will swing 
a distance set by the same groove. 
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When the determined distance is 
reached, the pressure exerted on the 
stud end of the pickup-arm raising 
lever is relieved, the beveled edge is 
lowered out of the V cut, and the en¬ 
tire assembly of the pickup arm, shaft, 
and raising disc is lowered. Thus the 
needle is set down again in the start¬ 
ing groove of the record. Fig. 21 shows 
the under side of the cam used to ac¬ 
tuate the movement. This view is 
“looking through” the cam from the 
top. The stud rides in the outside of 
the groove for 10" records and in the 
inside of the groove for 12" records. 

INDEXING THE PICKUP ARM 
Since the stud on the pickup-arm 

raising lever must ride in one side of 
the groove in the cycling cam for 10-
inch records and the other side of the 

HC. 21. One method of controlling the 
set-down position of the pickup arm. 

groove for 12-inch records, we must 
have some simple method oi moving 
the stud from one side of the groove 
to the other. The pickup-arm raising 
lever is pivoted as shown in Fig. 20 
and can be moved horizontally as well 
as vertically. All we need to do is use 
a spring or lever to shift the stud. 

Manual Control. There are many 
methods of controlling the set-down 
of the pickup arm on the record, de¬ 
pending on the type of pickup arm 
cycling mechanism and record-drop¬ 
ping mechanism. One such method is 
shown in Fig. 21. This is for a non¬ 
intermixing changer; in other words, 
one that will take only one size of 
record at a time. On this changer, the 
size is selected and set by the opera¬ 
tor. One end of a spring lever is at¬ 
tached to the pickup-arm raising le¬ 
ver and the other is connected to a 
selector shaft. The top of the selector 
shaft projects above the turntable to 
a knob indicating the positions to 
which it is to be turned for each rec¬ 
ord size. When the selector shaft is 
turned in a clockwise direction, the 
index spring will expand as shown in 
Fig. 21 A, so the tension on the lever 
is decreased and the stud will follow 
the inside of the groove on the cycling 
cam. With the index spring com¬ 
pressed, as shown in Fig. 21B, the ac¬ 
tion of the spring against the pickup¬ 
arm raising lever forces it over to the 
outside of the groove in the cycling 
cam. 
Automatic Control. In many record 

changers, it is possible to intermix 10-
and 12-inch records. In this case, the 
manual control is not used to index 
the pickup arm. 
A typical indexing and set-down 

mechanism for this type of record 
changer is shown in Fig. 22. 

In this type of record changer, the 
center spindle actually supports the 
records, which are stabilized by an 
arm that projects across the records 
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FIG. 22. An automatically controlled in¬ 
dexing system. 

to the spindle. In addition to this, 
there is a special index finger, which 
is an arm extending out from the in¬ 
dex finger shaft; the side rests against 
the bottom record in the stack as 
shown in Fig. 23. Under the turntable, 
on the lower end ot the index finger 
shaft, is the set-down disc assembly 
as shown in Fig. 22. This is rigidly at¬ 
tached to the index finger shaft, so the 
position of the index finger controls 
its position. When the index finger is 
all the way out, for a 12-inch record, 
the set-down disc assembly is turned 
all the way clockwise. When the index 
finger is all the way in, that is, when 
no records are on the spindle, the set¬ 
down disc assembly is all the way 
counter-clockwise. 
The pickup-arm raising disc and 

the set-down disc assembly work to¬ 
gether to control the set-down index¬ 
ing. As shown in Fig 22, there is a 
lever, called the set-down lever, which 
has a roller at one end, in contact with 
the cycling cam. When the change 
cycle starts, the pickup arm is lifted 
from the record and is moved by the 
action of the pickup-arm raising le¬ 
ver, which you have already studied. 

The under side of the cam against 
which the roller of the set-down lever 
is riding, is shaped so that at this 
point, the roller is pushed down. This 

causes the other end of the lever to 
move upward to one of the notches 
in the set-down disc assembly, to hold 
the set-down assembly in place. The 
position of the set-down disc assembly 
has already been determined by the 
amount of rotation of the index fin¬ 
ger. The notch into which the set¬ 
down lever is pushed depends upon 
this setting. When the index finger is 
all the way out, for 12-inch records, 
the set-down lever will go into the 
notch farthest to the right in the illus¬ 
tration. For a 10-inch record it will go 
into the next notch clockwise, and for 
a 7-inch record into the next notch 
after that. When there are no records 
on the spindle, the index finger will be 
all the way in, and the set-down disc 
assembly will be turned all the way 
counter-clockwise. The set-down disc 
has two “ears” that control the stop¬ 
ping position of the pickup-arm rais¬ 
ing disc, which has a projection on it 
called the “set-down plate.” When 
this plate comes in contact with one of 
these ears, its rotation is stopped, and 
the pickup arm is lowered at that 
point. Fig. 24 shows the positions ot 
the set-down disc assembly and of the 
pickup-arm raising disc for different 
record sizes. Notice that the set-down 
plate does not contact the pickup-arm 
raising disc when a 7-inch record is on 
the stack. The groove in the main cam 
is made so that as the stud on the pick¬ 
up-arm raising lever follows it, the 
pickup arm will be set down in posi¬ 
tion for playing a 7-inch record unless 
it is stopped sooner. 

If a 10-inch record is to be played, 

STABILIZING ARM RECORD STACK 

FIG. 23. The index finger rests against the 
bottom record in the stack as shown here. 
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FIG. 24. The positions of the set-down 
disc assembly and of the pick-up-arm 

raising disc for different record sizes. 

the set-down disc position is as shown 
in Fig. 24C. Here the pickup-arm rais¬ 
ing disc is stopped in position for a 
10-inch record by the stop ear, which 
conies in contact with the set-down 
plate. When a 12-inch record is to be 
played, the same stop ear stops the 
pickup-arm raising disc, but since it is 
turned farther clockwise, it will stop 
it sooner. 
When there are no records on the 

spindle, the index finger is as far coun¬ 
ter-clockwise as possible. This puts 
the lock-out ear in position so that the 
raising disc is stopped when the pick¬ 
up arm is over the pickup rest point. 
This is shown in Fig. 24A. 

ADJUSTING THE INDEXING 
SYSTEM 

There are usually two methods of 
adjusting the indexing system of the 
record changer; one a very coarse ad¬ 
justment, the other a fine adjustment. 

Obviously the indexing will be in¬ 
correct if the pickup arm position is 
out of alignment with the pickup-arm 
raising disc. To synchronize these 
parts movements, the pickup arm can 
very often be slightly readjusted on 
the pickup arm shaft, since it is gen¬ 
erally attached to the top of the shaft 
on a hinge arrangement. A small ec¬ 

centric screw can usually be found on 
the pickup arm itself, for fine adjust¬ 
ment. If adjustment of this is not suf¬ 
ficient to provide proper indexing, 
then the pickup-arm raising disc it¬ 
self will need to be loosened, then ro¬ 
tated until it is in its proper position. 

The best method of setting the in¬ 
dex system is to place a record on the 
changer and then rotate the changer 
by hand, while it is raised off the work¬ 
bench so that you can get at the parts 
underneath. After the record is 
dropped to the turntable, the pickup 
arm will rise from its resting position 
and then move above the record and 
siowly descend to the record surface 
while you are rotating the turntable 
by hand. Keep rotating the turntable 
by hand until the needle is within 
one-quarter inch or less of the record 
surface. Then, locate the two set 
screws that control the position of the 
pickup arm lever, and alternately 
tighten one and loosen the other until 
the needle is brought (in a horizontal 
direction) over the lead-in groove of 
the record. 

After you carry out this operation 
for a 10-inch record, try it on both a 
12-inch record and a 7-inch record to 
see if the indexing system is correct. 
Usually a slight readjustment of the 
eccentric screw on the pickup arm (on 
top of the changer) will be necessary 
for the other record sizes. 
When the adjustments are com¬ 

pleted so that the indexing is correct 
for all size records, tighten both set 
screws in the pickup arm lever. Be 
sure that both screws are tightened at 
the same time, or the indexing may 
change. 

A great deal of trouble is caused in 
indexing systems by mistreatment of 
the record changer. Very often the 
trouble is caused by misalignment of 
the pickup arm lever in relation to the 
pickup arm itself, and readjustment 
will usually clear up the trouble. Of 

22 



course, defective parts may cause this 
trouble also. 
When the pickup arm is being set 

down on the record, it is important for 
it to move slowly. If the pickup arm 
pivot screw is loose, the arm will move 
down rather rapidly, and the needle 
may bounce on the record, skipping 
grooves at the beginning of the record 
and causing damage. Tightening the 
pivot screw will clear up this trouble. 
After tightening the screw, check the 
operation carefully, to be sure that it 
is not too tight, preventing freedom 
of vertical movement. 
Incorrect set-down of the pickup 

arm on the record can be caused by 
a defective pickup arm return-lever 

spring. When replacing the spring, be 
sure to use one that is just strong 
enough to cause correct set-down. Too 
strong a spring may damage some 
other part; too weak a spring will pre¬ 
vent proper set-down. 

Excessive friction between the pick¬ 
up arm lever and the parts it contacts 
very often causes trouble. Hardened 
lubrication and dirt is a common of¬ 
fender. After washing the parts with 
carbon tetrachloride, lubricate them 
with a light grease such as “Sta-Put.” 

Binding and bending cf parts often 
occurs in the mechanism. If this hap¬ 
pens, the parts should be bent back 
into position, and any burrs removed 
with a file. 

Record- Dr opping Mecli ani sin s 
There are two popular record-drop-

ping mechanisms in use today: The 
spindle type in which the spindle sup¬ 
ports the records and drops them to 
the turntable, and the pusher type, in 
which the shelf and the spindle both 
support the record, and the shelf causes 
the record dropping. 

In addition, older changers used 
slicer-type mechanisms with two or 
three posts. 

SLICER CHANGERS 

A typical two-post slicer type of 
record changer is shown in Fig. 25. 

In this changer, only the record 
holder shelves hold the records. The 
spindle is straight and merely guides 
the record down to the turntable and 
holds it in position for playing. When 
a record is to be dropped, the pickup 
arm is elevated and moved out of the 
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FIG. 25. A typical two-post changer. 
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way; then the record-holder posts be¬ 
gin to rotate. Each of these posts car¬ 
ries a knife just above its record¬ 
holder shelf. The knife is a sharp-
edged shelf that is spaced the thickness 
of the average record above the record¬ 
holder shelf. As each knife comes 
around in contact with the record 
stack, the pointed tip of the knife is in 
the right position to go between the 
bottom record of the stack and the 
next one above it. 

As the knife penetrates the record 
stack, the record-holder post continues 
to rotate; this places the knife under 
all the records except the bottom one. 
When the record-holder shelf is rotated 
completely, the bottom record will 
drop to the turntable. Finally, the 
record-holder posts rotate back to 
their normal position, the knives are 
withdrawn, and the records rest on the 
shelves again in their original position. 

It is important that the record¬ 
holder posts be synchronized and 
rotate together. This is easily accom¬ 
plished by means of links and seg¬ 
ments which you studied earlier in this 
lesson. Fig. 26 shows an example in a 
2-post changer. The roller riding in the 
cam groove which controls the chang¬ 
ing mechanism, actuates the drive link 
which in turn moves the segments 
rotating the selector gears. The selector 
gears are firmly attached to the record¬ 
holder shelves, so the shelves are 
rotated accordingly. 

DRIVE LINK ROLLER CAM 

) 
SELECTOR \\ / 
SHAFT GEAR 

" SELECTOR 
/ SHAFT GEAR 

SELECTOR LINK 

FIG. 26. How links and segments are used 
in a two-post changer. 

These two-post and three-post 
changers were used in older changers 
and are now obsolete. 

Because of the operation of the sup¬ 
port shelves and slicer blades, extreme¬ 
ly thick or unusually thin records can 
cause trouble. If a record is thin, the 
slicer blades may miss it completely, 
and two records will then be dropped 
to the turntable at once. If the record 
is thick, the blades may hit the record 
edge and break it. Warped records will 
also cause this trouble. With warped 
records, one shelf may drop one edge 
of the record and the other shelf hold 
the opposite edge. The same trouble 
can happen to records of average thick¬ 
ness when the slicer blades are slightly 
bent. If this happens, place an average 
record on the turntable and rotate it 
by hand. Carefully examine the slicer 
blade. The action will show you which 
one is bent. 

Another common trouble in this type 
of changer is binding of one or more 
of the selector shafts. Filing, cleaning, 
and lubricating will usually clear up 
this trouble. Also be certain that the 
spindle is straight. If it is bent, more 
of the record will be on one shelf and 
only one side will drop. 

BENT-SPINDLE CI I ANGE R S 

The bent-spindle type of record 
changer is very popular. Its basic op¬ 
eration can be seen in Fig. 27; in this 
record changer, the records are sup¬ 
ported both by the indenture on the 
bent spindle and by the record-sup¬ 
porting post. 

A small shelf on the post forces the 
bottom record in the stack out slightly 
more toward the spindle than the rest. 
To drop this bottom record to the turn¬ 
table, the support post itself is moved 
slightly toward the spindle. The record 
center hole will then be dislodged from 
the notch in the spindle and will slide 
down the spindle to the turntable. The 
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FIG. 27. A bent-spindle type of changer. 

other records will drop toward the 
notch in the spindle but will catch on 
the notch, since the smaller shelf on 
the record support holds only one 
record. When the support post moves 
to its maximum distance away from 
the spindle, the next record in the stack 
will drop into the small shelf on the 
post. Since the center hole of this record 
is in the notch on the spindle, it cannot 
drop to the turntable until the support 
post again moves toward the spindle. 

The weight shown in the illustration 
is used to stabilize the record stack. 

Several methods are used to actuate 
the record-dropping mechanism. Es¬ 
sentially all connect the bottom of the 
record support shelf shaft to a lever 
called a rocker-arm assembly. A small 
stud or roller, attached to the other 
end of the lever, rides in a groove on 
the main cam. As the stud or roller rid¬ 
ing in a cam groove moves out away 
from the center of the turntable by 
action of the rotating cam, the lever 
action of the support shelf moves the 
shelf in toward the turntable center. 

PUSHER CHANGERS 

Another popular type of record 
dropping mechanism is a variation of 
the shelf type called a pusher type. In 
this type, the records rest both on the 
spindle and on the record-selector post. 
However, to drop the record onto the 

turntable, neither the spindle nor the 
post moves. Instead, a small section of 
the post slides out and pushes the bot¬ 
tom record off the shelf and the record 
then slides down the spindle. 
The moving shelf mechanism op¬ 

erates in the same way as the record¬ 
dropping mechanism just discussed. 

The pusher type of record-dropping 
mechanism is probably the most re¬ 
liable and is less likely to cause trouble 
than the other types. However, some¬ 
times the entire selector post itself be¬ 
comes bent, which will cause the 
records to drop onto the pickup arm. 
Carefully bending the post back will 
usually clear up this trouble. Some¬ 
times, however, the record shaft and 
rocker-arm mechanism underneath the 
turntable is provided with an adjust¬ 
ment screw. The servicing information 
should be consulted for such troubles 
with this type of mechanism. 

SPINDLE TYPE OF CHANGER 

Another type of record-dropping 
mechanism is called the spindle type. 
In this mechanism the spindle itself 

FIG. 28. A cross sectional view of the 
spindle in a spindle-type changer. 
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FIG. 29. An exploded view 

A PHOTOFACT -EXPLODED” VIEW 

© Howard W. Sams & Co, Inc. 1954 

of the parts above the base 
record changer. 

Courtesy Howard W. Sams 

plate on the VM Tri-O-Matic 
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A PHOTOFACl EXPLODED VIEW 

© Howard w. Sams & Co, inc. 1954 Courtesy Howard W. Sama 

FIG. 30. An exploded view of the parts below the base plate of the VM Tri-O-Matic. 

27 



does the record dropping, and a shelf 
or a record stabilizer helps hold the 
records above the turntable. 

In this type of changer the record 
spindle is hollow and contains a pusher 
shaft attached to the cycling cam 
underneath the changer with a roller, 
and a special pusher mechanism at the 
top of the spindle. A cross-sectional 
view of the spindle is shown in Fig. 28. 
The top of the spindle is formed to 
have a small shelf and notch to hold 
the records. When the cycling mechan¬ 
ism is activated, the roller of the push¬ 
er shaft rotates on an inclined surface 
of the cam, forcing the roller, shaft, 

and pushing mechanism upwards. A 
small record pusher at the top of the 
spindle then dislodges one record from 
the stack, and it drops to the turntable 
surface. This type of mechanism is 
quite simple and can easily be under¬ 
stood by observing the dropping 
mechanism of the record changer while 
rotating the turntable by hand. 

Except for a bent pusher shaft or 
spindle, no special problems are en¬ 
countered with this type of changer. It 
is extremely difficult to straighten out 
the shaft, when it is bent, and a new 
one almost always needs to be in¬ 
stalled. 

The V-M Tri-O-Matic, Model 935 
As an aid in servicing, we will now 

discuss the operating cycle of a modern 
record changer—the V-M Tri-o-matic, 
Model 935. Remember when you are 
servicing any record changer, the best 
way to understand its operation is to 
rotate the turntable manually while 
watching the motions of the various 

HUB GEAR 

FIG. 31. As the pickup arm moves toward 
the center of the record, the trip finger 
cam moves toward the trip link, as shown 
at A. B shows how the trip lever, under¬ 
neath the drive gear, turns the pawl lever 
above the drive gear, which in turn catches 

the trip pawl. 

parts. This particular changer is 
popular as a complete plug-in unit, and 
quite similar models have been in¬ 
stalled in many commercial radio and 
television combinations. 

Since this changer is provided with 
a velocity trip mechanism, the change 
cycle is started by the rapid inward 
motion of the pickup arm when the 
needle enters the fast-finishing grooves 
at the end of the record. 

Two exploded views of this changer 
are shown in Figs. 29 and 30. Refei¬ 
to these throughout the discussion. 

STARTING THE CHANGE CYCLE 

In this changer, a trip finger cam 
is attached to the lower end of the 
pickup arm shaft so that the pickup 
arm and the trip finger cam move in 
unison. As the pickup arm moves to¬ 
ward the center of a record, the trip 
finger cam moves toward the trip link. 
This is shown in Fig. 31. As the trip 
finger cam engages with the trip link, 
it pulls it toward the right in the figure ; 
a small upward projection on the other 
end of the trip link catches on the trip 
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lever, which is attached to the under 
side of the drive gear. This causes the 
trip lever to turn. 

As the trip lever turns, it turns the 
pawl lever, which is on the upper side 
of the drive gear, and attached to the 
trip lever with a spring-loaded friction 
connection. This moves the pawl lever 
clockwise, as shown in Fig. 31B, to¬ 
ward the trip pawl. 
A mutilated-clutch mechanism sim¬ 

ilar to the one you studied earlier is 
used. The teeth are missing from the 
section of the drive gear that is toward 
the hub gear during the playing of the 
record. This is how it works: 

As the pickup arm moves slowly to¬ 
ward the center of the record, the trip 
pawl moves toward the turntable hub. 
On the hub is a projection, or lug, 
which contacts the projection on the 
trip pawl, pushing the trip pawl back 
again. 

Since the movement is slow, and the 
connection between the pawl lever and 
the trip lever is a friction connection, 
the pawl lever simply slips back. How¬ 
ever, when the pickup arm reaches the 
fast-finishing grooves at the end of the 
record, its motion is accelerated, and 
this rapid motion is transmitted to the 
trip link, the trip lever, the pawl lever, 
and the trip pawl, so the projection on 
the trip pawl is hit by the lug on the 
turntable hard enough to make the 
drive gear to which it is attached turn 
far enough so that its teeth mesh with 

FIG. 32. The cycling slide shown here is 
moved back and forth by the action of the 
pin on the drive gear moving in a slot on 

the slide. 

FIG. 33. The tab on the cycling slide con¬ 
tacts the trip finger cam, turning it, and 
therefore the pickup arm shaft, counter¬ 

clockwise. 

those of the hub gear, and the change 
cycle is started. 

RAISING AND ROTATING 
THE PICKUP ARM 

This changer uses a slide rather than 
a cam to control the cycling. It is be¬ 
low the drive gear. On the drive gear 
is an eccentric stud, which moves in 
a cross slot on this slide when the gear 
turns, causing the slide to move back, 
as shown in Fig. 32. The rear end of 
the slide is sloped so that as it moves 
back, the pickup arm lift pin, which 
is resting on the end, is pushed up. 
This causes the pickup arm to rise off 
the record. 

At the same time, the tab on the end 
of the slide, shown in Fig. 33, contacts 
the trip finger cam, and turns it 
counter-clockwise; this turns the pick¬ 
up arm shaft to which it is attached, 
counter-clockwise, also, swinging it 
clear of the turntable so that the record 
can be dropped. 

DROPPING THE RECORD 

Dropping the record is accomplished 
by means of the ejector link assembly 
at the other end of the cycling slide. 
It is shown in Fig. 34. In one side of 
the forked end of the slide is a slot. 
As the slide moves back, the front edge 
of the slot contacts the lift arm on the 
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FIG. 34. The ejector link assembly shown 
above is used for dropping the record. 

ejector link assembly. The lift arm is 
pivoted at the other end, on which is 
resting the pusher shaft in the spindle. 
This pushes the pusher shaft up, the 
pusher goes up into the center hole of 
a record, is pushed forward, and the 
record drops. 

LOWERING THE PICKUP ARM 

The cycling slide then reverses its 
direction because of the action of the 
gear pin in the cross slot of the slide. 
The tab on the slide, which was holding 
the trip finger cam, moves away from 
it, allowing the trip finger cam to move 
clockwise, and the pickup arm starts 
back toward the spindle. As the trip¬ 
finger cam rotates, it carries with it a 
plate, called the tone-arm return loca¬ 
tor plate, which is mounted directly 
above it on the pickup arm shaft, as 
shown in Fig. 35. The return locator 
plate has two indentations on it, which 
match the two holes in the trip finger 
cam, and the two parts are held to¬ 
gether by the force of a spiral spring. 

These two parts, and therefore the 
pickup arm, will continue to rotate 
clockwise until stopped by the reset 
lever. Let us see how the reset lever 
works. 

The return locator has a raised edge 

with three steps in it. When one of 
these three steps comes in contact with 
the reset lever, the clockwise rotation 
is stopped. The reset lever has been set 
by the action of the two other levers, 
called the “ 12-inch record selector” and 
the “7-inch set-down lever,” so that 
for 12-inch records it will contact the 
first step in the return locator plate; 
for 10-inch records, it will contact the 
second step; and for 7-inch records it 
will contact the third step. 

The 12-inch selector and the 7-inch 
set-down lever are operated by the 
record itself as it drops to the turn¬ 
table. These two levers are shown in 
Fig. 36. 

The 12-inch selector operates when 
it is hit by a record. The 7-inch set¬ 
down lever operates when it is not de¬ 
pressed by a record, but free to rise. 
When a 12-inch record drops, it strikes 
the 12-inch selector, and the 7-inch 
set-down lever. When a 10-inch record 
drops, it strikes the 7-inch set-down 
lever, and when a 7-inch record drops, 
it does not strike either, and the 7-inch 
set-down lever is free to rise. Because 
the 7-inch set-down lever must be free 
to rise for the changer to work right 
for 7-inch records, they cannot be in¬ 
termixed with other sizes. 

When a 10-inch record is dropped, 
one end of the reset lever is held down 
by a tab on the main gear, and the 
other end latches on the end of the 
12-inch selector lever as shown in Fig. 
37. When a 12-inch record is dropped, 
it hits the end of the 12-inch selector 

RESET LEVER LIFT PIN 

PICKUP ARM SHAFT 

SLIDE 

RETURN 
LOCATOR 
PLATE 

FIG. 35. The pickup arm is lowered when 
the lift pin slides down the inclined end 

of the slide. 
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12-INCH RECORO SELECTOR 

FIG. 36. Upper view of the record player 
showing the 12-inch record selector and 

the 7-inch set-down lever. 

lever, which pushes the lever back. 
Since it is pivoted in the middle, the 
lower end of this lever is pushed for¬ 
ward, under the end of the reset lever, 
causing the reset lever to drop as in 
Fig. 37B. 

When 7-inch records are played, the 
7-inch lever is free to move. There is 
a hole cut in the main gear, so that 
when the hole in the gear comes 
around, the lower end of the 7-inch 
lever drops into the hole, causing the 
other end of the lever to rise. As it 
rises, it raises the reset lever also, be¬ 
cause of a small projection or “finger” 
that extends from it under the reset 
lever, as shown in Fig. 37C. 

Therefore, as you can see, the reset 
lever will be in the highest position 
for a 7-inch record, the next position 
for a 10-inch record, and the lowest 
position for a 12-inch record, and will 
stop the tone-arm locator plate and 
therefore the pickup arm in the prop¬ 
er position for each size of record. 

The slide continues to move for¬ 
ward, and when the inclined end of 
the slide comes under the pickup arm 
shaft, the pickup arm lift pin slides 
down the inclined surface, and the 
pickup arm is lowered to the turn¬ 
table in place to start the next record. 

As the lift pin slides down the end 
of the slide, the pressure is released 
from the conical lift spring. Between 

the trip finger cam and the return lo¬ 
cator is a spring washer, called the 
locator plate separator. When the 
pressure on the conical spring is re¬ 
leased, this spring washer pushes the 
two parts apart, and the pickup arm 
can ride freely over the record. 

SHUTTING OFF THE CHANGER 

When the last record has been 
dropped, the record support arm drops 
below the shelf on the spindle. The 
lower end of the record support post 
contacts the stop arm of the shut-off 
lever on the shut-off lever bracket as¬ 
sembly as shown in Fig. 38. This pulls 
the control link, rotating the crank of 
the shut-off lever assembly, and forc¬ 
ing the lever assembly against the es¬ 
cape lever on the slide assembly. At 
the end of the change cycle the slide 
has moved all the way forward, and 
the end of the lever assembly drops 
into the main slot on the slide. The 
other end of the lever assembly is 
pushed up against the pickup arm re-

FIG. 37. The 12-inch record selector and 
the 7-inch set-down lever control the posi¬ 

tion of the reset lever as shown here. 
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HG. 38. How the lowering of the record 
support actuates the shut-off mechanism. 

turn locator as shown in Fig. 39. 
After the last record has been 

played, the change cycle starts again. 
However, this time as the pickup arm 
return locator is pivoted clear of the 
reset lever by the tab on the slide as¬ 
sembly, it also clears the shut-off 
lever, and the shut-off lever assembly 
rises. As it rises, a tab on its side 
pushes the trip link up, as shown in 
Fig. 40. As the pickup arm return lo¬ 
cator starts to return the pickup arm 
toward the spindle, it is stopped by 
the shut-off lever assembly when the 
pickup arm is over the pickup arm 
rest post. The main gear continues to 
rotate, pulling the trip link forward 
with it. A tab on the upper surface of 
the trip link contacts a lever on the 

CYCLING SLIDE 

RESET LEVER 

SHUT-OFF LEVER 

control shaft assembly, as shown in 
Fig. 40, rotating the control shaft as¬ 
sembly clockwise. An arm on the oth¬ 
er side of the control shaft assembly 
contacts the on-off switch, turning it 
off, and returning the control knob to 
the OFF position. 
The slide assembly continues to 

move forward, until the pickup arm 
lift pin rides down the inclined sur¬ 
face at the back of the slide, lowering 
the pickup arm to the pickup arm rest 

TONE-ARM 
LOCATOR 

1 IG. 39. Operation of the shut-off lever. 

FIG. 40. The shut-off lever raises the trip 
link, which turns the control shaft as¬ 

sembly, and shuts off the switch. 

The 45-RPM Changer 
Since the 45 rpm record is different 

from other phonograph records, the 
special 45 rpm changer was designed 
along with the record. This record 
comes only in the 7-inch size with a 
center hole 1% inches in diameter. 
Even though the 45 rpm changer 

may look vastly different from other 
record changers, the same basic prin¬ 

ciples that apply to the record chang¬ 
er mechanisms we have discussed also 
apply to this type of changer. There 
are, however, some different physical 
appearances and locations of the parts. 
The best way to understand how a 

record changer works as well as how 
to troubleshoot it, is to rotate the rec¬ 
ord changer by hand through the 
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changing cycle while observing the 
action of the various parts above and 
underneath the turntable. Let us 
imagine that we are doing this with 
the RCA 45-rpm changer, and follow 
the action of the changer parts. 

The record stack rests on special 
separator shelves, shown in Fig. 41, 
which protrude from both sides of the 
large center post on the changer. As 
we begin to rotate the turntable, a 
record is being played (on the turn¬ 
table) and there is a stack of records 
on the spindle. We then begin by 
pushing the start-reject lever shown 
in Fig. 42. This moves the trip pawl 
(37) into tripping position. Referring 
to Fig. 42, you can see that as the 
turntable rotates clockwise, it carries 
the trip pawl (37) along for a short 
distance. The trip pawl stud (37A), 
as seen in Fig. 43, pushes against the 
director lever (41), rotating it clock¬ 
wise, in opposition to the force of the 
tension spring (42). This force is ap¬ 
plied until the director lever stud 
(41B) has been forced through the slot 
of the cycling cam (8B). 

As shown in Fig. 44, the end of the 
director lever (41C) which extends 
below the motor board moves away, 
allowing the muting switch (63) to 
close. This switch disconnects the 
cartridge so that the noise of the 
changing operation will not be repro¬ 
duced. At the same time, the stud 
(41A) pushes the pickup arm lift le¬ 
ver (35) which raises the pickup arm. 
The end (41E) of the director lever 
(41) contacts the trip lever stud 
(58A) which rotates the trip lever 
(58) counter-clockwise as shown in 
Fig. 45. This also turns the pickup 
arm shaft to which it is attached, and 
moves the pickup arm out toward the 
edge of the record. The trip lever stud 
(58A) then moves against the pickup 
arm return lever (50) and pushes it 
outward against the tension spring 
(51), as shown in Fig. 46. When the 

FIG. 41. Records resting on the separator 
shelves on the center post. 

Courtesy RCA 
FIG. 43. The stud on the director lever 

goes into the cam groove. 

MUTING SWITCH 63 
CLOSES 

Courtesy RCA 
FIG. 44. Raising the pickup arm. 
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pickup arm has moved over as far as 
it can, it is held in position by the 
latch (50A) clamping the stud 58A on 
the end of the pickup arm return lever 
as shown in Fig. 46. 
While the pickup arm is moving 

outward, the end of the director lever 
(41C) below the motor board moves 
against the star wheel (62) and pre¬ 
vents it from rotating, as shown in 
Fig. 47. The turntable continues to 
rotate but the star wheel and shaft re¬ 
main stationary. Two small gears (5A 
and 6A) in the upper section of the 
center post rotate around the star 
wheel shaft gear (7A). 

The eccentric shown in the exploded 
view in Fig. 48, extending from the 
upper end of gears 5A and 6A turning 
in a slot in the separator shelves 5 
and 6 causes the shelves to move in 
toward each other against the tension 

of the spring (4). As the shelves move 
in, the separator plates 5B and 6B 
above each separator shelf move out 
between the lower record of the record 
stack and the remaining records. 
Since the shelves are no longer in the 
way, the lower record drops to the 
turntable while the knives support the 
remaining records. 

The director lever (41) continues to 
move toward the out-of-cycle position 
and the end (41E) of this lever retains 
contact with the trip lever stud (58A). 
This contact stabilizes the inward 
movement of the pickup arm which is 
being pushed in by the pickup arm re¬ 
turn lever (50) as shown in Fig. 49. 
The movement of the pickup arm 

toward the spindle is stopped directly 
above the landing position by the 
pickup arm return lever stud (50B) 
coming in contact with the eccentric 
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41E RETAINS 

51 LEVER 50 

Courtesy RCA 
FIG. 49. Moving the pickup arm in for a 

landing. 

stud (45C), as shown in Fig. 50. 
The stud (41A) on the director 

lever continues to contact the pickup 
arm lift lever (35) which lowers the 
cartridge stylus to the starting groove 
of the record as shown in Fig. 51. As 
the turntable completes one revolu¬ 
tion the tension spring (42) pulls the 
director lever stud (41B) through the 
slot in the cycling cam, as shown in 
Fig. 52. The end of this director lever 
(41D) disengages the pickup arm re¬ 
turn lever (50) by contacting the pro¬ 
jection (50C), as in Fig. 53. The end 
(41C) of the director lever below the 
mounting board then moves away 
from the star wheel and opens the 
muting switch. 

After the record has been completed, 
the stylus moves into the tripping 
grooves causing the trip lever (58) to 
push the trip pawl (37) into position 
for engagement with the stud (8A) 
on the underside of the turntable, as 
shown in Fig. 54. When the stud (8A) 
contacts the trip pawl (37), another 
change cycle starts and the entire 
process is repeated. 

The same sort of troubles found in 
other record changers are found in this 
type of changer: excessive, insufficient, 
or incorrect lubrication; binding and 
burring of parts; bent and broken 

FIG. 50. The inward motion of the arm is 
stopped by stud 50B. 

Courtesy RCA 

FIG. 51. Needle is lowered to record. 

TENSION SPRING 42 

Courtesy RCA 

FIG. 52. Stud 41B is pulled out of the 
cam slot 

FIG. 53. The muting switch is opened. 
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FIG, 54. Change cycle is ready to start 
again. 

SEPARATOR 
KNIVES 
SYNCHRONIZED 

Courtesy RCA 
FIG. 55. Position of knives when adjust¬ 

ing star wheel. 

parts ; missing or defective springs ; etc. 
One common trouble is the record 

dropping on the pickup arm because 
of improper star-wheel timing. Along 
with this trouble and in addition to 

it, the separator knives very often fall 
out of synchronization. 
To adjust the star-wheel timing, 

turn it until the separator knives are 
in the position shown in Fig. 55, by 
feeling the knives with your fingers 
while turning the star wheel. Then 
loosen the two set screws, Fig. 56, 
enough to permit the star wheel to 
rotate freely without disturbing the 
drive shaft. 

Rotate the star wheel so that one 
tooth points directly to a cam screw 
(Fig. 56) and tighten the two set 
screws. Finally, rotate the mechanism 
through a complete cycle by hand 
to check the operation. Both the 
separator knives and shelves must 
move completely in and out of the 
spindle, and while the knives are out, 
the shelves should be in (and vice 
versa). 

In many record changers, a large 
diameter spindle similar to the one 
used in a 45 rpm changer fits over the 
smaller regular changer spindle to 
play 45 rpm records. This type of 
spindle operation is very similar to 
the mechanism just discussed. How¬ 
ever, a star wheel is not used. Instead, 
the drop is actuated by the spindle 
shaft being pushed upward as it was 
in the spindle type of mechanism. A 
beveled cam surface at the top of the 
spindle shaft operates the slicers and 
selector shelves. 
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Lesson Questions 

Be sure to number your Answer Sheet 46B-1. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers too 
long; you may lose them. Don’t hold answers to send in more than two 
sets at a time, or you may run out of lessons before new ones can reach 
you. 

1. Why should a record changer always be serviced in its normal operating 
position? 

2. What two movements must the main cam in a record changer produce? 

3. The drive wheel in Fig. 13C has three steps. One step contacts the idler 
to drive the rim at 78 rpm, the middle step is used for 45 rpm, and the third 
step drives the turntable at 33-1/3 rpm. With the large step of the drive 
wheel in contact with the idler, what is the turntable speed? 

4. Why are the idler wheels on some changers removed from contact with 
the turntable and other idler or drive wheels when the mechanism is shut 
off? 

5. Why should over-lubrication be avoided in a record changer? 

6. Name the three most often used types of tripping mechanisms. 

7. What is the best method of adjusting the indexing system? 

8. Name the two record-dropping mechanisms most often used today. 

9. What type of trip mechanism is used in the VM Tri-O-Matic, Model 935 
changer? 

10. What may cause the record to drop onto the pickup arm in the 45-rpm 
changer? 
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INITIATIVE 

■gets the greatest profits. The 
new oppor 
immediate 

talents—who is alert to grasp each 

financial returns from work in a new and specialized 
branch of your profession may not be great, but 
the reputation which you gain for progressiveness 
will soon result in more profitable routine jobs. It 
all boils down to these simple facts—you must do 
out-of-the-ordinary things, stand above the crowd in 
some way, to attract favorable attention. People re¬ 
member you first for the unusual, then for your 
ability to do ordinary work well. 

The man who does only the routine tasks, the 
ordinary jobs in his profession, always waiting for 
the other fellow to take the lead, can expect only 
moderate returns for his labors. He who is con¬ 
tinually on the alert for new ideas and new uses for 
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Á LTHOUGH the final steps in 
making a repair—removing the 

defective part and installing a re¬ 
placement—are purely mechanical, it 
is possible to waste a great deal of 
time in taking these steps unless you 
know what to buy, where to buy it, 
and how to install it. We will give 
you this important information in this 
lesson, along with a number of hints 
on testing parts. We will discuss both 
radio and TV replacement parts; the 
same procedures are used in both 
cases. In discussing TV parts, we will 
talk about some parts that will be 
new to you. You will study these parts 
and their use in more detail later. We 
are covering them in this lesson so 
you will have all the information on 
selecting replacement parts in one 
convenient place. Let’s start by learn¬ 
ing something about the kinds of parts 
that are usually avai able. 

KINDS OF REPLACEMENT 
PARTS 

Replacement parts fall into three 
groups: exact duplicate replacements; 
universal replacements; and general 

replacements. Let us see how each type 
is used. 

Exact Duplicate Parts. These parts 
are exact duplicates of the originals, 
both physically and electrically. 

Universal Parts. Universal parts 
are designed so that with minor 
physical or electrical alterations they 
can be used as replacements for a 
wide variety of radio and TV parts. 
For example, potentiometers come 
with extra long shafts. In replacing a 
volume control in a radio, or a con¬ 
trast or brightness control in a TV 
receiver, once you have chosen a con¬ 
trol with the proper electrical charac¬ 
teristics, you can make it fit the re¬ 
ceiver by cutting off the shaft to the 
required length. Thus, the same con¬ 
trol can be used in any receiver re¬ 
quiring a control that has its electrical 
characteristics. 

Another example is output trans¬ 
formers with tapped secondaries; by 
choosing the proper taps, you can 
match practically any loudspeaker to 
almost any output tube (or tubes). 
The manufacturer packs instructions 
with each transformer. 
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General Replacement Parts. 
Finally, we have parts, such as tubes, 
resistors, and capacitors, that can be 
used in any receiver, as long as the 
proper electrical characteristics are 
chosen and as long as there is room. 
We include among these, parts 

which, although not designed for the 
particular receiver, can be used by 
making some slight change in the 
original circuit to fit the new part 
characteristics. Changes of this kind 
are rarely necessary, because the 
widespread distribution of exact dupli¬ 
cate and universal replacement parts 
generally makes a direct replacement 
possible. 

Whenever possible, tubes should be 
replaced with exact duplicates. Al¬ 
though the same tube may be used 
in a variety of receivers, it is never 
a good idea to install a tube of a dif¬ 
ferent type from the one originally 
used in the set, unless the original 
type is unobtainable. This will avoid 
your having to make extensive circuit 
changes. 

STOCKING PARTS 

You can start a service business 
with a surprisingly small stock of 
parts. However, you will want to build 
up your stock gradually so you can 
cut down the number of trips or orders 
you must make to the parts suppliers, 
and so be able to give the fastest 
possible service. 

When you start in business, you will 
need a kit of resistors, a few electro¬ 
lytic, paper, mica, and ceramic ca¬ 
pacitors, a stock of tubes, an assort¬ 
ment of pilot lamps, and some hookup 
wire and hardware. With this small 
stock as a beginning, you can gradu¬ 
ally increase the amount and variety 

of these parts. Keep a list of the re¬ 
placement parts you use. By re¬ 
ferring to this list, you will see what 
parts you use most frequently and 
how many of each item you should 
stock. 

Some servicemen make the mistake 
of acquiring too large a stock. It is 
not wise to invest much money in 
slow-moving parts. Increase the 
quantity and variety of your stock 
only as your service experience indi¬ 
cates the need for such expansion. At 
the beginning, ask your local distribu¬ 
tor to help you choose parts that he 
has found move rapidly in your area. 
This is particularly important for 
tubes. There are several thousand dif¬ 
ferent types of radio and TV tubes, 
yet perhaps only seventy-five to one 
hundred types may be widely used in 
your district. 

WHERE TO BUY PARTS 

There are many sources of supply 
available to the serviceman. Perhaps 
the best known are the large mail¬ 
order parts suppliers, who carry very 
complete stocks of radio and TV parts 
and who can usually get any special 
parts you may need. In large cities 
there are also parts supply houses and 
distributors who carry a wide selection 
of radio and TV parts. 

In addition, there are distributors 
scattered throughout the country who 
handle various popular makes of 
receivers. Exact duplicate parts for 
these receivers can be obtained through 
these distributors You will find the 
names and addresses of the distribu¬ 
tors located in the classified section 
of your telephone directory or the 
telephone directory of the nearest 
large city. They are listed under the 
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headings of radio distributors and also 
television distributors. 

Collecting Service Data. All serv¬ 
icemen collect whosesale parts cata¬ 
logs, both to locate sources of supply 
and to get information on the elec¬ 
trical and physical characteristics of 
different parts. Be sure to collect all 
the volume-control guide booklets, 
vibrator replacement guides, trans¬ 
former replacement guides, tube 
charts, and other service data avail¬ 
able from your local distributors or 
supply houses. Many of these are free; 
others are sold for just a few cents. 
While we are on the subject of 

collecting information—try to get all 
possible information on radio and TV 
receivers themselves. You will find 
that your parts distributor will help 
you get service manuals. 

Many set manufacturers publish 
their own manuals, which are kept up 
to date by supplements, or come out 
in yearly editions. You may find it 
desirable to get those covering any 

particular brands of receivers that 
predominate in your locality. Contact 
the local distributor of the particu¬ 
lar brand in which you are interested 
to see about being put on his mailing 
list for service information. Often 
this information is free or relatively 
inexpensive. 

In addition to the service sheets 
on their receivers, many radio and TV 
manufacturers also publish change 
sheets that list production changes in 
circuits, parts values, tubes, etc., ac¬ 
cording to the serial numbers in which 
the changes were made. It is a good 
idea to keep the change sheets with 
the rest of the service information for 
each set. Sometimes the production 
changes give a clue to defects to look 
for in sets of the same model that do 
not have these changes. 

Let us turn now to certain specific 
radio and TV parts and learn more 
about the problems of obtaining the 
proper replacement and installing it 
quickly. 

Iron-Core Transformers 
and Chokes 

The great majority of radio receiv¬ 
ers manufactured before 1940 were ac-
operated receivers that used power 
transformers. However, almost all 
radio receivers manufactured for 
home use today are ac-dc table model 
receivers using transformerless power 
supplies. Therefore, the problem of 
replacing power transformers in radio 
receivers is not nearly as great as it 
was a few years ago. However, you 
will still find some new console radio 

receivers that use power transformers. 
Many pre-war receivers are also still 
in operation, and you will probably 
be called on to service them. You 
may have to replace a power trans¬ 
former in one of these sets. 

Besides many pre-war receivers and 
a few recent ones, practically all 
automobile receivers use power trans¬ 
formers. Most television receivers 
and high-fidelity sound systems also 
use power transformers. Therefore, it 
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is almost unavoidable that once you 
start doing service work you will serv¬ 
ice some pieces of equipment in which 
the power transformer is defective, 
and you will have to replace it. 

You will also have to replace other 
types of transformers, in addition to 
power transformers. Both radio and 
television receivers use transformers 
to couple the output stage to the loud¬ 
speaker. These output transformers 
frequently break down. Television re¬ 
ceivers also use output transformers 
to couple the horizontal and vertical 
sweep systems to the deflection yoke. 
These transformers also break down. 

In this section of the lesson, we will 
discuss the various types of trans¬ 
former replacement jobs you are 
likely to have. We will tell you how 
to select a suitable replacement, and 
give you information that will help 
you to install the replacement trans¬ 
former with a minimum amount of 
difficulty. 

POWER TRANSFORMERS 

As we pointed out previously, you 
will find power transformers in most 
pre-war radio receivers, a few modern 
radio receivers, in most automobile 
and television receivers, and in high-
fidelity equipment. 

There are only two defect that are 
likely to occur in power transformers. 
The transformer winding may short-
circuit, or one of the windings may 
open. When there is a short in a power 
transformer, the transformer will 
overheat. However, this does not mean 
that all transformers that overheat 
are shorted; overheating also can be 
due to overload. Often a transformer 
can be overloaded and overheated so 
that you would assume, from all out¬ 

ward appearances, the part had been 
destroyed. Yet, after you remove the 
overload, the transformer will still be 
in good condition. 

When you discover a power trans¬ 
former that is overheating, your first 
step should be to find out whether 
the overheating is due to a defect in 
the transformer or to an overload that 
is being caused by a defect some¬ 
where else in the equipment. It is 
comparatively easy to find out which 
of the two is causing the trouble. 
Simply remove the rectifier tube from 
its socket. If the receiver uses a 
selenium rectifier, disconnect the leads 
from one of the rectifier terminals. If 
the transformer stops overheating, 
there is a short or a defect in the B 
supply that is drawing excessive cur¬ 
rent from the transformer. When you 
eliminate the defect, the chances are 
that the transformer will operate 
satisfactorily without overheating. 

If the transformer continues to 
overheat after you have removed the 
rectifier tube, remove the rest of the 
tubes from the receiver, plug the set 
into the power line, and see if the 
transformer still overheats. A cathode-
to-heater short in one of the tubes 
may be placing a short across the 
filament winding of the power trans¬ 
former. If it continues to overheat, 
check the leads from the transformer 
to be sure that none are shorting 
together. If none of the leads are 
shorting together, the transformer is 
defective. 

As we have said, another possible 
defect is that one of the windings 
might be open. You can check the 
continuity of each power transformer 
winding with an ohmmeter. When 
checking the continuity of a filament 
winding, you must remove the tubes 
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from the receiver; otherwise there will 
be continuity through the tube heat¬ 
ers, even though the filament winding 
on the power transformer is open. 

It is usually easy to get a suitable 
replacement for a defective power 
transformer. Most large transformer 
manufacturers make a complete line 
of replacement transformers. You 
should get catalogs from one or more 
transformer manufacturers in which 
they list replacement power trans¬ 
formers for the most popular re¬ 
ceivers. You can find the replacement 
number by looking up the receiver 
you are working on by the receiver 
manufacturer’s name and the model 
number. 

Often it is possible to get an exact 
replacement power transformer. Con¬ 
tact your local distributor of the par¬ 
ticular brand of receiver you are re¬ 
pairing to find out if a direct replace¬ 
ment is available. 

When a direct replacement trans¬ 
former is not available and there is 
no universal replacement transformer 
listed in the transformer manufac¬ 
turer’s catalog, you can often select a 
suitable replacement by studying the 
receiver and the schematic diagram. 
First, you should find out how many 
windings there are on the original 
transformer and as closely as possible 
determine the ratings of the original 
windings. This is not too difficult. 

Power transformers usually have a 
primary winding and about three sec¬ 
ondary windings. The primary wind¬ 
ing is designed to operate on the 
power line voltage, which is from 115 
to 120 volts. Two of the secondary 
windings are almost always filament 
windings; one winding is usually a 
5-volt winding for the rectifier tube 
filament, and the other is usually a 

6.3-volt winding for the other tube 
filaments. You can tell the current 
rating of the rectifier filament winding 
simply by looking up the rectifier 
tube in a tube manual. Tubes such 
as the 5Y3 are rated at 5 volts and 2 
amp. Thus, if the receiver uses a 5Y3 
rectifier, you know that the 5-volt 
winding on the power transformer 
should be rated at 2 amp. Many tele¬ 
vision receivers, on the other hand, 
use larger rectifier tubes, such as the 
5U4G which is rated at 5 volts and 3 
amp. Obviously the power trans¬ 
former in a receiver using this type of 
tube should have a rectifier filament 
winding rated at 3 amp. 

You can find the current rating of 
the 6.3-volt filament winding by look¬ 
ing up the current required by each 
tube, and then adding these currents 
together. For example, suppose you 
have a radio receiver using six tubes. 
Five of the tubes each require 6.3 
volts at .3 amp (a total of 1.5 amp), 
and the sixth tube requires 6.3 volts 
at 1 amp. Thus, by adding the cur¬ 
rents together you find that the 6.3-
volt winding of the replacement trans¬ 
former should be capable of supplying 
2.5 amp. You can find the current 
rating required of the 6.3-volt wind¬ 
ing in a television receiver using a 
large number of tubes in the same 
way. 

Determining the voltage and cur¬ 
rent ratings of the high-voltage sec¬ 
ondary winding of the power trans¬ 
former is a little more difficult, but 
you can usually figure out what the 
ratings should be if you have a sche¬ 
matic diagram of the set. Use the 
operating voltages listed on the dia¬ 
gram as a guide. For example, if you 
are replacing the power transformer 
in a television receiver, and the B 
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FIG. 1. A typical example of a transformer 
that is not color-coded according to the 
RETMA code. Only an exact duplicate 
transformer can be used to replace this one. 

supply is 300 volts, you will be en¬ 
tirely safe if you get a power trans¬ 
former designed to supply a de out¬ 
put voltage from the filter of 300 
volts at about 225 to 250 milliamperes. 

The B supply voltage of most tele¬ 
vision receivers is usually between 
300 and 350 volts at between 200 and 
250 milliamperes. Most power trans¬ 
formers designed for TV replacements 
will supply voltages and currents 
somewhere within this range. Most 
radio receivers that use a power trans¬ 
former operate on a B supply voltage 
of about 250 volts, and usually draw 
a current somewhere between 100 and 
150 milliamperes. 
The old power transformer can 

often be helpful in selecting a new 
transformer. The replacement trans¬ 
former should be about the same 
physical size as the old one. A smaller 
transformer will probably run hot. A 
larger transformer will not overheat, 
but you may have difficulty mounting 
it on the chassis if it is much larger 
than the original. 
Replacement power transformers 

for automobile receivers are also 
listed in transformer manufacturers’ 
catalogs. In many cases, direct re¬ 
placements are also available from 

the distributor of the receiver you are 
servicing. When replacing power 
transformers in automobile receivers, 
you should get either an exact dupli¬ 
cate replacement or a universal re¬ 
placement designed for use in the re¬ 
ceiver you are servicing. This will 
keep the possibility of running into 
problems such as excessive noise from 
the power supply to a minimum. 

Sometimes you will run into trans¬ 
formers that have special windings. 
For example, some of the older re¬ 
ceivers using automatic tuning sys¬ 
tems had special transformer wind¬ 
ings from which the tuning system 
was operated. When these trans¬ 
formers break down, you must get an 
exact duplicate replacement. A sche¬ 
matic of the power supply of a re¬ 
ceiver using a transformer of this 
type is shown in Fig. 1. 

Installing the Replacement. The 
leads on most universal replacement 
transformers are identified by a 
standard RETMA color code. This 
color code for power transformers is 
shown in Fig. 2. When you install a 
replacement, be sure to refer to any 
information that the manufacturer 
may have supplied with the power 
transformer. All manufacturers do not 
follow this color code; if the manu¬ 
facturer has used a color code other 
than the RETMA code, you should 
follow it. Direct replacements manu¬ 
factured by or for the original set 
manufacturer often do not follow this 
color code. 

In many cases the transformer can 
be mounted in exactly the same posi¬ 
tion as the original transformer. 
However, when using universal re¬ 
placement transformers, sometimes a 
slightly different mounting, arrange¬ 
ment is required. Universal replace-
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nient power transformers are usually 
supplied with mounting brackets. Some 
typical replacement power transform¬ 
ers are shown in Fig. 3. A, B, and C 
show the same one mounted three 
ways. 
When you are connecting the re¬ 

placement transformer, if it is neces¬ 
sary to lengthen any leads by splicing, 
make sure that you use a suitable 
wire size. When the filament leads are 
spliced, the wires should be as large 
as the filament lead on the power 
transformer. All spliced joints should 
be taped so that the connection 
cannot short to the chassis or to other 

FIG. 2. The RETMA standard color code 
for power transformer leads. Not all 
transformers have their leads colored ac¬ 
cording to this code, so watch for those 

having different arrangements. 

Courtesy Thordarson Elec. Mfg. Co. 

FIG. 3. Typical replacement power 
transformers. The style shown at A, B, 
and C is a universal type; it can be 
mounted in many positions by moving 
the mounting feet to the proper corners. 
The style at D is called a “half-shell” 
transformer, which is mounted so that the 
lugs pass through a large cut-out in the 

chassis. 

terminals. Double-check your wiring 
to be sure that you have the replace¬ 
ment transformer wired correctly. 
Checking the Receiver. Before 

you put a receiver into operation after 
replacing the power transformer, you 
should find out why the old power 
transformer burned out. A transformer 
seldom burns out without cause. In 
most cases a burned-out power trans¬ 
former is due to a short in the B 
supply circuit that has placed a heavy 
load and a high current drain on the 
supply. The overload could be due to 
a shorted or leaky filter capacitor, a 
shorted rectifier tube, a gassy output 
tube, or in the case of an automobile 
receiver, a defective vibrator. Defects 
of this type must be eliminated; 
otherwise, the replacement power 
transformer will also overheat and 
burn out. 
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AUDIO OUTPUT 
TRANSFORMERS 

The audio or sound output trans¬ 
former is used to couple the loud¬ 
speaker to the plate circuit of the out¬ 
put tube. Universal replacement audio 
output transformers are readily avail¬ 
able. To replace an audio output 
transformer in most radio or TV re¬ 
ceivers, all you need to do is get a 
universal replacement with a primary 
impedance to match the output stage 
of the receiver, and since practically 
all modern radio and television re¬ 
ceivers use loudspeakers with a voice¬ 
coil impedance of about 3.2 ohms, fol¬ 
low the manufacturer’s instructions 
for using it to connect a 3.2-ohm 
voice coil to the plate circuit of the 
output tube. 

Sometimes, instead of listing the 
output tubes that the transformer will 
match, by number, the data sheets 
supplied with the transformer list the 
load impedance of the primary wind¬ 
ing. You can find the rated load im¬ 
pedance of the tube used in the re¬ 
ceiver you are working on by re¬ 
ferring to a tube manual. 

If the loudspeaker voice-coil im¬ 
pedance is not 3.2 ohms, and you do 
not know what the impedance is, the 
easiest way to hook up the trans¬ 
former is to assume a value for the 
voice-coil impedance and try it out. 
You can start at 3.2 ohms, and hook 
up the transformer following the in¬ 
structions given by the manufacturer. 
If the receiver sounds satisfactory, 
the job is completed. On the other 
hand, if the output is distorted, the 
speaker impedance may be higher 
than the impedance of the trans¬ 
former secondary tap that you are 
using. In this case you should refer to 

the manufacturer’s information sup¬ 
plied with the output transformer 
and try the connections for a higher 
impedance speaker. For example, 
hook the speaker up assuming that 
its voice-coil impedance is 8 ohms, 
and see how this arrangement works 
out. Usually with a little experi¬ 
menting, you can find out which tap 
on the secondary winding to use. 

In ordering a replacement audio 
output transformer you should specify 
whether it is for a single-ended or a 
push-pull output stage. The push-pull 
output stage is capable of supplying 
more power than most single stages, 
and as a result, a larger transformer 
is required. Obtaining a suitable re¬ 
placement audio output transformer 
has become such a routine job that 
you can usually go to the wholesaler, 
tell him the output tubes used in the 
receiver and the voice-coil impedance 
of the speaker, and he can select a 
suitable replacement from stock for 
you. 

High-Fidelity Systems. The situa¬ 
tion is somewhat different when the 
audio output transformer to be re¬ 
placed is in a high-fidelity system. 
These transformers are designed with 
considerably more care than the out¬ 
put transformers in the average radio 
or television receiver. The output 
transformer in a high-fidelity system 
is a critical part, and unless an exact 
duplicate replacement is used, the 
frequency response of the system will 
probably be altered. 

The simplest way to avoid difficulty 
in high-fidelity systems is to get an 
exact duplicate replacement trans¬ 
former from the distributor of the 
particular high-fidelity system you 
are repairing. Universal replacement 
transformers are also available for 
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some high-fidelity systems. These 
transformers, which have been spe¬ 
cially designed for use in high-fidelity 
systems, will usually give results as 
good as the original transformer. 

INTERSTAGE AUDIO 
TRANSFORMERS 

A few older radio receivers and 
some TV receivers use transformer 
coupling between audio stages. In 
most cases the transformer is simply 
a l-to-2 or a l-to-3 audio trans¬ 
former. If it is used with a push-pull 
audio stage, the secondary of the 
transformer is center-tapped. Univer¬ 
sal replacement transformers are 
available that will give satisfactory 
results in most applications. The 
standard RETMA color code shown 
in Fig. 4 is used to identify the leads 
on most audio output and interstage 
transformers. 

A few of the older receivers used 
class B audio output stages. With this 
type of stage, the interstage audio 
transformer is much more critical 
than in the usual class A output stage. 
Therefore, to avoid difficulty in re¬ 
placing transformers of this type, re¬ 
fer to the schematic diagram to see 
what type of output stage is used. 

Interstage transformers in high-
fidelity systems also may present a 
problem. As with the output trans¬ 
former, if the interstage audio trans-
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FIG. 4. The RETMA color code for 
audio transformer leads. The upper half 
is the code for an interstage transformer. 

former is defective, always try to get 
an exact duplicate replacement. How¬ 
ever, if an exact replacement is not 
available, refer to the transformer 
manufacturer’s catalogs to see if they 
have a transformer listed for the par¬ 
ticular system you are working on. If 
you cannot find a replacement listed, 
refer to the manufacturer’s list of 
general replacement transformers for 
high-fidelity systems, and try to find 
one designed for use between the par¬ 
ticular tubes used in the high-fidelity 
amplifier you are repairing. However, 
wherever possible, when replacing the 
transformers in a high-fidelity sys¬ 
tem, use exact duplicate replacements. 
You can never be sure what results 
you will get when you use standard 
replacement transformers, except by 
actually installing the transformer in 
the equipment. Frequently, unless an 
exact duplicate is used, the operation 
of the system will be seriously im¬ 
paired. 

VERTICAL OUTPUT 
TRANSFORMERS 

The vertical output transformer is 
used in a television receiver to couple 
the vertical coils in the deflection 
yoke to the plate of the vertical out¬ 
put tube. It is basically an imped¬ 
ance-matching device similar to the 
audio transformer used to couple the 
speaker to the plate of the sound out¬ 
put tube. 

There are many types of tubes used 
as vertical output tubes in television 
receivers; also, different deflection 
yokes have different coil impedances. 
Therefore, as you would expect, there 
are a large number of vertical output 
transformers available. 

When you have to replace the verti-
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cal output transformer in a TV re¬ 
ceiver, the easiest thing to do is to re¬ 
fer to a transformer manufacturer’s 
catalog and look up the replacement 
transformer recommended for the 
particular set according to the set 
manufacturer and the model number. 
Fortunately, most transformer manu¬ 
facturers keep their catalogs as up to 
date as possible, so if a replacement 
is available, it is usually listed. 
However, sometimes you will find a 
new receiver with a defective vertical 
output transformer. The transformer 
manufacturers may not have had time 
to list this receiver in their catalog. 
This does not present a great prob¬ 
lem because the distributor of the 
receiver usually carries exact dupli¬ 
cate replacements for the newer re¬ 
ceivers. 

In installing a replacement vertical 
output transformer, you must be sure 
to connect it in exactly the same way 
as the original. When you replace an 
audio output transformer, reversing 
the two primary leads or the two sec¬ 
ondary leads will not cause any 
trouble. However, if you accidentally 
reverse either the primary or the sec¬ 
ondary leads of the vertical output 
transformer in a television receiver, 
the picture will be upside down. 

Vertical output transformers can be 
divided into two types. One has two 
separate windings, as shown in Fig. 
5A, and the other is made like an 
auto transformer shown in Fig. 5B. 

FIG. 5. A vertical output transformer 
may have two separate windings as shown 
in A, or it may be an auto transformer 

like the one shown at B. 

Courtesy RCA 

FIG. 6. A typical vertical output trans¬ 
former. 

Make sure that the replacement trans¬ 
former is of the same type as the 
original. When a transformer of the 
type shown in Fig. 5A is used, re¬ 
trace blanking circuits are sometimes 
connected to the secondary winding. 
If you try to install an auto trans¬ 
former in the receiver as a replace¬ 
ment, you will connect the B+ volt¬ 
age to the retrace blanking circuit. 
This may burn out other components. 
A typical vertical output transformer 
is shown in Fig. 6. 

We do not expect you to understand 
the operation of TV receivers at this 
time. However, you will start to study 
television in the next lesson, so we 
have included information on re¬ 
placing TV parts in this lesson so you 
will have all this information in one 
convenient place. 

HORIZONTAL OUTPUT 
TRANSFORMERS 

The horizontal sweep output trans¬ 
former in a television receiver per¬ 
forms a task similar to that performed 
by the vertical output transformer. 
It couples the horizontal coils in the 
deflection yoke to the plate of the 
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horizontal output tube. In addition, 
it has extra turns on the primary 
winding so that it can be used to 
generate the high voltage required to 
operate the picture tube. You will 
study this type of circuit in con¬ 
siderable detail later. 

Since the horizontal output trans¬ 
former in a television receiver is used 
for two purposes, it is even more im¬ 
portant for the replacement trans¬ 
former to have characteristics similar 
to those of the original transformer. 
Again, replacement transformer 
manufacturers list suitable replace¬ 
ments for most receivers in their cata¬ 
logs. By consulting these catalogs, 
you can usually find a suitable re¬ 
placement for any transformer. A 
typical example is shown in Fig. 7. 
Sometimes when a universal replace¬ 
ment is not available, you can obtain 
an exact duplicate replacement from 
the distributor of the receiver. 

Incidentally, in selecting any re¬ 
placement transformer, always refer 
to the service information on the re-

FIG. 7. A typical horizontal output 
transformer. 

ceiver, because it may list suitable re¬ 
placement transformers made by 
different manufacturers. This infor¬ 
mation is invaluable when it is neces¬ 
sary to replace a transformer, such as 
the horizontal output transformer in a 
television receiver. 

Installation. In installing the re¬ 
placement horizontal output trans¬ 
former, try to install the part in 
exactly the same spot as the original. 
Sometimes when installing universal 
replacements,' you will have to drill 
new mounting holes. Be careful when 
you do this that you do not damage 
any nearby parts. 

The lead dress on the horizontal 
output transformer is particularly 
important. Before yoti remove the old 
transformer, notice how the leads to 
it are run, and try to keep the leads 
to the replacement transformer in the 
same positions. Keep the lead to the 
high-voltage rectifier and the lead to 
the plate of the horizontal output 
tube away from other leads and away 
from each other. There will be an ex¬ 
tremely high voltage pulse on these 
leads, so if you place other leads too 
close to them or place them too close 
together, there will probably be 
arcing. 
The leads from the coils on the 

horizontal output transformer are 
usually of very fine wire. When mount¬ 
ing the transformer and soldering 
connections to it, be careful not to 
accidentally hit and break any of 
these leads. 

IRON-CORE CHOKES 

The only iron-core chokes you are 
likely to find will be filter chokes in 
receiver power supplies. Most trans¬ 
former manufacturers also make 
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choke coils, because the construction 
of choke oils and transformers is 
similar. The choke, like the trans¬ 
former, is wound on a steel stack and 
has a winding similar to transformer 
windings. Therefore, manufacturers 
list choke coils in their catalogs along 
with replacement transformers. You 
can usually find a suitable replace¬ 
ment choke listed. 

If there is no substitute listed, use 
a choke having an inductance and a 
current rating at least as high as the 
inductance and current rating of the 
original choke. For example, if you 
are replacing a choke rated at 3 
henrys and 200 milliamperes, you 
might use a choke rated at 4 henrys 
and 250 milliamperes. The higher in¬ 

ductance will result in better filtering, 
and the higher current rating will 
mean that the choke will run slightly 
cooler. 

The de resistance of the replace¬ 
ment choke is not very important, but 
it should not differ too much from the 
resistance of the original choke. A 
large change in de resistance may re¬ 
sult in a substantial change in the 
operating voltages throughout the re¬ 
ceiver. This could cause poor sensi¬ 
tivity if the voltages are too low. On 
the other hand, if the resistance of the 
replacement is much lower than that 
of the original choke, the resulting 
higher supply voltage might cause 
oscillation or cause some other parts 
to break down. 

RF and I-F Transformers 
I-F transformers used in radio re¬ 

ceivers require replacement much 
more frequently than those used in 
TV receivers. The i-f transformers in 
a television receiver seldom break 
down, because the coils are wound 
with a fairly heavy wire. On the other 
hand, fine wire is used in winding the 
i-f transformers in a radio receiver. 

RF transformers in radio receivers 
do not break down as often as the i-f 
transformers. However, sometimes the 
oscillator coil in a radio receiver must 
be replaced because the Q of the coil 
drops, and the oscillator fails to work. 

I-F TRANSFORMERS 

Practically all receivers designed 
for broadcast-band reception use an 

intermediate frequency of approxi¬ 
mately 455 kc. Some of the older re¬ 
ceivers and a few modern automobile 
receivers use a 262-kc i-f, and you 
may also find a few very old receivers 
that use a 175-kc i-f. 

Selecting a suitable replacement i-f 
transformer usually presents little or 
no problem. All you need to do is find 
the i-f, and find out whether it is an 
input i-f transformer, an interstage 
i-f transformer, or an output i-f trans¬ 
former. When ordering a replacement, 
specify which type it is and its fre¬ 
quency. 
There are un'versal replacements 

available for use either as input or 
output i-f transformers that give 
satisfactory results in most applica-
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tions. When using a replacement of 
this type, you need not specify 
whether it will be used as an input or 
an output transformer. 

A few old radio receivers designed 
for broadcast-band reception used 
special i-f transformers with a third 
winding on them. Receivers of this 
type have not been manufactured for 
several years, and you will probably 
not be able to find an exact replace¬ 
ment for this type. However, a stand¬ 
ard replacement i-f transformer will 
usually work satisfactorily. 
Most FM receivers use an i-f of 

10.7 me. Standard replacement i-f 
transformers for FM receivers are 
available from most parts whole¬ 
salers. 
Combination AM-FM Transform¬ 

ers. Some AM-FM receivers use a 
combination i-f transformer having 
both a 10.7-mc and a 455-kc trans¬ 
former in the same container. Uni¬ 
versal replacements suitable for use 
in this type of receiver can be obtained 
from any large wholesaler. Many 
manufacturers offering a complete line 
of replacement transformers list this 
type in their catalogs. Usually a uni¬ 
versal replacement can be installed 
with little or no trouble. However, 
before ordering a replacement, you 
should check the circuit and also the 
replacement transformer to see 
whether or not it is suitable for use in 
the receiver you are working on. 

You may be able to get an exact 
duplicate replacement transformer 
from the distributor of the receiver 
you are working on. This is particu¬ 
larly true of the newer receivers. Most 
distributors stock replacement parts 
of this type for two or three years 
after the receiver has been manu¬ 

factured. However, if it is an old set, 
there is little likelihood that you’ll be 
able to obtain exact replacement i-f 
transformers. 
There are a few old AM-FM re¬ 

ceivers around that used an FM i-f 
other than 10.7 me. You must get an 
exact duplicate transformer if you 
have to replace the i-f transformer in 
one of these receivers. 
TV I-F Transformers. Most TV 

receivers use i-f systems operating 
either in the 20-mc region or in the 
40-mc region. Therefore, in replacing 
i-f transformers in a television re¬ 
ceiver, you must first find out which 
i-f is used in the receiver. Many of 
the older television receivers used a 
sound i-f of 21.25 me and a video i-f 
of 25.75 me. Later television receivers 
use a sound i-f of 41.25 me and a 
video i-f of 45.75 me. The sound i-f 
in television receivers using intercar¬ 
rier sound is 4.5 me. Replacements 
for both sets of frequencies are avail¬ 
able. 

As we pointed out previously, the 
i-f transformers used in television re¬ 
ceivers are wound of comparatively 
heavy wire, and you will seldom find 
trouble with them. The transformers 
are of two types. The example shown 
in Fig. 8 has a single winding, while 
the type in Fig. 9 contains a single 
winding and a trap. Notice in the 
illustration that the latter type can be 
either shielded or unshielded. Uni-
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versal replacements are available for 
both video i-f transformers if you 
need one for replacement. 

Some television receivers use i-f 
transformers with two windings on 
them similar to the i-f transformers 
used in radio receivers. In radio, the 
coupling between the two coils is not 
nearly as important as it is in tele¬ 
vision. The i-f transformer coils used 
in TV receivers must be overcoupled 
to give the wide band width required 
in the video i-f system. Very often a 
television receiver manufacturer will 
use two or three i-f transformers of 
this type, which are identical except 
that different degrees of coupling are 
used between the coils. Therefore, 
when you must replace this type of 
transformer in the video i-f section, 
try to get an exact duplicate. If an 
exact replacement is not available, 
you have no choice but to use a uni¬ 
versal replacement. This can lead to 
considerable difficulty in getting the 
receiver aligned properly, but fortu¬ 
nately video i-f transformers seldom 
require replacement. 

The sound i-f transformers in a tele¬ 
vision receiver require replacement 
more frequently than the video i-f 

FIG. 9. A video i-f coil and trap. A 
shows the unshielded type; B the shielded 

type. 

transformers. Fortunately sound i-f 
transformers are fairly standard. Most 
modern TV receivers use intercarrier 
sound, and the sound i-f in these sets 
is always 4.5 me. A few of the older 
sets used a separate i-f of about 21.25 
me, but the sound i-f transformers in 
these receivers seldom cause trouble. 
Universal replacements can be used 
successfully in almost every case. 
However, if an exact duplicate re¬ 
placement is available from the set 
manufacturer, by all means use it. It 
will lessen the possibility of unusual 
results or unforeseen difficulties. 

RF COILS 

Many older radio receivers were 
designed for use with an outside 
antenna, and many of these receivers 
used an rf stage in front of the mixer 
stage. The antenna was coupled to the 
rf stage by means of an rf coil, called 
an antenna coil. The coupling between 
the rf stage and the mixer was usually 
accomplished by means of another rf 
transformer. These coils were de¬ 
signed to work together so that tuning 
could be accomplished by means of a 
ganged tuning capacitor. It is almost 
impossible to get exact replacements 
for these rf coils. When it is necessary 
to replace one, you will have to use a 
universal replacement. 
Many universal replacement rf 

coils are made with an adjustable 
slug. The slug can be adjusted in con¬ 
junction with the trimmers on the 
tuning capacitor gang to get the best 
possible tracking over the broadcast 
band. You simply order a slug-tuned, 
broadcast-band replacement antenna 
coil for the coil used between the an¬ 
tenna and the rf stage, and a slug-
tuned broadcast-band rf coil for the 
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coil used between the rf stage and the 
mixer stage. 

Some late model console receivers 
use an rf stage, but most of these re¬ 
ceivers are designed for use with a 
loop antenna instead of an outside 
antenna. It is unlikely that you’ll run 
into an open loop, but if the loop 
should open, you can usually locate 
the defect and repair it. If the rf 
transformer used between the mixer 
and rf stage breaks down, you may be 
able to get an exact duplicate replace¬ 
ment from the distributor. If an exact 
duplicate is not available, you will 
have to use a universal replacement. 

After replacing an rf or i-f trans¬ 
former in a radio or television re¬ 
ceiver, you should check the align¬ 
ment. Not only will the replacement 
coil itself affect the alignment, but 
also the lead dress may have a con¬ 
siderable effect, particularly in the i-f 
sections of a television receiver. 

Generally speaking, rf coils in TV 
tuners are not available for replace¬ 
ment because in most cases it is 
impossible to get into the tuner to 
make the necessary replacement. How¬ 
ever, some tuners are made with the 
various coils made up of a series of 
removable strips mounted on a drum, 
usually two strips for each TV chan¬ 
nel. If the coils on either strip are 
damaged, replacement strips can be 
obtained. 

OSCILLATOR COILS 

The oscillator coil in a radio re¬ 
ceiver may open, a short may develop, 

or there may be no apparent defect 
and the oscillator will simply fail to 
oscillate. When this happens, and all 
other components in the oscillator 
circuit are good, the chances are that 
the Q of the oscillator coil has de¬ 
creased because of moisture absorp¬ 
tion. In any of these three cases, the 
obvious remedy is to replace the 
oscillator coil. 

As with the antenna and rf coils, 
an exact duplicate replacement is bet¬ 
ter than a universal replacement. If 
you can get an exact duplicate re¬ 
placement and install it carefully, 
you probably won’t have any difficulty 
in getting the receiver to track. How¬ 
ever, if you cannot get an exact dupli¬ 
cate replacement, use a universal 
replacement. When ordering an oscil¬ 
lator coil, specify the frequency range 
and also the i-f of the receiver. Oscil¬ 
lator coils are available with an ad¬ 
justable slug. This type of coil pro¬ 
vides one additional adjustment that 
is often useful in getting the receiver 
to track over the band. 

Oscillator coils in FM receivers 
seldom cause any trouble. These coils 
stand up better than those in the 
broadcast receiver, simply because 
they usually have only a few com¬ 
paratively large turns. 

In the rf and mixer stages of a tele¬ 
vision receiver, the oscillator is a part 
of the tuner. Again it is usually im¬ 
possible to get at any of the oscillator 
coils to replace them. However, since 
they are wound with a reasonably 
large size wire, the coils themselves 
seldom cause trouble. 
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Replacing Capacitors 
You may have to replace all kinds 

of capacitors—even tuning condenser 
gangs. However, you will usually 
carry only an assortment of paper, 
ceramic, and electrolytic, and perhaps 
a few fixed mica capacitors in stock. 
Let’s take up capacitor replacements 
according to type. As you know, ca¬ 
pacitors are also called condensers, so 
we will use both terms interchange¬ 
ably so you’ll be used to hearing both. 

PAPER CAPACITORS 

The most important ratings for any 
condenser are the capacity and the 
working voltage. The rating of the 
original part usually can be found 
from the schematic diagram or from 
the capacitor label, but an exact dupli¬ 
cate replacement is seldom needed for 
a defective paper capacitor. A wide 
variation in capacity is usually per¬ 
missible in repairing AM and FM re¬ 
ceivers, but in TV and high fidelity 
systems, you should try to use a re¬ 
placement having the same capacity 
as the original part. 

If you don’t know the original ca¬ 
pacity, use .01 mfd to .1 mfd for rf 
and i-f bypassing in AM and FM re¬ 
ceivers, .25 mfd to 1 mfd for af by¬ 
passing, .002 mfd to .05 mfd for af 
coupling condensers, .05 mfd to .25 
mfd for video coupling, and .001 mfd 
to .05 mfd for buffer condensers. This 
gives a clue to the sizes you should 
stock. A few each of .001, .005, .01, 
.05, .1, .25, and .5 mfd will be ade¬ 
quate for practically all bypass and 
coupling purposes. 

A more important factor is the ca¬ 
pacitor working-voltage rating, which 

should always be greater than the 
voltage across the terminals to which 
the capacitor is connected. Many 
servicemen never use a paper capaci¬ 
tor with less than a 600-volt rating 
(space permitting) even if it is to be 
used in a low-voltage circuit. It costs 
only a few cents more and is excellent 
insurance against a call back. Buffer 
condensers in vibrator power supplies 
should be rated at 1600 volts or more. 
Sometimes one end of a tubular 

paper condenser will have a black 
ring on it and be marked “outside 
foil” or “ground.” The foil connected 
to the lead at this end of the con¬ 
denser is the final outside layer that 
surrounds the rest of the condenser. 
If a condenser goes either directly to 
gound or through a low impedance 
path to ground, this ground connec¬ 
tion should be made to the outside 
foil end of the condenser. The outside 
foil then acts as a grounded shield 
and prevents undesirable coupling 
between the condenser and other cir¬ 
cuits. This is more important in TV 
than in radio. If the original con¬ 
denser has the outside foil marked, 
connect the replacement in the same 
way. 

ELECTROLYTIC CAPACITORS 

Electrolytic capacitors are often 
puzzling to newcomers in the service 
business. When replacements are to be 
made, many questions about capacity, 
working voltage, and types come up. 

Let’s consider capacity first. When 
replacing an electrolytic condenser in 
a receiver, the capacity of the re¬ 
placement should not be much below 
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the capacity of the original. The 
maximum value that can be used de¬ 
pends upon where the condenser is 
connected in the circuit. For example, 
a 10-mfd output filter condenser 
should not be replaced by one smaller 
than 8 mfd, but a much larger con¬ 
denser can be used to give better 
filtering. However, do not replace an 
input filter condenser with one of 
substantially larger capacity. The 
peak current through the rectifier tube 
may increase to the point where the 
tube will be damaged. Small varia¬ 
tions in the size of the input filter 
should not cause any trouble. 

In replacing electrolytic bypass 
condensers, never use a capacity 
lower than the original; a larger ca¬ 
pacity will give better results. In re¬ 
placing condensers used across the 
filament strings of three-way re¬ 
ceivers, stick to the original capacity 
if possible. Also, when replacing elec¬ 
trolytics in the video amplifiers of 
TV receivers, use the same capacity as 
those originally used in the set. These 
condensers are used to improve the 
low-frequency response. Changing 
their size may change the response. 
Here is a good rule to remember 

about working voltage. The working 
voltage of the replacement must he at 
least as high as the original; if it is 
higher, there will be less chance that 
the new condenser will break down. 
If you are in doubt about the voltage 
applied to the condenser, check it with 
a de voltmeter. When the set is first 
turned on, the voltage may be consid¬ 
erably higher than when the tubes 
start drawing current. It is this ini¬ 
tial high voltage that the condenser 
must withstand. A working voltage of 
150 volts is standard for filter con¬ 
densers in ac-dc sets, (voltage doublers 

use 300 volts), while 450 volts is 
standard for those used in ac re¬ 
ceivers. Cathode bypass capacitors 
are usually rated at 25 or 50 volts. 

The type of can or container used 
with an electrolytic capacitor has 
nothing to do with replacements. For 
example, a condenser in an aluminum 
can may be replaced by a tubular 
paper electrolytic with similar ratings; 
however, you may find it somewhat 
more difficult to mount the tubular 
than the can type. 

If there are a number of condensers 
in a case and one is bad, it is best 
to replace them all, since the others 
will not last as long as the new one. 
However, in an emergency or as a 
temporary repair, you can disconnect 
the lead to the defective section and 
connect a single-section replacement 
unit outside the case in the place of 
the defective section. 

When you replace the whole unit, 
not only must it contain the correct 
number of sections, but also their leads 
must be arranged so that they can be 
properly wired into the circuit. For 
example, look at Figs. 10A and 10B. 
Each dual condenser contains the same 
value condensers and each has three 
leads. Yet the two cannot be inter¬ 
changed—the one in Fig. 10A has a 
common negative lead for both con¬ 
densers, while the one in Fig. 10B has 

FIG. 10. Two styles of dual filter ca¬ 
pacitors. These are NOT interchangeable, 
so be sure you get the proper replace¬ 

ment. 
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a common positive lead for both con¬ 
densers. If any of the leads in a mul¬ 
tiple unit condenser are common to 
two or more condensers, say so when 
you order a replacement. Two sepa¬ 
rate condensers, or a dual condenser 
with separate positive and negative 
leads, could be used to replace the 
condensers in Figs. 10A and 10B. 

FIG. 12. Ceramic capacitors compared 
to paper ones. At the left is a disc type, 

and at the right a tubular type. 

MICA CAPACITORS 

Mica capacitors rarely become de¬ 
fective; when one does, it is best to 
use a replacement of the same ca¬ 
pacity. Because different color codes 
are often used on micas, it is usually 
easiest to identify the proper size 
from the wiring diagram. If you have 
no service information, examine the 
original. You may find the capacity 
value is stamped on the condenser, or 
it may be marked according to the 
standard color code (see Fig. 11). Re-

FIG. 11. How mica capacitors are 
color-coded. In each case, color A is the 
first figure of the capacity value, B is the 
second figure, and C is the number of 
zeros after the second figure (the decimal 
multiplier). In B, there are three addi¬ 
tional dots. If X is white, the resistor is 
color-coded according to the 1947 
RETMA color code. If X is black or 
silver, it is color-coded by the JAN (Joint 
Army-Navy) and AWS (Army War Stand¬ 
ard) codes. Color D indicates the tol¬ 
erance, and color E indicates charac¬ 
teristics of significance only to the manu¬ 
facturer. The numerical values indicated 

by each color are as follows: 
Black.0 Green.5 
Brown.1 Blue.6 
Red 2 Violet 7 
Orange.3 Gray.8 
Yellow.4 White.9 

member, private color codes are some¬ 
times used, so if you read the colors 
according to the standard code, and 
come out to some unreasonable ca¬ 
pacity value, the marking is probably 
not the standard code. 

CERAMIC CAPACITORS 

Ceramic capacitors are used both as 
coupling and as bypass condensers. 
Typical ceramic condensers are shown 
in Fig. 12. Coupling condensers used 
in the video- i-f stages of a television 
receiver are usually ceramic capaci¬ 
tors. In replacing these condensers, it 
is very important to get a replace¬ 
ment having the same capacity as the 
original because changes in capacity 
will affect the receiver alignment. 
When replacing the coupling conden¬ 
ser in the video i-f stages of a TV re¬ 
ceiver, it is almost always necessary 
to realign the receiver. The ceramic 
capacitors used in coupling circuits 
are almost always tubular, and you 
should use only tubular capacitors as 
replacements. 

Disc type ceramics are used as by¬ 
pass condensers in video i-f stages. 
When replacing a ceramic bypass con¬ 
denser, use one having a capacity at 
least as high as the capacity of the 
original part. Usually a larger ca¬ 
pacity replacement can be used with¬ 
out running into any difficulty. Most 
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disc ceramics available for replace¬ 
ment purposes are rated at 500 volts, 
but condensers with higher rated volt¬ 
ages are available where needed. 

GANG TUNING CAPACITORS 

In modern receivers the tuning ca¬ 
pacitor gang seldom becomes so de¬ 
fective it cannot be repaired. Even 
badly bent plates usually can be 
straightened with a thin putty knife. 
However, if they are beyond repair, 
the shaft is bent, or the bearings are 

damaged, a new gang should be in¬ 
stalled. 

If the set is reasonably new, try to 
get an exact duplicate from your lo¬ 
cal distributor of the brand of receiver 
you are servicing. If the set is several 
years old, you will have to use a 
standard replacement. In some older 
sets, the sections of the tuning con¬ 
denser were identical; in others, 
specially shaped plates were used in 
the oscillator section. Note which 
type the set you are working on uses, 
and install a similar replacement. 

Replacing Resistors and 
Potentiometers 

Resistors fall into several classi¬ 
fications: fixed, semi-variable, and 
variable types. They may have car¬ 
bon, a metallic deposit, or resistance 
wire as the resistive element. Let’s 
take up each type in turn. 

FIXED RESISTORS 

You’re usually safe in suspecting 
excess current when a metallized or 
carbon fixed resistor becomes defec¬ 
tive, particularly if the resistor has a 
burned or charred appearance. (Wire¬ 
wound resistors rarely burn out— 
electrolysis at the junction of the 
terminal lug and the resistance wire 
is the usual trouble.) Look carefully 
for the cause of this excess current 
before installing a new resistor. A 
check from the low-potential end of 
the resistor to the chassis with an 
ohmmeter will show whether a 
broken-down capacitor or some other 
short burned out the resistor. If the 

resistor has not changed in appear¬ 
ance and no short can be found, the 
element is probably cracked. 

After you have repaired the short, 
or made sure there is none, determine 
the proper size for the replacement. 

Resistance values are not critical, 
so a variation of 20% is of little im¬ 
portance. You can find the value of 
the original resistor from the sche¬ 
matic diagram, or from the color 
code markings, if it follows the stand¬ 
ard code. The color code for resistors 
is shown in Fig. 13. 

If you are unable to find a diagram 
of the receiver you are working on, 
try to find a similar circuit using the 
same tube and see what value re¬ 
sistor is used. The chances are that a 
resistor of the same value will work 
in the circuit you are repairing. With 
a little experience, you soon learn the 
approximate resistances used in many 
circuits. This information will be help¬ 
ful to you. 
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METHOD I 

COLOR A GIVES FIRST FIGURE OF RESISTOR VALUE. 

COLOR B GIVES SECOND FIGURE OF RESISTOR VALUE. 

COLOR C GIVES THE NUMBER OF CIPHERS 
FOLLOWING THE FIRST TWO FIGURES. 

COLOR D GIVES THE TOLERANCE: 

GOLD BAND INDICATES 15% 
SILVER BAND INDICATES +10% 
NO BAND INDICATES +20% 

COLOR FIGURE 
BLACK 0 
BROWN I 
RED 2 

ORANGE 3 
YELLOW 4 
GREEN 5 
BLUE 6 

VIOLET 7 
GRAY 8 
WHITE 9 

FIG. 13. The RETMA color code for 
resistors. Method I is used on practically 
all modern resistors. Method II may be 

found on resistors in old receivers. 

EXAMPLES: 

ABC VALUE 

RED RED BLACK 22 
RED RED BROWN 220 
RED RED ORANGE 22,000 
GREEN BLACK ORANGE 50,000 
YELLOW VIOLET ORANGE 47,000 
BLUE GRAY GREEN 6.8 MEG 

Always use a replacement resistor 
with a wattage rating equal to or 
higher than that of the original— 
never lower. Otherwise, the replace¬ 
ment will burn out. You can use the 
physical size of the resistor as a guide, 
if the replacement is the same type 
(carbon, metallized, or wire-wound) 
as the original. The replacement 
should be the same physical size, or 
larger. 

The wattage rating of carbon resis¬ 
tors should always be twice the actual 
power they must handle, because the 
resistance of a carbon resistor will in¬ 
crease when it is overheated, and 
often will not return to its original 

value after it has cooled. The re¬ 
sistance of a wire-wound resistor, on 
the other hand, will return to its 
original value even after the part has 
been very hot. Therefore, the wattage 
rating of these units can be somewhat 
less than the computed wattage. 

If carbon resistors used as bleeders 
or voltage dividers are defective, re¬ 
place them with 10- or 20-watt wire¬ 
wound resistors. 
When sections of a tapped unit 

fail, it is generally best to replace 
the entire unit with a duplicate or 
with individual wire-wound units. 
You can use the old unit and simply 
shunt a suitable replacement across 
the defective section if the section is 
open. However, if the resistor is a 
metal encased type, the entire unit 
should be replaced. 

Your stock of resistors should in¬ 
clude a kit of carbon resistors in J^-, 
1-, and 2-watt sizes. You will usually 
find that values of 220, 470, 1000, 
4700, 22,000, 47,000, 100,000, 220,000, 
470,000 ohms, 1 meg, 2.2 meg, 3.3 meg, 
and 10 meg are used most. It is not 
worthwhile to stock large wire-wound 
resistors. There are so many different 
sizes and wattage ratings used, the 
best thing to do is buy replacements 
as you need them. 

VOLUME CONTROLS 

In the pre-television era, when the 
serviceman repaired only radios, re¬ 
placing a potentiometer was a com¬ 
paratively simple task. Potentiome¬ 
ters are used in radios as volume 
controls and also as tone controls. 
They are used for the same purposes 
in television receivers, but in addition, 
potentiometers are used to control 
the brightness, contrast, horizontal 
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and vertical hold, height, vertical 
linearity, width, focus, etc. Many 
different sizes and shapes of po-
teniometers are used. Some potenti¬ 
ometers are single units, others are 
actually dual controls on concentric 
shafts. 

In some of the old receivers, the 
volume control is a combination an¬ 
tenna and C bias control. As the con¬ 
trol is rotated from the minimum 
volume position to the maximum 
volume position, the amount of signal 
applied to the first stage is increased, 
and at the same time the bias on one 
or more rf stages is decreased. Thus, 
both the signal fed to the rf stage 
and the gain of the stage are in¬ 
creased. 

It is important in replacing this 
type of control to choose a replace¬ 
ment having characteristics similar to 
those of the original part. The exact 
resistance is not very important, but 
you should try to get a control rea¬ 
sonably close to the resistance of the 
original. However, it must be designed 
for use as a combination antenna-C 
bias control if smooth control over the 
receiver volume is to be achieved. 
Another common type of control 

used in older receivers is a C-bias con¬ 
trol. This type of control varies the 
bias on one or more rf stages and thus 
changes the gain of the rf stage. 
Again, the exact resistance of the con¬ 
trol used as a replacement in this 
type of circuit is not very important, 
but it is important that it be designed 
for use as a C-bias control. This type 
of control has a right-hand taper. 

Practically all television receivers 
and most modern radio receivers use 
an audio type of control. This type of 
control has a logarithmic taper and 
is used to vary the amplitude of the 

signal fed to the first af stage. The 
human ear is much more sensitive to 
small changes in volume at low 
volume levels than it is at high 
volume levels. The taper of the con¬ 
trol is designed to follow the charac¬ 
teristics of the ear closely. Thus, as 
the control is rotated from minimum 
volume toward maximum volume, the 
increase in the amount of signal fed 
to the stage is actually comparatively 
slow at first. As the point of maximum 
volume is approached, the amount of 
signal fed to the first audio stage in¬ 
creases more rapidly. Although the 
signal amplitude varies considerably, 
the response of the ear is such that the 
increase in the sound output seems to 
be linear throughout the range of the 
control. 

As in the case of the volume con¬ 
trol discussed previously, the exact re¬ 
sistance of the replacement control is 
not important. However, when the 
control is located in the grid circuit 
of the first audio stage, it is important 
to use an audio type of control as the 
replacement. This type of control 
usually has a resistance somewhere 
between .1 meg and 1 meg. 

TONE CONTROLS 

There are many different types of 
tone controls used in radio and TV, 
but the majority are comparatively 
simple. Most tone controls are simply 
a capacitor in series with a potenti¬ 
ometer. The capacitor bypasses the 
higher audio frequencies, and gives an 
apparent increase in the low-fre¬ 
quency response of the receiver as 
the resistance of the potentiometer is 
reduced. When the control is turned 
toward the maximum resistance posi¬ 
tion, the added resistance in the cir-
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cuit reduces the effectiveness of the 
capacitor as a high-frequency bypass, 
and the higher audio frequencies re¬ 
ceive normal amplification. 

The resistance of this type of con¬ 
trol is not particularly critical, but 
you should try to stay as close as 
possible to the resistance of the 
original. Most controls of this type 
have a linear taper. 

Hi-Fi Systems. Most high-fidelity 
systems have elaborate tone-control 
systems. There may be several poten¬ 
tiometers used in the tone-control 
circuits. Needless to say, the only 
sure way of avoiding difficulty when 
replacing one of these potentiometers 
is to use a control having character¬ 
istics identical to those of the original. 

TV CONTROLS 

With the exception of the volume 
control in a TV receiver, the controls 
usually have a linear taper. In other 
words, the change in resistance for a 
given amount of rotation is the same 
regardless of whether the shaft is near 
the maximum counter-clockwise posi¬ 
tion, in the center, or in the maximum 
clockwise position. 

In replacing a control in a TV re¬ 
ceiver, you should try to get a control 
having a resistance the same as the 
resistance of the original. Sometimes 
it is not possible to do this, but if you 
try to come as close to the same value 
as you can, the replacement will 
usually be satisfactory. Except for 
the horizontal and vertical hold con¬ 
trols, the values of the controls in a 
set usually are not critical. Even the 
hold controls can be varied somewhat 
without causing any trouble. 

Selecting Replacements. One of 
the problems in selecting a suitable 

replacement is to get a control that 
will work with the knobs originally 
used on the TV receiver. There are 
many different styles of knobs and 
most knobs cannot be used on all the 
various shafts available. Some manu¬ 
facturers supply the potentiometer 
and shaft as separate units so that the 
serviceman can purchase the desired 
value potentiometer and the required 
shaft. The shaft is simply inserted in 
the potentiometer and gently tapped 
into place. Sometimes it is necessary 
to shorten the shaft by cutting it with 
a hacksaw to the required length. 

Concentric controls, in which two 
or more potentiometers are on con¬ 
centric shafts, are used in TV re¬ 
ceivers in many cases. Often exact 
duplicate controls can be obtained 
from the distributor of the particular 
brand of receiver you are working on. 
If an exact duplicate is not available, 
concentric shaft control kits can be 
obtained, and in most cases these can 
be assembled to form a suitable re¬ 
placement. The serviceman simply 
assembles two units having the de¬ 
sired resistance values, and then at¬ 
taches the correct type of shaft to the 
unit. Universal replacements of this 
type also can be obtained from any 
large parts wholesaler or mail-order 
establishment. 

High-Wattage Units. Some TV re¬ 
ceivers use a potentiometer in series 
with the focus coil to control the cur¬ 
rent flowing in the focus coil, and 
hence the focus. In most cases this 
potentiometer is a rather large unit 
having a high wattage rating. If it is 
necessary to replace the focus control 
in a TV receiver, you should consult 
the manufacturer’s service informa¬ 
tion to determine the resistance of the 
original control and also its wattage 
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rating. Try to get an exact duplicate 
replacement control from your dis¬ 
tributor; but if an exact duplicate is 
not available, you will have to use a 
standard replacement. If you cannot 

get a standard replacement having the 
same wattage rating as the original, 
use the next higher wattage rating 
available, if there is room for it in the 
receiver. 

Replacing Other Parts 
Now let us take up some of the 

other radio and TV parts you may be 
called on to replace from time to time. 

LOUDSPEAKERS 

Practically all modern radio and 
TV receivers designed for home use 
use PM dynamic speakers. You will 
find a few receivers using electrody¬ 
namic speakers, but few manufactur¬ 
ers have used them except in automo¬ 
bile receivers, for several years. 

Replacement speakers are relatively 
inexpensive in most cases. In years 
past, speakers were expensive and 
servicemen would often re-cone de¬ 
fective speakers. However, today 
usually the simplest thing to do is to 
install a new speaker rather than try 
to repair the old one. 
To order a replacement speaker, 

you should know the cone diameter of 
the original speaker and the voice-coil 
impedance. If the speaker is an elec¬ 
trodynamic one, you must also know 
the field-coil resistance. Manufac¬ 
turers of most radio and television 
receivers have standardized on a 
voice-coil impedance of 3.2 ohms. The 
manufacturer usually lists the voice¬ 
coil impedance in the service informa¬ 
tion for the receiver. If this informa¬ 
tion is not available and the set has 
been manufactured within the last ten 

years, the chances are that the voice¬ 
coil impedance is 3.2 ohms. If the 
speaker is an electrodynamic type, 
and the field coil is still in good con¬ 
dition, you can determine the field re¬ 
sistance by measuring the resistance 
of the old field with an ohmmeter. 

You may have some difficulty ob¬ 
taining an electrodynamic speaker for 
use as a replacement in an old re¬ 
ceiver. In many old receivers, the 
speaker field is used as a filter choke 
in the B supply. In this case you can 
usually use a permanent magnet dy¬ 
namic speaker and substitute a filter 
choke in place of the speaker field of 
the original receiver. You should 
check the service information for the 
receiver to determine the resistance 
of the original field coil, and try to 
obtain a filter choke having approxi¬ 
mately the same de resistance. 
Usually a choke having an inductance 
anywhere from 3 to 8 henrys will be 
suitable for this substitution. 

Sometimes you will find a speaker 
field connected across the supply as 
shown in Fig. 14. The speaker field 
serves no useful purpose when it is 
connected in this way. A permanent 
magnet dynamic speaker can be used 
as a replacement, and the connections 
to the original speaker field can be re¬ 
moved completely from the circuit. 
Some of the early model TV re-
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FIG. 14. Two methods of connecting 
speaker field coils that are used in uni¬ 

versal ac-dc sets. 

ceivers used electrodynamic speakers. 
The field resistance on these speakers 
is quite low, usually 68 ohms. You 
must use a similar speaker with a low 
resistance field or a PM speaker and 
a filter choke. A speaker with a 300-
or 400-ohm field would soon burn out 
because of the high field-coil current. 

Auto Receivers. Many automobile 
receivers use electrodynamic speakers. 
The field is energized by connecting 
it directly across the automobile’s 
electrical supply. PM speakers can 
be used in these sets with no changes 
in the circuit, except to remove the 
lead that was used to connect the field 
coil to the supply circuit. Using a PM 
speaker will reduce the current drain 
on the battery considerably. 

Re-coning Speakers. Some large 
wholesalers operate a speaker re¬ 
coning service. When it is necessary 
to replace a large speaker, it is some¬ 
times worthwhile to take advantage 
of this service. Often the speaker can 
be re-coned for less than it would cost 
you to buy a replacement. Contact 
your local wholesaler to find out if 
this service is available through him. 
When it is necessary to replace a 10-

or 12-inch speaker, find out from him 
the cost of a new speaker and also the 
cost of repairing the original. From 
this information, you can decide 
whether or not it would be worth¬ 
while to have the original speaker re¬ 
coned. It is not worthwhile to try to 
re-cone speakers yourself, unless you 
intend to specialize in this type of 
work; nor is it economical to re-cone 
the 5- and 6-inch speakers. It usually 
costs more to re-cone them than to 
buy a replacement. 

High-Fidelity Speakers. The speak¬ 
ers used in high-fidelity systems are 
extremely expensive, and you should 
exercise great care when handling 
them. It would be extremely un¬ 
fortunate to let a screwdriver slip 
and puncture the cone. Usually, if the 
speaker in a high-fidelity system is de¬ 
fective, to obtain satisfactory results, 
you will have to obtain a replacement 
speaker designed for use in a high-
fidelity system. Sometimes an exact 
duplicate is available. If you cannot 
get an exact duplicate, you may be 
able to install a speaker having the 
same voice-coil impedance and the 
same physical size in the original 
speaker enclosure and obtain satis-

Courtesy Merit Transformer Corp. 

FIG. 15. The deflection yoke of a TV 
receiver. 
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factory or better results than with the 
original speaker. 

Most owners of high-fidelity sys¬ 
tems have studied speaker charac¬ 
teristics and have fixed ideas as to 
what types of speakers give the most 
satisfactory results. If you should 
service a high-fidelity system and dis¬ 
cover it is necessary to replace the 
speaker, find out if the owner has any 
preferences as to the type of replace¬ 
ment speaker to use. 

TV PARTS 

There are a number of parts found 
in television receivers that you will 
not find in radios. In this last section 
of the lesson, we will discuss several 
of these parts. 

Tuners. The tuner in a television 
receiver contains the rf, mixer, and 
oscillator stages. It is assembled on 
a small chassis and wired as a com¬ 
plete unit, which is then mounted on 
the main TV receiver chassis. Because 
of the compact method by which the 
tuners are assembled, it is usually im¬ 
possible to do anything other than to 
make minor repairs. If a serious de¬ 
fect develops, the chances are you 
will have to replace the entire tuner. 
Information will be given in a later 
lesson on the repairs that can be made 
to a tuner. 

When you need to replace a tuner, 
you can usually get a suitable one 
from the distributor of the receiver 
you are working on. Also, local parts 
wholesalers stock replacement tuners. 
One manufacturer may make tuners 
used in several different brands of re¬ 
ceivers. Once you start doing TV 
service work, you will soon learn how 
to recognize these tuners. 

Deflection Yokes. The deflection 

yoke in a TV receiver is the circular 
coil that fits over the neck of the pic¬ 
ture tube. A typical yoke is shown in 
Fig. 15. It is used to deflect the elec¬ 
tron beam over the face of the tube. 
There are two pairs of coils in a 
deflection yoke, a vertical set and a 
horizontal set. 

When replacing a deflection yoke, 
you must obtain a replacement having 
the correct electrical characteristics. 
Yokes are designed for a particular 
deflection angle. The replacement 
must be designed for the same deflec¬ 
tion angle as the original yoke. Most 
yokes are designed for deflection 
angles of 55 degrees, 70 degrees, 90 
degrees, or 120 degrees. In addition to 
having the correct deflection angle, 
the replacement yoke must have coils 
with the same impedance as the coils 
used on the original yoke. In other 
words, the impedance of the vertical 
coils in the replacement yoke must 
be the same as the impedance of the 
vertical coils in the original, and the 
horizontal coils in the replacement 
must have the same impedance as the 
horizontal coils in the original. 

Most transformer manufacturers 
make deflection yokes, and you will 
find deflection yokes listed in their 
catalogs. Look up the receiver by the 
manufacturer’s name and model num¬ 
ber to see if a replacement is avail¬ 
able. If the set is new, get an exact 
duplicate replacement from your lo¬ 
cal distributor. 

If there is no exact duplicate avail¬ 
able, and the yoke is not listed in 
the catalogs you have, your local 
wholesaler may be able to help you 
select a suitable replacement. You 
also can check the service informa¬ 
tion on the receiver to see if the im¬ 
pedance of the coils is available and 
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FIG. 16. A typical focus coil is shown 
at the left, and a permanent-magnet 

focusing device at the right. 

check your tube manual to find the 
deflection angle of the picture tube 
used in the receiver. With this infor¬ 
mation, look through the catalogs you 
have, and select a replacement having 
characteristics closest to those of the 
original. 

Focus Coils. A typical focus coil is 
shown in Fig. 16. Later, you will find 
out when you study picture tubes 
that many of them use a coil of this 
type to focus the electron beam to a 
fine spot on the face of the picture 
tube. 

The focus coil is usually connected 
in the B supply so that the current 
drawn by the entire receiver flows 
through it. When replacing the de¬ 
fective focus coil, you should try to 
get an exact duplicate replacement. 
However, if an exact duplicate re¬ 
placement is not available, you can 
often use a universal replacement 
having a de resistance approximately 
the same as that of the original coil. 
Small changes in the de resistance 
should not appreciably affect the per¬ 
formance of the receiver, but large 
changes will. 

Some focus coils actually consist 
of a permanent magnet plus a coil. 
The permanent magnet provides part 
of the field required, and the coil pro¬ 
vides the rest of the field. Replace¬ 

ments for this type of coil should be 
obtained from the distributor of the 
particular receiver you are servicing. 
Give the distributor the manufac¬ 
turer’s name and model number, and 
if available, the part number of the 
original focus coil to be sure that you 
get a suitable replacement. 

Peaking Coils. There are two types 
of peaking coils used in TV sets. One 
type has inductance only, and the 
other type has the inductance shunted 
by a damping resistor of from 22,000 
ohms to 39,000 ohms. When these 
coils must be replaced, an exact dupli¬ 
cate is required. The wrong size will 
alter the video amplifier response. 
However, standard sizes are generally 
used, so you can get exact replace¬ 
ments from a parts wholesaler. Fig. 
17 shows some peaking coils. If an odd 
size is used, you will have to get a 
replacement from the manufacturer 
of the receiver in which it is used. 
Ringing Coils and Horizontal 

Oscillator Transformers. Both of 
these coils are used in the horizontal 
oscillator circuit. Universal replace¬ 
ments will work in most cases. Fig. 18 
shows schematic drawings of the two. 
If the coil has an extra winding, or 
is different from the standard in some 
way, you will have to get a replace¬ 
ment from the receiver manufacturer. 

Linearity Coils. The linearity coil 
controls the linearity of the horizontal 
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FIG. 18. Schematic drawings of (A) a 
ringing coil, and (B) a horizontal oscil¬ 

lator transformer. 

sweep. Many different values of in¬ 
ductance are used. These coils seldom 
cause trouble, but if they must be re¬ 
placed, you can often get an exact 
replacement. There is also a wide 
range of universal replacements 
available. One that covers approxi¬ 
mately the same range as the original 
can be used. 

Width Coils. The width coil con¬ 
trols the width of the picture in a 
TV receiver. There are many different 
values used. As with the linearity 
coil, exact replacements and a wide 
range of universal replacements are 
available. 

SPECIAL PARTS 

There are other miscellaneous parts 
that you might find in both radio and 
television receivers. An example is the 
band-change switch used in older re¬ 
ceivers having short-wave bands and 
in some of the more modern AM-FM 
receivers. Also, television receivers 
have been made in which you can 
turn the set on and off, change chan¬ 
nels, etc., by means of relays. When 
these parts require replacement, you 
can often get an exact duplicate re¬ 
placement from the distributor of the 
receiver you are servicing. If an 
exact duplicate replacement is not 
available, sometimes you can get a 
standard replacement part that will 
work satisfactorily. 
There are a number of mechanical 

parts in a TV set, such as support 

brackets and straps to hold the pic¬ 
ture tube in place. If these parts are 
broken, you can usually make some¬ 
thing that will do the job satisfac¬ 
torily. The serviceman is often called 
upon to use his ingenuity in making 
repairs using the materials he has 
available. 

Sometimes it is impossible to re¬ 
turn the receiver to its original op¬ 
erating condition. In a receiver 
designed to operate on the short-wave 
bands as well as the broadcast band, 
if you cannot obtain a band-change 
switch or if one of the short-wave 
coils is defective, you may find it 
necessary to do away with the short¬ 
wave section and solder the broadcast 
band coils permanently into the cir¬ 
cuit. The set owner will then be able 
to use the set on the broadcast band, 
and the receiver will not be entirely 
useless. Of course, when it is neces¬ 
sary to make a repair of this type, 
you should consult the set owner, ex¬ 
plain the situation to him in detail, 
and find out whether or not he is will¬ 
ing to accept this type of repair. 

SUMMARY 

The radio and TV serviceman can 
get most of the parts he is likely to 
need from a parts wholesaler or from 
a large mail-order firm. Most of these 
firms stock a complete line of univer¬ 
sal replacement parts. Exact duplicate 
replacement parts can be obtained 
from the distributor of the particular 
brand of receiver that you are work¬ 
ing on. If you do not know the dis¬ 
tributor’s name and address, look it 
up in the classified section of your 
telephone directory of the nearest 
large city. When in doubt as to 
whether a universal replacement or an 
exact duplicate should be used, use 

27 



the exact duplicate replacement if it 
is available. Of course, if an exact 
duplicate replacement is not avail¬ 
able, then you have no choice but to 
use a universal replacement. Usually 
a universal part will give satisfactory 
results in all but the most critical cir¬ 
cuits. 

Parts such as capacitors and re¬ 
sistors are usually standard, and there 
is no need to obtain exact duplicate 
replacements. However, in replacing 
parts such as the horizontal output 
transformer in a television receiver, 
or the deflection yoke, you should get 
an exact duplicate replacement or 
else a universal replacement designed 
for use in the particular receiver you 
are servicing. 

Do not forget to get catalogs such 
as those put out by transformer manu¬ 
facturers. Many of these catalogs 
contain lists of the various radio and 
TV receivers. The lists are arranged 

by manufacturer’s name and model 
number. The list will show the uni¬ 
versal replacement part for such com¬ 
ponents as the power transformer, 
filter chokes, output transformers, etc. 
Catalogs of this type are extremely 
useful to the serviceman; they will 
save him a great deal of time and 
money. 

In making repairs in radio and TV 
receivers, you will have to use all the 
fundamental information you learned 
in your earlier lessons, and often just 
plain common sense in choosing suit¬ 
able replacement parts. We cannot 
give you the solution for all the re¬ 
placement problems you are likely to 
meet in servicing. However, the ques¬ 
tions at the end of this lesson are 
designed to give you some indication 
of the types of problems you will have 
to solve. The more repair work you 
do, the better able you will be to 
select the proper replacement part. 
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Lesson Questions 
Be sure to number your Answer Sheet 47B-1. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers al a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time or you may run out of lessons before new ones can 
reach you. 

1. If the power transformer in a radio or TV set continues to overheat after 
you remove the rectifier tube from the socket, would you assume that the 
transformer is defective without making any additional tests? 

2. What must the current rating be of the 6.3-volt filament winding on the 
power transformer used in a receiver with 6 tubes, not including the recti¬ 
fier, in which four of the tubes are rated at 6.3 volts at .3 amp each, and 
two of the tubes are rated at 6.3 volts at 1 amp each? 

3. What will happen if you reverse the leads to the primary winding of the 
vertical output transformer in a television receiver? 

4. Can you use a choke coil having an inductance of 8 henrys at 200 ma to 
replace one having an inductance of 8 henrys at 100 ma? 

5. Is a ,05-mfd, 400-volt capacitor a suitable replacement for a .05-mfd, 
600-volt capacitor? 

6. In replacing a 30-30 mfd dual electrolytic capacitor in an ac-dc receiver, 
which would you normally use, a capacitor rated at 150 volts or one rated 
at 450 volts? 

7. What is the resistance and tolerance of a resistor color coded like the resistor 
shown in Method 1 of Fig. 13, where band A is white, band B gray, band 
C yellow, band D silver? 

8. Can a 1-meg volume control be used to replace a .5-meg control? 

9. Can a PM type dynamic speaker be used satisfactorily as a replacement 
for an electrodynamic type of speaker in an automobile radio? 

10. In addition to the deflection angle, what other electrical characteristic is 
important in selecting a replacement deflection yoke? 
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YOUR REPUTATION 
Success in business depends on a number of 

things, but your reputation is probably the most 
important of these. Your sense of “fair play,” and 
of honest dealing will determine your reputation, 
whether you operate a store or work as a serviceman. 
To help you get started properly, here are a few of 
the business rules you should memorize well: 
Keep your promises. Be careful to make only 

promises which you are reasonably sure you can 
keep. 
Keep accurate records. Only records can show 

what your profits are, what your costs are, and what 
your tax bill is. Adequate records are needed to 
show you how to adjust your charges so that you 
can be fair to both yourself and your customer. 

Be honest in all your dealings. Honesty goes far 
beyond “dollars and cents”—it includes fairness to 
your employees; telling the truth in your advertis¬ 
ing; guaranteeing your work and your merchan¬ 
dise; and reasonableness in dealing with your 
suppliers. 

Yes, a good reputation is certainly to be desired. 
With it, you are well on the road to success! 
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rI NIIS is your first lesson in a series 
I dealing exclusively with television. 
You have already learned the func¬ 
tions of most of the components used 
in television receivers, and you have 
acquired a good fundamental knowl¬ 
edge of the electronic principles that 
make television possible. Now you will 
learn to apply this knowledge to the 
field of television servicing. 

In this lesson and succeeding ones, 
you will find the important principles 
underlying all phases of modern tele¬ 
vision systems presented in a simple, 
logical, and understandable manner. 

After mastering these lessons, you will 
find it easy to understand the operation 
of any TV set. Then you will learn how 
to service TV sets. You will learn the 
basic techniques, and the difference be¬ 
tween servicing radio receivers and 
servicing TV receivers. You will also 
learn how to make installations and 
how to instruct the customer in the 
operation of his set. 

Fig. 1 is an over-all picture of a 
television system. You are already 
familiar with the sound half of this 
system. That is, you know how sound 
is converted into electrical signals by 

FIG. 1. A video (television) system of transmission and reception is similar to a sound 
(radio) system. 

1 



a microphone, amplified, and converted 
into radio signals by a transmitter, how 
the radio signals are re-converted into 
electrical signals by the receiver, and 
how these electrical signals are con¬ 
verted into sound at the loudspeaker. 
In a television system, light must go 
through the same series of conversions 
and re-conversions. The camera and 
the picture tube perform the same 
functions in the conversion of light as 
the microphone and speaker do in the 
conversion of sound. 

The diagram at Fig. 1 is an over¬ 
simplification, because the differences 
in the characteristics of light and of 
sound make their conversion into elec¬ 
trical signals considerably different. 
We might say that sound is received 
by the microphone in series. That is, 
each impulse of sound follows the next 
so that it can be directly converted 
by the microphone into an ac voltage 
of varying frequency. 

On the other hand, light is received 
by the camera in parallel. Each degree 
of light contained in a complete scene 
reaches the camera lens at the exact 
same instant of time. Therefore, it is 
necessary for the camera to break up 
the image it receives in the form 
of light into a series of impulses similar 
to those received by the microphone 
before it can produce a usable electrical 
signal to modulate the transmitter. To 
accomplish this, the television camera 
looks at the scene along one line at a 
time, in essentially the same way as 
you are reading this column. 

As the camera scans along one line 
of the scene, it converts the light along 
that line into a series of electrical im¬ 
pulses, the amplitude of which is pro¬ 
portional to the intensity of the light 

ELECTRICAL SIGNAL PRODUCED BY CAMERA 

LIGHT INTENSITY ALONG SCANNING LINE 

FIG. 2. As the camera scans a line of the 
scene, it produces an electrical signal pro¬ 
portional to the intensity of the light along 

the line. 

along that line. This produces a series 
of electrical impulses that can be used 
at the transmitter to modulate a radio¬ 
frequency signal. Fig. 2 shows a line 
of a scene with light of varying in¬ 
tensities, and the type of electrical 
signal the camera would produce as it 
moved along that line. 

The process of looking at a scene, 
moving along one line at a time, is 
called scanning. The system of scan¬ 
ning accounts for the fact that the pic¬ 
ture you see on your television screen 
is composed of a series of horizontal 
lines. 

THE TV CARRIER SIGNAL 

The process of scanning, which 
breaks up a televised scene into suc¬ 
cessive signal elements, results in a 
frequency range for picture signals of 
from zero to more than 4,000,000 cycles 
(4 megacycles, abbreviated 4 me) per 
second. Thus the television signal for 
one channel covers more space in the 
radio spectrum than the entire broad¬ 
cast band. Only very-high-frequency 
carriers are suitable for transporting 
through space a signal that has a fre¬ 
quency range of over 4 megacycles. 
With standard amplitude modula¬ 

tion, such as is used in the broadcast 



band, both sidebands are transmitted. 
Consequently, the total channel width 
needed is twice the highest modulating 
frequency (at least 4 x 2, or 8 me wide 
in this case). To save spectrum space, 
TV stations use special filters that 
partially suppress one sideband so that 
the transmitted picture signal has a 
band width of 5.25 me. In addition 
to the picture signal, allowance must 
be made for the FM sound signal, a 
guard band to avoid interference be¬ 
tween adjacent channels, and some 
room for future picture improvement. 
Therefore, a band width of 6 me is 
allowed for each television channel. A 
graphic illustration of how this band 
width is utilized is shown in Fig. 3. 

Consistent television reception at 
greater-than-line-of-sight distances is 
now definitely a reality. This once was 
considered impossible by most engi¬ 
neers. The theory was that the signals 
traveled in a straight line like light and 
that once line-of-sight distances had 
been exceeded, signals dropped off in 
strength so rapidly that they were not 
usable. 

The fact that these signals travel in 
a straight line is correct, but the point 
that was generally overlooked is that 
refractions (bending of the signals) 
occur and that it is possible to use 
these refracted signals to produce satis¬ 
factory pictures at distances of two or 
three times that of line of sight. These 
refracted signals are a normal occur¬ 
rence and are frequently present at dis¬ 
tances up to 125 miles, depending upon 
the height of the transmitting and re¬ 
ceiving antennas. 
When actual practice proved that 

long-distance television reception was 
possible, the Federal Communications 

PICTURE SIGNAL LOWER SIDEBAND PARTIALLY SUPPRESSED 

PICTURE SIGNAL UPPER SIDEBAND 

RESERVED FOR FUTURE IMPROVEMENT 

BB GUARD BAND 

FIG. 3. How picture and sound signals are 
contained in a 6-mc channel. 

Commission found it necessary to stop 
all television station construction per¬ 
mits to study the situation, because 
stations were interfering with each 
other. This interference caused black 
lines running through the picture, com¬ 
monly referred to as “Venetian blinds,” 
and also garbled the audio. 
An FCC order set new geographic 

spacings, and stations can again be 
built, not only on the VHF channels, 
but also in the ultra-high frequency 
(UHF) spectrum between about 470 
me and 890 me. 
UHF stations using the same chan¬ 

nel may be located closer together than 
VHF stations, because at UHF the 
signal acts more like light so that there 
is less chance of interference. 
The Federal Communications Com¬ 

mission originally allocated thirteen 
VHF channels to television, extending 
from 44 megacycles to 216 megacycles. 
Channel No. 1 was eliminated, so at 
the present time there are twelve VHF 
channels, designated by their original 
numbers, 2 to 13. The ultra-high fre¬ 
quency band contain channels 14 to 83 
inclusive. The TV channel allocations 
are shown in Fig. 4. 
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CH. 

2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

FREQ. (MC) 

VHF 

54-60 
60-66 
66-72 
76-82 
82-88 
174-180 
180-186 
186-192 
192-198 
198-204 
204-210 
210-216 
UHF 

470-476 
476-482 
482-488 
488-494 
494-500 
500-506 
506-512 
512-518 
518-524 
524-530 
530-536 
536-542 
542-548 
548-554 

CH. FREQ. (MC) 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
41 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

554-560 
560-566 
566-572 
572-578 
578-584 
584-590 
590-596 
596-602 
602-608 
608-614 
614-620 
620-626 
626-632 
632-638 
638-644 
644-650 
650-656 
656-662 
662-668 
668-674 
674-680 
680-686 
686-692 
692-698 
698-704 
704-710 
710-716 
716-722 
722-728 

CH. FREQ. (MC) 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 

728-734 
734-740 
740-746 
746-752 
752-758 
758-764 
764-770 
770-776 
776-782 
782-788 
788-794 
794-800 
800-806 
806-812 
812-818 
818-824 
824-830 
830-836 
836-842 
842-848 
848-854 
854-860 
860-866 
866-872 
872-878 
878-884 
884-890 

I' IG. 4. VHF and UHF TV channel allocations. 

TV IS AN EXTENSION OF 
RADIO PRINCIPLES 

Between the camera and the picture 
tube we find a great many familiar 
radio circuits. At the television trans¬ 
mitter there is a master oscillator that 
generates the rf carrier, rf power am¬ 
plifiers, a modulator, linear rf power 
amplifiers, and a transmitting antenna. 
At the receiver the television signals 
are picked up by an antenna, and are 
amplified and selected in the pre¬ 
selector. Since the superheterodyne cir¬ 
cuit is used, the receiver will have an 
rf amplifier, a mixer first detector, a 
local oscillator, an i-f amplifier, a sec¬ 

ond detector, and a picture-signal am¬ 
plifier, all of which prepare the re¬ 
ceived signal for the picture-producing 
device. 
The sound accompanying the tele¬ 

vision program is handled in essential¬ 
ly the same way as in FM program 
broadcasting. However, in television 
the frequency deviation of the sound 
signal is limited to ±25 kc. 

In a television receiver you will find 
tubes, coils, resistors, capacitors, trans¬ 
formers, etc., just as in ordinary broad¬ 
cast receivers. In many instances, as 
you will learn later, the parts do not 
have the same physical appearance, 
but many are identical. Some television 
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circuits are almost identical to radio 
circuits, but there are others, that have 
been developed to meet the special re¬ 
quirements of picture reception, which 
may be entirely new to you. 

We have already mentioned that the 
picture is converted into an electrical 
signal by the camera, which scans the 
picture line by line. At the television 
receiver the picture must be reas¬ 
sembled in the same order that it was 
scanned at the transmitter. In other 
words, when the camera is scanning 
the top line of the picture, the re¬ 
ceiver must be reproducing the top 
line. In addition, both the camera 
and the receiver must be at the same 
point on the line. For example, if at a 
given instant the camera is scanning 
the center of the top line, the receiver 
must be reproducing the center of the 
top line. 

In the process of scanning the pic¬ 
ture, the camera starts at the top left 
corner and scans across the first line. 
The receiver must be kept in step with 
the transmitter so that it starts at the 
top left corner and moves across the 
first line at the same rate of speed as 
the camera does. To do this, the circuit 
that controls the scanning at the tele¬ 
vision camera must also control the 
scanning process at the receiver. This 
act of controlling the receiver scanning 
system so that it is in step with the 

picture camera is referred to as syn¬ 
chronization, and the signals that do 
this are known as synchronizing 
signals. (They are commonly referred 
to as sync signals.» The sync signals 
are produced by special oscillator cir¬ 
cuits and are sent out on the same car¬ 
rier as the picture signals. 

In color television an additional 
sync signal is sent to synchronize color 
signals, which are transmitted on a 
separate sub-carrier within the 6-mc 
channel. At the receiver, the sync 
signals are separated from the picture 
signals by special circuits that are not 
found in the usual radio set. In the 
final analysis, however, all these 
special circuits are based upon exten¬ 
sions of well-known radio principles. 

Once the requirements of a television 
system are recognized, the special cir¬ 
cuits will seem quite natural rather 
than something strange and new. By 
studying the process of scanning first, 
giving special attention to the sync 
signals, and the circuits that handle 
these signals, we can make television 
circuits seem just as logical and under¬ 
standable as ordinary radio circuits. 
This lesson is primarily intended to 
acquaint you with the important prob¬ 
lems in television, and later lessons 
will go into details on the various cir¬ 
cuits and the actions that take place 
in them. 
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Image Scanning in Television 
Television is the transmission of 

intelligence that reaches our brain 
through our eyes. First, let us consider 
what the eye sees when it looks at an 
object. Ordinarily, it looks at reflected 
light, made up of electromagnetic 
waves; occasionally, it looks directly 
at light sources such as electric lamps, 
a fire, or the sun. The eye sees color 
because the electromagnetic waves in 
the visual band have different fre¬ 
quencies, each frequency or group of 
frequencies giving, through the action 
of the brain, a color sensation. 
The human eye contains a compli¬ 

cated lens (much like the lens in a 
camera), which projects these electro¬ 
magnetic light waves onto the retina, 
a surface at the back part of the eye. 
The retina has millions of nerve end¬ 
ings, each of which is connected to the 
brain. Diese nerve endings interpret 
the strength of each electromagnetic 
wave that hits them (determined by 
the brightness of the object) and they 
also interpret the frequency of the 
wave (the color of the object). Each 
nerve ending “sees” only a tiny portion 
of the entire scene; the brain recon¬ 
structs the over-all picture by as¬ 
sembling all the nerve impulses. Thus, 
the eye breaks up the scene into ele¬ 
ments, each of which is transmitted 
over a separate nerve channel to the 
brain. 
The television camera is like a 

human eye with only one nerve ending 
scanning the image projected on the 
retina a line at a time and sending the 

information to the brain (transmitter) 
in sequence rather than all at once as 
the human eye does. 

TV SYSTEMS 

Television takes advantage of an 
eye characteristic known as persistence 
of vision—the ability of the eye to re¬ 
tain an impression of an object for a 
short time after the object has disap¬ 
peared from view. This makes it pos¬ 
sible to send a portion of a scene at a 
time; just so the entire scene is trans¬ 
mitted before the eye has had a chance 
to “forget” the first part of it. Thus, 
although the picture you see on your 
television screen is sent a line at a time, 
you see it as a complete picture. In 
effect, an “eye” in the camera travels 
over the top edge of the scene from left 
to right, swings quickly back to the 
left-hand side, moves down slightly, 
travels horizontally over the scene 
again, and repeats the process until 
the whole scene has been scanned. As 
you no doubt know, or have guessed, 
this “eye” is really a light-sensitive 
surface that converts the light received 
from the scene into an electric current, 
which of course varies as different 
parts of the scene come into view of 
the scanning eye, is then transmitted 
by radio to the receiver. At the re¬ 
ceiver, the process is reversed, and the 
original scene is traced out line by line. 

This is a highly simplified explana¬ 
tion of how a television system works, 
but it will serve to show you the basic 
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idea of its operation. Right now, the 
important fact for you to grasp is that 
a scene is televised bit by bit, and not 
as a whole. 

Fig. 5 illustrates the general effect 
produced when a scene is scanned. 
Suppose we wish to televise a picture 
like that shown in Fig. 5A. After it has 
been scanned by the camera, trans¬ 
mitted to the receiver, and reproduced 

FIG. 5. The drawing at A is reproduced as 
a series of lines at B and C. Greater detail 
is obtained by using more lines, as at C. 

on the receiver screen, it will appear as 
shown in Figs. 5B and 5C. That is, 
it will consist of a series of lines; these 
lines will vary in brightness along 
their length, and so make up the pic¬ 
ture we see. The more lines we have 
in a given area, the greater the detail 
of the final picture. Fig. 5C, which has 
120 lines, exhibits more detail than Fig. 
5B which has only 60 lines. 

Note that as you move the illustra¬ 
tions in Fig. 5 farther and farther away 
from you, a point is reached for each 
illustration where the details seem to 
blend into a complete and nearly per¬ 
fect reproduction of the original. This 
brings out an important fact about 
television: if a reproduced picture is 
made larger without increasing the 

number of lines, the picture will have 
to be viewed from a greater distance 
to give a satisfactory eye impression. 
When you are close to the screen, op¬ 
erating the controls of the receiver, 
you will see the individual lines. If 
you move back a few feet, the lines 
will blend together and give good 
definition. 

SCANNING AND REPRODUCTION 
METHODS 

Before considering the technical de¬ 
tails of breaking up a scene into a num¬ 
ber of lines, it will be valuable to get 
a clearer idea of how a scene is taken 
apart or scanned, and how a scene is 
reproduced. 

M e c h a n i c a I Scanning. Even 
though mechanical methods of scan¬ 
ning are considered inadequate today, 
we will study them first, since they are 
easier to understand and will help you 
to understand electronic scanning 
methods. 

Punch a hole with a pin in the center 
of a small business card and hold the 
card up to one of your eyes so that you 
can look through the hole. Turn to 
some object or scene. Notice that you 
can see only a small part of the scene 
through the tiny hole. Now move the 
card horizontally from left to right; 
you see all the portions of the scene 
along the line that you are scanning. 
Move the card back and forth hori¬ 
zontally while shifting it vertically 
downward a little at the end of each 
line and your eyes will see the entire 
scene, piece by piece. 

The Scanning Disc. In place of this 
card-scanning device we could use the 
system shown in Fig, 6A, in which 
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FIG. 6. This diagram shows an elementary mechanical scanning-disc system. If the disc 
is rotated rapidly enough, the observer will be unconscious of its presence, as persistence 
of vision will apparently allow him to see the entire scene, although he is actually view¬ 

ing only a tiny spot at a time. 

a large number of holes are arranged 
in a spiral fashion on a rotating disc 
called the scanning disc. This disc 
really replaces the card that we used 
in our previous example. One complete 
revolution of the disc gives one com¬ 
plete scanning of the entire picture, 
because each hole in the disc scans one 
line. If the disc is revolved fast enough, 
the visual sensation is the same as 
though the entire picture were being 
seen at one time. 

The exact arrangement of the holes 
on the scanning disc is shown more 
clearly in Fig. 6B. The observer is 
viewing the scene through the mask, 
a rectangular opening in a piece of 
black cardboard. As the disc is rotated, 
each hole moves across the opening in 
the mask, the outermost hole in the 
spiral moving across the top of the 
opening and each succeeding hole mov¬ 
ing across one line down. Finally, 
when the innermost hole has moved 
across the bottom of the opening, the 
outermost hole again scans the top line 
and the entire scanning process starts 
over again. 

.1 Mechanical TV Camera. If the 

observer in Fig. 6A is replaced with 
a light-sensitive cell, this cell will de-
liver a varying electric current that is 
at all times proportional to the amount 
of light that is reaching the cell, and 
therefore proportional to the shade of 
lightness or darkness of the element of 
the picture that is being scanned at a 
particular instant. This arrangement 
gives us a means of converting a pic¬ 
ture or scene into a varying electrical 
current. This current, or picture signal, 
can be amplified and placed on a radio 
carrier for transmission through space. 
At the receiver, the carrier can be de¬ 
modulated and the picture signal am¬ 
plified sufficiently to operate a picture 
reproducer. 

Mechanical Reproduction. In 
early experimental television receivers, 
the amplified picture signal was fed to 
a neon glow tube like that shown in 
Fig. 7A. This lamp consisted of a wire 
anode and a rectangular flat metal 
piece (the same size as the reproduced 
picture) that served as a cathode. 
These elements were enclosed in a gas-
filled envelope. A red glow of light 
formed on the plate when sufficient 
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FIG. 7. An early type of mechanical tele¬ 
vision reproducer. 

voltage was applied between the elec¬ 
trodes; the intensity of this glow 
varied with the applied voltage. The 
amplified picture signal was made to 
change the applied voltage, thus 
changing the intensity of the glow. 

A pin-hole scanning disc was rotated 
in front of the glow lamp in such a way 
that the holes scanned the glowing 
plate. The transmitter and the receiver 
were synchronized so that when the 
scanning disc at the transmitter started 
to scan the top line of the scene, the 
receiver scanning disc likewise started 
to scan the top line. Line-by-line scan¬ 
ning discs were kept in step (in syn¬ 
chronization), so that the intensity of 
the glow lamp at any instant cor¬ 
responded to the intensity of the light 
reflected from that same element on 
the actual scene. The arrangement of 
the scanning disc and the glow lamp is 

shown in Fig. 7B. The lens shown is a 
magnifying glass used to enlarge the 
image to three or four times the size 
of the glow lamp plate. 

Electronic Scanning. Although 
present-day methods of scanning and 
picture reconstruction differ greatly 
from the method just described, the 
principle of scanning the picture a line 
at a time is still used. 

There are several types of electronic 
camera tubes used to perform the same 
function as the scanning-disc and 
photoelectric cell arrangement just de¬ 
scribed. At present, the most popular 
of these is the image orthicon. A 
diagram illustrating the operation of 
the image orthicon is shown at Fig. 8. 
In operation, the camera lens projects 
an image of the scene to be telecast 
onto a photoelectric surface. This 
light-sensitive photoelectric surface 
consists of millions of tiny light-sensi¬ 
tive spots, each insulated from the 
others, and each scarcely larger than 
the point of a pin. 

The effect of light upon this photo¬ 
electric surface is to drive out a num¬ 
ber of electrons from each of these tiny 
spots. The number of electrons driven 
from the photoelectric surface depends 
on the amount of light striking that 

IMAGE SCANNING MULTIPLIER 
SECTION SECTION SECTION 
I-1 I-1 I I 

FIG. 8. Diagram of an image orthicon 
camera tube. 

9 



particular cell—the more light, the 
more electrons. The electrons driven 
from the photoelectric surface strike 
the target surface directly behind it. 
When an electron strikes the target, it 
dislodges several more electrons from 
the target surface, creating a positive 
charge at the point on the target that it 
strikes. Thus, the visual image that 
was projected on the photoelectric sur¬ 
face is converted to an electrical image 
on the target. Where high intensity 
light strikes the photoelectric surface, 
there is a high positive charge on the 
corresponding portion of the target, 
and where lower intensity light strikes 
the photoelectric surface, there is a 
lower positive charge on the target. 

The target is scanned a line at a 
time by a beam of electrons. This beam 
is produced by the electron gun and 
swept back and forth across the target 
by the magnetic force of coils placed 
around the outside of the tube. As the 
electron beam is swept back and forth 
across the target, the positive potential 
areas of the target absorb enough elec¬ 
trons from the beam to neutralize 
them. The rest of the electrons are re¬ 
flected back to the electron multiplier 
section. The subtracting process 
creates a return beam, the intensity of 
which varies in inverse proportion to 
the intensity of light along the line 
being scanned. 

The effect of the multiplier is to 
amplify the variations created in the 
return beam. An ac signal whose mag¬ 
nitude is proportional to the amount of 
light along the scanning lines is taken 
from the electron multiplier, amplified, 
and used to modulate the transmitter. 

The details of operation of the elec¬ 
tron gun and the deflection coils, along 

with explanations of other types of 
electronic scanning devices will be 
given later. Here it is sufficient for you 
simply to understand the general 
method of operation. 

Color Camera. In the reproduction 
of color pictures, all colors can be pro¬ 
duced from combinations of red, green, 
and blue. (You may have learned in 
mixing paint that the primary colors 
are red, blue, and yellow, but when 
mixing light they are red, green, and 
blue.) In a color television camera, 
three image orthicon tubes, one for 
each of these primary colors, are used. 
Fig. 9 shows some of the major com¬ 
ponents used in the optical system of 
an RCA color television camera. Note 
that there is one image orthicon tube 
for each of the three primary colors, 
red, green, and blue. Light traveling 
through the various lenses and cor¬ 
rectors goes through two dichroic 
mirrors. These mirrors are so designed 
that they will reflect only one basic 
color, and pass the others. 

The first minor reflects all of the 
blue light contained in the image; this 
light is directed to the blue image 
orthicon tube. All light frequencies ex¬ 
cept blue pass through the first mirror 
to the second one. 

The second mirror reflects all of the 
red light; this is delivered to the red 
image orthicon tube. The remaining 

FIG. 9. Some of the basic components 
used in a color television camera. 
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light that passes through the second 
dichroic mirror is green, and is de¬ 
livered directly to the face of the green 
image orthicon tube. 

All of the colors in the spectrum can 
be developed from combinations of 
these three basic colors. Therefore, the 
sum of the electrical outputs of these 
three image orthicons should be equal 
to the electrical output of a single 
monochrome (black and white) image 
orthicon. 

SCREEN 

FIG. 10. A simplified diagram of an elec-
Ironic picture lube. 

The electrical signal from the image 
orthicon or other television camera 
tube is amplified and used to modulate 
a high-frequency radio signal, which is 
then broadcast so that it can be picked 
up by the television receiver. The car¬ 
rier frequency must also be modulated 
with a synchronizing pulse at the end 
of each line and at the end of each 
picture field (one series of lines from 
the top to the bottom of the picture). 
These signals are used at the television 
receiver to keep the picture that is re¬ 
produced by the picture tube syn¬ 
chronized with the one being scanned 
by the camera. 

The Electronic Receiver. Fig. 10 
shows a simplified diagram of a typical 
electronic picture reconstructor. It has 
an electron gun and two sets of elec¬ 

tromagnetic deflecting coils Special 
oscillators generate the current pulses 
that flow through these coils; the oscil¬ 
lators are controlled by the synchroniz¬ 
ing pulses sent out by the transmitter. 
A spot of light appears on the 

fluorescent screen at the end of the 
tube when it is hit by the electron 
beam that is produced by the electron 
gun; the brilliance of the spot increases 
with the number and speed of the elec¬ 
trons in the beam. The picture-signal 
voltage controls the number and speed 
by means of a special grid electrode, 
and the deflecting coils carry the cur¬ 
rent that controls the scanning of the 
beam across, and up and down, the 
screen. The combined action is such 
that while the beam is sweeping across 
the screen, its intensity is changing 
continually in accordance with the pic¬ 
ture signal, giving the effect of “paint¬ 
ing” light on the screen. 

During the transmission of a tele¬ 
vision signal, the horizontal sync pulse 
exists for an instant after each line 
has been scanned and the vertical sync 
pulse exists for a longer period after 
each field has been scanned. It is not 
necessary for the video signals to exist 
while sync pulses are being trans¬ 
mitted, and, as a matter of fact, the 
video (picture) signals are stopped en¬ 
tirely during the transmission of sync 
pulses. 

There is sufficient difference between 
the horizontal and vertical sync pulses 
so that they may be readily separated 
at the receiver by R-C filters and ap¬ 
plied to the proper control circuits. 
This separation can easily be accom¬ 
plished, because the vertical sync pulse 
lasts a much longer time than the hori¬ 
zontal sync pulse, and by allowing the 
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sync pulse voltages to build up across 
a condenser, it is possible to use capaci¬ 
ties of such size that they will definitely 
discriminate in favor of either the 
horizontal or the vertical sync pulse. 
This, too, will be described in detail 
later on. 
The three basic components in a 

monochrome television signal (the pic¬ 
ture or video signal, the horizontal 
sync pulses, and the vertical sync 
pulses) are transmitted as shown in 

three times as long as the time for one 
line. The black level is 75%> of the 
maximum television signal amplitude. 

Notice that points 1, 2, 3, 4, and 5 
along the video signal, corresponding 
to elements along a line of the picture 
that is being scanned, are for increas¬ 
ing values of brightness, with point 1 
corresponding to a black elemental 
area on the picture, points 2, 3, and 4 
for gray areas, and point 5 for a white 
area. When increases in brilliancy 

FIG. 11. This diagram shows the three essential components of a television signa!—the 
video signa!, the horizontal sync pulse, and the vertical sync pulse. This is a modulated 
de signal. Since the picture signal swings in a negative direction with increases in line 

brilliancy, we have what is known as a negative picture phase. 

Fig. 11. In color television, a color sync 
signal and chrominance (color) signals 
are added to these three. The rf carrier 
will be considered later and hence is 
not shown in this diagram. 

First of all, notice that this television 
signal is a pulsating de signal with all 
its components above the zero voltage 
line, which is known as the white level. 
The video or picture signal is contained 
between the white level and the black 
level. The sync pulses are all between 
the black level and what is commonly 
known as the blacker-than-black level. 
In other words, signals that swing 
above the black level do not cause any 
lines to become visible on the face of 
the picture tube. 

The vertical sync pulse lasts about 

make the picture signal voltage swing 
in a negative direction in this manner, 
we say that the picture has a negative 
picture phase. 
The sync pulses are kept in the 

region that is never occupied by the 
video signal in order to make possible 
the use of either a biased triode or a 
diode for sync separation of these 
pulses from the video signal. You will 
also notice from Fig. 11 that before 
and after each sync pulse the television 
signal voltage remains constant for a 
short interval of time. These constant 
voltage components are known as 
“pedestals.” 
In AM radio broadcasting, large 

carrier currents correspond to loud 
sounds, and low carrier currents cor-
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respond to weak sounds. Exactly the 
opposite is true in sight transmission. 
When the rf carrier is modulated with 
a television signal as shown in Fig. 11, 
the white components of the television 
signal will exist as low carrier currents 
and the sync pulses will exist as large 

rf carrier currents. This type of 
modulation is known as negative 
modulation. Negative modulation is 
used in broadcasting television pro¬ 
grams in this country because when it 
is used, the sync pulses are less affected 
by noise pulses. 

The Cathode-Ray Picture Tube 
In modern home television receivers, 

the video counterpart of the loud¬ 
speaker is the cathode ray tube or “pic¬ 
ture” tube. 

You have already studied and are 
familiar with cathode ray tubes of the 
type used in oscilloscopes. Many of 
those used in earlier television sets 
with seven or ten-inch screens are of 
the same general type as those used in 
oscilloscopes. These tubes use deflec¬ 
tion plates within the glass envelope to 
deflect the electron beam. This system 
is called electrostatic deflection. 

The cathode ray tubes used in mod¬ 
ern large-screen television sets operate 
on the same principle, but have a dif¬ 
ferent method of deflecting the beam, 
known as electromagnetic deflection. 

FIG. 12. A cathode-ray tube using electro-
magnetic deflection. 

This type of tube is illustrated in Fig. 
12. 

PARTS OF THE PICTURE TUBE 

A brief description of the function 
of the various parts of the tube and of 
their effect on the electron beam ?s 
given here so that you will understand 
the general method of operation. A 
later lesson will be devoted entirely to 
the study of picture tubes. 

Cathode. The function of the 
cathode in the cathode ray tube is es¬ 
sentially the same as that of the 
cathode in any other tube. That is, it 
emits electrons. The cathodes used in 
picture tubes are indirectly heated by 
a heater wound in a spiral in such a 
manner that it will create no magnetic 
field that might affect the electron 
beam. As shown in Fig. 13, the cathode 
is cylindrical in shape, and the elec¬ 
tron-emitting oxide coating is on the 

OXIDE 

FIG. 13. The cathode of a modern picture 
tube. 

13 



end of the cylinder, so that the elec¬ 
trons will be emitted in the right gen¬ 
eral direction to be beamed toward the 
fluorescent screen. 

Control Grid. The control grid 
serves two purposes. First it concen¬ 
trates the electrons emitted from the 
cathode into a beam, and second, it 
controls the flow of electrons so that 
the rate of electron flow through it is 
in direct proportion to the intensity of 
the light at the particular point being 
scanned by the camera tube at the 

FIG. 14. An electrostatic field between 
control grid and cathode concentrates 

electrons into a beam. 

transmitter. The control grid is cy¬ 
lindrical with one end completely open 
and a small hole in the center of the 
other end. 

Fig. 14 shows how the control grid 
concentrates the electrons into a beam. 
The arrows represent the electrostatic 
lines of force that are set up by the 
difference of potential between grid 
and cathode. The grid is negative with 
respect to the cathode, and conse¬ 
quently has the general effect of re¬ 
pelling electrons. However, the hole in 
the end of the grid leaves a gap in this 
repelling field, offering the path of least 
resistance, which the electrons are most 
apt to take. 

In addition to concentrating the elec¬ 
trons into a beam, the control grid in 
effect modulates the stream of elec¬ 
trons with the picture signal. 

The picture signal that is impressed 
upon the control grid varies the differ¬ 
ence of potential between cathode and 
control grid. The more negative the 
control grid is made with respect to the 
cathode, the greater will be the density 
of the electrostatic lines of force, so 
that it is possible for them to close up 
the hole in the end of the grid, pre¬ 
venting the escape of electrons. Thus, 
it is possible by means of the video 
(picture) signal to control the rate of 
flow of electrons through the aperture 
in the end of the grid. 

First Anode. The principal function 
of the first anode is to accelerate the 
electrons in the electron stream. In 
other words, it boosts them along the 
path toward the fluorescent screen. The 
first anode is at a relatively high posi¬ 
tive potential with respect to the grid, 
so it attracts the electrons being 
emitted from the hole in the end of the 
grid. 

The first anode is similar in shape 
to the control grid in that it is cylin¬ 
drical, has a small aperture in one end, 
and is open at the other end. However, 
it is turned around to face in the op¬ 
posite direction. From Fig. 12 you can 
see that the electron stream is shaped 
by the grid so that most of the elec¬ 
trons will enter the small hole in the 
lefthand end of the first anode. Since 
the first anode is at a relatively high 
positive potential, it is reasonable to 
wonder why the electron stream passes 
through it rather than simply being 
attracted to it and causing plate cur¬ 
rent to flow, just as in an ordinary 
triode vacuum tube. The answer is that 
the anode tries to attract the electrons 
to the sides of the cylinder, as you can 
see from the shape of the electron 
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stream in the diagram at Fig. 12, but it 
has also, in attracting electrons from 
the control grid aperture, speeded up 
the flow of electrons to the point where 
they are able to pass through the first 
anode cylinder before they can be at¬ 
tracted to the walls of that cylinder. 
Also, the second or accelerating anode 
is at a higher potential than the first 
anode and it tends to pull the electrons 
away from the first anode. 

Focus Coil. The focus coil is used 
to concentrate the electron beam again 
after it has passed through the first 
anode and undergone some dispersion, 
by creating a magnetic field within the 
neck of the tube, which again forces 
the electrons to travel through a nar¬ 
row path of least resistance. This is 
possible because each electron is sur¬ 
rounded by a magnetic field of its own, 
and if magnetic fields are set up in op¬ 
position to it, they will tend to repel 
electrons. 

Physically, the focus coil is dough¬ 
nut shaped. It is basically nothing 
more than a coil of wire wrapped 
around the neck of the tube. By vary¬ 
ing the direct current flowing through 
this coil, the intensity of its field and 
hence the focus of the electron beam 
can be varied. Fig. 15 is a cross-sec¬ 
tional diagram of the focus coil, show¬ 
ing the effect of its magnetic field on 
the electron beam. 
Some receivers use permanent mag¬ 

nets to achieve the same focusing ac¬ 
tion by mechanically varying the 
strength of the magnetic field. 

Deflection Coils. In order to sweep 
the beam back and forth in a series of 
horizontal lines from the top to the 
bottom of the picture tube, the modern 
television receiver uses a system of 

FIG. 15. The focus coil sets up a magnetic 
field, which concentrates the electron 

beam. 

electromagnetic deflection. Two pairs 
of coils are placed around the neck of 
the picture tube as shown diagrammat-
ically in Fig. 16. W hen current flows 
through these coils, magnetic fields are 
set up through the neck of the picture 
tube as indicated by the arrowheads in 
Fig. 16. The electron beam is deflected 
at right angles to the magnetic lines of 
force, so the horizontal deflection coils 
are placed above and below the neck 
of the tube, creating a vei tical mag¬ 
netic field, and the vertical deflection 
coils are placed one on either side of 
the neck of the tube, creating a hori¬ 
zontal magnetic field. The direction 

FIG. 16. Two pairs of coils set up magnetic 
fields which create horizontal and vertical 

deflections. 
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that the beam is deflected is reversed 
by reversing the polarity of the mag¬ 
netic field. For instance, as shown in 
Fig. 16, the top coil is a north magnetic 
pole and the bottom one a south mag¬ 
netic pole with the magnetic lines of 
force running from north to south. As¬ 
suming that the direction of electron 
flow is toward you, this would tend to 
deflect the beam to the left. If the cur¬ 
rent through the coil were reversed, 
the magnetic polarity would also be 
reversed and the beam would be de¬ 
flected to the right. The left-hand coil 
is another north pole and the right¬ 
hand coil another south pole, so the 
tendency of the vertical deflection coil 
field is to deflect the beam downward. 
A reversal of polarity in the vertical 
deflection coils would deflect the beam 
upward. 

Each coil is saddle-shaped so that 
it will fit the neck of the tube. All 
four coils are assembled into a single 
ring-shaped yoke which slides onto the 
neck of the tube. There is some over¬ 
lapping of coils within this assembly, 
but this has little effect on their mag¬ 
netic fields. 

Second Anode. The second anode 
is a conductive coating on the inner 
glass walls of the forward part of the 
picture tube. It serves two purposes. 
Its primary purpose is to serve as an 
accelerator. It speeds the electron beam 
on its way to the fluorescent screen. 
I'o accomplish this it is always at 
an extremely high positive potential, 
in many cases from 15,000 to 20,000 
volts. 

Its secondary function is to collect 
free electrons knocked off the fluores¬ 
cent screen by the beam striking the 
screen. 

Fluorescent Screen. The fluores¬ 
cent screen is a chemical coating called 
a phosphor on the inner glass surface 
of the face of the picture tube. The 
chemical composition of this coating 
is such that the screen will light up 
in proportion to the number and speed 
of electrons in the beam striking it. 
Therefore brilliance could be con¬ 
trolled either by the control grid, which 
controls the number of electrons, or by 
the second anode, which controls the 
speed. Because of the extremely high 
voltage that exists at the second anode, 
it is generally much easier to control 
brilliance at the control grid. 

The fluorescent screen on color pic¬ 
ture tubes contains three different 
phosphors, one for each of the three 
basic colors. Each of the three phos¬ 
phors glows with a brilliance that is 
in direct proportion to the amplitude 
of the signal sent for its basic color. 

THE PICTURE TUBE IN ACTION 

Keeping in mind the function of the 
various components in the picture tube 
just described, let us now take a look 
at the effect of the television signal 
on these various components. The 
cathode, the focus coil, and the first 
and second anodes are relatively stable 
components. That is, they are kept at a 
constant potential and are not affected 
by the television signal. Their main 
function is simply to deliver the elec¬ 
tron beam to the fluorescent screen 
with the proper focus to create a spot 
on the screen. 

The control grid and the deflection 
coils are the two elements affected by 
the television signal. These two ele¬ 
ments serve to vary the intensity of 
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the beam, and hence the brilliancy of 
the spot, and to sweep the beam back 
and forth across the face of the pic¬ 
ture tube, turning one spot into a series 
of lines. Thus, they literally paint the 
picture on the screen. 

The television signal, including the 
sync pulses, is applied to the grid of 
the tube after it has been detected 
(.separated from its carrier) in the re¬ 
ceiver. The pulses come at the end of 
each line and at the end of each field. 
They reduce the intensity of the beam 
to the point where it does not produce 
any visible brilliance on the screen. 

Between the sync pulses, the video 
signal varies the intensity of the beam 
so that it will produce light intensities 
ranging from white through all the 
shades of gray to black. The sync 
pulses contained in the television signal 
also have their effect on the deflection 
coils. They are used to trigger oscilla¬ 
tors, which in turn provide the current 
for the vertical and horizontal deflec¬ 
tion coils. 

You will recall from your study of 
electrostatic cathode ray tubes that 
sweep is obtained in them by applying 
a sawtooth voltage to the horizontal 
deflection plates. In electromagnetic 
deflection systems, a somewhat differ¬ 
ent situation exists. Here, magnetic 
force rather than electrostatic force is 
used, and since the intensity of a mag¬ 
netic field depends on current rather 
than voltage, we need a sawtooth cur¬ 
rent in the deflection coils. Therefore, 
the voltage output of the vertical and 
horizontal oscillators is not a true saw¬ 
tooth voltage, but it takes a wave 
shape that will produce a sawtooth 
current in the deflection coils. 

Now let us follow the movement of 

FIG. 17. Under the influence of horizontal 
(top) and vertical (right) sweep currents, 
the electron beam follows tlie zig-zag path 
shown in the lower left. In actual practice 
there are 525 lines instead of the 18 shown 

here. 

the spot on the screen of a picture tube 
as it is swept back and forth and up 
and down by the sync-pulse controlled 
sweep circuits. 

When the beam is under the control 
of the horizontal and vertical sweep 
currents, we can consider its starting 
point to be point 1 in Fig. 17, at the 
upper left-hand corner of the screen. 
Here the beam has been bent far to 
the left. From this point the horizontal 
sweep current gradually decreases, al¬ 
lowing the beam to “unbend” or re¬ 
turn to the center of the top line. 
As the current in the horizontal deflec¬ 
tion coil passes zero and increases in a 
positive direction, the beam is gradual¬ 
ly bent to the right until the spot 
reaches the right-hand edge of the 
screen. While this action occurs, the 
vertical sweep current is gradually 
moving the spot in a downward direc¬ 
tion, a distance equal to the spacing 
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between two lines. 
At point 2 a horizontal sync pulse 

arrives from the transmitter, causing 
the horizontal sweep to move the spot 
almost instantly back to the left-hand 
side of the screen along the dotted line 
path 2-3. This return motion is very 
rapid and if a trace is made it could not 
be seen as such, but sometimes, if the 
receiver is not properly adjusted, it 
will produce on the screen a faint haze 
or glow instead of a line. Points 1, a, 2, 
b, and 3 in the sawtooth waveform at 
the top of Fig. 17 indicate relative 
values of horizontal sweep current for 
corresponding points on the screen 
shown below. 

The process just described continues 
for each line until the spot is swept to 
point 36 at the end of the last line. At 
this time the vertical sync pulse ar¬ 
rives from the transmitter and stops 
the gradual building up of the vertical 
sweep current, causing the spot to 
move back up to the top of the screen. 
The vertical sweep current drops back 
to its starting value at a rapid rate, but 
the change takes more time than is re-
quired for a complete horizontal sweep. 
As a result, the spot actually takes a 
zig-zag path from side to side as it is 
being returned to the top of the screen. 
For simplicity the vertical retrace is 
shown as a straight-line path, 36-1, 
in Fig. 17. Actually, if the receiver is 

misadjusted, you will see a number of 
diagonal lines, across the screen, which 
is the vertical retrace. 

When either the horizontal or the 
vertical sync pulse is being sent by the 

FIG. 18. When sync pulses are applied to 
the control grid (A) retrace current flows 
in the horizontal deflection coils (B) so 
that retrace lines do not show on the pic¬ 

ture tube. 

transmitter, no television picture signal 
exists and the appearance of retrace 
lines would only cause diagonal 
streaks in the picture, marring repro¬ 
duction. Fig. 18 shows the relationship 
between the signal voltage at the con¬ 
trol grid and the sweep current flowing 
in the horizontal deflection coils. The 
sync pulses are applied to the control 
grid of the picture tube in the receiver 
in such a way that they drive the grid 
highly negative, causing almost com¬ 
plete cut-off of the electron beam and 
thereby preventing retraces from 
showing. 
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Picture Detail, Brightness, 
And Contrast 

Up to this point you should have a 
good general concept of how the tele¬ 
vision picture is picked up by the 
camera, transmitted, received, and re¬ 
produced at the picture tube. Now we 
will consider some of the television 
signal characteristics that determine 
the quality of the reproduced picture. 

IMAGE DETAIL 

A consideration of the processes of 
scanning and reproduction described in 
the preceding section should make it 
clear to you that the video signal exists 
only while the spot is traveling from 
left to right along the line. At all other 
times the television transmitter is send¬ 
ing out pedestals with synchronizing 
signals. 

The changes in the intensity of the 
video signal from one instant to an¬ 
other produce the essential picture de¬ 
tail. The more changes there are per 
line for an actual given scene that is 
being scanned, the greater will be the 
amount of detail in the reproduction. 
The more frames (complete pictures) 

there are per second, the better they 
blend and the less chance there is for 
the eye to see them individually. If too 
few are transmitted, flickering results. 
Increasing the number of frames per 
second reduces flicker. 

Greater detail can be obtained by 
increasing the number of lines per 
frame. Both the number of frames per 
second and the number of lines per 
frame contribute to high definition, or 
high-fidelity reproduction. However, 
there are definite limits to the number 

of lines and frames that can be handled 
economically. Let us first examine the 
factors that determine the maximum 
numbers. 

All television equipment must be de¬ 
signed to handle the maximum fre¬ 
quency of the picture signal current. 
To calculate the maximum frequency 
of a signal it is assumed that the pic¬ 
ture being scanned consists of a check¬ 
erboard pattern of black and white 
squares, as shown in Fig. 19, with the 
sides of each square equal to the thick¬ 
ness of a scanning line. Since each oí 
these is the smallest part of the scene 
the camera can see, they are callea 
picture elements. The signal current is 
said to go through one cycle each time 
the electron scanning beam passes 
over one light and one dark picture ele¬ 
ment as shown in Fig. 20, because the 
signal current goes through a maximum 

FIG. 19. The photoelectric plate can be 
visualized as a checkerboard of dark and 

light square«. 
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I' IG. 20. 1 he signal goes through one cycle 
each time the beam passes over one dark 

and one light element. 

and a minimum value each time this 
happens. 
To find the maximum frequency of 

the picture-signal current, all we have 
to do is compute the number of picture 
elements that are scanned per second 
and divide by two, since one cycle con¬ 
sists of two elements. 

If each picture element is considered 
to be as high as it is wide, it is easy to 
compute the number of elements in one 
complete picture. For example, in a 
square picture with N lines there will 
be N picture elements per line, or N 
times N picture elements in the com¬ 
plete square picture, which is known 
technically as one frame. For example, 
at present the television standards call 
tor a 525-line picture. Hence, in a 
square picture there would be 525 
times 525 or 275,625 picture elements. 
For ordinary calculations, 276,000 ele¬ 
ments will be sufficiently accurate. 

Aspect Ratio. The pictures that are 
commonly involved in television are 
not square, however. They are wider 
than they are high, as shown in Fig. 21. 
The width of a picture divided by its 
height is called the aspect ratio which, 
in order to conform to motion picture 
standards, has been standardized at 
4 3 or 1.33. This means that the num¬ 
ber of elements in each line has been 

increased by the aspect ratio winch we 
will designate as A. Now the number 
of picture elements per frame, or pic¬ 
ture, will be N times N times A. For 
the example just considered, the total 
number of elements will therefore be 
276,000 times 4/3, or 368,000. 

Frame Frequency. The number of 
pictures sent per second is the frame 

MG. 21. When the picture is changed to 
the rectangular form shown here, the ele¬ 
ments of a square picture are multiplied 

hy 1/3. 

or picture frequency. It is designated 
as F. By multiplying the number of 
elements in a frame by the frame fre¬ 
quency, we get the total number of 
picture elements per second. This total 
number of elements per second is N 
times N times A times F. Since it takes 
two picture elements to make a cycle, 
we get the maximum number of cycles 
per second by dividing this formula by 
two. The standard frame frequency is 
30. In our example, then, we get the 
frequency involved by multiplying 
368,000 by 30 and then dividing by 2. 
The result is 5,520,000 cycles per sec¬ 
ond. 

Synchronizing Pulses. In practice, 
the picture is scanned only about 85% 
of the time. The remainder is used for 
horizontal and vertical sync pulses. 
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This increases our maximum picture 
frequency because it crowds our ele¬ 
ments into 85% or 85/100 of a second. 
We, therefore, multiply our computed 
value by 1.17 (because 1 .85 = 
1.17), which makes the maximum 
theoretical picture frequency required 
1.17 times 5,520,000, or approximately 
6.460,000 cycles. 

Practical Frequencies. In our 
analysis of the theoretical maximum 
frequency we have assumed that there 
is always a sharp contrast between ad¬ 
jacent elements of a scene. This is not 
true in practice. Several adjacent pic¬ 
ture elements may reflect the same or 
nearly the same amount of light. Also, 
in moving scenes, it is not necessary to 
transmit slight variations between ad¬ 
jacent elements. This is illustrated 
roughly in Fig. 22. Actually, the pic¬ 
ture would be broken up into much 
smaller elements, but even here with 
the relatively large squares, you can 
see that in many instances there is 
practically no change from one square 
to another. The average scene thus re¬ 
quires considerably less than the maxi¬ 
mum frequency. Practice has shown 
that apparatus capable of sending 
about 60% of the maximum theoretical 
frequency is satisfactory. Since the 
maximum number of cycles was as¬ 
sumed in our example, we multiply 6,-
460.000 by .6 and get about 3,900,000 
cycles or 3.9 megacycles, as the actual 
frequency. Any increase in this fre¬ 
quency up to the limit of the 4.5 mega¬ 
cycles that is permitted within a tele¬ 
vision band gives a definite improve¬ 
ment in fidelity. 
Monotones Require Very Low Fre¬ 

quencies. The upper part of an outdoor 
scene, like the sky, as shown in Fig. 
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FIG. 22. Not all the neighboring spots on 
a line vary in shade. This reduces the 

necessary maximum frequency. 

23, is usually bright, while the lower 
part is considerably darker. The pic¬ 
ture elements in such a scene vary in 
light intensity at a high level for the 
upper half of the picture, and at a low 
level for the remainder. This gives one 
cycle of change from light to dark for 
each scanning. Transmitting these 
changes properly, calls for a low fre¬ 
quency corresponding to the vertical 
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FIG. 23. Changing from a bright sky to a 
dark foreground once each frame, as in 
a scene like this, would require a 30-cycle 
frequency. Others with less variation could 
require frequencies as low as 10 cycles. 
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scanning frequency (the frame fre¬ 
quency). However, within the back¬ 
ground, satisfactory reproduction of 
the slow changes in intensity requires 
frequencies down to at least 10 cycles. 
Therefore, for a 525-line picture with 
an aspect ratio of 4/3 and a frame fre¬ 
quency of 30, the picture frequency 
ranges from 10 cycles to about 3.9 
megacycles. 

Flicker. The human eye is sluggish 
in its response to moving objects. It 
continues to see an object even after 
the object has disappeared. Motion 
pictures depend upon this persistence-
of-vision characteristic of the hu¬ 
man eye. In a motion picture pro¬ 
jection, twenty-four separate still pic¬ 
tures per second are flashed upon the 
screen in sequence, but the eye sees a 
continuous action rather than a series 
of separate pictures. The eye can detect 
individual views up to a rate of about 
10 pictures per second, but above this 
rate the scenes blend together, accom¬ 
panied by pulsating light impressions 
which give the effect of flicker. At 
about 20 pictures per second the blend¬ 
ing of pictures into motion is almost 
perfect, but flicker is still not entirely 
absent. Even at 24 pictures per second, 
the standard in the motion picture in¬ 
dustry, flicker can still be noticed. For 
this reason motion picture projectors 
have a shutter in front of the lens that 
breaks up each still picture into two 
separate views, giving the effect of 48 
pictures per second, although only 24 
of them are different. As you will see 
shortly, much the same thing is done in 
television. 

In television the frequency of the 
available ac power has considerable 
effect upon the choice of a frame fre¬ 

quency (number of pictures transmit¬ 
ted per second). Since the power line 
frequency in the United States is 
standardized at 60 cycles, ripple volt¬ 
ages at this frequency or some multiple 
of it will get into the video signal and 
the sweep voltages, tending to cause 
ripple effects, wobbling of the picture, 
and random movement of bright bands 
on the image if the number of pictures 
is increased to 48, or even 72, in order 
to eliminate flicker. By using a frame 
frequency equal to some sub-multiple 
of 60 (such as 30 or 20) or some mul¬ 
tiple of 60 (such as 60, 120, or 240), 
these ripple effects can be removed or 
at least made stationary so that they 
will be less objectionable. 

Frame frequencies of 20 or 30 are 
still too low to eliminate flicker en¬ 
tirely. On the other hand, a frame fre¬ 
quency of 120 pictures per second 
would increase the maximum required 
frequency of the video signal to an ex¬ 
tremely high value. There is left then, 
a scanning rate of 60 complete frames 
per second, which imposes quite a bur¬ 
den upon the transmitting system, in¬ 
sofar as maximum frequency range is 
concerned. With a 525-line image being 
scanned 60 complete times each second, 
the upper frequency limit for high 
definition becomes about 7.8 mega¬ 
cycles. Therefore, if a 60-cycle frame 
frequency were used, a channel width 
of 8 or 9 me would be required. This 
problem is overcome in television in 
much the same way as it is in moving 
pictures. A frame frequency of30com-
plete pictures per second is used but a 
method of scanning that breaks each 
picture into two separate views, just as 
the shutter on the motion picture pro¬ 
jector does, eliminates flicker. 



INTERLACED SCANNING 
To avoid increasing the frequency-

requirements of TV systems and to 
eliminate flicker, a simple scanning 
trick is used that makes the maximum 
video signal frequency correspond to 
that of a 30-picture-per-second trans¬ 
mission while still keeping the scanning 
rate at 60 pictures per second. In this 
system, known as interlaced scanning, 
only half of a picture is transmitted 
during one complete scanning. The 
other half is transmitted in the next 
complete scanning. The first, third, 
fifth and all other odd lines are cov¬ 
ered during one scanning, and the sec ¬ 
ond, fourth, sixth and the other even 
numbered lines are covered during the 
next scanning. Two complete scannings 
are therefore required to cover every 
elemental dot area on the scene that is 
being televised. 

At the receiver there must likewise 
be two complete scannings to give a 
complete reproduction of the image. 
With interlaced scanning, the frame 
or picture frequency is 30 cycles per 
second, since that is the number of 
complete pictures transmitted. For 
each complete picture, the scene is 
scanned twice, so the vertical sweep 
frequency (field frequency) is 60 
times per second. 30 complete pictures 
(frames) are sent per second, but it 
takes two scannings from top to bot¬ 
tom (fields) to make one complete pic¬ 
ture. 

In referring to a field we mean the 
area covered during one vertical sweep 
of the scene. In non-interlaced scan¬ 
ning the field is the entire scene, but in 
interlaced scanning the field is only 
half of the scene. By the frame we 
mean one complete scanning of every 

elemental area in a scene. 
For interlaced scanning of a given 

number of lines per second at a given 
frame frequency there are two require¬ 
ments: 1, an odd number of lines per 
picture; 2, a vertical scanning rate that 
is twice the frame frequency. 

This automatically gives scanning of 
the odd-numbered lines during one 
vertical sweep and of the even-num¬ 
bered lines during the next vertical 
sweep, with odd and even line scanning 
alternating automatically. 

Just how this may be done is best 
illustrated by an example, but instead 
of using a 525-line image that would 
be too cumbersome, we will use a lower 
number of lines to illustrate the prin¬ 
ciples involved. 

Suppose we divide our picture into 
ten lines as shown in Fig. 24A, and that 
we scan this complete scene ten times 
per second, which gives a vertical 
sweep frequency of 10 per second. This 
means that one complete scanning of 
the scene, starting at point 1, proceed¬ 
ing to 2, 3, 4, 5 . . . 17, 18, 19, 20 and 
then returning to point 1, will take 1/10 
of a second. Assuming flyback time to 
be negligible in these examples, we see 
that it will take 1/100 of a second to 
scan one line, moving from point 1 to 
point 2 and back to the starting point 
of the next line at point 3. 

Now suppose that we scan the scene, 
which has an even number of lines, 20 
times per second by doubling the ver¬ 
tical sweep frequency. We will still 
be scanning the same total number 
of lines per second, and it will still 
take 1/100 of a second to scan one 
line. But now only five lines will be 
covered in one field (complete scan¬ 
ning from top to bottom). Referring to 
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QNON-INTERLACE 
VERTICAL SWEEP FREQ.= IO 

LINES IN SCENE = IO 
LINES PER SECOND = IOO 

QATTEMPTED INTERLACE 
VERTICAL SWEEP FREQ.= 20 
LINES PER SECOND = 100 

^^NON-INTERLACED SCANNING 
VERTICAL SWEEP FREQ. - 10 
LINES IN SCENE = II 
LINES PER SECOND = IIO 

A INTERLACED SCANNING 
VERTICAL SWEEP FREQ.= 20 
LINES IN SCENE = I I 
LINES PER SECOND = 110 

FIG. 24. Interlace cannot be achieved by doubling the vertical sweep frequency when an 
even number of scanning lines are used (A & B), but it is achieved with an odd number 
of lines (C & D). The heavy lines in D represent the first field in the frame, and the 

light lines the second. 

Fig. 24B, the scanning path starts at 1 
and goes to points 4, 5, 8, 9, 12, 13, 16, 
17, and 20 during one complete scan¬ 
ning of the scene. Vertical fly-back 
now brings us back to point 1 at the 
upper left-hand corner, and we cover 
exactly the same scanning path for the 
second scanning of the scene. This 
shows that a television system using an 
even number of lines per picture could 
not secure interlaced scanning by 
doubling the vertical sweep frequency. 
It would only scan half the number of 
lines twice in each frame. 

Now let us take an example in which 
we have an odd number of lines (11) 

per picture, and use a vertical sweep 
frequency of 10 per second as indicated 
in Fig. 24C. All eleven lines are cov¬ 
ered in one complete scanning, and 
vertical fly-back takes us directly from 
point 22 back to the starting point at 1. 

Next, suppose we double the vertical 
sweep frequency, giving 20 scannings 
of the picture per second without 
changing the total number of lines 
transmitted per second. This doubles 
the speed at which the scanning spot is 
moved downward, so that we arrive 
at point X in Fig. 24D (at the bottom 
of the picture) in exactly the same time 
it took to reach the middle of the pic-
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ture in Fig. 24C. 
In Fig. 24D, however, we have 

scanned only half the lowest line when 
vertical fly-back moves the spot up to 
point y for the second scanning. This 
time we scan along path y, 2, 3, 6, 7, 
10, 11, 14, 15, 18, 19, and 22. From 
point 22 the spot goes back to point 1 
to start the next complete scanning. 
We are thus securing interlaced scan¬ 
ning of the complete scene. Fig. 24D 
represents a complete frame (all lines 
scanned). The first field (one half of 
the lines scanned) is shown in heavy 
lines and the second field in lighter 
lines. 

Interlacing, as illustrated in Fig. 
24D, is standard practice. To secure 
this without changing the total number 
of lines scanned per second, which 
would change the picture detail, the 
vertical scanning frequency must be 
twice the frame frequency and there 
must be an odd number of lines per 
frame. 

Let us now consider interlaced scan¬ 
ning in terms of the standards in use 
for television. With 525 lines per 
frame, a vertical scanning frequency 
of 60 per second, and interlaced scan¬ 
ning, the total number of lines scanned 
per second must correspond to that of 
non-interlaced scanning with a frame 
frequency of 30 per second. Multiply¬ 
ing 525 by 30 gives us 15,750 as the 
total number of lines scanned per sec¬ 
ond. This means that the frequency 
of the horizontal sweep is 15,750 cycles 
per second and that the vertical scan¬ 
ning sweep has a frequency of 60 cycles 
per second. 

The detail in the image will corre¬ 
spond to that of 30 complete scannings 
per second of all lines in the 525-line 

image. Interlace only eliminates flick¬ 
er, it does not increase the amount of 
possible detail. 
Actually a few lines at the top and 

bottom of each picture are blanked out 
by the blanking system associated with 
the vertical sync pulses for reasons 
that will be taken up later. The sync 
pulse itself prevents vertical fly-backs 
x-y and 22-1 in Fig. 24D from being 
visible. 

BRIGHTNESS ANH CONTRAST 

The television signal that is fed be¬ 
tween the control grid and tiie cathode 
of the picture tube must be pulsating 
de and it must be applied to the tube 
in such a way that sync pulses will 
cause darkness, and picture signals 
will give various degrees of spot 
brightness. Another requirement for 
faithful reproduction of a scene is that 
the pedestals all line up with each 
other at the input of the picture tube 
despite any variations in the bright¬ 
ness of a scene. An example of this is 
shown in Fig. 25, where you will note 
that the pedestals in Fig. 25A have no 
more amplitude than those shown in 
Fig. 25B, although the video signal of 
Fig. 25A is far brighter than that of 
Fig. 25B. 

Now let us see how signals such as 
those shown in Fig. 25 affect tube spot 
brightness when the pedestals are lined 
up with each other. Remember that 
the electron beam is focused to a small 
spot on the screen and that the nega¬ 
tive voltage applied to the control 
grid of the tube determines the bril¬ 
liancy of the spot. 

The control that this grid has upon 
the spot brilliancy is fairly linear with 
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b'IG. 25. The pedestal voltage level must 
remain constant regardless of variations in 

picture signal amplitude. 

respect to the applied grid voltage, ex¬ 
cept that complete cut-off or darkening 
of the spot occurs at a definite high 
negative bias voltage. 

This is clearly illustrated in the 
curve shown in Fig. 26. Note that as 
the video signal drives the grid of the 
picture tube in a positive direction, 
the spot brilliancy will increase. Points 
2, 3, 4, and 5 are increasingly brilliant 
and correspond to increasingly positive 
control grid voltages. This grid-volt¬ 
age-brilliancy characteristic curve 
shown in Fig. 26 is quite similar to the 
grid-voltage — plate-current (Eg-Ip) 
characteristic curve of the average 
vacuum tube. 

The negative bias on the grid of the 
picture tube must be chosen so that 
the pedestals in the applied television 
signal will be at the brilliancy cut-off 
point (point 1 in Fig. 26) on the char¬ 
acteristic curve of the tube. 

With the picture tube bias properly 
adjusted, the video or picture signal 
will swing the grid more positive than 

cut-off, giving various degrees of 
brightness, and the sync pulse signals 
will drive the grid more negative than 
cut-off, so that the spot is darkened 
to the point where it cannot be seen. 
This is shown as the blacker-than-
black region of the characteristic 
curve. 

When the video portion of the signal 
shown in Fig. 26 is acting on the grid¬ 
cathode circuit of the picture tube, the 
instantaneous control-grid voltage will 
vary between points 1 and 5 on the 
curve, and spot brilliancy will vary 
over the region indicated as B. The 
sync pulses associated with this signal 
will swing the grid beyond visual cut¬ 
off at point 1, and hence cannot pro¬ 
duce a spot on the screen. As long as 
the pedestals line up with the cut-off 

FIG. 26. Typical grid-voltage-brightness 
characteristic curve for a cathode-ray tube 
in a television receiver. Point 1 is con¬ 
sidered the brilliancy cut-off point for the 
tube, as it corresponds to a spot brilliancy 
weak enough to be indistinguishable to 

the human eye. 
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point, the pulses cannot produce a 
visible spot even with a weak video 
signal, and a weak video signal, cor¬ 
responding to a dim line or a dark 
scene, will cause the brilliancy to vary 
in the desired manner over the lower 
portion of the characteristic curve, 
such as between points 1 and 2. 

However, suppose that the television 
signal in Fig. 26 were applied in such 
a way that the pedestals lined up with 
point 2. The video signal would swing 
the grid voltage positive from point 
2 up along the curve to point 6, which 
is perfectly all right since the various 
shades of brightness would appear, but 
the sync pulses would swing only a 
small amount below cut-off and would 
not darken the spot completely. As a 
result, vertical retraces would be clear¬ 
ly visible as shown in Fig. 27. Such a 
condition would not give a picture that 
is satisfactory. Horizontal retraces are 
not seen as lines because their time 
duration is too short to result in a trace 
visible to the eye. 

Another undesirable condition oc¬ 
curs when the pedestals are beyond 
cut-off and line up with point 0 on the 
characteristic curve in Fig. 26. Under 
this condition, portions of the video 
signal will swing into the dark region 
beyond cut-off, causing dimly lighted 
portions of the scene to appear black 
instead of gray, as shown in Fig. 28. 
This condition is just as undesirable as 
that illustrated in Fig. 27. 

The operating point on the Eg-bril-
liancy characteristic curve of a picture 
tube may be shifted in two different 
ways in order to make the pedestals 
line up with the black level (cut-off 
point) of the tube. One method in¬ 
volves adjusting the fixed C bias of 

Courtesy Philco Corp. 

FIG. 27. When the pedestal voltage is 
above the cnt-ofF point, vertical retrace 

lines become visible. 

the picture tube; the control in a tele¬ 
vision receiver that changes this bias 
is called the brilliancy control because 
its most noticeable effect is a change 
in the brilliancy of the reproduced 
image. 

It is also possible to shift the ped¬ 
estals in one direction or the other to 
make them line up with the cut-off 
point by changing the amplitude of the 
picture signal that is applied to the 

Courtesy Philco Corp. 
FIG. 28. When pedestals are below the 
cut-off point, some of the grays will be-
come black. Overainpliiication (too much 
contrast) of the picture signal may pro¬ 

produce a similar effect. 
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picture tube. The amount of signal that 
reaches the grid of the picture tube 
depends upon the amplification of the 
receiver, and by changing the gain of 
one or more stages through which the 
television signal passes, we can vary 
the amount of signal that will reach the 
picture-tube input. The receiver con¬ 
trol that changes the gain is called the 
contrast control, because its most no¬ 
ticeable effect is a change in the 
amount of contrast between bright and 
dark areas of the reproduced image. 

If the picture appears as shown in 
Fig. 28, we can reduce the contrast 
control to restore the proper relation¬ 
ship between the bright and dark 
areas. On the other hand, if the re¬ 
ceiver amplification is too low, giving 
us a flat gray picture with insufficient 
contrast, the amplification may be in¬ 
creased until the desired light and dark 
relationship is obtained. 

One point should be mentioned here 
that will be gone into in greater detail 
later. If the contrast is adjusted too 
high on a strong local station, some of 
the pedestals may be clipped by over¬ 
loading the amplifier stages in the re¬ 
ceiver and it will then be impossible 
to obtain proper synchronization of the 
picture due to the loss of the sync 
pulses. 

Another requirement for a clear 
image is that the electron beam be 
focused to a clearly defined spot of 
the correct size on the screen. Im¬ 
proper adjustment will result in a 
fuzzy picture in which the lines are 
not clearly defined. An adjustable con¬ 
trol, called the focus control, is pro¬ 
vided to correct for errors in focusing 
due to the natural aging of the picture 
tube or to changes in part values. 
Where electromagnetic focusing is 
used, the focus control changes the 
amount of de flowing through the focus 
coil. 
The main adjustable controls for 

the sight section of a television receiver 
are the brilliancy control, the contrast 
control, the focus control, and the tun¬ 
ing control. Additional controls, that 
will be described later, are also used 
but they do not often require adjust¬ 
ment. 

The controls mentioned above must 
be adjusted to give an image that has 
the proper brilliancy and the correct 
contrast between elements along the 
line, with no vertical retrace visible. 
In general, when the brilliancy control 
is adjusted, the contrast control will 
also require resetting since there is 
some interaction between these con¬ 
trols. 
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Television Signal Standards 

For a television system to be suc¬ 
cessful, the receiver must be easy to 
adjust, the cost of the receiver must 
be relatively low, and the transmitter 
must have as much control as possible 
over the receiver. This last require¬ 
ment means that the receiver and the 
transmitter must be interlocked and 
synchronized. Furthermore, the type 
of transmission must be standardized 
to a certain extent—otherwise radi¬ 
cal changes in the method of transmis¬ 
sion might make all existing television 
receivers obsolete. 

At the same time, it would not be 
advisable to set up standards in such 
a way that it would be impossible to 
make improvements in the transmit¬ 
ting and receiving circuits. Standards 
are essential for a successful television 
system, but these standards must be 
sufficiently broad to permit future im¬ 
provements that might make interlace 
and synchronism more reliable, or in¬ 
crease the definition of the reproduced 
scene. 

You are already familiar with the 
general characteristics of the television 
signal. The specific standards set by 
the FCC for television transmission 
are summarized below: 

1. Television Channel Width; Chan¬ 
nel Allocations. The present standards 
provide for essentially single side-band 
transmission and reception (partial 
suppression of one set of side frequen¬ 
cies results in vestigial side-band 
transmission) , for with this method of 
operation, sufficient detail for a satis¬ 

factory image along with the accom¬ 
panying sound can be transmitted in 
a definite channel width of 6 mega¬ 
cycles. The channel frequency alloca¬ 
tions as made by the FCC are shown 
in Fig. 4. A number of micro-wave 
channels have been allocated for tele¬ 
vision relay purposes, such as linking 
the television studio to the transmitter 
by radio, linking the remote pick-up 
point to the transmitter by radio, or 
linking together television stations in 
different cities and towns to form a 
network. Most present-day receivers 
are designed for reception of only the 
twelve VHF channels. To pick up 
UHF transmissions, a converter is re¬ 
quired. 

2. Video and Sound Carrier Spac¬ 
ing. The audio and video signals that 
make up a television program cannot 
be modulated on the same rf carrier; 
each must have its own carrier. The 
sound carrier must be exactly 
megacycles higher in frequency than 
the picture carrier. To prevent inter¬ 
ference between adjacent television 
channels or between a television car¬ 
rier signal and services operating on 
adjacent carrier frequencies, there 
must be a .25-megacycIe wide guard 
band at the high-frequency end of each 
television channel. These facts are il¬ 
lustrated by the chart in Fig. 29, that 
shows a typical distribution of signals 
in one 6-megacycle wide television 
channel. 

3. Frequency Relation Between 
Video and Sound Carrier. An example 
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FIG. 29. Distribution of signals in a 6-
niegacycle wide television channel. 

will best illustrate the frequency rela¬ 
tionship in a television channel. Sup¬ 
pose that the 76- to 82-niegacycle 
channel is assigned to a particular tele¬ 
vision station. To keep the FM sound 
transmission well within the allotted 
6-mc band, the audio signal carrier 
must be placed at 81.75 megacycles. 
According to the standards, the video 
carrier must be 4.5 megacycles lower, 
or at 77.25 megacycles. It is not practi¬ 
cal to remove all of the side frequencies 
below tlie frequency of the video car¬ 
rier, so a portion of the channel must 
be provided for those frequencies that 
cannot be removed. This portion is 
indicated by the dark portion in 
Fig. 29. With this arrangement of a 
6-megacycle channel, the frequency 
range of television equipment can be 
improved up to a maximum of about 
4.25 megacycles without making ex¬ 
isting television equipment obsolete. 

4. Type of Modulation; Black Level. 
Negative modulation of the picture 
carrier signal is standard for the 
United States. As we have already 
pointed out, negative modulation 
means that bright elements of a pic¬ 
ture are transmitted at low carrier lev¬ 
els, and dark elements at high carrier 
levels. The standards further specify 
that the black level or pedestal level 
at the transmitter shall be at a definite 

carrier level that remains fixed regard¬ 
less of variations in sync pulse signals 
or in video signals. The black level at 
any one point in a television system is 
the voltage that must exist at that 
point to give a just barely visible spot 
on the screen of a properly adjusted re¬ 
ceiver. 

5. Sync-Pulse Amplitude. Both hori¬ 
zontal and vertical sync pulses must 
be transmitted as carrier values higher 
than the unmodulated carrier level 
(black level). These pulses extend 
from 75% (black level) to 100% of the 
peak carrier amplitude. The video sig¬ 
nals may vary in amplitude from the 
black level down to 15% of the carrier 
level or lower. The general appearance 
of a typical modulated video carrier 
signal as it is fed into the television 
transmitting antenna is shown in Fig. 
30. When there is no modulation, the 
rf carrier will have amplitude A, cor¬ 
responding to the black level. Any in¬ 
creases in carrier amplitude must be 

FIG. 30. Modulated rf carrier signal, with 
the amplitudes varying in accordance with 
a television signal. A is the unmodulated, 
and B the peak carrier level. This entire 
figure represents the transmitted side 
band. The vestigial side band (not shown) 
is much smaller in amplitude and would 

be somewhat distorted. 
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for the synchronizing pulses; any de¬ 
creases in carrier amplitude must be 
for the video signals. 

6. Horizontal, Vertical, and Frame 
Frequencies. The establishment of 
standard values for these three fre¬ 
quencies was based upon the need for 
high-image definition with a minimum 
of flicker. The vertical scanning fre¬ 
quency (field frequency) is 60 times 
per second, for this value minimizes 
any trouble due to 60-cycle power rip¬ 
ple. (In England, where 50-cycle power 
lines are used, the field frequency has 
been standardized at 50 vertical scan¬ 
nings per second.) Since interlaced 
scanning is used in the United States, 
two field sweeps are required to ana¬ 
lyze all of the details once in a particu¬ 
lar scene; these two vertical or field 
sweeps constitute a frame (one com¬ 
plete transmission of the picture), and 
consequently the standard for the 
frame frequency is 30 frames peí- sec¬ 
ond. As we have already seen, there 
are 525 lines per frame; this means 
that there are 262^ lines per field. 
With a 525-line picture being sent 30 
times each second, the horizontal fre¬ 
quency becomes 525 times 30, or a total 
of 15,750 lines per second. 

7. Aspect Ratio. This ratio has been 
standardized at 4/3, corresponding to 
existing motion picture standards and 
giving a width-to-height ratio of 4 to 3. 

8. Synchronizing and Equalizing 
Pulses; Blanking. The ability of a 
television transmitter to control the re¬ 
produced picture at the receiver de¬ 
pends entirely upon the synchronizing 
pulses. Many years of research have 
been spent on this problem, and many 
different forms of pulse signals have 
been tried. The standard synchroniz¬ 

ing pulses shown in Fig. 31 have been 
found best suited to present and future 
requirements of television in this 
country. Note that dimensions for 
pulse widths, etc. are given in terms 
of “H,” which is the time required to 
scan one horizontal line including one 
horizontal sync pulse and pedestal. 
Pattern A shows, among other 

things, the sync pulses recommended 
for the end of a frame; these will move 
the spot up to the top of the picture 
along the retrace path for the begin¬ 
ning of a new frame. 

Pattern B shows the impulse signal 
sequence recommended for the end of 
the first half-frame (field) ; this moves 
the spot from the bottom to the top of 
the picture for the beginning of the 
second interlaced field scanning. A 
careful study of the diagrams in Fig. 
31 will reveal five outstanding char¬ 
acteristics of a television signal: 

I. The horizontal sync pulse that is 
transmitted at the end of each line is 
not exactly rectangular. The enlarged 
diagram in Fig. 31D shows the exact 
shape of this synchronizing signal. 

II.The video signal is blanked out 
for a short interval before and after 
transmission of the horizontal sync 
pulse at the end of a line, in order to 
insure blanking during the horizontal 
retrace. The total time for this hori¬ 
zontal blanking is about 18% of the 
time from the start of one line to the 
start of the next line (this is designated 
as .1811 at the right in Fig. 31D). Note 
that the horizontal pulse occupies 
about half of this blanking time, and 
that the front (leading) edge of the 
pulse is near the start of the horizontal 
blanking. The two portions of this 
blanking signal that are on each side 

31 



TOP OF PICTURE^ ^/BOTTOM OF PICTURE 

HORIZOH1W. SVNCHRONBNS PULSES 

ITHT TU LLLL 
D 

£>5 V 

.O6V. (MAXIMUM) 

TIME 

BLACK 
UEVEX 

vertical 
SYNCH. 
.PULSE 

EQUALIZING 
.PULSES . 

PICTURE SIGNAL 
AND HORIZONTAL 
SYNCH. PULSES 

EQUALIZING 
PULSES 

PICTURE SIGNAL 
AND HORIZONTAL 
SYNCH. PULSES . 

PICTURE 
AND 

BLANK INO 
VOLTAGE 

WHITE 
LEVEL 

PICTURE BLANKING 
SIGNAL PERIOD 

0 DETAIL BETWEEN D-D . H-H — 0 DETAIL BETWEEN C-C 
FIG. 31. Specifications for the standard 
television signal for 525-line pictures 
transmitted at the rate of 30 frames per 
second with double interlaced scanning, 
giving 60 fields per second. In these dia¬ 
grams 11 is the time from the start of 
one line to the start of the next line, and is 
equal to 1/15,750 second. The time from 
the start of one field to the start of the 

next field (V) is 1/60 second. 

are not drawn to scale. The receiver ver¬ 
tical retrace will be complete at the end of 
about .07 V during the vertical blanking 
period. The length of the vertical blanking 
period produced by the transmitter may 
vary between .05 V and .03 V. The lead¬ 
ing and trailing edges of both the hori¬ 
zontal and the vertical blanking pulses 
have slopes (not indicated in A and B), 
which should be kept as steep as possible. 

Diagrams A and B show blanking and 
synchronizing signals in regions of suc¬ 
cessive vertical blanking pulses. The black 
level is about .75 of the synchronizing 

pulse amplitude. 

Horizontal dimensions in these diagrams 

Diagram C is an enlarged detail view, 
drawn accurately to scale, of the signal 
between points D-D in diagrams A and B. 

Diagram D is an enlarged detail view, 
drawn accurately to scale, of the signal 

between points C-C in diagram B. 

of the horizontal sync pulse are known 
as pedestals, and are originally at the 
black level. 

III. The vertical sync pulse exists 
for an interval of three lines, but this 
pulse is divided into six small pulses, 

each acting for half a line. This ser¬ 
rated pulse is shown in Fig. 31A. Each 
vertical pulse is divided into six small 
pulses or serrations in order to main¬ 
tain horizontal sync pulses at all times. 
These serrations will be explained in 
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detail later, 
IV. Six equalizing pulses precede 

and six follow each vertical pulse pe¬ 
riod. The purpose of these will also 
be covered later. 
V. The vertical blanking period 

starts slightly ahead of the first equal¬ 
izing pulse and extends considerably 
beyond the last equalizing pulse; this 
vertical blanking period should take 
between 5% and 8% of the time for 
one vertical sweep. Note that hori¬ 
zontal sync pulses are transmitted dur¬ 
ing the latter portion of the vertical 
blanking period. 

Explanation of Standards. As long 
as we have 60 vertical sweeps per sec¬ 
ond, interlaced scanning will continue 
automatically throughout a transmis¬ 
sion. The vertical fly-backs or retraces 
will be 1/60 of a second apart; they 
may occur either near the beginning 
or near the end of the vertical sync 
pulse interval, but must occur at the 
same point in each pulse (this point 
is controlled by the design of the re¬ 
ceiver). 
Although the leading (left-hand) 

edge of the vertical sync pulse in Fig. 
31A is directly above the leading edge 
of the vertical sync pulse in Fig. 31B, 
these actually occur 1/60 of a second 
apart due to interlacing. For this rea¬ 
son, the horizontal pulses at A and B 
in Fig. 31 are not in line. 

Experience has shown that no mat¬ 
ter what happens, the horizontal sync 
pulses must not stop even for a single 
line. If the vertical sync pulse were 
made three lines long without break¬ 
ing it up, no horizontal pulses would 
exist for this period. To avoid the situ¬ 
ation, the vertical pulse is serrated or 
separated into six smaller pulses. 

To visualize why the vertical sync 
pulse must be broken up, let us first 
assume that it is broken up into three 
pulses as shown in Fig. 32, and see 
what happens. For the moment we will 
forget about the equalizing pulses. 

Pattern A in Fig. 32 shows the last 
horizontal sync pulse (just before the 
bottom of the picture) as being one 
whole line ahead of the start of the 
vertical blanking period, and pattern 
B shows this last horizontal pulse as 
only half a line ahead of the vertical 
blanking period; these are actual con¬ 
ditions for successive field sweeps, so 
we must consider them in Fig. 32. 
Horizontal sync pulses must exist for 
the entire vertical blanking period; 
this means that there should be hori¬ 
zontal sync pulses at points 2, 3, 4, and 
5 in Fig. 32A. At each of these points 
there is a break or serration in the 
vertical pulse; since the leading edge 
of a pulse or serration is sufficient to 
control the horizontal sweep in the re¬ 
ceiver, this will give adequate control 
of the horizontal sweep. 

When we turn to pattern B in Fig. 
32, however, we find that horizontal 
sync pulses should occur at points 2, 3, 
and 4. There are no steep leading edges 
at these points to control the line 
sweep, and consequently three serra-

i VERTICAL ¡PEDESTAL 
I _ IMPULSE INTERVAL _ ¡VOLTAGE 
n n LEVEL 

LEADING EDGE 
17 2 8 3 9 4 5 

LJtrmjr 
ONE-HALF LINE HORIZONTAL IMPULSE 

INTERVAL 

FIG. 32. These diagrams tell why the 
vertical synchronizing pulse signal must 

be broken up into six smaller pulses. 
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tions in the vertical impulse are not 
adequate for pattern B, which occurs 
for every other scanning of the picture. 
If the vertical impulse is divided into 
six parts as shown in Figs. 31A and 
31B, we secure the desired steep front 
at points 2, 3, and 4 in pattern B in 
Fig. 32. 

The vertical synchronizing pulse is 
chopped into segments by the applica¬ 
tion of a special signal having a rate 
twice that of the horizontal synchron¬ 
izing signal. Because of the difficulty of 
synchronizing this signal exactly with 
the vertical pulse, this twice-normal 
signal exists somewhat before and after 
the vertical pulse as a series of horizon¬ 
tal synchronizing pulses at half-line 
intervals. Then, it is sure to cut up the 
vertical pulse properly. In Fig. 31A, 
these additional pulses are labeled 
“equalizing pulses.” A pulse one-half 
a line from the proper one is ignored 
at the receiver; the sweep oscillator 
responds only to the pulse that occurs 
at the proper time to maintain the 
horizontal synchronization. 

The value of this information will 
become apparent when you study sync 
circuits and methods of observing wave 
shapes with an oscilloscope. At that 
time you will find a review of this in¬ 
formation helpful. 

THE COLOR SIGNAL 

In order to achieve practical trans¬ 
mission and reception of color tele¬ 
vision, it was necessary for engineers 
to evolve a system of transmitting and 
receiving color information that would 
keep the color signal within the same 
6-mc channel width as the monochrome 
signal. It was also considered neces¬ 

sary for the color television system to 
be compatible. By compatible we mean 
that the color signal must be such that 
it can be received and reproduced as a 
black and white picture on a mono¬ 
chrome receiver, and conversely the 
color receiver must be capable of re¬ 
ceiving and reproducing the signals 
from monochrome transmitters. 
Any system that was incompatible 

would not have been acceptable be¬ 
cause it would have made all present 
monochrome receivers obsolete if 
broadcasters changed to a color sys¬ 
tem. The details of how color informa¬ 
tion that would fit into the 6-mc band 
without interfering with monochrome 
signals, and how color systems are 
made compatible, will be taken up in 
later lessons. Here it is only necessary 
for you to learn the general nature of 
the color signal. 

Color information is transmitted on 
what is known as a “sub-carrier.” A 
process known as interleaving makes 
possible the transmission of this sub¬ 
carrier along with monochrome signals. 
A complete explanation of interleaving 
is not necessary here. It is sufficient for 
you to know that this process takes ad¬ 
vantage of certain gaps that exist in a 
monochrome video signal; the color in¬ 
formation fills in these gaps without 
interfering with the monochrome 
signal. 

To make interleaving possible, a 
color sub-carrier frequency of approxi¬ 
mately 3.58 megacycles has been 
selected. Fig. 33 shows the location of 
the color sub-carrier within the allotted 
6-mc television channel. Note that the 
upper side band of the color or 
chrominance sub-carrier is suppressed 
so that it takes only .5 megacycles, 
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l'IG. 33. A 3-58-mc color sub-carrier is 
transmitted along with the regular picture 
carrier within the allotted 6-mc band. 

but the lower side band takes 1.5 mega¬ 
cycles. 

In addition to the color sub-carrier, 
a color sync signal must also be sent. 
This signal is sent on the “back porch” 
of the horizontal sync pulse pedestals 
as shown in Fig. 34. The nature of this 
synchronizing burst is such that it will 
not normally be detected by the mono¬ 
chrome receiver, but will serve its in¬ 
tended function in the color receiver. 

Color Inforination. There are three 
types of color information that must 
be sent in the color television signal. 
These correspond to the three charac¬ 
teristics of any color: brightness, hue, 
and saturation. 

Brightness is the intensity of the 
color. It has the same meaning for 
color television as it has in mono-

FIG. 31. The color sync signal is trans¬ 
mitted on tile “back porch" of the hori¬ 

zontal sync pulse pedestals. 

chrome television, and it is determined 
by the amplitude of the normal mono¬ 
chrome video signal. Brightness is a 
characteristic that is common to both 
color and monochrome television and 
it can therefore be included in the same 
signal for either. 
Hue refers to the color itself. In other 

words, red is one hue, green another. 
The color signal must contain informa¬ 
tion that will enable the receiver to dis¬ 
tinguish between hues. The phase of 
the sub-carrier signal determines the 
hue that will be visible at the receiver 
screen. Hue depends upon the differ¬ 
ence between the phase of the color 
sync burst and the phase of the color 
sub-carrier signal. 

Saturation describes the amount of 
white light mixed with the particular 
hue or color in question. Zero percent 
saturation would indicate a totally 
white light; 100% saturation would 
represent a hue containing no white 
light. In a color television system, 
saturation is determined by the ampli¬ 
tude of the chrominance sub-carrier 
signal. 

The color signal for one horizontal 
scanning line is shown at Fig. 35. Here 
the primary and secondary colors rang¬ 
ing from black to white are being 
transmitted for equal lengths of time. 
All colors are shown with 1GO% satura¬ 
tion. The numbers on the left from zero 
to 100 represent percent modulation. 
Therefore, with 100% saturation you 
can see that green, cyan, and yellow 
would extend beyond the zero percent 
modulation level. However, this does 
not present any great problem because 
fully saturated colors are rarely tele¬ 
cast. 

The heavy stair-step line represents 
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FIG. 35. The color signal for one hori¬ 
zontal scanning line. 

the brightness information. It is this 
portion of the signal that will be de¬ 
tected by the monochrome receiver and 
appear on the television screen as 
shades of gray ranging from black to 
white. 

You are not expected to have a full 
understanding of the color television 
signal from the foregoing explanation. 
However, the concept of its general 
nature and the familiarity with some 
color television terms that you have 
attained here will be of assistance to 
you in your study of later lessons on 
color television. 
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Lesson Questions 

Be sure to number your Answer Sheet 48B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they mail 
their set of answers immediately. Others, knowing they will finish the next 
lesson within a few days, send in two sets of answers at a time. Either 
practice is acceptable to us. However, don’t hold your answers loo long; 
you may lose them. Don’t hold answers to send in more than two sets at a 
time, or you may run out of lessons before new ones can reach you. 

1. Why is it that a T\ picture signal docs not require a channel band width 

equal to twice the modulating frequency? 

2. What process is used to convert a scene into a succession of signal intensities? 

3. What characteristic of the eye makes it possible to send a picture signal a 
portion at a time, and yet have the resulting picture appear as a complete 
scene? 

4. What is the purpose of the sync pulses sent out by the transmitter? 

5. In what way does interlaced scanning improve picture quality? 

6. What is the advantage of using negative modulation of the picture carrier 
signal? 

7. What two functions does the control grid of the picture tube perform? 

8. In Fig. 26, what would be the effect on the picture if the pedestals lined up 
with point 2 on the Eg-Brilliancy curve? Point 0? 

9. What is the frequency of (A) the vertical scanning, and (B) the horizontal 
scanning? 

10. What three types of color information must be contained in the color tele¬ 
vision signal? 

37 



.W; 

- : 

,r <u 

’> * :'^-

>• g4K 

times. Let’s take a few outstanding examples. Pres¬ 
ident Ulysses Grant was often called “Useless” by his 
mother because he showed so little promise as a young 
man. General Stonewall Jackson was noted for his 
slowness while a pupil at West Point. Watt—who 
invented the steam engine—was notoriously dull in 
school. Sir Walter Scott was outstanding in school 
only for his readiness to pick a fight—and was not 
known as an author until he was over forty. 

To again quote. Gibbons said, “Every person has 
two educations. One which he receives from others 
—and one, more important, which he gives to him¬ 
self.” 

You are now busy giving yourself education in 
Radio and Television which can and should be the 
most important education of vour entire career. 

SELF-EDUCATION 
“The best culture is not obtained from teachers 

when at school or college—but by our own diligent 
self-education when we have become men.” 

's-' 
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STUDY SCHEDULE NO. 49 

For each study step, read the assignetl pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly 
in your mind. Study each other step in this same way. 

0 I. Tracing Signals Through a Television Receiver Pages 1-7 
Sound and picture signals are traced through a typical television receiver. 

[3] 2. Signal Reception, Amplification, and Conversion Pages 8-14 
Here we take up the receiving antenna, the rf amplifier, and the oscillator 

and mixer-first detector. 

Q 3. Video l-F Amplifier and Detector Pages 15-18 
In this section you study typical circuits of a video i-f amplifier and of a 

video detector. 

[2j 4. Video Amplifier and DC Restorer Pages 19-25 
A video frequency amplifier stage is analyzed, and the problem of realigning 
pedestals is taken up. 

I I 5. Forming the Picture Pages 26-33 
The cathode-ray tube, sync circuits, and sweep circuits are discussed. 

I I 6. Automatic Gain Controls Pages 34-36 
Here you learn how automatic gain control compensates for variations in 

signal strength. 

Q 7. Answer the Lesson Questions. 

O 8. Start Studying the Next Lesson. 
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BEFORE we analyze in detail the 
various circuits that may be used 

in a TV receiver, let us trace the sound 
and picture signals, through typical 
receivers. 

A Television Channel. Let us as¬ 
sume that the receiver is tuned to the 
54 to 60-mc channel, shown in Fig. 1. 
The rf carrier center frequency for the 
audio signal will be 59.75 me. The rf 
carrier for the video signal will be 4.5 
tnc below this, at 55.25 me. 

The antenna intercepts the 59.75-mc 
frequency-modulated audio rf carrier, 
causing a constant rf current, varying 
in frequency, to flow down the trans¬ 
mission line to the first section of the 
receiver. This same antenna also in¬ 
tercepts the 55.25-mc video rf carrier, 
along with its side frequencies extend¬ 
ing down to 54 me and up to about 
59.25 me, and sends down the trans¬ 
mission line an rf signal current. No¬ 
tice that the antenna intercepts two 
signals that are 4.5 me apart. 

Television Receivers. A block dia¬ 
gram of a television receiver is shown 

in Fig. 2. Notice that the sound and 
video signals are separated at the out¬ 
put of the mixer-first detector. The 
video signal is fed to the video i-f am-

FIG. 1. Idealized picture transmission 
amplitude characteristic. 
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plifier and the sound signal to the 
sound i-f amplifier. 

In some receivers, the sound and the 
video signals, instead of being sepa¬ 
rated at the output of the mixer-first 
detector, are separated after they are 
passed together through one or more 
of the video i-f amplifier stages. 

Another block diagram is shown in 
Fig. 3. In this receiver the sound and 
video signals are amplified simultane¬ 

ously by the video i-f amplifier and 
fed into the video detector together. 
Here the two signals beat together to 
produce a 4.5-mc signal that will be 
both amplitude and frequency modu¬ 
lated. The frequency modulation con¬ 
tains the sound information. The 4.5-
mc signal is then amplified by the 
sound i-f amplifier and detected by an 
FM detector. The audio signal devel¬ 
oped by the detector is then amplified 

FIG. 3. Block diagram of receiver using inter-carrier sound. 
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by the audio amplifier and fed to the 
speaker. 

RF Amplifier. The first section of 
a television receiver is the rf ampli¬ 
fier. This section increases the ampli¬ 
tude of both the sound and the video 
rf signals without changing their char¬ 
acteristics in any way, and hence must 
have a pass band of 54 to 60 me (in 
the case of a channel 2 station). In 
addition, the rf amplifier must reject 
any carrier frequencies (outside the 
54- to 60-mc channel) which might 
cause interference. 

Local Oscillator and Mixer-First 
Detector. The amplified sight and 
sound rf signals are fed into the mixer-
first detector section, where they are 
combined with the unmodulated rf 
signal produced by the local oscillator 
to produce the sound and video i-f sig¬ 
nals. A video i-f value of about 25.75 
me was used in the older TV sets, but 
most modern sets use 45.75 me. 

Let us assume that the video i-f in 
this receiver is 25.75 me. This means 
that the local oscillator frequency will 
be 55.25 -f- 25.75, or 81 me. If the video 
i-f were 45.75 me, the local oscillator 
would have to operate at 55.25 plus 
45.75 or 101 me. 

I-F Values. We have already men¬ 
tioned that 25.75 me (or a frequency 
close to this value) is frequently used 
as the video i-f in older TV receivers. 
With this i-f, the local oscillator would 
operate at 81 me and beat with the 
55.25-mc video rf carrier and its side, 
frequencies to produce a video i-f car¬ 
rier signal of 25.75 me along with side 
frequencies ranging down to 21.75 me 
and up to 27 me.* At the same time, 

•Frequency conversion reverses the rela¬ 
tionship of the desired side frequencies to 

the 81-mc local oscillator signal will 
beat with the 59.75-mc sound rf car¬ 
rier to produce a 21.25-mc sound i-f 
signal which can vary 25 kc above and 
below this value. These i-f signals have 
essentially the same characteristics as 
the original signals. 

Sound I-F Amplifier. This i-f am¬ 
plifier section must pass the complete 
50-kc deviation of the sound i-f car¬ 
rier. In addition, if the receiver has a 
separate sound i-f system, its band¬ 
width must be sufficiently wide to 
permit passage of the entire sound i-f 
signal despite normal frequency drift 
of the local oscillator circuit. 
The Limiter. Some of the older 

television receivers may use a limiter 
between the sound i-f amplifier and 
the detector to remove any amplitude 
variations which would be reproduced 
as “noise.” Limiters will seldom be 
found in modern receivers. 

The Audio Detector. Some of the 
older television receivers used an FM 
discriminator as the sound detector. 
However, practically all modern TV 
receivers use a ratio detector. 

Audio Amplifier. The signal at the 
output of the sound detector will be 
a typical audio signal having a maxi¬ 
mum frequency of about 15 kc. This 
audio signal is fed to a conventional 
audio amplifier, where it undergoes 

the carrier. The desired band of side fre¬ 
quencies is above the video rf carrier in 
the rf amplifier, but is below the carrier 
in the video i-f amplifier. Thus, when the 
highest side frequency (59.25 me) for the 
original video rf signal beats with the 81-
mc oscillator signal, we get 2L75 as the 
lowest video i-f side-frequency value. The 
side frequencies extending from 25.75 me 
to about 27 me correspond to the partial 
lower side band in the original signal, for 
as yet these undesired side frequencies are 
not completely eliminated at the trans¬ 
mitter. 
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voltage and power amplification before 
being converted into sound. 

Video 1-F Amplifier. If the video 
i-f frequency is 25.75 me, the video i-f 
amplifier should have a pass band from 
about 21.75 me to 25.75 me and have 
a frequency response characteristic 
that will suppress the undesired side 
frequencies. If the receiver uses a sepa¬ 
rate sound system as shown in Fig. 2. 
the video i-f response must suppress a 
21.25-mc sound carrier. On the other 

pulses and the video signal, is ac¬ 
tually a pulsating de signal. The sig¬ 
nal voltage across the load resistor of 
the diode video detector in a television 
receiver is therefore a pulsating de 
voltage with the pedestals all lined 
up at one de voltage value and the sync 
pulse peaks lined up at another de 
voltage value. If the intercarrier sound 
system is used (Fig. 3) the 4.5-mc 
beat signal which contains the sound 
intelligence will also be present at the 

FIG. 4. Video signal with the sync pulses 
swinging negative. 

hand if the intercarrier sound system 
is used as in Fig. 3, the sound signal 
must pass through the video i-f ampli¬ 
fier. 

If the higher i-f is used, the video 
amplifier should have a pass band of 
from about 41.75 to 45.75 me. 

Video Detector. The amplified 
video i-f signal passes into the 
video detector, where its envelope is 
“stripped” from the carrier. The video 
detector circuit usually has a diode 
tube or a germanium crystal for recti¬ 
fication, followed by a condenser-coil 
filter circuit which rejects all i-f com¬ 
ponents while passing the entire tele¬ 
vision signal ranging from 10 cycles 
to 4 me. 

The demodulated television sig¬ 
nal, consisting of the synchronizing 

output of the video detector. 
Automatic Gain Control. The sync 

pulse level in the received television 
signal is independent of picture bril¬ 
liancy; synchronizing pulses are there¬ 
fore utilized to actuate the auto¬ 
matic gain control (age) section of a 
television receiver. A portion of the 
output of the video demodulator may 
be fed into the age section through a 
network of parts which is so designed 
that only the pulses are effective in 
producing an age voltage for biasing 
purposes. 

In many modern receivers a form of 
amplified age is used. In this type of 
circuit a portion of the output of the 
video detector is fed to the age am¬ 
plifier, and the output of the amplifier 
is used to control the gain of the rf 
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and i-f stages. 
In some of the earlier television re¬ 

ceivers, the gain of the video i-f am¬ 
plifier was controlled manually, and 
age was not used at, all. 

Video Amplifier. The video signal 
applied to the picture tube must be 
of the correct phase, otherwise a nega¬ 
tive picture will be produced. If the 
signal is fed to the grid of the tube 
the sync pulses must swing negative as 
shown in Fig. 4, and if the signal is 

for any distortion of this type would 
cause elemental* impressions of gray, 
white, or black to be shifted either 
ahead of or behind their proper posi¬ 
tions along a line. 

DC Restorer. Removal of the de 
component throws the pedestals of a 
television signal out of line, giving the 
ac signal shown in Fig. 6. This means 
that when resistance-capacitance-cou¬ 
pled video amplifier stages are used, a 
de restorer section must be used to re-

SYNC 

VIDEO INFORMATION 

FIG. 5. Video signal with the sync pulses 
swinging positive. 

fed to the cathode of the picture tube 
the sync pulses must swing positive as 
in Fig. 5 to cut off the electron beam 
during the retrace period. 

The video amplifier may use resist¬ 
ance-capacitance coupling or direct 
coupling. A direct-coupled amplifier 
will pass both the ac and de compo¬ 
nents of the television signal, but a 
resistance-capacitance coupled ampli¬ 
fier will pass only the ac component. 

Video-frequency amplifier stages 
must amplify equally well over a range 
extending from about 10 cycles to 
about 4 me. Furthermore, these stages 
must not introduce phase distortion. 

•Elemental impressions is the term used 
to describe the minute element or areas of 
tvhite, black, or gray, which comprise the 
picture. 

store the de component and realign 
the pedestals. This section adds to the 
ac television signal a de voltage that 
varies from instant to instant in ex¬ 
actly the proper manner to make the 
pedestals line up again. The restored 
television signal will look like Fig. 5. 

Kinescope. Modern kinescopes, or 
picture tubes as they are most com¬ 
monly called, can be divided into two 
types, electrostatic focus and magnetic 
focus. In the electrostatic type the 
anodes serve to focus the electron beam 
to a point on the screen. In the mag¬ 
netic type a magnetic field, which may 
be produced by a permanent magnet 
or by an electro magnet is used to focus 
the beam. 

The application of a television sig¬ 
nal to either the nrrid or the cathode of 



the tube serves to modulate the beam, 
thereby varying the brightness of the 
spot on the screen. The sync pulses 
and the blanking level prevent retraces 
from being visible during the fly-back 
period. 
While the electron beam is being 

modulated by the television signal, it 
is simultaneously being swept back and 
forward both horizontally and verti¬ 
cally by magnetic fields produced in 
the deflection yoke. In accordance with 
present standards the horizontal fre-

tive peaks of the signals (the pulses) 
will cause variations in plate current. 
We thus have only the pulses in the 
plate circuit of this triode; since this 
separation of pulses from video signals 
is dependent upon the amplitude of 
the television signal, the section con¬ 
taining this tube is the clipper or sync 
limiter. The signal at the output of 
this section will appear as in Fig. 7. 
As you can see, it now contains only 
the horizontal (line) pulses, the ser¬ 
rated vertical or field pulses and any 

FIG. 6. Unreslored video signal. 

quency will be 15,750 cycles per second 
and the vertical sweep will have a fre¬ 
quency of 60 cycles per second. 

Synchronization. Each horizontal 
and vertical sweep in the receiver must 
start at exactly the same instant that 
the corresponding sweep starts at the 
transmitter. Sync pulses are sent along 
with the video signal for this purpose. 
These pulses must be separated from 
the video signal, after which the hori¬ 
zontal and vertical pulses must be 
separated from each other. Finally, 
each type of pulse must be made to 
control the start of its own sweep cir¬ 
cuit. 

Sync Separator. If we pass the 
demodulated television signal shown 
in Fig. 5 through a triode tube which 
has a high negative bias, only the posi-

equalizing pulses transmitted along 
with these. 

The next problem is the separation 
of the serrated vertical pulses from the 
line and equalizing pulses. This is ac¬ 
complished by the use of differentiat¬ 
ing and integrating circuits. 

Sweep Circuits. The separated 
pulses are fed into the vertical and 
horizontal sweep oscillators, where 
they control the starting times of the 
sweeps. The vertical sweep circuit nor¬ 
mally consists of an oscillator and a 
sweep amplifier. The horizontal sweep 
circuit also contains a sweep generator 
and an amplifier, but it also contains 
a damper used to damp out undesired 
oscillations that would occur. 

High-Voltage Supply. The high 
voltage required to operate the picture 
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FIG. 7. Output of sync separator. 

tube is usually obtained from the hori¬ 
zontal sweep circuit by means of a 
high-voltage winding on the horizon¬ 
tal output transformer. Some older TV 
receivers used rf power supplies and 
a few receivers were made using iron-
core, 60-cycle, high-voltage supplies. 

Low-Voltage Power Supply. The 
low-voltage power supply can be 
omitted in this brief analysis of a com¬ 

plete television receiver, for even 
though it is a necessary part of any 
system employing vacuum tubes, it is 
conventional in design; this circuit is 
considered elsewhere in the course. 

Having traced the television signal 
through the different essential sections 
of the receiver, let us now study a 
typical circuit for each section, to see 
just how it performs its required duties. 
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Signal Reception, Amplification, 
and Conversion 

1’lie Receiving Antenna. Prac 
tically all modern television receivers 
have a built-in antenna and in pri¬ 
mary signal areas will usually give an 
acceptable picture on this antenna 
alone. However, in some installations 
even in primary signal areas, an out¬ 
side antenna will be necessary, and in 
practically every case it will improve 
the picture quality. 

An ideal television antenna would 
receive all channels equally well and 
reject all external noise. Unfortunately 
there is no such antenna; therefore, in 
selecting an antenna some compromise 
must be made. A dipole or a folded 
dipole will usually give satisfactory 
results in a primary signal area. To 
improve the directivity of these an¬ 
tennas, a reflector is frequently placed 
in back of the antenna. Both the dipole 

FIG. 8. A typical VHF TV antenna instal¬ 
lation. 

and the folded dipole are fairly broad 
and usually one antenna will give satis-
factory results on a number of chan¬ 
nels. 

A typical VHF antenna is shown in 
Fig. 8. Actually the antenna consists 
of two separate antennas connected to¬ 
gether by a suitable length of trans¬ 
mission line. The larger antenna (the 
lower of the two I is used for channels 
2 through 6 and the smaller antenna 
for channels 7 through 13. An antenna 
of this type will give satisfactory re¬ 
sults in an area where a reasonably 
strong signal can be picked up. 

In weak signal areas more elaborate 
antennas are needed. Frequently a 
high-gain antenna such as the Yagi 
is used. Antennas of this type have 
high gain, but comparatively narrow 
frequency response and, therefore, can 
normally be used on only one channel. 
A typical Yagi antenna is shown in 
Fig. 9. 

Dipoles and folded dipoles are also 
used for UHF reception. In primary 
signal areas an antenna of this type 
is normally all you will need. A corner 
reflector antenna is also frequently 
used in UHF reception. This type of 
antenna is shown in Fig. 10. 

Two types of transmission line are 
in common usage. More common is the 
so called “twin lead.” This type of 
transmission line consists of two paral¬ 
lel conductors supported and held apart 
by a plastic insulating material. The 
transmission line has a characteristic 
impedance of about 300 ohms and is 
therefore ideal for use with television 



receivers having a 300-ohm input im¬ 
pedance. 

Coaxial line is also frequently used 
in TV installations. Co-ax is more diffi¬ 
cult to work with than twin lead, and 
it is more expensive, but since the outer 
conductor is grounded, the problem of 
noise pickup on the transmission line 

FIG. 9. A typical Yagi antenna. 

is eliminated when it is used. 
When 300-ohm twin lead is used, 

the lead should be twisted about one 
turn per foot of lead. The twisted 
transmission line will result in less 
noise pickup than an untwisted line. 

TUNERS 

KF Amplifiers. The preselector or 
rf amplifier has two important func¬ 
tions. It must amplify all signal com¬ 
ponents in the television channel to 
which it is tuned, and it must exclude 
signals outside this channel which pro¬ 
duce interference. Unfortunately, the 
rf amplifier usually does neither of 
these jobs very well. The gain of most 
rf stages is usually comparatively low. 
In addition, since the rf amplifier must 
pass a 6-mc signal, it must be made 
broad and therefore it will usually pass 
strong signals outside of the television 
channel. FM interference and interfer¬ 

ence from other radio services is not 
uncommon in TV receivers. 
There are a number of different 

types of rf stages in use in TV re¬ 
ceivers. A pentode rf amplifier is shown 
in Fig. 11. Notice that this rf stage is 
basically quite similar to the rf stage 
that might be found in a radio re¬ 
ceiver. The secondary of the input coil 
is loaded to give a wide band width so 
that the amplifier will pass the entire 
channel. The rf amplifier is switched 
from one channel to another by switch¬ 
ing the desired coils into the circuit. 

FIG. 10. A “Bow-tie” antenna with corner 
reflector for UHF reception. 

An rf amplifier stage of this type nor¬ 
mally used a high-gain tube, but be¬ 
cause of the loading and the fact that 
the operating voltages on the tube are 
comparatively low, the stage gain is 
seldom much better than 10. 

Another rf amplifier is shown in Fig. 
12. This circuit is called the cascode 
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circuit and is used in many modern 
TV receivers. Since it differs somewhat 
from the type of rf amplifier used in 
radios, a brief explanation of its op¬ 
eration will be helpful. 

The signal applied to the grid of the 

first triode is amplified by this stage, 
and the amplified signal is fed from 
the plate of the triode to the cathode 
of the second triode. A portion of the 
signal is also fed back through a con¬ 
denser to the lower end of the grid 

B + 
FIG. 12. A cascode rf amplifier. 
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coil. This signal is fed back to the grid 
circuit of the first stage to neutralize 
the stage. (A triode used in an rf stage 
will oscillate unless it is neutralized.) 
The second triode is used as a 
grounded-grid amplifier. Instead of 
feeding the signal to the grid of the 
tube, the signal is fed to the cathode 

The gain of the stage is normally high¬ 
er than that of a single pentode rf 
stage, and the noise generated by the 
tube is lower than the noise generated 
by a pentode; therefore the tuner will 
give better signal-to-noise ratio espe¬ 
cially on weak signals. 

RF amplifiers are usually used in 

Courtesy Standard Coil 

A turret-type tuner with one set of strips 
removed. In place of the VHF strips re¬ 
moved, which are shown nearer the tuner, 
strips for one of the UHF channels may 
he installed, these are shown in the fore¬ 

ground. 

and the grid of the tube is grounded 
through a condenser. The grounded 
grid then acts as a shield between the 
input and output circuits much as the 
screen grid of a pentode tube does. 
The signal fed to the cathode of the 
tube causes the grid-cathode potential 
to vary, and the effect is more or less 
the same as feeding the signal to the 
grid and grounding the cathode. The 
amplified signal is fed from the plate 
through a coil that is inductively cou¬ 
pled to the coil in the grid circuit of 
the mixer stage which follows. 

The cascode rf amplifier has two big 
advantages over a pentode rf stage. 

tuners designed for VHF reception. 
However, at UHF the rf signal is sel¬ 
dom fed to an rf amplifier because of 
the difficulty of handling the high fre¬ 
quencies involved. The normal proce¬ 
dure in UHF receivers and converters 
is to feed the signal directly to a mixer 
in order to convert the signal to a lower 
frequency that can be more conven¬ 
iently handled. 

The Oscillator and Mixer. As you 
already know, the process of frequency 
conversion involves mixing the un¬ 
modulated constant-voltage output of 
a local oscillator with the incoming 
modulated carrier signal. This process 
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is basically the same in TV receivers 
as in radio. However, because we are 
dealing wdth very high frequencies and 
ultra high frequencies, precautions 
must be taken to prevent degeneration 
and to prevent shifting of the oscilla¬ 
tor frequency. These difficulties were 
eliminated in early television receivers 
by the use of a separate oscillator 
tube. However, the trend in modern 
receivers designed for VHF reception 
is to use a single dual purpose tube to 
perform the functions of mixer and os¬ 
cillator. A typical mixer-oscillator is 
shown in Fig. 13. Notice that one half 
of a 6J6 tube is used as the mixer and 
the other half as the oscillator. The 
internal coupling between the two sec¬ 
tions of the tube is sufficient to inject 
the oscillator signal into the mixer sec¬ 

tion. The plate circuit of the mixer i> 
tuned to resonance at the i-f frequen¬ 
cy. A suitable low-impedance path is 
provided in the plate circuit for the 
rf signal reaching the plate of the mixer 
to avoid the possibility of oscillation 
in the mixer. In the tuner from which 
this circuit w’as taken, the coils are 
mounted in a turret that is rotated as 
you change from one channel to an¬ 
other and new coils are inserted in the 
circuit. The tuner is normally supplied 
with 12 sets of coils on separate strips, 
one for each channel. Each of the coils 
is removable, so they can be replaced 
individually or removed for the inser¬ 
tion of UHF strips. The mixer circuit 
operates at the frequency of the in¬ 
coming signal and the oscillator oper¬ 
ates at the incoming signal frequency 
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FIG. 14. Schematic of a turret-type tuner with UHF strips in place. 

plus the i-f frequency. 
When this tuner is used on a UHF 

channel, the oscillator output is fed to 
i crystal harmonic generator, and the 
output of the harmonic generator is 
then fed to another crystal where it 
is mixed with the incoming signal. In¬ 
stead of converting the signal to the 
i-f frequency, it is changed to a fre¬ 
quency that can first be amplified by 
the rf amplifier. The signal is then fed 
to the mixer, where it is mixed with 
the oscillator fundamental to convert 
it to the i-f frequency. A complete 
turret tuner using a pentode rf stage 
and with a set of UHF coils in place 
is shown in Fig. 14. 
Pentodes are sometimes used in 

mixer circuits. A typical tuner using 
a pentode mixer and a triode oscillator 
both in the same envelope is shown in 
Fig. 15. In this tuner, instead of chang¬ 
ing the coils each time you change 
from one channel to another, a series 
of coils connected in series is used. The 

coils are connected between adjacent 
terminals of a selector switch so that 
when you change from channel 13 to 
channel 12, you simply add a coil to 
the circuit. If you then switch from 
channel 12 to channel 11, you add an¬ 
other coil in series with the inductance 
already in the circuit. 

Notice the section of the channel 
selector switch marked 53 (in the 
lower left corner of the diagram). The 
switch is shown in the channel 13 posi¬ 
tion. When you switch to channel 12, 
the switch moves in a counter-clock¬ 
wise direction and adds the first coil 
to the inductance already in the cir¬ 
cuit. Similarly when you move the 
switch to the channel 11 position you 
add the next coil in series with the in¬ 
ductance already in the circuit. You 
continue this until when you tune to 
channel 2 all of the coils are connected 
in series. 

Tuners of this type are difficult to 
align. Adjustments are usually pro-
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Courtesy Westinghouse 
FIG. 15. A typical VHF tuner with a pentode mixer. 

vided for channels 13 and 6. You align 
the tuner on the highest channel first 
and work towards the lowest channel. 
In some tuners a slug is provided in 
each coil, but in others you must vary 

the spacing between the turns of each 
coil or the shape of the coil to align 
the tuner. When you must adjust this 
type of tuner, you should obtain the 
manufacturer’s alignment instructions. 
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Video I-F Amplifier 
and Detector 

The process of frequency conversion 
produces in the receiver, video i-f and 
sound i-f signals, separated by 4.5 me. 
If the video i-f frequency is 25.75 me, 
video i-f signals will range from 25.75 
me down to about 21.75 me, and the 
sound i-f signals will extend about 25 
kc on either side of 21.25 me. If the 
receiver has a 45.75-mc i-f, the video 
i-f signals will range from 45.75 me 
all the way down to 41.75 me and 
again the sound i-f signals will extend 
about 25 kc on either side of 41.25 me. 

The video i-f amplifier must have a 
reasonably flat over-all response so it 
will uniformly amplify the most im¬ 
portant video i-f components. If the 
sound and video signals are separated 
before they reach the video detector 
and a separate sound i-f is used, the 
response curve will be similar to Fig. 

FIG. 16. Typical video i-f response curve 
for receiver with separate sound i-f. 

16. Notice that the video carrier is 
about half-way down on the response 
curve, and the sound carrier falls in 
a dip on the response curve so that the 
output at the sound i-f frequency will 
be essentially zero. This dip is pro¬ 
duced by a trap inserted in the video 
i-f amplifier and tuned to the sound 
i-f frequency. 

If intercarrier sound is used, both 
the sound and video signals must reach 
the video detector. However, the sound 
i-f signal must be kept well down on 
the response curve, otherwise the re¬ 
sultant 4.5-mc beat signal produced 
will be so strong it will produce a grain 
effect in the picture. A typical video 

FIG. 17. Typical video i-f response curve 
for receiver with inter-carrier sound. 

i-f response curve for a receiver with 
intercarrier sound is shown in Fig. 17. 

VIDEO I-F AMPLIFIER 

Video i-f amplifiers can be divided 
into two general types depending upon 
the method used to obtain the desired 
pass-band. One method is to have a 
series of i-f coils that are heavily 
loaded, each tuned to a different fre¬ 
quency so that the result is an i-f am¬ 
plifier having a response that is essen¬ 
tially flat over the desired pass-band. 
The other method is to use i-f trans¬ 
formers that are both over-coupled and 
heavily loaded so that the response of 
each transformer is quite broad. The 
transformers are adjusted to give the 
desired band-pass. 

An i-f amplifier using a series of 
coils tuned to different frequencies is 
called a stagger-tuned i-f amplifier. A 
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typical example is shown in Fig. 18. 
Notice that each of the coils is ad¬ 
justed to a different frequency. Also 
notice that instead of two windings on 
each of the i-f coils as on the i-f trans¬ 
formers in a radio receiver, each i-f 
coil has only a single winding. The coil 
in the plate circuit of VI is loaded by 
the resistor in the grid circuit of V2. 
Similarly the coil in the plate circuit 
of V2 is loaded by the resistor in the 
grid circuit of V3. and the resistor in 
the plate circuit of V3 loads the coil fol¬ 
lowing it. The net result of staggering 
the frequencies to which the coils are 
tuned, and loading the coils heavily is 
a broad-band i-f amplifier. 

Notice that the coils have no capaci¬ 
tors connected in parallel with them 
as in a radio receiver. Actually, the 
output capacity of the tube is in paral¬ 
lel with the coil, and at the high fre¬ 
quency used, this capacity is all that 
is needed in the resonant circuit. 
A schematic diagram of an over¬ 

coupled video i-f amplifier is shown in 
Fig. 19. In this i-f amplifier, the i-f 

transformers have both primary and 
secondary windings, and either the 
primary or the secondary winding of 
each of the transformers is loaded with 
a resistor to lower the Q and broaden 
the response. 

The video i-f amplifier shown in Fig. 
19 is in many respects similar to the 
i-f amplifier in a radio receiver. How¬ 
ever, again there are no condensers in 
parallel with the coils, and traps are 
used in the circuit. 

In the input to the first video i-f 
amplifier is a trap tuned to 39.25 me. 
This trap is an adjacent-channel pic¬ 
ture trap. Its purpose is to prevent in¬ 
terference by the video signal from the 
channel immediately above the chan¬ 
nel to which you are tuned. The trap 
is inserted because the video carrier 
frequency of the adjacent channel is 
only 1.25 me above the upper limit of 
the channel to which the receiver is 
tuned. 

In the circuit between the first and 
second video i-f stages, there is a se¬ 
ries resonant trap tuned to 41.25 me 
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and one tuned to 47.25 me. The 41.25-
mc trap is used to keep the sound car¬ 
rier down on the response curve as 
shown in Fig. 17. (The receiver from 
which this circuit was taken uses in¬ 
tercarrier sound). The 47.25-mc trap 
is an adjacent channel sound trap. This 
trap is used to eliminate interference 
from the sound of the channel immedi¬ 
ately below the one to which the re¬ 
ceiver is tuned. 

THE VIDEO DETECTOR 

The television signal at the output 
of the video i-f amplifier is an rf sig¬ 
nal with the modulation containing the 
video signal and the synchronizing 
pulses. The signal is normally fed to 
the video detector, which is almost al¬ 
ways some type of diode detector. A 
typical diode detector is shown in Fig. 
20. The signal is fed to the cathode of 
the tube so the detector conducts only 
on the negative half of the rf cycle. 
The output signal obtained from the 
detector will be like Fig. 21B. This type 
of connection is frequently used so that 
the de voltage developed across the 
diode load resistor will be negative with 
respect to ground and can therefore 
be used either as age or to control the 
age amplifier. The resulting video sig¬ 
nal has a positive picture phase. 

FIG. 20. A typical diode detector. 
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The polarity of the video signal can 
be reversed by reversing the connec¬ 
tions to the diode. The video signal will 
be like the one shown in Fig. 21A. 
With the detector reversed, the sync 
pulses and the video signal informa¬ 
tion reverse in polarity, and the video 
signal is said to have a negative pic¬ 
ture phase. Notice this important dif-

FIG. 21. When a diode video detector is 
connected as in Fig. 20, the output signal 
has a positive picture phase. If the diode 
connections are reversed, the output signal 

has a negative picture phase. 

ference between the detector in a radio 
receiver and the video detector in a 
television receiver. In radio we are un¬ 
concerned about which half of the rf 
signal we rectify, but in television, re¬ 
versing the polarity of the detector re¬ 
verses the polarity of the output signal. 

Many modern television receivers 
use a germanium crystal as the video 
detector. A typical example of this type 
of circuit is shown in Fig. 22. The op¬ 
eration of this circuit and the video 

signal produced in the output are the 
same as in the circuit in Fig. 20. The 
crystal will pass current in only one 
direction and therefore its operation is 
similar to that of the diode tube. 
Again, reversing the connections to the 
diode would reverse the polarity of the 
video signal. 

The coils shown in the video detec¬ 
tor output circuit are peaking coils. 
These coils are used to improve the 
high-frequency response of the detec-

FIG. 22. A typical video detector using a 
germanium crystal as the detector. 

tor output circuit. They do this by 
resonating with the detector output ca¬ 
pacity and the distributed capacity in 
the circuit at a frequency above the 
normal high-frequency cut-off of the 
circuit. This reduces the shunting ef¬ 
fect of the capacities and improves the 
response at high frequencies. 
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Video Amplifier and DC 
Restorer 

VIDEO AMPLIFIER 
The video amplifier in a television 

receiver can be compared to the audio 
amplifier in a radio receiver. The recti¬ 
fied signal at the output of the video 
detector is fed to the video amplifier 
where the signal is amplified to obtain 
the signal amplitude needed to drive 
the picture tube. In an audio amplifier 

tion satisfactorily. However, on low 
video frequencies below about 50 cps, 
the reactance of the coupling con¬ 
denser C2 would become appreciable 
(the reactance of a condenser increases 
as the frequency decreases). Therefore 
at the low video frequencies condenser 
C2 and resistor R4 would form a volt¬ 
age divider, and only a portion of the 

FIG. 23. A resistance-coupled amplifier 
stage. 

the output stage is normally a power 
amplifier that supplies power to the 
loudspeaker. In a video amplifier, the 
output stage is a voltage amplifier de¬ 
signed to provide a high-voltage sig¬ 
nal to control the picture tube beam 
current. 

A typical resistance-coupled ampli¬ 
fier stage is shown in Fig. 23. The am¬ 
plifier shown is suitable for use as an 
audio amplifier where it must amplify 
signals over a limited frequency range. 
A video amplifier, however, must am¬ 
plify frequencies from about 10 cycles 
per second to 4 me. Let us consider 
what would happen if we tried to use 
a circuit similar to Fig. 23 as a video 
amplifier. At frequencies within the 
audio range the amplifier would func-

signal developed by the tube would be 
available as useful output voltage. An¬ 
other disadvantage would be that 
at low frequencies there would be an 
appreciable phase shift. Remember 
that the voltage and current are 90° 
out of phase in a capacitive circuit. 
In a circuit consisting of capacity and 
resistance, the phase displacement will 
be somewhere between 0 and 90°, de¬ 
pending upon the ratio of resistance to 
reactance in the circuit. As the fre¬ 
quency of the video signal goes down, 
the output will decrease, and the signal 
will undergo a phase shift. At very low 
video frequencies, the reactance of the 
capacitor may be so large that there 
is little or no signal available in the 
output. A loss of the low-frequency 
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video signals and the accompanying 
phase shift will result in smearing of 
large objects in the picture. 
The cathode by-pass condenser Cl 

will also affect the low video frequen¬ 
cies. Unless a large capacity condenser 
is used, the cathode resistor R2 will 
not be effectively by-passed at the low 
frequencies and as a result there will 
be considerable degeneration. This will 

it is at low and middle frequencies. 
From the preceding discussion you 

can see that a resistance-coupled am¬ 
plifier such as is used as an audio am¬ 
plifier would be totally unsuitable as a 
video amplifier. However, we can 
modify the circuit as shown in Fig. 24 
and obtain satisfactory results from 
it. Let us look at Fig. 24 and compare 
it with the resistance-coupled ampli-

Ll 

FIG. 24. A resistance-coupled video ampli¬ 
fier. 

result in a further falling off of the 
output signal at low video frequencies. 

This circuit will also prove unsatis¬ 
factory at the high video frequencies. 
Remember that in a vacuum tube, 
there are interelectrode capacities. The 
capacity from the plate of the tube to 
the cathode will be several mmf. The 
plate-to-cathode capacity will in ef¬ 
fect be placed directly in parallel with 
the load resistor R3. In addition, dis¬ 
tributed capacities in the circuit will 
also shunt R3 and R4. As the frequen¬ 
cy increases, the capacitive reactance 
of a condenser decreases. Therefore at 
the higher video frequencies the shunt¬ 
ing capacity plus the output capacity 
of the tube will act as a low reactance 
in parallel with the tube load. There¬ 
fore at the high video frequencies, the 
effective value of the plate load will 
decrease and the gain will be less than 

fier in Fig. 23. The cathode by-pass 
condenser Cl is usually larger in a 
video amplifier than in an audio am¬ 
plifier. This will reduce low-frequency 
degeneration. Another way of elimi¬ 
nating this problem is to omit Cl en¬ 
tirely, and then there will be some de¬ 
generation at all frequencies which will 
tend to flatten the amplifier response, 
because if the gain increases, the de¬ 
generation will also increase. 

The coupling condenser C2 will also 
be made larger than in the audio am¬ 
plifier. The larger coupling condenser 
will have a lower reactance at low fre¬ 
quencies. C2 and R4 will still continue 
to act as a voltage divider at low fre¬ 
quencies, but if the capacity of C2 is 
made large and the resistance of the 
grid resistor made as large as possible, 
the reactance of the condenser will be 
so small even at low video frequencies 
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(in comparison with the resistance of 
the grid resistor), that very little volt¬ 
age will be lost across the condenser, 
and the phase shift introduced will be 
negligible. 

Coils LI and L2 are peaking coils. 
These coils are added to the circuit 
to improve the high-frequency re¬ 
sponse of the amplifier. Remember that 
at the high video frequencies the plate 

constant up to a higher frequency than 
could be obtained without the coils. 
However, at frequencies above the 
resonant frequency of the peaking 
coils and circuit capacities, the gain 
will fall off rapidly. 

The component values in a resist¬ 
ance-coupled audio amplifier stage 
usually are not too critical. Although 
any change will have some effect on 

B + 

FIG. 25. A direct-coupled video amplifier. 

load is shunted by the output capacity 
of the tube plus the distributed ca¬ 
pacitance in the circuit. As the fre¬ 
quency increases, the reactance shunt¬ 
ing the load decreases, and the gain 
will therefore fall off. One way of 
keeping this effect at a minimum is 
to use a low value of plate load resist¬ 
ance. If the load resistance is already 
low, then the low reactance of the 
shunting capacities will have less ef¬ 
fect on the gain of the amplifier. The 
coils L2 and LI are then inserted to 
resonate with the shunting capacity 
and form a circuit that is resonant at 
the higher frequencies. The resonant 
circuit produced has a high impedance 
and at the higher frequencies elimi¬ 
nates the shunting effect of the output 
capacity. 

The peaking coils will have the ef¬ 
fect of keeping the gain of the stage 

the gain and frequency response of the 
stage, in most cases a small change in 
a part value will not have any no¬ 
ticeable effect on the performance of 
the stage at audio frequencies. In a 
video amplifier, however, the compo¬ 
nent values are much more critical and 
a change in a part value will frequent¬ 
ly affect the performance of the stage 
very noticeably. As a matter of fact 
the peaking coils and the coupling con¬ 
denser are usually mounted some dis¬ 
tance away from the chassis to keep 
the distributed capacity in the circuit 
at a minimum. Simply pushing the 
peaking coils and the coupling con¬ 
denser next to the chassis will usually 
reduce the high-frequency response of 
the amplifier appreciably. 

The video amplifier shown in Fig. 25 
is a direct-coupled stage. The video 
signal at the output of the video de-
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tector is actually a pulsating de signal. 
When this signal is applied to an am¬ 
plifier similar to Fig. 24 the de com¬ 
ponent of the signal will not be passed 
by the coupling condenser C2. This 
difficulty, plus the undesirable effect of 
C2 at low frequencies, can be over¬ 
come by the use of a direct-coupled 
video amplifier. In this type of ampli¬ 
fier the coupling condenser C2 is 
omitted and the signal at the output of 
the amplifier will contain both ac and 
de components. Direct-coupled video 
amplifiers are sometimes used in tele¬ 
vision receivers, but since the output 
of the amplifier is coupled directly to 
the picture tube, changes in signal level 
will frequently have a noticeable effect 
on picture brightness and the bright¬ 
ness control may require adjustment 
when switching from one channel to an¬ 
other. In addition, any change in the 
current flowing through the video am¬ 
plifier will have a noticeable effect on 
picture brightness. In general, al¬ 
though this type of circuit may present 
some advantages it is not as flexible 
as the resistance-capacity coupled type 
of amplifier. 

Typical Video Amplifiers. A typi¬ 
cal video detector and two-stage video 
amplifier is shown in Fig. 26. Notice 
that peaking coils are used in the plate 
circuit of the first video amplifier and 
in the video detector output circuit to 
improve the high-frequency response 
of the amplifier. A 4.5-mc trap is used 
between the plate circuit of the video 
output stage and the grid of the picture 
tube to keep the 4.5-mc sound signal 
from the picture tube. (The receiver 
from which this circuit was taken uses 
intercarrier sound and the 4.5-mc 
sound signal is present in the video de-
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tector output). 
The signal at the output of the video 

detector has positive picture phase. 
This means that the sync signals swing 
negative. As you know, a resistance¬ 
capacity-coupled stage reverses the 
signal phase 180° and therefore at the 
output of the first video amplifier we 
will have a negative picture phase. The 
signal then undergoes an additional 
180° phase reversal in the video out¬ 
put stage so that at the output of this 
stage we again have positive picture 
phase. The signal is then fed to the 
grid of the picture tube so that the 
sync signals swinging negative will cut 
off the beam, driving the tube to cut 
off during the retrace period. The video 
signal will vary from zero in the white 
elements in the picture to a high nega¬ 
tive signal in the black portions of the 
picture. 

Another typical video detector fol¬ 
lowed by a single video amplifier stage 
is shown in Fig. 27. The coils LI, L2, 
L3, L4, and L5 are peaking coils used 
to improve the high-frequency re¬ 
sponse. Both RI, the detector load re¬ 
sistor, and R2, the amplifier load, are 
comparatively low resistances to keep 

the effect of the shunting capacities at 
a minimum. 

At the output of the video detector 
we have a positive picture phase and 
the signal undergoes a 180° phase re¬ 
versal in the video amplifier so that 
at the output of the video amplifier 
we have a negative picture phase and 
the sync pulses swing positive. If 
we apply this signal to the grid of the 
picture tube, the sync pulses would 
drive the tube into the conducting re¬ 
gion instead of into the cut-off region. 
The video signal representing the dark 
signal areas would have a maximum 
positive value which would cause a 
high beam current and produce a 
bright area on the picture tube. Simi¬ 
larly, the signal representing the bright 
area would be reversed, and the light 
areas would be reproduced dark. In 
other words we would have a nega¬ 
tive picture. This difficulty can be 
overcome quite simply by feeding 
the video signal to the cathode of the 
tube instead of to the grid. The sync 
pulses swinging positive simply make 
the cathode positive with respect to 
the grid and blank out the tube dur¬ 
ing the retrace period. Similarly the 

L6 

FIG. 27. A typical video detector followed by a single-stage video amplifier. 
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dark areas of the picture, which are 
produced by the maximum amplitude 
of the video signal will drive the cath¬ 
ode positive, reducing the beam cur¬ 
rent. 

If we want to feed the video signal 
to the grid of the picture tube, we can 
reverse the picture phase simply by 
reversing the connections to the video 
detector. We already mentioned that 

negative picture phase so that the syne 
pulses drive the grid positive and cause 
grid-current flow. 

A typical video output circuit which 
reverses the phase of the signal and at 
the same time restores the de compo¬ 
nent in the correct manner to make the 
pedestals line up is shown in Fig. 28. 
Although a triode tube is shown in the 
circuit, a pentode tube could be used 

FIG. 28. Video output sta^e designed to 
restore the de component and align the 

pedestals. 

reversing the video detector reverses 
the polarity of the video signal. You 
can see now why the polarity of the 
signal at the output of the video de¬ 
tector is important, whereas in radio 
the polarity of the signal at the output 
of the sound detector is unimportant. 

THE DC RESTORE« 

The de component of a television 
signal will be lost in a resistance-ca¬ 
pacitance coupled video amplifier be¬ 
cause the coupling condenser will not 
pass de. We can restore the de com¬ 
ponent simply by eliminating the fixed 
bias on the last video stage and allow¬ 
ing the sync pulses that are applied to 
the grid of the tube to develop their 
own bias by means of rectified grid 
current flow through a grid resistor of 
high ohmic value. Of course, in order 
to restore the de component by this 
method, the signal applied to the grid 
of the last video amplifier must have 

just as well. When an ac signal of the 
form shown at the left in Fig. 28 (hav¬ 
ing a negative picture phase) is ap¬ 
plied to the circuit, the output signal 
will be of the form shown at the right 
with pedestals all lined up to give prop¬ 
er restoration of the de component and 
with the positive picture phase required 
if we are to feed the signal to the grid 
of the picture tube. 

The grid resistor Rg plays an im¬ 
portant part in the de restoration 
process. The resistor normally has a 
high value, generally somewhere be¬ 
tween .5 and 1 megohm. The operation 
of the circuit is comparatively simple. 
Notice the first two pulses shown (on 
extreme left). The amplitude of these 
pulses is considerably greater than the 
amplitude of the two pulses next to 
them. Because of the greater ampli¬ 
tude of the two pulses on the left, the 
grid will swing highly positive and an 
appreciable grid current will flow. The 
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grid current will develop a high bias, 
which in turn will reduce the gain of 
the stage. With the two pulses having 
the smaller amplitude, the grid will not 
be driven so far positive, the bias will 
not be as great, and the gain of the 
stage will be greater. The net result is 
that the pedestals will all be lined up 
in the output as shown in the signal to 
the right of the circuit. The alignment 
is not perfect, but it is near enough for 
all practical purposes. The operating 
bias on the output stage will shift with 
each change in line brightness so that 
the instantaneous grid bias will depend 

on the average brightness of a line. 
Since the average brightness ordinarily 
does not change from line to line, the 
time constant of the resistance and 
capacitance in the grid circuit of the 
stage can be made fairly large so that 
the de level will remain essentially 
constant for a given line. 

Early television receivers almost al¬ 
ways used a de restorer. Some used a 
diode for de restoration and others an 
arrangement like Fig. 28. However, the 
trend in later sets was to omit the de 
restorer or use the picture tube for de 
restoration. 
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Forming a Picture 
As you already know, in television 

the picture is sent by scanning it line 
by line. You can compare this action 
to the process that your eye goes 
through in reading this page. You do 
not glance at the page and extract all 
the information at one glance, but 
rather you read the page line by line. 
When you reach the bottom of the 
page your eye moves quickly to the top 
of the next column and you read it line 
by line. In transmitting a picture, 
the same procedure is used. The pic¬ 
ture is focused on the camera tube and 
then is scanned one line at a time start¬ 
ing at the top and working toward the 
bottom. The picture is broken up into 
a total of 525 lines. Instead of scan¬ 
ning the first line and then the second 
and then the third etc. the camera 
scans the first line, then the third, then 
the fifth etc. until all odd numbered 
lines have been scanned. The electron 
beam is then moved back to the top 
of the tube and the even numbered 
lines are scanned. Therefore, for every 
complete picture, the vertical sweep 
must go through two cycles, and the 
horizontal sweep 525 cycles. 

The standard in use in this country 
calls for 30 complete pictures per sec¬ 
ond. To accomplish this, the vertical 
oscillator must operate at 60 cycles per 
second and the horizontal oscillator 
must operate at 15,750 cycles per 
second. 

In order to reproduce the picture 
being picked up by the camera, the 
sweep oscillators in the television re¬ 
ceiver must keep in step with the 
sweep oscillators in the television cam¬ 

era. In other words the oscillators must 
not only operate at the same frequen¬ 
cy, but when the horizontal oscillator 
in the television transmitter starts the 
electron beam traveling from the left 
to the right, the sweep oscillator in the 
receiver must also start the beam mov¬ 
ing from the left to the right. Similar¬ 
ly the vertical sweeps must be kept in 
exact synchronization. 

The simplest way to keep the sweep 
oscillators in the television receiver in 
synchronization with the oscillators at 
the transmitter is to transmit syn¬ 
chronizing pulses to control each os¬ 
cillator. A horizontal synchronizing 
pulse is transmitted at the end of each 
line, and a vertical synchronizing pulse 
at the end of each field. 
In the television receiver these 

pulses must be separated from the 
video information and then separated 
from each other and used to control 
the oscillators. 

In addition to controlling the oscilla¬ 
tors to keep them in synchronization 
with the oscillators in the transmitter, 
the bias on the picture tube must be 
adjusted to a value which will make 
the pedestals in the television signal 
line up with the cut-off point on the 
grid voltage-brightness characteristic 
curve of the picture tube. The sync 
pulses will then drive the tube into the 
blacker-than-black regions so that the 
tube will be cut off during the retrace 
period. The video signal will vary the 
grid voltage between cut off and a 
minimum value so that brightness will 
vary in accordance with variations in 
the video signal. 
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THE CATHODE-RAY TUBE 

There are several circuits that can 
be used to control the bias and hence 
the brightness of the picture tube. If 
direct coupling is used between the 
video output stage and the cathode¬ 
ray tube, a circuit like Fig. 29A may 
be used. In this circuit when the tube 
is conducting there will be a voltage 
drop across the load resistor and the 
plate end of the resistor will be nega¬ 
tive. This means that if the poten¬ 
tiometer is rotated all the way to point 
4, the cathode will be positive with 
respect to the grid. As the potentiom¬ 
eter is rotated towards point 3, the 
positive voltage on the cathode of the 
tube is reduced until when the control 

FIG. 29. The circuits shown provide a 
means for inserting an adjustable positive 
bias in series with the video signal applied 
to the grid and cathode of the picture 
tube. In the circuit at A, direct coupling is 
used. In B, resistance-coupling is used. 

is rotated all the way to point 3 the 
cathode and grid will be at approxi¬ 
mately the same potential. The resistor 
in the cathode circuit of the picture 
tube is inserted to protect the picture 
tube. If the grid should become posi¬ 
tive with respect to the cathode (it 
might during the warm-up period), 
the resistor in the cathode circuit will 
limit the tube beam current. 

Often the video signal is fed to the 
cathode of the picture tube instead of 
to the grid. When this arrangement is 
used a circuit similar to Fig. 29B can 
be used to control the bias on the pic¬ 
ture tube. The grid might be con¬ 
nected directly to ground as shown in 
the diagram or in some cases it can 
be connected to the de restorer output. 
The restoration voltage is then applied 
to the grid of the tube and the video 
signal to the cathode. 

It is important to have a variable 
bias on the picture tube. By varying 
(he bias, the brightness of the picture 
tube can be changed. If the bias of 
the tube cannot be varied over a suit¬ 
able range, the pictures obtained will 
have either too much or too little con¬ 
trast. In a few receivers, automatic 
brightness control circuits were used, 
but these circuits have in general dis¬ 
appeared in favor of the manually op¬ 
erated brightness control, that give 
improved control. 

SYNC CIRCUITS 

We have already mentioned that 
synchronizing pulses are transmitted 
in order to keep the horizontal and 
vertical oscillators operating at the 
correct frequency. The horizontal sync 
pulses are sent at the end of each line, 
and the vertical sync pulses at the end 
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of each field. We have already shown 
what a typical video signal looks like 
and you know that the sync pulses are 
contained in the composite video sig¬ 
nal. To control the oscillators, the sync 
pulses must be separated from the 

FIG. 30. A typical sync separator. 

video signal so that only the pulses are 
fed to the oscillators. 

The composite video signal contain¬ 
ing the sync pulses and the video in¬ 
formation may be taken off anywhere 
between the video detector and the 
picture tube and fed to the sync sepa¬ 
rator. If the signal at the video detec¬ 
tor has negative picture phase, it can 
be fed directly to the sync separator. 
However, if the signal at the output 
of the video detector has positive pic¬ 
ture phase, it must be inverted. The 
simplest way to accomplish this is to 
take off the signal at the output of 
the first video amplifier. Remember 
that an amplifier inverts the picture 
phase. 
Since the amplitude of the sync 

pulses is not the same as the ampli¬ 
tude of the video signal, it is com¬ 
paratively simple to separate the sync 
pulses from the video information. A 
typical sync-separator is shown in Fig. 
30. The grid resistor RI is usually a 
rather large resistor. The tube is op¬ 
erated with a low plate voltage; and 
the sync pulses applied to the input 
of the separator must be positive pulses 
and drive the tube into the grid cur¬ 

rent region to bias the separation. 
When the sync pulses swing posi¬ 

tive, the tube will conduct heavily, 
and it will draw grid current, charg¬ 
ing the grid condenser. A pulse iden¬ 
tical to the sync pulse, but reversed 
in phase will appear in the output. 
After the sync pulse has been trans¬ 
mitted, the coupling condenser will 
begin the discharge through the large 
value of grid resistance, placing a high 
negative bias on the tube. The tube 
will be cut off so that the video in¬ 
formation will not appear in the out¬ 
put. 

It is usually impossible to effect 
complete separation with a single sepa¬ 
rator; however, in most cases the 
separation is good enough. If more 
complete separation is desired, two 
sync-separators may be used. Often 
the second stage is designed primarily 
as an amplifier so that in addition to 
improving the separation of the sync 
pulses from the video information, the 
pulses will receive considerable ampli¬ 
fication. 

FIG. 31. A diode sync separator. 

A diode may also be used as a sync 
separator if the circuit shown in Fig. 
31 is used. When this circuit is used, 
the sync pulses drive the plate of the 
tube positive, causing the tube to con¬ 
duct and charge the condenser C. After 
the sync pulse is transmitted, the con¬ 
denser discharges through R, which is 
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I IG. 32. The line-equalizing vertical sync pulse in a TV receiver. 

usually quite large, and a voltage hav¬ 
ing the polarity shown is developed 
across the resistor. This voltage biases 
the tube so that it will not conduct 
while the video signal is being trans¬ 
mitted. 

The triode sync-separator shown in 
Fig. 30 reverses the phase of the sync 
pulses 180° but the diode shown in 
Fig. 31 produces sync pulses having 
the same phase in the output as the 
pulses applied in the input. Of course, 
the output of the triode will be greater 
than the output of the diode. A diode 
sync separator is almost always fol¬ 
lowed by a suitable sync amplifier. 

At the output of the sync chain, 
both the vertical and horizontal sync 
pulses are present. If the pulses are 
fed to an integrating circuit, only the 
vertical sync pulses will be present in 
the output. If the pulses are fed to a 
differentiating circuit, only the hori¬ 
zontal pulses will appear in the output. 

The sync pulses at the output of 
the sync chain can be fed directly into 
an integrating circuit and then to the 
vertical oscillator. The vertical syn¬ 
chronizing pulse transmitted is shown 
in Fig. 32. Notice that instead of one 
big pulse a serrated pulse is trans¬ 
mitted. The serrations are needed in 
order to maintain control of the hori¬ 
zontal oscillator during the vertical 
blanking interval (the period during 
which the vertical sync pulse is trans¬ 
mitted ). 

At the output of the sync separator 
the serrated vertical sync pulse is fed 

to an integrating circuit like Fig. 33 
which adds the serrated vertical pulse, 
and produces a single pulse in the out¬ 
put. The pulses can then be used to 
control a vertical sweep oscillator. 
The schemes used to control the 

horizontal oscillator are usually more 
complicated than those needed to con¬ 
trol the vertical oscillator. This is due 
to the fact that the horizontal sweep 
operates at a much higher frequency. 
Since the horizontal sweep control is 
so completely tied in with the hori¬ 
zontal oscillator, we will discuss these 
circuits together. 

SWEEP CIRCUITS 

Some of the early television receivers 
used picture tubes with electrostatic 
deflection. However, this type of tube 
has practically disappeared, and prac¬ 
tically all TV receivers use picture 
tubes with magnetic deflection. We will 

22K B.2K B 2K 
—W/A——WAV—[—WAV-

OUTPUT .005 INPUT 

FIG. 33. An inlegrating circuit. 

therefore consider only sweep circuits 
designed for magnetic deflection tubes. 

To deflect the electron beam linear¬ 
ly, the current through the deflection 
yoke must be a saw tooth, such as 
the one shown in Fig. 34 To produce 
a saw-tooth current, a trapezoidal 
wave shape like that shown in Fig. 
35 must be applied to the deflection 
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yoke. This type of wave shape can 
readily be obtained either from a 
blocking oscillator or from a multi¬ 
vibrator. Both oscillators are suitable 
for use in television, not only because 
they can be made to produce the re¬ 
quired wave shape, but also because 

FIG. 34. The current in the deflection 
yoke must he a sawtooth current. 

determined by the values of both. 
When the charge at C has leaked off 
enough to lower the negative C bias 
on the grid sufficiently to allow plate 
current to flow again, feed back then 
occurs again, driving the grid positive 
and causing a repetition of the entire 
cycle. 
The frequency of the oscillator 

shown in Fig. 36 is controlled by 
varying the resistance of the poten¬ 
tiometer in the grid circuit. The poten¬ 
tiometer should be adjusted until the 

their frequency can readily be con¬ 
trolled. 
A typical blocking oscillator is 

shown in Fig. 36. Transformer T in 
the circuit provides the feedback from 
the plate circuit to the grid circuit. 
Transformer connections are such that 
when the circuit is in operation, the 
feed-back voltage drives the grid posi¬ 
tive, just as in a conventional oscil¬ 
lator. The resulting flow of grid cur¬ 
rent through the grid resistor and 
potentiometer produces across these 
resistors a voltage drop which drives 

FIG. 35. A trapezoidal voltage wave must 
be applied to a practical coil to produce 
a sawtooth current. 

the grid highly negative and at the 
same time charges condenser C. This 
charging action lasts only a very brief 
interval equal to the time required for 
the negative grid to stop all electron 
flow in the circuit. Condenser C then 
begins discharging through the grid 
resistor and potentiometer at a rate 

FIG. 36. A blocking oscillator which can 
be controlled by synchronizing pulses. 

oscillator is operating at approximately 
the correct frequency. The signal on 
the grid of the blocking oscillator will 
be like Fig. 37. Notice the curved por¬ 
tion which represents the time during 
which the condenser C is discharging 
to the cutoff point through the resist¬ 
ance in the grid circuit. If we adjust 
the oscillator so that it is operating 
slightly below the correct frequency 
and then feed a positive sync pulse 
into the grid circuit, the sync pulses 
will show up in the grid curve as shown 
in Fig. 38. Therefore, the condenser 
discharges through the grid resistance 
lowering the grid bias, when the grid 
voltage has almost reached the cut¬ 
off point at which the tube would con-
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duct again, the sync pulse arrives and 
immediately drives the grid into the 
conduction region. The tube will then 
conduct, feedback occurs again, driv¬ 
ing the grid positive and causing a 
repetition of the entire cycle. With this 
arrangement, the sync pulses will con-

FIG. 37. Blocking oscillator grid curve. 

trol the oscillator frequency and keep 
it in synchronization with the oscilla¬ 
tor in the transmitter. 

With the circuit of Fig. 36, the out¬ 
put of the blocking oscillator will be 
a saw tooth, but the deflection yoke 
current will not be a saw tooth. By 
modifying this circuit slightly and 
adding a condenser and resistor in the 
output as shown in Fig. 39 we can 
obtain the wave shape needed to drive 
the sweep output tube so that a saw¬ 
tooth current will flow in the deflection 
yoke. 

FIG. 38. Blocking oscillator grid curve 
showing when the synchronizing pulses 

appear. 

Blocking oscillators are frequently 
used in the vertical sweep circuit of a 
television receiver. The method we 
have discussed is entirely suitable for 
use in controlling the frequency of 
an oscillator at the vertical sweep fre¬ 

quency of 60 cycles per second. 
Multivibrator circuits are also often 

used as sweep oscillators. They are 
particularly suitable for use in the hori¬ 
zontal sweep circuit. A typical multi 
vibrator is shown in Fig. 40. In this 
circuit a parallel resonant circuit is 
used in one stage of the multivibrator 
circuit. The circuit resonates at 15,-
750 cps and is used to adjust the oscil¬ 
lator to approximately the correct 
frequency. The potentiometer in the 
grid circuit of the other section of 
the multivibrator is a fine-frequency 
control and is used to bring the oscil-

FIG. 39. A blocking oscillator that will 
produce a trapezoidal wave in the output. 

lator to the correct frequency after a 
coarse adjustment has been made by 
means of the resonant circuit in the 
other stage of the multivibrator. 
The output of a multivibrator is 

normally a series of rectilinear pulses, 
but by means of a discharge circuit 
consisting of a condenser and a resistor 
in series between the plate (pin 5) of 
the tube and ground, a trapezoidal 
wave may be obtained. 

The complete horizontal sweep cir¬ 
cuit of a television receiver is shown 
in Fig. 41. Notice that the multivibra¬ 
tor circuit shown in Fig. 40 is used. 

The horizontal sync pulses are fed 
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to a sync amplifier that splits the sync 
pulses and provides the pulses of op¬ 
posite polarities in the output. The 
pulses are fed to a phase detector and 
compared with a pulse fed back from 
the output of the horizontal sweep 
circuit. As long as the pulse fed back 
from the horizontal sweep output is 
of the proper frequency and phase 
relationship to the sync pulses, there 
will be no voltage developed by the 
phase detector. However, if the fre¬ 
quency or phase should vary, a volt-

DETECTOR 

FIG. 40. A multivibrator for use as the 
horizontal sweep generator. 

age will be developed by the phase de¬ 
tector that is fed to the grid of the 
horizontal oscillator. This voltage will 
shift the horizontal oscillator fre¬ 
quency to lock it in with the sync 
pulses. 
The horizontal sweep output tube 

is usually a tube with a high current 
capacity. A saw tooth current having 
a high amplitude is developed in the 
output of this stage and fed to the 
horizontal deflection yoke through the 
horizontal output transformer. At the 
end of a horizontal line, the grid of 
the horizontal output tube is driven 
sharply negative causing the plate 
current in the tube to drop to zero 
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FIG. 42. A complete vertical sweep circuit. 

almost instantly. The field in the de¬ 
flection yoke and the horizontal out¬ 
put transformer must collapse almost 
instantly. Actually, when the plate cur¬ 
rent in the horizontal output tube is 
cut off, the horizontal deflection yoke 
begins to oscillate. The yoke is per¬ 
mitted to oscillate through one half 
cycle to move the electron beam rapid¬ 
ly from the right side of the picture 
back to the left side to start the next 
line. As the deflection yoke starts to 
go through the next half cycle of the 
oscillation, the plate of the damper 
becomes positive and the tube conducts 
and damps out the oscillation. The 
plate current in the horizontal output 
tube will begin to increase and the 
next line will start. 

We mentioned that when the elec¬ 
tron beam reaches the right side of the 
tube the plate current in the horizontal 
output tube is cut off almost instantly. 
The field in the deflection yoke and 
horizontal output transformer must 
collapse almost instantly. A high-
voltage winding is wound on the hori¬ 
zontal output transformer, and the 
rapid collapse of the field induces a 
high voltage in this winding, which is 
fed to a rectifier, rectified, and used as 

the high voltage to operate the pic¬ 
ture tube. 

This circuit is typical of the hori¬ 
zontal sweep circuits in use in modern 
television receivers. 

A typical integrating circuit, block¬ 
ing oscillator and vertical sweep out¬ 
put is shown in Fig. 42. Notice that 
the voltage applied to the blocking 
oscillator is applied to a potentiometer 
which is used to control the amplitude 
of the output signal. This control is 
used as a “height” control. 

A resistor is inserted in the cathode 
circuit of the vertical output tube so 
that the tube bias can be adjusted to 
operate the tube on the linear portion 
of its characteristic curve. This control 
is therefore called a linearity control. 

In the output of the horizontal sweep 
circuit, a damper tube is used to damp 
out the oscillations that would occur 
in the deflection yoke. Oscillation is 
not such a problem in the vertical 
sweep and it can be damped by 
means of damping resistors placed in 
parallel with the deflection yoke. 

Many variations of these circuits 
can be found in television receivers 
However, the basic principles of opera 
tion are similar to those discussed. 
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Automatic Gain Control 
Automatic gain control, abbreviated 

age, corresponds to automatic volume 
control in a radio receiver. Age is nec¬ 
essary in order to obtain satisfactory 
contrast as the receiver is switched 
from one channel to another and also 
to compensate for any variations in 
signal strength in the signal being re¬ 
ceived. 

and the video i-f tubes through suit¬ 
able isolating networks. 

Circuits of this type will give satis¬ 
factory results providing the variation 
and signal strength is not too great. 
When the signal varies over wide limits, 
an age system similar to Fig. 44 will 
be more satisfactory. This type of cir¬ 
cuit is called a keyed age circuit. 

I'lG. 43. A simple method of obtaining 
age from the video detector. 

In some television receivers com¬ 
paratively simple age circuits are used. 
A simple diode detector is shown in 
Fig. 43. The incoming rf signal pro¬ 
duces a current flow from the cathode 
to the plate of the diode through the 
peaking coils and through the plate 
load resistor RI, producing a voltage 
drop across it having the polarity 
shown. This voltage will depend upon 
the amplitude of the signal reaching 
the diode. 

By using a suitable R-C filter such 
as R2 and Cl, the pulsating de present 
across RI can be filtered and a de volt¬ 
age suitable for use as age will be 
available across Cl. This voltage can 
be fed to the grids of the rf amplifier 

In this circuit, the cathode of the 
tube has a high positive voltage placed 
on it to bias the tube. The plate of the 
tube is returned to ground through a 
special winding on the horizontal out¬ 
put transformer and a series of resis¬ 
tors. The pulses picked up in the spe¬ 
cial winding on the output transformer 
are applied to the plate of the tube 
and when the plate is driven positive 
with respect to the cathode, the tube 
will conduct, providing the grid bias 
is not too high. With the cathode con¬ 
nected to a high positive voltage, the 
bias is too high; therefore, this action 
alone will not cause plate current to 
flow in the tube. However, notice that 
in addition to the pulses fed to the 
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plate of the tube, the sync pulses are 
also fed to the grid. The sync pulses 
drive the grid in a positive direction, 
reducing the bias on the tube so that 
the tube will conduct during the sync 
pulse interval. 

Now let’s stop and consider what the 
effect of this action will be on the 
voltage developed across resistors RI, 
R2, and R3. If the signal is strong, the 
sync pulse amplitude will be high and 

areas where the signal is weak or in 
primary areas where a strong signal is 
picked up. 

This type of circuit will give much 
better results than the simple age cir¬ 
cuit shown in Fig. 44. The circuit will 
respond very rapidly to change in sig¬ 
nal amplitude and will not only auto¬ 
matically adjust the gain of the re¬ 
ceiver when tuning from one channel 
to another, but also can in most cases 

FIG. 44. A keyed age circuit. 

the grid will be driven far enough in a 
positive direction for a high plate cur¬ 
rent to flow. This will produce a high 
age voltage across RI, R2, and R3, re¬ 
ducing the gain of the agc-controlled 
stages. On the other hand, if the sig¬ 
nal is weak, the sync pulses will not 
drive the grid as far positive and the 
plate current will be less, with the re¬ 
sult that the age voltage developed 
will be less and the gain of the agc-
controlled stages higher. The age volt¬ 
age developed will therefore depend on 
the amplitude of the sync pulses and 
the setting of R2. R2 is made variable 
so the receiver sensitivity may be ad¬ 
justed for best results in either fringe 

take care of rapid signal fading such 
as might occur when the signal is be¬ 
ing reflected by an airplane flying be¬ 
tween the transmitter and the receiver. 

SOUND SYSTEM 

We have not made a detailed anal¬ 
ysis of the sound system because it is 
similar to the sound system in an FM 
receiver. Narrow band FM is used, and 
the maximum signal deviation is 25 
kc. Many early TV receivers used two 
i-f stages and sometimes a limiter be¬ 
fore the sound detector. However, most 
modem receivers use only a single 
sound i-f stage and a ratio detector. 

The audio amplifier in a television 
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receiver generally consists of a single 
voltage amplifier stage followed by a 
power amplifier to drive the loud¬ 
speaker and is identical to the sound 
systems used in AM and FM receivers. 

REVIEW OF LESSON 

In reviewing this Lesson, try to 
visualize the frequency conversions 
that occur as the television signal 

progresses through the receiver. Learn 
the frequency ranges that are handled 
by each stage and section, and above 
all, try to visualize the characteristics 
of the television signal at each stage 
or section. Furthermore, keep in mind 
that in television the terms picture 
signal, video signal, image signal, and 
sight signal are used interchangeably. 
The terms sound and audio are like¬ 
wise used interchangeably. 
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Lesson Questions 
Be sure to number your Answer Sheet 49B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next Lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don t hold your answers 
too long; you mav lose them. Don’t hold answers to send in more than 
two sets at a time or you may run out of Lessons before new ones can 

reach you. 

1. What is the frequency separation between the sound carrier and the video 

carrier frequencies? 

2. What is the frequency of the sound i-f amplifier in a receiver using inter¬ 

carrier sound? 

3. Is the sound i-f signal at the output of the mixer higher in frequency or 
lower than the video i-f signal? 

4. Why must the pass band for the sound i-f amplifier in a receiver using a 
separate sound i-f system be greater than the 50-kc value required for an 
FM system of 25-kc deviation? 

5. Are the pedestals lined up in the signal voltage whicn exists across the 
load resistor of the diode video detector in a television receiver? 

6. Should the video i-f carrier appear at the peak, the bottom, or half-way 
down on the video i-f response curve? 

7. What change can be made in a diode video detector circuit in order to 
reverse the phase of the picture signal at the output of the video detector? 

8. What phase should the picture signal have at the input to the picture tube 
if the signal is to be fed to the grid? 

9. What effect does a resistance-capacitance-coupled video amplifier stage 
have upon the phase of the picture signal? 

10. Will the sync pulses at the output of a diode sync separator be in phase 
or 180° out of phase with the sync pulses at the input to the separator? 
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In other words, if you believe certain difficulties 
and troubles may be in the offing—do something 
NOW to get ready to handle them. 

“It’s too late to learn to 
swim when the boat begins 
to sink!” 

Foresight is a wonderful thing IF you do some¬ 
thing about lhe conditions you see ahead. 
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And along the same line of thought—if you see 
future opportunities coming up—prepare NOW to 
take advantage of them. 

Here is an old, old quotation—a warning—which 
has helped many a man avoid trouble, gain success, 
in personal and business affairs: 
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This text is not intended as a regular study lesson—it 
outlines a Practical Training Plan for getting practical 
experience in television servicing. We recommend that 
you follow this plan if you expect to do TV service work. 

[J 1. Introduction . Pages 1-4 
Yon learn what the NR1 plan is, and how you will carry it out on 
a regular commercial set. 

□ 2. Receiver Controls . Pages 5-14 
You will learn how to find the controls on your set, and study the 
effect of each on the picture. 

[3 3. Physical Construction . Pages 14-23 
This section tells how to remove the chassis from the cabinet in 
different types of sets, and how to locate the parts on the chassis. 

□ 4. Westinghouse Model H-609T10 . Pages 23-30 
A complete analysis of the circuitry in this set, typical of sets with 
1 O-inch screens, is made. 

□ 5. Admiral Model 122DX12 Pages 30-35 
Here we analyze a modern set with a 21-inch picture tube. 

0 6. Crosley Chassis No. 434 . Pages 35-40 
the economy of circuitry in this set has enabled the manufacturer 
to produce a large-screen set at relatively low cost. We analyze these 
circuits here. 

□ 7. Receiver Variations . Pages 41-45 
You study other typical circuits that you are likely to find. 
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ANALYZING TYPICAL 
TV RECEIVERS 

Television servicing is a highly 
competitive business. Only the 

man who can find trouble and then 
locate and replace defective parts 
quickly can hope to succeed. 

A knowledge of individual circuits 
is not enough. You must understand 
the receiver as a whole, and the re¬ 
lationship of its separate parts. To 
tell whether a receiver section is de¬ 
fective, you must know first what 
it is meant to do; then you must 
know how it does it. 

The ability to repair a receiver 
quickly and surely comes with ex¬ 
perience. It takes time to gain that 
experience. This Practical Training 
Plan has been designed to help you 
get that experience quickly. 

You will be shown how to approach 
each repair job systematically, using 
the time-tested methods developed by 
experienced and successful service¬ 
men. 

To get this training and experience, 
you must have a standard TV re¬ 
ceiver. Using this receiver you will 
learn to use the picture tube, the 
sound, and the receiver controls to 
apply effect-to-cause reasoning to find 
the bad section of the receiver. You 
will learn to analyze circuits and to 
locate the various sections and parts 
of a receiver from the schematic 
diagram. Later you will introduce 
defects and apply standard servicing 
methods to localize and find the cause 
of the trouble. In this way, through 
actual experience, you will learn the 
best and quickest servicing methods. 
Your ability as a serviceman will 
depend on your ability to locate 
trouble quickly using effect-to-cause 

reasoning, and on your proper use of 
test equipment. Once the trouble has 
been located, anyone who can handle 
a soldering iron can repair the set. 

If you carefully follow the methods 
we outline, and study the sample 
circuits, you will gain as much ex¬ 
perience as you would get in a year 
of service work. 

In summary, the steps of this plan 
are: 

1. Get a suitable receiver of the 
type recommended in this book. 

2. Get the manufacturer’s manual 
on the set so that you will have 
complete service information on 
it. 

3. Check the operation of the set 
and learn just what all the 
controls are for. 

4. Learn how to locate sections, 
stages, and parts in the set from 
the circuit diagram. 

5. Analyze the circuit diagram to 
find out how the set works. 

6. Follow a step-by-step procedure 
to introduce defects in the set. 

7. Observe the effect of each de¬ 
fect on the operation of the 
receiver, and see how effect-to-
cause reasoning can be applied. 

8. Use each of the basic methods 
of localizing defects (such as 
signal tracing, signal injection, 
stage blocking, voltage meas¬ 
urements, etc.) to see which 
one is best for a particular de¬ 
fect. 

This work book is intended to cover 
the first five steps, and another will 
give the rest of this Practical Train¬ 
ing Plan. 

Of course, you are not required to 
carry out this plan, but we strongly 
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advise you to do so to get the greatest 
good from your course. Also, to get 
the most out of this instruction in TV 
servicing, you should first have carried 
out the corresponding plan on a radio. 
A radio is simpler to work on than a 
TV set, so you can learn how to serv¬ 
ice the radio much more easily. Then, 
once you have learned how the vari¬ 
ous service techniques are applied to 
the radio, it will be far easier to 
apply similar methods to a TV set. 

Now that you have an understand¬ 
ing of the basic plan, let’s go on to 
details for each of these steps. 

OBTAINING RECEIVER 
Your test receiver should be one 

of standard make, using electro¬ 
magnetic deflection. Also, it should 
use either an rf oscillator or a flyback 
type of high-voltage power supply. 
There are no other restrictions on 
what set you use. Although you may 
be able to find an old 7-inch set using 
electrostatic deflection that will cost 
you little or nothing, much of the 
practical experience you would get 
from working on it would be of no 
value because such sets used circuits 
different from those usually en¬ 
countered by the serviceman. 

You can get your test receiver from 
your local radio store, from mail¬ 
order or local wholesale supply 
houses, or by purchasing one from a 
neighbor. If you already have a 
satisfactory set, you can use it; the 
Practical Training Plan will not 
damage it. 

It is not necessary for you to buy 
a new receiver. A used set is per¬ 
fectly all right. It is essential, how¬ 
ever. that the set be in good condition. 
Otherwise, when introducing a defect, 
you would not be sure whether the 
results were due to the defect that 
you introduced or to some other de¬ 
fect already in the set. If the set is 
not in good condition, check the tubes 

and look for obvious defects such as 
burnt or charred resistors. If you 
cannot repair the set, take it to some 
reliable TV serviceman and have him 
put it in first-class shape. Once you 
have completed the Training Plain 
you will be able to handle the more 
difficult repair jobs yourself. 

Then, be sure that your set is cor¬ 
rectly installed so that it is working 
well on at least one local TV channel. 
Your set should be working at least 
as well as other receivers in the 
locality. If you cannot get help in 
making this possible, wait until you 
master the lessons on TV receiver 
installation before carrying out the 
Training Plan. 

SERVICE MANUALS 
Most manufacturers publish a serv¬ 

ice manual for their sets which con¬ 
tains the schematic diagram, some¬ 
times a pictorial layout, a tube loca¬ 
tion chart, and pictures showing the 
location of the various adjustments 
and controls. Detailed instructions 
are usually given for adjusting the 
controls and for setting up the re¬ 
ceiver. These service manuals are 
very valuable to the service tech¬ 
nician. 
You must get the manufacturer’s 

service manual, or at least a schematic 
diagram, for the receiver that you 
are going to use. To attempt to serv¬ 
ice a TV set without a schematic 
diagram is like driving through a 
strange section of the country with¬ 
out a road map. You will waste a lot 
of time in trying to locate parts and 
trace out circuits. If you cannot get 
a diagram or service manual from the 
set manufacturer, his local distribu¬ 
tor, or one of the diagram services, 
you can order one from NRT. 

GENERAL PRECAUTIONS 
Now, if you have a suitable TV 

set, you are ready to proceed to ex-



périment with it. Before you start, 
let us go over certain precautions that 
you should take when working with 
any set. 

First, remember that there are two 
dangerous power supplies in a TV set. 
One is the high-voltage supply used 
for accelerating the electron beam 
(voltages usually in excess of 10,000 
volts) ; the other is the “normal” B 
voltage supply. Although the B sup¬ 
ply voltage may be only about 300 
volts or so, it is as dangerous as the 
high-voltage one, because the low-
voltage supply in most TV sets (and 
in ordinary radios too) can deliver 
a fairly high current. Thus, there is 
danger not only of shock, but even of 
electrocution. With the high-voltage 
supplies, there is danger of a severe 
shock, but because the power supplies 
have, in most instances, a high in¬ 
ternal impedence, there is less danger 
of its being fatal. 

Because of the possibility of shock, 
you must be extremely careful while 
working on a TV set. When working 
on a “hot” set, make it a practice to 
keep one hand in your pocket so that 
there is less danger of making a com¬ 
plete path through the body. Also, 
when you first turn off the set, wait 
some time before working on it, so 
that the capacitors will have time to 
discharge. You should discharge the 
high-voltage and power-supply capac¬ 
itors by shorting them with a screw¬ 
driver. 

Do not work on your TV set ivhile 
standing on a concrete basement floor 
or on a damp floor. Some sets have 
the chassis connected to one side of 
the power line. Do not touch a radi¬ 
ator, a cold-water pipe, or any other 
ground while working on such a set. 
When servicing these sets, you should 
use a 400-watt, 1:1 isolation trans¬ 
former between the ac outlet and the 
receiver. This is necessary to reduce 
shock hazard and to protect your 

ac-operated test equipment. 
There are also certain precautions 

to follow when handling the picture 
tube. First, remember that the pic¬ 
ture tube is a large glass bulb, and 
is rather delicate. Also remember 
that there is a very high vacuum in 
the picture tube. Because of this, if 
you break the tube, there is danger if 
“implosion”. The glass will fly all 
over the room. 

Handle the picture tube with ex¬ 
treme care—do not scratch the surface 
of the picture tube, as this will weaken 
it; do not strike or bump the tube, 
and do not put any strain or pressure 
upon it. You should always wear 
shatter-proof goggles and heavy 
gloves when handling picture tubes. 
Many servicemen use thick vests or 
heavy canvas shop aprons also. 

Notice that a picture tube has a 
very narrow neck. This neck is com¬ 
paratively weak and the tube should 
not be handled by it. Handle the 
tube by the funnel and the edges; 
touch the neck only to guide the tube 
into position. 
When placing a tube in a TV re¬ 

ceiver, do not force it into position. 
Tf it does not slip into place easily, 
find the obstruction and remove it. 

Most of the glass electromagnetic 
tubes have an outer coating of con¬ 
ductive material called “Aquadag”. 
This outer “Aquadag” coating is 
grounded by means of a spring con¬ 
tact, generally at the yoke assembly. 
There is also an inner coating of simi¬ 
lar conductive material. The capac¬ 
ity between the inner and outer coat¬ 
ings is used as the output filter capaci¬ 
tor for the high-voltage supply. Be¬ 
cause of this, even when the tube is 
disconnected, there may be a con¬ 
siderable charge between the inner 
and outer coatings. This charge may 
be held for a long time and may not 
be completely removed even by mo-
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inentarily shorting between the high-
voltage terminal and the outer coat¬ 
ing (because of dielectric hysteresis). 

Although such a charge is not usu¬ 
ally enough to be dangerous in itself, 
it might give you enough of a shock 
to cause you to drop the tube and 
break it. Whenever you are removing 
a tube from a set, after disconnecting 
the high-voltage terminal, use a test 
lead to short between the outer coat¬ 
ing and the high-voltage terminal as a 
safety move. Make connection to the 
outer coating first and then to the 
high-voltage terminal. Make the con¬ 
nection directly to the coating; do not 
trust the spring connection between 
the coating and the chassis. Hold the 
test lead in place for several seconds, 
break contact, and short again for 
some time to be sure of discharging it. 
Follow this procedure even on a 

new tube before handling it. They 
are tested at the factory, and may 
come to you with a charge still on 
them. Hence, be careful when un¬ 
packing a new tube not to touch the 
high-voltage terminal until you have 
discharged it. 
Finally, when working with a TV 

set, remember that some of the parts 
get very hot and you may be burned 
if you touch them. This is particu¬ 
larly true of rectifier tubes and 
bleeder resistors. 

When unpacking a new set, be sure 
to check all shipping tags and labels 

for special instructions. 

GENERAL INSTRUCTIONS 

Once you have installed your ex¬ 
perimental receiver, the next step is 
to become thoroughly familiar with 
its operation. After that you will 
study its physical construction so that 
you will know how to take it apart. 
After you are thoroughly familiar 
with the operation and construction 
of your set, you will analyze its cir¬ 
cuits. 

Of course, the limitations of space 
prevent us from giving instructions 
for each make and model of receiver 
that you might use. However, we 
will give instructions for typical ex¬ 
amples that will cover most of the 
types of construction and circuits that 
are used. 

Although you will naturally con¬ 
centrate on the sections of this book 
that cover your set, you should also 
study the other sections. In this way 
you can become familiar with other 
commercial sets. 

The technical details in this text 
are brief, because the complete details 
of circuit operation can best be cov¬ 
ered in your study lessons. If you 
do not understand the details of one 
of the circuits now, remember to re¬ 
study this book after you have 
finished the lesson on that section of 
the TV set. 
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Receiver Controls 
As soon as you have installed your 

set, you will naturally want to try 
it out. In doing this you can learn 
much about the various controls and 
their effects on receiver operation. 
Therefore, the next step in your 
Practical Training Plan is to find 
all the external controls on your re¬ 
ceiver and move them, watching the 
effect on the operation of the receiver. 
Adjusting the controls is a very im¬ 
portant part of the serviceman’s daily 
work. You must adjust these controls 
whenever you install a new set and 
after any repair job that you do. 
The effect on the picture or sound of 
varying the controls will often help in 
effect-to-cause reasoning. Therefore, 
you must know exactly what effect 
each of the controls should have on 
the set. 

TYPES OF CONTROLS 

The controls may be divided into 
three general types: operating, semi¬ 
operating, and nonoperating. The 
operating controls are those that the 
set owner must adjust for normal 
operation. They are usually con¬ 
veniently located and equipped with 
knobs. The semioperating controls 
include those that require less fre¬ 
quent adjustment but can be set by 
the average person for best picture 
quality. 

The nonoperating controls include 
all those that rarely require adjust¬ 
ment after the set has been installed 
and properly adjusted. To adjust 
them properly, you need a technical 
knowledge of their purpose. There¬ 
fore, under normal circumstances they 
should not be touched by the set 
owner. 

Operating Controls. The follow¬ 
ing controls are generally considered 
operating controls: 

Tuning or Channel Selector. On 
most sets this is a twelve-position 
switch. Some older sets used a con¬ 
tinuous tuner to select channels. 
Fine Tuning. Used with switch 

type tuners, this control is adjusted 
for best picture and sound. 

On-Off Switch and Volume Control. 
This control serves the same purpose 
as the one on a standard radio re¬ 
ceiver. The switch may be a separate 
control or it may be combined with 
another control such as brightness in¬ 
stead of volume. 

Tone Control. Some television sets 
include this control, which works the 
same as the tone control on an ordi¬ 
nary radio receiver. 

Contrast Control. This control, 
often labeled “picture”, is used to 
get the most pleasing degree of con¬ 
trast between the light and the dark 
parts of the television picture. It is 
frequently grouped with the semi¬ 
operating controls rather than with 
the operating controls. 

Semioperating Controls. The fol¬ 
lowing semioperating controls may 
occasionally require adjustment and 
can be safely adjusted by the set 
owner. They usually have knobs or 
knurled potentiometer shafts and are 
reasonably convenient to reach. 

Brightness or Brilliance Control. 
On some sets this may be included in 
the operating controls, but since it 
rarely requires readjustment once it 
is set to a level of brightness that 
is satisfactory to a set owner, it is 
usually considered as semioperating. 

Focus Control. This is used to ad¬ 
just the picture to the point of sharp¬ 
est definition. In some cases it is a 
potentiometer adjustment and in 
others it is a screw that moves the 
focus coil or magnet on the neck of 
the picture tube. 
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Horizontal Hold Control. When 
the picture loses horizontal sync, it 
can sometimes be brought back into 
sync by adjusting this control. It 
works as a fine adjustment of the 
horizontal sweep frequency. 

Vertical Hold Control. This con¬ 
trol serves the same purpose for ver¬ 
tical sync as the horizontal hold con¬ 
trol does for horizontal sync. 

Nonoperating Controls. The fol¬ 
lowing nonoperating controls require 
adjustment only upon installation of 
a new set or after repairs have been 
made to a set. They seldom require 
any other adjustment, and since the 
adjustment of some of them is criti¬ 
cal, they are usually located where it 
would be inconvenient for the set 
owner to touch them. Some of them 
are potentiometer shaft adjustments, 
but they rarely have knobs attached 
to the shaft; others are screwdriver 
or lever adjustments. 

Width or Horizontal Size Control. 
As its name states, this control can 
be used to adjust the width of the 
picture. 

Height or Vertical Size Control. 
This control is used to adjust the 
height of the picture. 

Horizontal Linearity Control. This 
control changes the shape of the saw¬ 
tooth waveform used for horizontal 
deflection, thus eliminating picture 
cramping on one side or the other. 

Vertical Linearity Control. This 
control adjusts the shape of the ver¬ 
tical deflection sawtooth waveform to 
eliminate cramping at the top or the 
bottom of the picture. 

Horizontal Drive Control. This 
control varies the amplitude of the 
sawtooth, waveform applied to the 
horizontal output tube and so has 
some effect on picture size. It also 
affects the linearity of the picture and 
in some sets the brightness. 
Horizontal Frequency, Horizontal 

Lock, Horizontal Locking Range, or 

Ringing Coil. Some sets have both a 
horizontal frequency and a horizontal 
lock or locking range control. Other 
sets have one or the other of these 
but not both. All of these controls 
set the coarse frequency range of the 
horizontal oscillator and require re¬ 
adjustment when the picture cannot 
be brought back into horizontal sync 
with the horizontal hold control. 
AGC Control. Many sets have 

some means of controlling the opera¬ 
tion of the automatic gain control. 
This may be only a switch marked 
“local-distant” or it may be a knob 
on a potentiometer shaft labeled to 
indicate that it should be adjusted for 
unusually strong or weak signals. 

Many manufacturers do not label 
this control, or the following one, 
plainly. The name is frequently 

Courtesy Sylvania 

FIG. 1. Operating and nonoperating 
controls on a typical television set. 
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“dressed up” so that it may be a more 
effective advertising and sales feature. 

Sync Stability Control. Some sets 
have a control that can be adjusted 
to eliminate the effects of noise on 
sync circuits in weak or noisy signal 
areas. 

Ion Trap. Although this is not 
actually a control in the sense that 
it has a knob or a screwdriver adjust¬ 
ment, the ion trap magnet must be 
adjusted for maximum brightness on 
installation to prevent damage to the 
picture tube that might be caused by 
ion bombardment. 

Picture Positioning Control. All 
sets provide some means of changing 
the magnetic fields at the neck of the 
tube to position the picture on the 
face of the picture tube. 

FRONT 

Courtesy RCA 

FIG. 2. Operating, semioperating and 
nonoperating controls on a typical TV 
receiver using semioperating controls. 

Deflection Yoke. Here again, there 
is no actual control, but if the pic¬ 
ture on the face of the tube is tilted, 
the deflection yoke must be turned 
to straighten it. 

Your test receiver will probably 
not have all of the controls listed 
here. However, all of the controls it 
does have should be listed. Find all 
of the controls on your receiver. 
After you have located all of them, 
turn on your receiver and turn the 
various controls to study the effects 
of their misadjustment on the picture. 

LOCATION OF CONTROLS 
If you can get complete manufac¬ 

turer’s service data on your set, it 
will probably include diagrams show¬ 
ing the exact location of all the con¬ 
trols on that set, and you will have 
no trouble finding them. However, if 
your data does not include such dia¬ 
grams, the information given here 
may help you to find them. Even 
if you have complete information for 
your own particular set, you should 
study this section in order to become 
familiar with the general location of 
controls in other sets. 
There are two general plans for 

placing controls, one or the other of 
which is usually used in a TV set. 

The first, shown in Fig. 1, has only 
the operating controls on the front 
of the set and all other controls at the 
back. This eliminates the classifica¬ 
tion of semioperating controls, be¬ 
cause all of the controls that are not 
definitely operating controls are in 
the back and inconvenient for the 
set owner to operate. 
A second arrangement of controls 

that is more popular is shown in Fig. 
2. Here, the semioperating, as well 
as the operating controls are at the 
front of the receiver. In many cases 
the semioperating controls are hidden 
under a hinged decorative cover on 
the front of the set. 



FIG. 3. The localion of controls on the 
neck of an electromagnetic-deflection 

picture tuhe. 

Fig. 3 shows a typical assembly on 
the neck of the picture tube. Adjust¬ 
ments, except on the focus control, 
are made here by loosening the vari¬ 
ous parts when necessary and reposi¬ 
tioning them on the picture tube neck. 
The focus control shown here has a 
screwdriver adjustment that moves 
the focus magnet back and forth as 
necessary. 

You may find that your set, instead 
of having controls on the front, has 
the operating controls at the side of 
the cabinet and all other controls 
on the back. Look your set over care¬ 
fully and find all the controls that you 
can without taking off the back of 
the set or removing the set from its 
cabinet. Once you have become fa¬ 
miliar with the location of the various 
controls on your set, you are ready 
to sec what effect they have on the 
picture. 
EFFECT OF ADJUSTMENTS 
To study the effect of adjusting the 

various controls, first turn the set on, 
and adjust the operating controls for 
a good picture. Undoubtedly you al¬ 
ready know how to do this, because 
you tried the set out before buying it 
to make sure it was in good operating 
condition. However, a brief review is 
given here, just to refresh your mem¬ 
ory. 

Turn your set on and tune to some 
channel on which a local station can 
be received. Allow the set a few 
minutes to warm up. Turn the vol¬ 
ume up until the sound is audible. 
Adjust the fine tuning for best pic¬ 
ture, and the sound volume control 
for comfortable listening. If there is 
a disturbing buzz in the sound, you 
may have to make a compromise be¬ 
tween best picture and good sound. 
Once you have adjusted the tuning 
control for the best picture possible, 
adjust the contrast and brilliance con¬ 
trols. 

Contrast and Brightness. Turn 
the contrast control to its limits in 
both directions and watch its effect on 
the picture. In one direction you 
should get a picture with most of the 
gray tones missing. Everything will 
be either black or white as shown in 
Fig. 4. When the contrast control is 
turned in the other direction, the 
whole picture will be gray without 
definite blacks and whites. See Fig. 
5. Experiment with the brightness or 
brilliance control in this same manner. 
The effects of too much and too little 
brightness are shown in Fig. 6. 

The contrast and brightness con¬ 
trols interact, and the best setting for 
both of them depends on the amount 
of room light striking the face of the 
tube. Watch the black portions of 
the picture when setting the bright-

Courtesy Philco 

FIG. 4. Too much contrast. 
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FIG. 5. Too little contrast. 

liess. Turn this control down until 
detail in the darkest portion just dis¬ 
appears, then advance it slightly. The 
contrast control should be turned up 
until detail just disappears in the 
lightest portion of the picture, then 
back down slightly. You may get 
tue best picture by adjusting contrast 
and brightness alternately. 

After you have tuned in a station 
and adjusted the operating controls 
for a good picture, you are ready to 
experiment with the other controls. 
Since most of the remaining controls 
are usually on the back of your set, 
you may find it somewhat difficult to 
adjust a control and watch the effect 
of the adjustment on the picture at 
tlie same time. To overcome this dif¬ 
ficulty, use a mirror in front of the 
set. Any mirror that you can hang 
cn the wall or prop up against a chair 
on the floor where you can see the 
picture while you make adjustments 
on the back of the set is satisfactory. 
If yon have a good picture on your 
set and have set up some mirror ar¬ 
rangement so you can see the picture, 
proceed to experiment with the con¬ 
trols as follows: 

Focus. There are two ways in 
which focus may be controlled. One 
way is to have a potentiometer that 
controls the current flow through the 
focus coil and hence the intensity of 

the magnetic field which focuses the 
electron beam in the tube. The other 
method is to have a focus coil or 
permanent magnet that can be moved 
back and forth on the tube neck. 
Where a potentiometer is used, you 
may find the focus adjustment on 
the front of the set, but where the 
second method is used, it will in¬ 
variably be on the back of the set. 
Turn the focus adjustment in either 
direction and observe the change in 
picture quality. The picture should 
become fuzzy and lacking in defini¬ 
tion as shown in Fig. 7. 
The simplest and quickest adjust¬ 

ment of the focus control can be made 
by observing the line structure of the 
raster. Adjust the focus control for 
the sharpest lines. 

Vertical Hold Control. This con¬ 
trols the natural frequency of the 

FIG. 6. Too much brightness (above), 
and too little brightness (below). 
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FIG. 7. Out-of-focus picture. 

vertical oscillator. Try turning this 
control while watching the picture. 
The first noticeable effect will be a 
movement of the picture up and down 
on the face of the tube as shown in 
Fig. 8. The direction of movement 
will depend upon the direction that 
the control was turned from its origi¬ 
nal position. At the extreme ends of 
the control range, the movement will 
probably be so fast that the picture is 
unrecognizable. After you are through 
experimenting with this control, reset 
it for a stationary picture. 

Horizontal Hold Control and 
Horizontal Frequency and/or Lock. 
Every set has a horizontal hold con¬ 
trol and either a frequency or lock 
control and some sets have all three. 
The appearance of the picture tube 
when these controls are incorrectly 
set may be seen in Fig. 9. The high 
frequency of the horizontal oscillator 
makes its frequency adjustment quite 
critical. Therefore, both coarse and 
fine adjustments are provided. The 
semioperating horizontal hold control 
is used as the fine adjustment and the 
frequency or lock control is the coarse 
adjustment. 

Try adjusting the horizontal hold 
control first. It may not be possible 
to cause the picture to lose sync by 
moving this control. Next, make trial 
adjustments of the frequency or lock 

control. If both of these controls are 
present, one will probably change the 
frequency and the other will shift the 
phase. Whenever the frequency or 
lock control must be adjusted to sync 
the picture, first set the hold control 
to the middle of its range and bring 
the picture into sync with the coarse 
control. 

After making these trial adjust¬ 
ments of the horizontal sweep fre¬ 
quency, reset the controls for normal 
picture. 

Height and Vertical Linearity 
Controls. The height control is used 
to adjust the vertical sweeps so that 
the picture just fits the mask. Fig. 
10 shows the results of poor adjust¬ 
ment of this control. Adjustment of 
the height control usually results in 
a non-linear picture. Therefore, when 
changing the height of the picture, 
the vertical linearity control must 
also be adjusted. As you vary these 
controls for the first time, you will 
see that one control has greater effect 
on the top of the picture and the 
other on the bottom. These two con¬ 
trols should be adjusted alternately 
in order to get the correct height and 
at the same time give a linear picture. 

An example of vertical non-linear-

Courtesy Belmont 

FIG. 8. Misadjustment of the vertical 
hold produces a picture like this that 
runs up or down at a rate that depends 
upon how severe the misadjustment is. 
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I' IG. 9. Iwo forms of horizontally unsyurlironizeJ picture: (A) horizontal fre¬ 
quency off; (B) out of phase. 

ity is shown in Fig. 11. In this pic¬ 
ture, the top is compressed and the 
bottom stretched. The opposite con¬ 
dition, stretched top and compressed 
bottom, is just as likely to occur. 

In some sets, changes in the height 
control will change the frequency and 
cause the picture to roll. This is cor¬ 
rected with the vertical hold control. 

Horizontal Drive, Horizontal Lin¬ 
earity and Width Controls. These 
controls are grouped together for dis¬ 
cussion since they interact in opera¬ 
tion. Vary these controls, one at a 
time, both ways from their normal 
position. In most sets you will find 
that the drive control has the greatest 
effect on picture size. This control 
varies the amplitude of the signal fed 

to the horizontal output tube. Since 
this stage may also provide the high 
voltage for the picture tube, as the 
picture increases in width it may be¬ 
come brighter. The drive should be 
set as high as possible for greatest 
brilliance. The practical limit in the 
adjustment of this control is shown 
in Fig. 12. When the white line ap¬ 
pears in the picture, the drive control 
should be backed down until the line 
disappears. As you change the drive 
control, you will notice that it 
stretches one side of the picture more 
than the other. This is shown in Fig. 
13. This non-linearity is corrected 
with a horizontal linearity control. 
After you have correctly set the drive 
and linearity controls, the picture size 

Courtesy Belmont 

FIG. 10. Misadjusted height control 
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FIG. 11. Vertical non-linearity. 

is adjusted with the width control 
so that it just fits the mask on the 
picture tube. 

Automatic Gain Control. All but 
the very oldest sets have some form 
of automatic gain control, but on 
many there is no means of adjusting 
the age voltage. Therefore, you may 
not find this control on your set. This 
control affects the gain of the rf and 
i-f stages of the receiver, and mis¬ 
adjustment of it will have the effect 
of giving either too strong or toe 
weak a signal. Since the effect of 
varying the age adjustment depends 
upon signal conditions, and its range 
of adjustment is limited, you may 
not be able to see any definite effect 
from changing its setting. Experi¬ 
ment with this control and observe 
its effects, but do not be alarmed if 

FIG. 12. Too much horizontal drive. 

it has very little effect on the picture. 
Readjust it for best picture quality. 

Sync Stability Control. It is quite 
likely that your set does not have this 
control, but if it does, you will prob¬ 
ably find that the effect of its being 
out of adjustment is to throw the 
picture out of sync. This control is 
used to improve sync by suppressing 
noise peaks that would cause the 
sweep oscillators to be unstable. If 
it is turned up too far when a normal 
picture signal is received, instability 
will result. After experimenting with 
this control, turn it down (usually 
counter-clockwise) as far as is neces¬ 
sary to receive a picture of satisfac¬ 
tory quality. 
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I'IG. 13. Horizontal non-linearity. 

The rest of the adjustments with 
which you will experiment are on 
the neck of the picture tube. Some 
of them may have mechanical cou¬ 
plings extending through the back 
cover of the set, others will not. If 
you are not sure how to get the back 
cover off the set, and still retain 
power, wait until you have read the 
next section before experimenting with 
these adjustments. Some of these ad¬ 
justments are easier to make with the 
set out of the cabinet. 

Ion Trap. Note the position of 
the ion trap on the neck of the picture 
tube before experimenting with its 
adjustment. Mark its original posi-
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FIG. 14. Misadjustment of the ion trap 
magnet. 

tion on the neck of the tube with a 
crayon or wax pencil. Now move the 
trap forward on the neck of the tube. 
The picture should lose some of its 
brilliance. If the trap is moved far 
enough forward, no raster will be 
visible at all. Return the trap to 
its original position and again move 
it; this time rotate it around the neck 
of the tube. Again you will find the 
picture loses its brilliance. A poorly 
adjusted ion trap often results in 
shading of the picture corners as 
shown in Fig. 14. After you have 
noted the effects, return the trap to 
its original position, adjusting it until 
you get maximum picture brightness. 
When adjusting the ion trap, always 
keep the brightness turned down as 
far as you can and still see a raster. 
Do not operate the set too long with 
the trap out of adjustment, or you 
may damage the picture tube. 

Several different methods are in 

use to position the picture on the 
face of the tube. All of these methods 
are alike in that they vary the 
strength or position of a steady mag¬ 
netic field at the neck of the tube. 
One of the oldest methods, but one 
still frequently used, is to pass a con¬ 
trollable direct current through the 
deflection yoke. Other sets change 
the picture position by changing the 
tilt of the focus coil or magnet. A 
common method on the newer sets is 
to use separate permanent magnet 
centering devices. 

Before experimenting with this ad¬ 
justment, adjust the height and width 
controls so that all four edges of the 
picture are visible. This will make 
it easier for you to center the picture 
after experimenting with its adjust¬ 
ments. Now move the picture-posi¬ 
tioning controls and note the direc¬ 
tion in which the picture moves. Ex¬ 
periment with these controls until you 
know how to move the picture in all 
four directions, and then re-center the 
picture and readjust the height and 
width controls. Fig. 15 shows the 
effect of misadjusted positioning con¬ 
trols. 

Deflection Yoke. The deflection 
yoke is rigidly mounted and does not 
usually need any adjustment if it has 
been properly set on installation. 
However, if the picture is tilted or 
has shaded corners, it may sometimes 
be necessary to readjust the yoke. 
Refer to Figs. 3 and 21 for pictures 
of typical yoke mountings. Study 

Courtesy Belmont 

FIG. 15. Pictures that are off center like those shown above may be corrected 
with the positioning control. 
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the mounting of the deflection yoke 
and then loosen any screws so that 
you can rotate it. Rotate the yoke 
slightly and observe the picture. Note 
that the picture is now tilted. Read¬ 
just the yoke so that the picture is 
square in the mask and tighten the 
nuts. The yoke should be tightened 
down as far forward on the neck of 
the tube as possible, or corners of the 
picture may become shaded. 

It is possible, although not likely, 
that there may be some controls on 
your set that are not labeled and that 
you cannot identify from the service 
information you have. If this is the 
case, note the setting of the uniden¬ 
tified control and mark it in some way 
so that you can return it to its origi¬ 

nal position. Then experiment with 
the control to see its effect on the 
television picture. Compare the pic¬ 
ture with the illustrations in this book 
for some clue to the purpose of the 
control. Later, when you analyze the 
circuit of your receiver, you will un¬ 
doubtedly find out its exact purpose. 
Once you have become familiar 

with the adjustment of all the con¬ 
trols on your set, you are ready to re¬ 
move the set from its cabinet and 
learn more about what goes on in¬ 
side. Before you remove the set from 
the cabinet, study the following sec¬ 
tion on physical construction so that 
you will be able to take the chassis 
from the cabinet without damaging 
it. 

Physical Construction 
It is very important for you to be 

thoroughly familiar with the con¬ 
struction of TV sets. When you re¬ 
move a chassis from its cabinet, you 
should know just where to look for 
all of the screws that hold the chassis 
and you must know what precautions 
to take to avoid damaging any of the 
parts or the cabinet. Valuable time 
can be wasted in looking for the right 
screws in order to take the set apart 
or in trying to remove the set without 
first removing all obstructions. 
Fig. 16 shows front, bottom, side 

and rear views of a typical TV cabi¬ 
net. Inspect your set and locate, but 
do not remove, the screws that hold 
the chassis in the cabinet. If your 
set is a console model, there will prob¬ 
ably be no cover on the rear lower 
half of the cabinet. The chassis will 
be in the upper half, and the screws 
that hold it in the cabinet can be 
reached from the open lower half. 

The next step in your study of con¬ 

struction is to remove the screws that 
hold the back cover on the cabinet. 
There are usually at least four screws, 
one in each corner. When you have 
the screws removed, remove the cover 
by pulling it straight out from the 
back of the set. Do not attempt to 
slide it up or down because often the 
neck of the picture tube extends 
through the back cover and is pro¬ 
tected by a special cover attached 
to the back cover. Also, there will 
be some form of interlock arrange¬ 
ment that cuts off the power to the 
set when the back cover is removed. 
This is usually a line cord connector 
permanently attached to the back 
cover that is pulled out of the chassis 
receptacle when the cover is removed. 
In order to operate the set with the 
cover removed or the chassis out of 
the cabinet, you will have to get a 
replacement line cord with connector 
or else remove the line cord connector 
from the cover. 
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FIG. 16. Four views of a typical TV cabinet. 

REMOVING CHASSIS 
Before you attempt to remove the 

chassis of your set from its cabinet, 
study how the picture tube is 
mounted. There are three possible 
ways. You must see which of these 
is used and decide how to remove the 
chassis and tube with the least danger 
of damage to any of the parts. 

The Picture Tube. The usual 
method in modern TV sets is to 
mount the tube directly on the chassis 
so that the tube will come out with 
the chassis. There is no mechanical 
connection between the picture tube 
and the cabinet. Fig. 17 shows a 
chassis with the tube mounted in this 
way. The neck of the tube is sup¬ 
ported by the deflection yoke as¬ 
sembly and the front of the tube is 
held to the chassis by means of an 
adjustable trap. When removing this 
type of chassis, hold it so that the 
picture tube cannot slip out. The 

picture tube may not be securely 
fastened. 
Another method is to mount the 

tube, along with the deflection yoke 
and coil assembly, separately in the 
cabinet. To remove the chassis from 
this type of set, you must disconnect 
the leads from the picture tube as¬ 
sembly to the chassis, and then re¬ 
move the chassis. Plug-in connections 
from the picture tube and deflection 
coil assemblies are often made to the 
chassis so that disconnecting them is 
no problem. 

The third and least used method of 
mounting is one in which the tube is 
connected both to the cabinet and to 
the chassis. With this method, the 
face of the tube is usually clamped 
to the front of the cabinet, and the 
neck is supported by the deflection 
yoke assembly on the chassis. This 
is probably the most difficult of the 
three types of mounting to remove. 
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FIG. 17. TV tube mounted completely 
on the chassis. 

When this type of mounting is used, 
cabinet construction is usually such 
that the tube can be removed through 
the front. If this is the case, you 
must disconnect the tube and remove 
it before removing the chassis. If 
the tube cannot be removed through 
the front of the cabinet, you must 
disconnect the leads from chassis to 
tube, and remove the chassis first, 
giving such support as you can to the 
tube neck while removing the chassis, 
and then remove the picture tube. 

The Speaker. Speakers are al¬ 
most always mounted on the cabinet. 
In some cases electrical connections 
to the chassis are made through a 
plug. If so, and the speaker is 
mounted so that it will not interfere 
with the chassis removal, you need 
only disconnect the plug before re¬ 
moving the chassis. In many cases, 
even though electrical connections to 
the speaker are made through a plug, 
you will find that the speaker is in 
the way if you try to slip the chassis 
or the picture tube out of the cabinet. 
Therefore, the speaker must be re¬ 
moved first. If the speaker is perma¬ 
nently wired to the chassis assembly, 
the speaker must be taken off the 
cabinet and removed at the same time 
as the chassis. 

If you have studied the methods 
used to mount the picture tube and 
speaker in your set, you are now 
ready to remove the chassis. If the 
manufacturer’s service information 
gives instructions on removing the 
tube and chassis, study them before 
you start. A step-by-step procedure 
is given here for removing the chassis, 
that will assure maximum safety both 
for yourself and for the parts of your 
receiver. 

1. Provide Space for Chassis on 
Bench or Table. Before you begin to 
remove the chassis from your set, 
make sure to clear space on your 
bench for it. The chassis is heavy, 
and if you should have to hold it with 
one hand while attempting to clear 
the bench with the other, you might 
easily drop it and damage a number 
of parts. 

2. Remove Knobs. All knobs on 
the front of the cabinet should be 
taken off and put in a safe place 
where they will not be lost. These 
knobs will usually slip off when pulled 
straight out from the set, but in some 
cases there may be set screws holding 
them to their shafts. 

3. Disconnect Antenna. Before at¬ 
tempting to remove the chassis, dis¬ 
connect the antenna lead-in from the 
terminals on the back of the set. 
Make sure that the lead-in is not 
under foot where you might trip over 
it while you have your arms full. 

4. If Necessary, Remove Tube. 
If your set is of the type with the 
tube mounted on the chassis, you can 
omit this step. It may also be omitted 
if the tube mounting is entirely sep¬ 
arate from the chassis. In this case, 
the tube can be removed later after 
you have the chassis out. However, 
if the tube is attached to the cabinet 
in any way so that the tube and the 
chassis must be removed separately, 
disconnect the leads between the pic¬ 
ture assembly and the chassis. 
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5. Disconnect Speaker. If your 
speaker is not connected to the chas¬ 
sis assembly with a plug, it may be 
easier to take the speaker from its 
mounting on the cabinet and take it 
out with the chassis rather than to 
disconnect the leads. The speaker 
must be removed first if it will be in 
the way when you try to slide the 
chassis out of the cabinet. 

6. Remove Chassis-M o un ting 
Screws. There are usually four of 
these on the bottom of the cabinet, 
or if the cabinet is a console model, 
on the bottom of the shelf on which 
the chassis is mounted. When remov¬ 
ing the mounting screws from a table 
model receiver, do not turn the re¬ 
ceiver on its side. Slide the corners 
of the set over the side of the work¬ 
bench so you can remove the screws 
one at a time. Hold the set with one 
hand while you do this so it cannot 
slide off the bench. When these are 
removed, you are ready to slide the 
chassis out of the cabinet. Before 
pulling the chassis out, make sure 
that there are no obstructions and 
that all leads have been removed. 

7. Remove the Chassis. To re¬ 
move the chassis, pull it straight back 
out of the cabinet. If you cannot get 
hold of the chassis directly in order 
to slide it out, use the power trans¬ 
former. the shield case over the hiah 
voltage supply or some other strong 
mechanical structure as a hand hold. 
Never try to move a chassis by grab¬ 
bing tubes, filter capacitors or small 
shield cans. When carrying a chassis 
with the picture tube mounted on it, 
be careful to carry it in such a way 
that the picture tube cannot slip out. 
Observe the same care that you would 
in carrying a picture tube alone. 

Once you have your chassis out of 
the cabinet, you must devise some 
means of setting it un so that it is 
convenient to work on. The exact 

manner in which you set it up on the 
bench will, of course, depend upon the 
type you have. It must be placed so 
that both the top and the bottom of 
the chassis are easily accessible. In 
doing this, do not put any strain on 
the picture tube or other parts that 
are mounted on the chassis. 

If your set is of the type that has 
i he tube mounted separately from the 
chassis or has the tube mounted 
partly on the cabinet and partly on 
the chassis, you will have to make 
some provision to mount the tube on 
or near the chassis. 

The following paragraphs should be 
of help to you in mounting your 
chassis and picture tube securely on 
your workbench. 

Picture Tube Mounted on Chas¬ 
sis. If your set has the tube mounted 
securely to the chassis, all you need to 
do is to find some way of standing 
the chassis on its side without danger 
of tipping it over and without putting 
any strain on the picture tube or other 
parts. A simple support bracket is 
shown in Fig. 18. Make the bracket 
of strap iron % inch wide, 1/16 inch 
thick, and 28 inches long. Drill a 
hole at one end large enough to clear 
the bolts that were used to mount 
your chassis in its cabinet. At the 
other end drill a hole large enough to 
clear a No. 8 or a No. 10 wood screw. 
Bend both ends at a 45-degree angle 

FIG. 18. Chassis support brackets can 
be used to hold a chassis firmly on the 

workbench. 
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as shown. Two of these brackets will 
hold your television chassis so that it 
is nearly impossible to knock it over. 
Fig. 18 also shows how to attach the 
support brackets to the chassis and 
the bench. 

If you have a modern large-screen 
television set, the picture tube may 
be wider than the chassis. In this 
case, cut one or more lengths of 
wooden two-by-fours and place them 
under the edge of the chassis. These 
should be as long as the chassis is 
deep. Fasten as many of these under 
the edge of the chassis as you need 
to keep the weight of the chassis off 
the picture tube, and the picture tube 
off the top of the bench. With the 
blocks under the chassis, connect the 
support brackets as shown. Since the 
support brackets are soft iron, they 
can be easily bent to adjust for chas¬ 
sis of various widths. 

Picture Tube Mounted Separate¬ 
ly. If your set is of the type that has 
the picture tube and deflection yoke 
assembly separate from the chassis, 
support the chassis on the bench with 
a support bracket as just described. 
To mount the picture tube, you will 
have to make a special block to go 
under the front of the tube and also 
support the deflection yoke and other 
components on the neck of the tube. 

ITG. 19. Picture-tube supporting 
blocks. 

FIG. 20. Chassis with separately mounted 
picture tube arranged ob workbench. 

Blocks that can be used to support 
the tubes are shown in Fig. 19. The 
dimensions of these blocks depend 
upon the size and shape of the picture 
tube; however, we recommend that 
they be made of material at least one 
inch thick to give ample support to 
the tube. Fasten a strap made of 
canvas or 300-ohm twin lead trans¬ 
mission line to one side of the front 
block with a wood screw and a wide 
washer. Then put the tube in the 
block, stretch the strap tightly over 
the tube, and fasten it to the other 
side of the block with another screw 
and washer. Fig. 20 shows the ar¬ 
rangement of a chassis and separately 
mounted picture tube on the work¬ 
bench. The height of the w'ooden 
block under the yoke should be care¬ 
fully adjusted so that there is no 
strain on the neck of the picture tube 
where it passes through the deflection 
coil assembly. 

Tube Partially Mounted on Chas¬ 
sis. It is possible that your set may 
have the deflection coil assembly per¬ 
manently attached to the chassis and 
the tube attached to the front of the 
cabinet. Thus, the neck of the tube 
is supported by the chassis, but the 
front of the tube is supported by the 
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BOTTOM VIEW OF CHASSIS 

Courtesy Westinghouse 

FIG. 21. Typical chassis layout diagram. 
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cabinet. If so, you will need to make 
a wooden block and a strap to sup¬ 
port the front of the tube while the 
receiver is out of the cabinet. This 
can be similar to the front part of 
the one shown in Fig. 19. It should 
fit right under the front of the picture 
tube. Before attaching the block to 
the chassis, try the tube in it, to see 
whether the block should go right 
against the chassis, or whether you 
will need spacers between the block 
and the chassis to put the block in 
the right position. The support block 
can be mounted with two long bolts 
going through block, spacers, and 
chassis, or clamped to the chassis 
with “C” clamps. If you must drill 
holes in the chassis to mount the sup¬ 
port block, be very careful when drill¬ 
ing so that you do not damage any 
parts under the chassis. 

LOCATION OF PARTS 

Now that you have the chassis out 
of the cabinet, you should study it 
carefully and practice locating the 
various parts. If you have been able 
to obtain complete manufacturer’s 
service data on your receiver, you 
will have a chassis layout diagram 
similar to that shown in Fig. 21. If 
you do not have such a diagram, you 
should make one for your set. At 
this time, you may not know the 
purpose of all of the parts that appear 
on the top of the chassis, but you can 
make a sketch of the top view of the 
chassis and put in the tube types and 
identify such parts as you can at 
this time. Later, when you study the 
schematic and analyze the circuits of 
your receiver, you will be able to 
identify the rest of the parts. Such a 
diagram as this is essential in servic¬ 
ing. Effect-to-cause reasoning will tell 
you what portion of the set is defec¬ 
tive. The chassis layout diagram 
shows you where the defective stages 

are located. A diagram of the chassis 
layout may also save you the trouble 
of removing the chassis just to re¬ 
place a tube. 

The chassis layout shown is typi¬ 
cal. Note that there are definite 
groups of tubes. The tuner is very 
often a sub chassis. The rf ampli¬ 
fier, oscillator, and mixer tubes are 
mounted on this sub chassis close to 
each other. You will usually find that 
the tube closest to the antenna con¬ 
nection on the tuner assembly is the 
rf amplifier, and the one closest to 
the tuning control is the oscillator. 
The video i-f stages are usually 

mounted in a straight line, with alter¬ 
nate tubes and i-f transformers. Once 
you have located the first i-f stage, 
you need only go down the line to 
find any of the succeeding stages. 
The tubes that handle the sound sig¬ 
nal are usually grouped together— 
the sound i-f amplifier, detector, au¬ 
dio amplifier, and and audio output 
tubes. The B-j- and high-voltage 
power supplies are easily identified 
and are usually mounted toward the 
rear of the chassis. Sync and sweep 
circuits are more likely to be scattered 
over the chassis. 
Once you have become familiar 

with the layout of your chassis, you 
should study the under side and learn 
to locate the various parts by using a 
schematic diagram. 

Using the Schematic Diagram. 
When troubleshooting, the profes¬ 
sional serviceman observes the effect 
of trouble on the sound or picture, or 
both, and then uses effect-to-cause 
reasoning to decide what the possible 
sources of trouble are. Almost in¬ 
variably, his next step is to refer to 
the schematic diagram for the set in 
question and find the points in the 
circuit at which he wishes to make 
tests or observations. Since this is 
an essential step in the professional 
troubleshooting process, it is very im-

20 



portant for you to practice locating 
tiie various parts under the chassis 
by using the schematic diagram. 

If you had to draw your own chas¬ 
sis layout diagram, you could now 
identify the function of each tube in 
that diagram by locating the tubes 
on the schematic. Study your sche¬ 
matic carefully. Note that each tube 
is labeled with the tube type, its func¬ 
tion, and a symbol number. Resis¬ 
tors and capacitors are labeled with 
a symbol number beginning with R 
for resistors, and C for capacitors, 
and also the resistance or capacitance 
of the part. Coils are labeled with a 
symbol number beginning with L and 
may also show the frequency to which 
they are tuned if they are tunable. 
Many schematic diagrams also give 
the voltages that should be obtained 
at various points in the circuit, and 
possibly the wave shape that should 
be seen on an oscilloscope. 

To find out the function of one of 
the tubes on your chassis layout dia¬ 
gram, first identify the tube type 
number and then look under the chas¬ 
sis at the connections to the socket 
for that tube. Notice what parts are 
connected to each of the tube pins. 
It may be helpful if you draw a dia¬ 
gram of the connections to that tube 
socket. Next, check the tubes of that 
type on your schematic diagram until 
you find one with the proper parts 
connected to the various pins. The 
label on the schematic diagram will 
tell you the purpose of the tube. 

Whether you have a complete chas¬ 
sis layout diagram or not, you should 
follow the same procedure for each 
tube on your chassis for practice. 
You should also reverse the process. 
Pick out a tube on the schematic dia¬ 
gram and note the various parts and 
the value of the parts connected to it. 
Next, find the tube on the chassis by 
first looking for the type of tube and 
then inspecting the connections to the 

tube socket to find the same parts as 
appeared on the schematic diagram. 
When you have done this for every 
tube in your set, you will have had 
considerable experience in locating 
parts from the schematic diagram, 
and should be able to do this quickly 
in any set. 

ANALYZING THE CIRCUIT 

Now that you are thoroughly fa¬ 
miliar with the physical construction 
of your set and can locate the various 
parts, you should analyze the circuit. 
This means that you should follow 
the TV signal through the various 
stages and note the effect that each 
stage has on the signal. 
Fig. 22 is a block diagram of 

blocks representing those essential 
circuits found in all TV receivers. 
This is not a diagram of any par¬ 
ticular receiver. The arrows between 
the blocks show what type of signal 
is fed into a given stage and what 
type of signal comes out of it. By 
tracing the signal through these vari-
out stages, you can get a clear pic¬ 
ture of the part each section of the 
receiver plays. 

The signal received at the antenna 
is fed into an rf amplifier, which will 
pass both video and sound signals. 
These signals are fed into a mixer 
where they beat with a signal from 
the local oscillator which converts 
them to lower frequencies. 

If the set uses a separate-channel 
i-f system, the sound i-f carrier would 
be taken off between the mixer and 
the video detector, as shown by the 
dotted arrow. However, the more eco¬ 
nomical and more common i-f system 
is an “intercarrier system” in which 
both sound and picture i-f pass 
through a common amplifier to the 
video detector where a sound i-f signal 
of lower frequency (4.5 megacycles) 
is produced by beating the picture 
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FIG. 22. A block diagram of the essential circuits in all television receivers. 

carrier against the sound carrier. This 
sound i-f signal is fed to a sound i-f 
stage, or stages, then to the detector. 
The audio signal is amplified and fed 
to the speaker. 

In addition to the sound i-f signal, 
a composite video signal is produced 
by the video detector. This signal 
contains both picture information and 
sync pulses. A video amplifier, which 
will pass frequencies from 0 to 4 meg¬ 
acycles, increases the amplitude of 
the composite video. This high level 
video signal modulates the beam of 
the picture tube to reproduce in black 
and white the scene before the cam¬ 
era. 
The application of the composite 

video signal to the control grid cir¬ 
cuit of the picture tube is not enough 
to produce a picture on the screen. 
Before a picture is possible, a raster 
must be produced. To accomplish 
this, the composite video signal is 
taken from the video detector and 
fed into the sync circuits. 
Three things happen in the video 

signal in the sync circuits. First, the 
sync pulses are separated from the 

picture information. Second, the hor¬ 
izontal and vertical pulses are sep¬ 
arated from each other; and third, the 
horizontal and vertical pulses are 
shaped to provide proper synchro¬ 
nizing action on their respective sweep 
circuits. 
The sweep voltages developed and 

amplified in the sweep circuits are 
delivered to the deflection yoke of 
the picture tube where they create 
the necessary magnetic fields to deflect 
the beam and form the raster on the 
face of the tube. In most modern TV 
sets pulses from the horizontal output 
tube are stepped up by means of an 
auto-transformer, rectified, filtered, 
and used as the high voltage supply 
for the picture tube. 
From this study of what happens 

to the TV signal in a receiver, it is 
obvious that the receiver circuits can 
be divided into a few major sections 
for the purpose of effect-to-cause rea¬ 
soning. The first major section con¬ 
tains the circuits that handle both 
picture and sound signals: the rf am¬ 
plifier, the mixer, the oscillator, and 
in some cases the video i-f ampli-
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fiers. The second section contains the 
circuits that handle only sound sig¬ 
nals: the sound i-f, the sound detec¬ 
tor, and the sound amplifier. The 
third section includes the circuits that 
handle the composite video signal: 
the video detector and the video am¬ 
plifier. The fourth section contains 
the circuits used to produce the ras¬ 
ter: sync circuits, vertical and hori¬ 
zontal sweep, and high voltage power 
supply. Another section, not shown 
here because this particular diagram 
is concerned only with the TV signal, 
contains the low voltage and filament 
power supplies. 

Now that you have become familiar 
with the effects that the various sec¬ 
tions of the TV receiver should have 
on the signal, you are ready to ana¬ 
lyze the circuit of your own receiver. 

Lack of space prevents us from mak¬ 
ing an analysis of every receiver. 
However, we will analyze three typi¬ 
cal sets, which cover most of the cir¬ 
cuit variations in TV sets. The sche¬ 
matic diagrams of these sets are on 
a separate large sheet enclosed in this 
book. 

To analyze the circuit of your re¬ 
ceiver, first study all the analyses 
made here. After you have studied 
these, make a similar analysis of the 
circuit for your own set. The easiest 
way to do this is to compare the 
schematic diagram of your set, section 
by section with those shown here. For 
any given section of your set, find 
the section in one of the schematics 
in this book that most nearly re¬ 
sembles it. Your analysis will then 
be quite similar to the one made here. 

Westinghouse H-609T10 

This Westinghouse Model H-609T10 
uses a 10-inch picture tube with elec¬ 
tromagnetic deflection. Its circuit is 
typical of television receivers that 
were produced several years ago when 
10-inch screens were popular. 

THE BLOCK DIAGRAM 

The first step in analyzing any cir¬ 
cuit is to have a block diagram of 
the over-all circuit. You should un¬ 
derstand the relationship of each stage 
to the other stages in the circuit. A 
block diagram of this receiver is 
shown in Fig. 23. If you have com¬ 
plete servicing data on your receiver, 

you might have a block diagram. If 
you do not, the first thing you should 
do is draw one. 

Let us follow the path of the sig¬ 
nal in the diagram. The signal re¬ 
ceived at the antenna is amplified in 
the rf amplifier and delivered to the 
mixer where it beats with the output 
of the rf oscillator. This produces 
the audio and video i-f signals. These 
i-f signals from the mixer are de¬ 
livered to the control grid of the first 
i-f tube. 

There are four i-f stages. The out¬ 
put of the last i-f amplifier is fed to 
the video detector. The gains of the 
first and second i-f stages and of the 
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FIG. 23. Block diagram of Westinghouse Model H-609T10. 

ri' amplifier are controlled by the out-
put of a keyed age tube. 

After detection the video signal is 
fed to a video amplifier and to a sync 
amplifier. The signal from the video 
amplifier is used to control the beam 
in the picture tube. 

In the video detector the audio and 
video i-f carriers beat together to pro¬ 
duce a new audio i-f signal at 4.5 me. 
This audio signal is fed to a two-stage 
i-f amplifier and then to a ratio de¬ 
tector. The audio output of the de¬ 
tector is amplified and fed to a loud¬ 
speaker. 

The output of the first sync ampli¬ 
fier is fed to the keyed age tube, to 
a noise clipper, and to a sync sepa¬ 
rator. The output of the sync sepa¬ 
rator drives a second amplifier. Two 
outputs are taken from the second 
sync amplifier; one is fed to the ver¬ 
tical oscillator, and the other to a 
phase inverter. 
The two outputs from the phase 

inverter are fed to the horizontal afc 
tube where they are compared with a 
signal from the horizontal output 

tube. The output signal from the 
horizontal afc is fed to the horizontal 
oscillator. The sweep signal gene¬ 
rated by the horizontal oscillator is 
fed to a horizontal output tube. This 
horizontal output tube drives the de¬ 
flection yoke of the picture tube and 
a damper tube from one output; a 
second output from the horizontal 
amplifier is fed back to the keyed 
age tube. 

The vertical oscillator drives a ver¬ 
tical output tube which in turn drives 
the deflection yoke for the picture. 

High voltage for the picture is de¬ 
veloped in a high voltage oscillator 
and rectified in a 1B3 rectifier. 

Now that you have the block dia¬ 
gram of this receiver in mind, let us 
look at the complete schematic dia¬ 
gram shown in Fig. 24 on the large 
sheet, and see what the actual circuits 
look like. 

ANALYZING THE SCHEMATIC 

The schematic shown has been di¬ 
vided into five major sections: rf, 
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souna i-í and audio, video, sweep, 
and power. Having the diagram thus 
divided simplifies the analysis of the 
circuit somewhat in that you can 
study it section by section. 

RF Section. As indicated by the 
dotted line surrounding it, the rf sec¬ 
tion or tuner is a separate sub-chassis. 
The rf amplifier, mixer, and oscillator 
circuits are included on this chassis. 
The tuning coils which form the res¬ 
onant circuits in this section are wired 
on wafer-switch sections. As the se¬ 
lected channel frequency is lowered, 
more coils are added in series in each 
tuned circuit, lowering the resonant 
frequency of the circuit. This type 
of front end is called an “incremental 
inductance” tuner. 
The antenna lead-in is connected 

to a matching transformer, L101. A 
parallel-resonant circuit across the 
output of L1Ü1 is formed by the coils 
on the first wafer-switch section and 
the distributed capacity in the cir¬ 
cuit. AGC bias from the main chas¬ 
sis is fed to the grid of the rf amplifier 
through R101. C101 is a de blocking 
capacitor. 

The rf amplifier is coupled to the 
mixer grid by a double-tuned broad¬ 
band circuit. The tapped inductances 
on each of the next two wafer-switch 
sections form parallel-resonant cir¬ 
cuits which are capacitively coupled 
by C110. Capacitors C106, C107 and 
Cl08 are used to increase the coupling 
at the lower frequencies. R103 and 
R104 load the circuits on the lower 
baud and broaden the response. C128 
and Clll are de blocking capacitors. 

The 6C4 oscillator tube is in an 
ultra-audion circuit, which is a form 
of Colpitts oscillator. A resonant cir¬ 
cuit, formed by C118, C119, the dis¬ 
tributed circuit capacities, and the 
coils on the fourth wafer of the w’afer-
switch gang, is in the grid circuit of 
this triode. Plate-to-grid feedback is 

accomplished through the interelec¬ 
trode capacities of the tube. The 
plate is grounded for rf, and choke 
coil L1Ü6 raises the cathode above 
ground for rf while providing a de 
return. The oscillator frequency can 
be varied slightly by means of the 
fine-tuning control, C119. The oscil¬ 
lator is coupled to the grid of the 
mixer through capacitor Cl 15. 

In the mixer, the signal from the 
oscillator beats against the audio and 
video carriers and their respective 
sidebands. Since the oscillator is 
tuned 26.1 me higher than the video 
carrier, the i-f signal produced by the 
mixer is a band of frequencies which 
ranges from approximately 21 to 27 
me. This includes a 21.6-mc sound 
carrier and a 26.1-mc picture carrier 
signal. 

I-F Section. The i-f signals pro¬ 
duced by the mixer are fed to the 
video i-f section. The type of ampli¬ 
fier used here is called a “stagger-
tuned” i-f section. It uses single 
parallel-resonant circuits between the 
various stages instead of double-tuned 
i-f transformers of the type found in 
most radio receivers. Each of these 
resonant circuits is tuned to a dif¬ 
ferent frequency, so that the over-all 
response of the i-f stages is relatively 
broad and flat as shown in Fig. 25. 

The first resonant circuit, consist¬ 
ing of L306 and C330, is the plate 
load for the mixer. This circuit is 
tuned to 22.6 me. The i-f signal is 
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FIG. 25. Over-all i-f response. 
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coupled to the grid of the first i-f 
amplifier through C312 and a parallel-
resonant circuit consisting of L301 
and C302, which is used to block high 
frequency oscillator signals. 

You will note that each .of the i-f 
interstage coupling coils is tuned to 
a different frequency. Compare these 
frequencies with the points marked on 
the response curve in Fig. 25. The 
two coils which tune in the middle of 
the pass band are resistor loaded to 
broaden and flatten their individual 
response curves. 

The fourth i-f stage has a trap in 
its cathode circuit tuned to reduce 
the sound i-f carrier. This trap, a 
parallel-resonant circuit, presents a 
high impedance to the sound i-f. 
Since the trap is in the cathode cir¬ 
cuit, it makes the stage degenerative 
for the sound i-f and greatly reduces 
the gain of the stage at that fre¬ 
quency. 

All of the interstage coupling coils 
are shunted by the tube input and 
output capacities and the stray wir¬ 
ing capacity. Since the stray ca¬ 
pacity forms a large part of the shunt 
capacity, lead positioning is very im¬ 
portant. If these leads are moved, 
the stage may be detuned. 

Video Detector. The output of 
the fourth i-f amplifier is developed 
across plate load coil L304 and fed 
through C310 to the cathode of the 
video detector tube. A final parallel-
resonant circuit tuned to 23 me, con¬ 
sisting of L313 and its distributed 
capacity, is in the cathode circuit of 
the video detector. 

There are two signals developed at 
the output of the video detector: a 
composite video signal that includes 
both picture information and sync 
pulses, and a 4.5-mc FM sound i-f 
signal. Both of these signals pass 
through the peaking coil L305, which 
serves to improve the high frequency 

response of the video system. The 
distribution point for the video and 
sound i-f signals is at the junction of 
L305 and R337, the grid resistor of 
the video output tube. Note that a 
test jack is provided at this point. 
From this point, the composite video 
signal is fed to the video amplifier 
and sync amplifier tubes and the 
intercarrier audio i-f is fed to the 
sound channel. 

Video Output Stage. The com¬ 
posite video signal is amplified in the 
video output tube. The amount of 
amplification of this signal depends 
upon the setting of R301, the contrast 
control. This control varies the re¬ 
sistance between the cathode and 
ground, and hence the grid bias on 
the tube, and also introduces degen¬ 
eration into the circuit. The degen¬ 
eration obtained in this stage by 
omitting the cathode by-pass capaci¬ 
tor, holds the frequency response 
constant in spite of changes in bias. 
The video output tube is coupled to 
the cathode of the picture tube 
through a 4.5-mc trap composed of 
L314 and C321. This trap eliminates 
the sound i-f signal from the video 
signal. From this trap, the ac sig¬ 
nal passes through C308 to the cath¬ 
ode of the picture tube; the de com¬ 
ponent of the video signal is coupled 
to the picture tube through R324. The 
plate load of the video output tube 
consists of peaking coil L312, and 
R330. The signal applied to the cath¬ 
ode of the picture tube has positive¬ 
going sync pulses. It has the same 
effect as a negative-going signal ap¬ 
plied to the grid of the tube. Bright¬ 
ness is controlled in the picture tube 
by varying the de potential applied 
to the grid by means of potentiometer 
R302. 

Keyed AGC Tube. The keyed age 
tube is included in the video section. 
It is normally held at cut-off by 
means of high bias and low screen 
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voltage. These voltages are set by the 
resistive divider string composed of 
R303, R340, and R341. The plate has 
no de connection. The only voltage 
appearing on the plate of this tube 
is in the form of pulses from the hori¬ 
zontal output tube. Thus the tube 
can conduct only when these pulses 
arrive at the plate. The conduction 
of the tube is governed by the ampli¬ 
tude of the sync pulses fed to the grid 
from the first sync amplifier. 

During conduction, capacitor C443, 
a length of 150-ohm twin lead, 
charges to a level which depends upon 
the conduction. Between pulses, this 
capacitor discharges through resistor 
R338 to produce a negative voltage at 
the plate of the tube. This negative 
voltage is filtered by resistor R327, 
and capacitors C331 and C304, and 
then used to control the gain of the 
rf and i-f tubes. 
Since the tube can conduct only 

during the sync interval, the age volt¬ 
age will be governed solely by the 
amplitude of the sync pulse. Sync 
pulses are used to control the age 
voltage because the tip of the sync 
pulse is at the maximum carrier level. 
If the average composite video signal 
were used to control age, the bias 
would vary with the picture bright¬ 
ness. 

Sound I-F and Audio. The sound 
section of this receiver does not differ 
greatly from an ordinary FM re¬ 
ceiver. The 4.5-mc signal from the 
video detector is delivered through 
C207 to the grid circuit of the first 
sound i-f amplifier. T201 tunes the 
grid of this tube to 4.5 megacycles. 

In an intercarrier receiver, it is 
necessary to prevent the audio i-f sig¬ 
nal from exceeding 10% of the video 
i-f carrier. This low level of audio in 
the video detector requires two stages 
of amplification before demodulation. 

The output of the ratio detector 
feeds a two-stage audio amplifier and 

loudspeaker. Trace the cathode lead 
of the 6K6 tube and you will find 
that it is connected to the plate of the 
horizontal damping tube through a 
low-pass filter. This filter is composed 
of C405, R412, and C424. The reason 
for this will be taken up when we 
discuss the damper tube. 

The loudspeaker is of the electro¬ 
dynamic type. The field coil of this 
speaker is used as a filter choke for 
the low voltage power supply. The 
presence of 120-cycle ripple across 
the field coil requires a hum bucking 
coil in series with the voice coil. 

Sweep Section. The sweep section 
includes both sync and sweep-gener¬ 
ating circuits. Its over-all purpose is 
to produce horizontal and vertical 
sweep currents that will move the 
electron beam across the picture tube 
in sync with the electron beam in the 
camera tube at the transmitter. 

You will note that in this section 
of the schematic diagram the manu¬ 
facturer has shown waveforms ob¬ 
tained on the oscilloscope at critical 
points throughout the circuit. Let us 
trace the signal through this section. 
Sync Amplifiers and Separator. 

The composite video signal taken 
from the video detector output is fed 
to the grid of the first sync amplifier 
(left-hand triode of the 12AT7). This 
tube amplifies the composite video 
signal and shifts its phase 180 degrees. 
The cathode of this triode is con¬ 
nected directly to ground. A plate 
voltage of 50 volts is applied through 
R455, the plate load resistor, and a 
positive grid voltage is applied 
through R457. A noise clipper circuit 
consisting of C407, R456, and one-
half of a 6AL5 tube is connected be¬ 
tween the output of the first sync 
amplifier and ground. When noise 
pulses exceeding the amplitude of the 
sync pulses appear in the output of 
the sync amplifier, the noise clipper 
conducts, providing a low resistance 
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path to ground. This action prevents 
noise pulses from affecting the sync 
and sweep circuits and the age tube 
which are fed by this stage. 

The output of the first sync am¬ 
plifier is coupled to the grid of the 
sync separator through C441 and the 
series RC combination formed by 
R459 and C440. The sync separator 
is used to remove all of the composite 
video signal except the sync pulses. 
It is a self-biasing triode with low 
plate voltage so that plate current 
flows only when positive sync pulses 
are applied to the grid; hence the 
rest of the signal is clipped off and 
the output of the sync separator is 
a negative-going sync pulse. 

The sync pulse from the sync sepa¬ 
rator is coupled to the grid of a second 
sync amplifier. Two sync signals are 
taken from the second sync amplifier. 
One is coupled through C444 to the 
grid of a phase inverter. The other 
output is taken from the cathode and 
fed to the vertical multivibrator. 

Vertical Sweeps. The sync pulses 
from the second sync amplifier pass 
through an integrator network. This 
network consists of three resistors 
and three capacitors combined in a 
single unit. In the integrator, the 
horizontal sync pulses are greatly re¬ 
duced and the vertical pulses are 
shaped for best triggering of the ver¬ 
tical oscillator. 

The vertical multivibrator is ad¬ 
justed so that its free-running fre¬ 
quency is slightly less than 60 cycles 
per second. However, when uncon¬ 
trolled, the frequency or phase may 
deviate slightly. Therefore, it is nec¬ 
essary that it be synchronized by the 
incoming sync pulses. The sync pulses 
trigger the multivibrator, increase its 
operating frequency to 60 cps. and 
hold it in nhase with the transmitter 
vertical sweeps. 

The multivibrator consists of two 
triodes. The output of the first is 

coupled to the grid of the second 
through capacitor C445. The feed¬ 
back coupling from the second triode 
to the first is obtained with a common 
cathode resistor. 

The free-running frequency of the 
multivibrator is determined by the 
time constant of C445, R464, R465 
and R405. R405 is the Vertical Hold 
control. This control is used to set 
the free-running frequency to a value 
slightly less than 60 cycles. The 
multivibrator is then pulled into step 
by the sync signal which is applied 
to the grid of the first triode section. 

The output of the multivibrator is 
a sharp negative pulse. The ampli¬ 
tude of this pulse is set with R402, 
the height control; varying this con¬ 
trol may cause small changes in the 
frequency of the oscillator. The pulse 
output of the multivibrator does not 
have the proper shape for sweeping. 
R421 and C409 modify it to the 
proper trapezoidal shape. The verti¬ 
cal output tube amplifies this trape¬ 
zoidal wave and drives the vertical 
coils in the yoke assembly through 
an output transformer. 

The vertical linearity control. R403, 
controls the bias on the vertical out¬ 
put tube so that the sweep signal will 
have the correct shape. This wave¬ 
shaping is accomplished by operating 
the vertical output tube on a portion 
of its grid-plate characteristic which 
will introduce distortion to counteract 
the distortion in the wave shape as 
it appears at the grid of the tube. 

The resistors. R449 and R450, con¬ 
nected across the deflection coil damp 
out the oscillation that would occur 
during the sweep flyback interval. 

Horizontal Sweep Circuits. The 
horizontal oscillator is also a cathode-
coupled multivibrator. The ringing 
coil. L403, serves as the horizontal 
frequency control. This coil and C434 
form a parallel-resonant circuit tuned 
to approximately 15,750 cycles. Fine 
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adjustment of the frequency is made 
with R404, the Horizontal Hold con¬ 
trol. R426 and C432 shape the out¬ 
put of this multivibrator. 

The horizontal sweep signal is am¬ 
plified in the horizontal output tube. 
The gain of this stage and hence the 
width of the picture is controlled by 
R40G in the plate circuit. The deflec¬ 
tion yoke is connected between the 
plate and the cathode through a de 
blocking capacitor, C410. If the plate 
current for the output tube were al¬ 
lowed to flow through the yoke, the 
resulting magnetic field would move 
the picture off-center. 
Horizontal sync pulses from the 

phase inverter are compared with a 
signal from the horizontal output in 
the horizontal afc diode. If the 
horizontal output signal differs in fre¬ 
quency or phase from the sync pulse, 
a voltage is produced across R445. 
This voltage varies the bias on the 
grid of the first section of the hori¬ 
zontal oscillator to bring it into step 
with the horizontal oscillator at the 
transmitter. 
The purpose of R438 and C415 is 

to provide a long time constant so 
that the voltage appearing on the 
grid of the multivibrator tube will be 
an average of the voltages that ap¬ 
pear across R445. 

This receiver does not have either 
horizontal drive or horizontal lin¬ 
earity controls. 
The horizontal damping tube is 

connected across the output of the 
horizontal amplifier tube to prevent 
oscillations that would otherwise oc¬ 
cur because of the sudden collapse of 
the magnetic field of the horizontal 
deflection coils during the horizontal 
retrace time. This tube conducts on 
the first negative cycle of these oscil¬ 
lations. thus damping any further os¬ 
cillation. This damped pulse returns 
to ground through C424. 

A polarizing voltage to control the 
conduction level of the 6W4 hori¬ 
zontal damping is obtained by con¬ 
necting this tube in the cathode de 
return of the 6K6 audio output tube. 
The cathode of the 6K6 is connected 
to ground only when both the 6W4 
and the GBQ6 are conducting. The 
15,750-cycle pulses through this cir¬ 
cuit are smoothed out by C405 and 
do not appear in the audio output. 

Focus. The focus coil (L402) is 
energized by the plate current drawn 
by all tubes except the horizontal out¬ 
put. The amount of current that flows 
through the coil may be controlled 
to some extent by the focus adjust¬ 
ment R401. This, in series with R408. 
shunts the focus coil. 

High-Voltage Power Supply. The 
principal components in the high-
voltage power supply are the oscil¬ 
lator tube, the transformer T502, and 
the high voltage rectifier tube. C507 
and one winding of T502 form a tuned 
circuit in the plate circuit of the 
oscillator. C507 is tuned for maxi¬ 
mum de output from the rectifier. 
Feedback to the grid is accomplished 
through the bottom winding of T502. 
High voltage is developed through 
induction across the rectifier plate 
winding of T502, and the rectified 
high-voltage de appears at the fili-
ment of the high-voltage rectifier. 
Another winding in T502 provides the 
necessary filament current for the 
high-voltage rectifier. C505, R502, 
and the capacity between the inside 
and outside coatings on the cathode 
ray tube provide a smoothing filter 
for the rectified high voltage. 

Low-Voltage Power Supply. The 
low-voltage power supply is a con¬ 
ventional transformer type of power 
supply. 117 volts ac is applied to the 
primary of power transformer T501 
through switch SW501, where it is 
stepped up and applied to the plates 
of the low voltage rectifier, 5U4G. 
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A de voltage of 290 volts appears at 
the filament of the rectifier. This 
voltage is fed into a filter network 
consisting of C501, the speaker field 
coil, and C401, which smooths the 
B+ voltage for application to the 
plates of the various tubes. A 5-volt 
filament winding is provided on T501 
to supply the rectifier filaments, and a 
12-volt filament winding is center¬ 
tapped to supply the 6-volt filaments 

of the other tubes in the set. A sepa¬ 
rate filament transformer, T402, is 
provided to supply filament voltage 
to the horizontal damping tube. Hav¬ 
ing a separate filament transformer 
for the damper, means that its fila¬ 
ment can be connected to its cathode. 
If the heater were at ground potential, 
the high voltage pulses at the cathode 
would cause cathode-to-heater shorts. 

Admiral 122DX12 
The Admiral 122DX12 is a modern 

television receiver using a 21-inch 
picture tube. A block diagram of this 
receiver is shown in Fig. 26. Notice 
that this diagram differs slightly from 
the one we have just discussed. 

THE BLOCK DIAGRAM 

The manufacturer has included in 
the blocks representing the various 
stages, the frequencies those stages 
are designed to handle. 

The signal from the antenna is fed 
into the rf amplifier section. In this 
case, as shown in the rf amplifier 
block, there are two stages, V101A 
and V101B. The amplified signal 
from the second rf amplifier is fed to 
the mixer. The signal from the oscil¬ 
lator is also fed to the mixer where 
the i-f signal, ranging in frequency 
from 21 to 26 me, is developed. 

There are three i-f amplifier stages 
that amplify the signal and feed it 
to the video detector. In the video 
detector, the picture carrier signal 
beats against the sound carrier, and 
an audio i-f of 4.5 me is produced in 
addition to the composite video sig¬ 

nal. The detected video signal is fed 
from the video detector to the video 
amplifier, where it is amplified and 
coupled to the cathode of the picture 
tube. 

The 4.5-mc sound i-f signal is fed 
to the sound i-f stages where it is 
amplified and coupled to a ratio de¬ 
tector circuit. The ratio detector con¬ 
verts the sound i-f signal into an au¬ 
dio signal, which is amplified through 
two audio stages and fed to the 
speaker. 

A composite video signal is fed 
from the video amplifier to the sync 
separator where the picture informa¬ 
tion is removed, leaving only the sync 
pulses. These pulses are coupled from 
the sync separator to the sync clipper; 
from this they go to a sync inverter. 
Separate outputs from the sync in¬ 
verter supply the vertical oscillator 
and the horizontal sync discriminator. 

The output of the vertical oscillator 
goes to the vertical output tube, which 
amplifies the vertical sweep voltage 
and applies it to the vertical deflec¬ 
tion coils. A signal also goes from this 
stage to the control grid of the picture 

30 



Courtesy Admiral 

1’IG. 26. Block diagram of Admiral Model 122DX12. 

tube to assure good vertical blanking 
during retrace. 

Pulses from the sync inverter and 
feedback from the horizontal output 
stage are applied to the horizontal 
sync discriminator, which controls the 
sync of the horizontal oscillator. The 
sweep voltage developed in the hori¬ 
zontal oscillator is applied to the out¬ 
put stage, which amplifies it, and ap¬ 
plies it to the horizontal deflection 
coils. A damper is connected across 
the horizontal output to prevent 
transient oscillations. 

Also connected to the horizontal 
output circuit is the second anode 
(high-voltage) rectifier. This stage 
rectifies high-voltage pulses developed 
in the horizontal output stage, and 
applies them to the second anode of 
the picture tube. Pulses from the 
horizontal output stage are also fed 
to the gated age tube. A composite 
video signal from the video amplifier 
is used for grid excitation of the gated 
age tube. The output of this stage 

is applied to the first two i-f stages 
and the first rf stage of the receiver. 
ANALYZING THE SCHEMATIC 
Although the block diagram shown 

for this receiver is similar to that 
shown for the Westinghouse receiver, 
you will find that the schematic dia¬ 
gram shown in Fig. 27 on the large 
sheet is quite different. There are 
differences in the tuner, the i-f, the 
sweep and sync circuits, and the high 
voltage power supply. 

In this receiver and the following 
one, we will limit our descriptions of 
stages to those unlike the ones you 
have already studied in this book. 

The Tuner. The tuner of this re¬ 
ceiver is of the so-called “turret” 
type. Separate sets of coils labeled 
L101A, L101B, L102A, L102B and 
L102C are used for each channel. The 
coils are mounted on insulating strips 
which make up the sides of a drum 
or turret. Channels are selected by 
rotating the turret so that the proper 
set of coils makes contact with the 
other elements of the tuner. 
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The two rf amplifiers contained in 
the type 6BZ7 tube are connected in 
an arrangement known as a cascode 
amplifier. From the standpoint oí the 
B-F supply the two triodes are con¬ 
nected in series. 

The first section acts as a grounded-
cathode amplifier, and the second sec¬ 
tion as a grounded-grid amplifier. The 
common coupling coil between these 
stages is made very broad-band by 
the low impedance input to the second 
stage. Capacitor C120 is used to neu¬ 
tralize the first stage. An rf amplifier 
of this type is favored by many set 
manufacturers because of its high 
sensitivity and low noise. 

The signal is fed from the antenna 
to coil L101A and coupled inductively 
to L101B, which is in the grid circuit 
of the first rf amplifier. The output 
of the second stage is inductively 
coupled to the mixer. 

The resonant circuit for the rf oscil¬ 
lator, composed of L102C, C109, and 
Gill, acts as the fine-tuning adjust¬ 
ment for the receiver. The oscillator 
output is coupled inductively to the 
coil L102B and the grid of the mixer 
stage. 
Since both the oscillator and the 

rf signals are coupled to the grid of 
the mixer, they beat together to give 
the intermediate frequency of 21 to 
26 me. The mixer output is coupled 
to the first i-f stage through a band 
pass coupling arrangement consisting 
of L103, L309, C314, and a coupler 
unit. C333, C334 and 1.311 are 
tuned to 19.75 me and form a series-
resonant trap to eliminate interference 
from the video carrier of the channel 
immediately above the one to which 
the receiver is tuned. C336 and L313 
form a series-resonant circuit at 27.25 
me used as an adjacent channel sound 
trap to eliminate sound interference 
from the channel below the one to 
which the receiver is tuned. L312 in 
parallel with the two traps forms a 

parallel-resonant circuit which peaks 
the response at 23.5 me. 

I-F Section. There are three stages •. 
of i-f amplification. Inter-stage cou¬ 
pling in the i-f section is by means 
of stagger-tuned, overcoupled trans¬ 
formers. This gives a wide-band i-f 
response. The over-all band width of 
the i-f section is approximately 3.9 
me. To prevent sync buzz in the 
sound, the sound i-f signal must be 
amplified much less than the video 
signal. To accomplish this, a 21.25-
mc (sound carrier frequency) trap, 
composed of L310, C324, and C327 is 
placed in the grid circuit of the sec¬ 
ond i-f amplifier. 

Since the cathode resistors in the 
first two i-f stages are not by-passed, 
they will introduce degeneration. This 
prevents radical changes in the i-f 
response curve due to changes in the 
age bias applied to these stages. The 
output of the last i-f tube, V303, is 
inductively coupled through T303 to 
the cathode of the video detector. 
Video Detector and Amplifier 

Circuits. The video detector tube is 
one-half of a 12AT7 with the grid 
and plate tied together so that it 
serves as a diode. The 4.5-mc sound 
i-f signal is fed from the video detec¬ 
tor through C201 to the first sound i-f 
section, and the composite video sig¬ 
nal is fed to the video amplifier. L301 
and L302 are peaking coils used to 
improve the frequency response of the 
video section. C322 and 1.308 form 
a “grain” trap to prevent 4.5-mc in¬ 
terference from entering the video 
amplifier. Note that the output of 
the video detector is directly coupled 
to the grid of the video amplifier. 
Thus, there is no loss of the de com¬ 
ponent of the composite video signal. 
The contrast control, R316, is in 

the cathode circuit of the video am¬ 
plifier. This control varies the bias 
on the tube and introduces degenera¬ 
tion on strong signals. The degenera-
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tion keeps the frequency response of 
tne stage constant while the bias 
changes. 
The output circuit of the video 

amplifier is designed to maintain the 
necessary high-frequency response of 
the video system. Coil L303 isolates 
the output capacity of the video am¬ 
plifier from the input capacity of the 
picture tube, reducing the effects of 
these distributed capacities. Coil 
L304 increases the plate load impe¬ 
dance of the higher video frequencies, 
overcoming losses due to shunt ca¬ 
pacity. C320 is in parallel with 
C307A as the screen by-pass because 
electrolytics are not reliable at high 
video frequencies. C320 alone is too 
small to be a good by-pass at low 
video frequencies. Resistors R320 
and R321 are shunted across peaking 
coils L303 and L304 to load the coils 
and to prevent ringing, which is a 
form of oscillation that may occur in 
peaking coils that are shock-excited 
by video or sync pulses. The output 
of the video amplifier is coupled to 
the cathode of the picture tube 
through C309 and R324. R324 couples 
the de component of the composite 
video signal to the cathode of the 
picture tube. 

R343 and R326 form a voltage di¬ 
vider in the grid circuit of the picture 
tube. This allows the de potential on 
this grid to be varied, controlling the 
brightness of the picture. Negative 
pulses from the vertical output circuit 
are also applied to the grid of the pic¬ 
ture tube to assure good vertical re¬ 
trace blanking. 

The Sound Section. The 4.5-mc 
sound i-f signal is fed to the sound 
i-f amplifier through C201 and L201 
which are series-resonant at 4.5 me. 
C326 effectively by-passes the 21-mc 
i-f signals. The first sound i-f stage 
is a grounded-grid amplifier. The i-f 
signal appears across the parallel-res¬ 
onant circuit L203 and C219 in the 

cathode circuit of the first i-f tube. 
1.203 provides a low resistance de 
path from cathode to ground, while at 
the same time the impedance to a 
4.5-mc signal is high. C202 and 
L202, along with the input capacity 
of the second i-f amplifier, form a 
resonant pi-section coupler between 
the first and second sound i-f stages. 

The output of the second i-f ampli¬ 
fier is connected directly to the wind¬ 
ing of the ratio detector transformer 
T201. R222 is connected across this 
winding to broaden its response. Au¬ 
dio voltage is delivered from the vol¬ 
ume control R208A, through a cou¬ 
pling capacitor, C209, to the grid of 
the sound amplifier. The first audio 
amplifier is of the grid-leak biased 
type common in AM receivers. A tone 
control circuit consisting of C216 and 
R223 is connected across the output 
of this stage. The sound output am¬ 
plifier is of conventional design. A 
permanent magnet speaker is used 
in this set. 

Sweep and Sync Circuits. The 
sync circuits in this receiver are simi¬ 
lar to those in the Westinghouse re¬ 
ceiver with two exceptions. The first 
is that the vertical oscillator is a 
blocking oscillator rather than a mul¬ 
tivibrator. The second is that the 
high voltage power supply is actually 
a part of the horizontal output cir¬ 
cuit rather than a separate oscillator. 
You will note also that the composite 
video signal for the sync circuits is 
taken from the output of the video 
amplifier and fed to the sync sepa¬ 
rator grid. Taking this signal from 
the output of the video amplifier 
rather than from the video detector 
means that a sync amplifier is not 
needed. 

Cut-off bias developed by grid leak 
action in the sync separator permits 
only the highest positive peaks, the 
sync pulses, of the composite video 
signal to pass through this section. 
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The sync separator is coupled to 
the clipper through C409. Grid leak 
bias is also used on the sync clipper 
stage. Negative sync or noise pulse 
peaks drive the tube to cut-off, re¬ 
sulting in clipping or amplitude limit¬ 
ing action. The output of the clipper 
stage is coupled through C410 to the 
sync inverter. This sync inverter is 
practically the same as the phase in¬ 
verter in the Westinghouse receiver, 
but the high grid leak bias provides 
additional clipping. Sync pulses are 
taken from the cathode of the sync 
inverter to control the vertical oscil¬ 
lator. 

Vertical Sweep Circuits. The ver¬ 
tical blocking oscillator works much 
the same as the multivibrator in the 
previous set. The transformer pro¬ 
vides the phase reversal and feedback 
that are obtained in the first triode 
of a multivibrator. The frequency of 
the vertical oscillator can be varied 
by adjusting the resistance from grid 
to ground with the vertical hold con¬ 
trol, R405. The amplitude of the 
sweep signal output of the vertical 
oscillator is controlled by varying the 
plate load resistance with height con¬ 
trol R408. C406 and R407 form the 
wave-shaping network that develops 
a trapezoidal voltage waveform at the 
output of the vertical oscillator. 

The vertical output stage uses an 
audio-transformer for coupling to the 
yoke, otherwise it is the same as the 
stage you studied in the previous set. 

Horizontal Sweep Circuits. The 
phase inverter and the horizontal sync 
discriminator circuit act exactly the 
same as the horizontal afc circuit in 
the Westinghouse receiver. The de 
voltage developed from the compari¬ 
son of sync signals with sweep output 
signals is applied across R429 and 
through the filter network consisting 
of C415, R428, and C416, to the first 
grid of the horizontal oscillator. 

The horizontal oscillator is a multi¬ 
vibrator very similar to the one you 
studied in the Westinghouse circuit. 
Compare the circuits of the two 

sets. Note that the wave-shaping net¬ 
works, R426 and C432 in the West¬ 
inghouse, and C420 and R438 in the 
Admiral, have different time con¬ 
stants. The values of the components 
in these networks are determined 
primarily by the deflection yoke and 
horizontal output coupling character¬ 
istics. These components will vary 
greatly from set to set. 

R447 varies the plate voltage of 
the output section of the multivi¬ 
brator, and hence the horizontal 
drive. 
The beam power tube used in the 

horizontal output in this receiver 
serves a dual purpose. It not only 
sets up the deflection current for the 
yoke, but also is used to provide the 
high voltage necessary for the accel¬ 
eration of the beam in the picture 
tube. The output coupling of this 
tube is by means of an auto-trans-
former. 
L402, the width control used with 

this stage, has two separate windings 
with a common core that can be 
moved from one winding to the other. 
One winding is connected across a 
small secondary of the output trans¬ 
former, the other winding is in series 
with the deflection yoke and is used 
to control the deflection current. As 
the core is moved from the winding 
in series with the deflection yoke, the 
current through the yoke increases, 
giving a wider picture. At the same 
time, moving the core into the other 
winding increases the secondary load¬ 
ing of the output transformer. This 
maintains the over-all load on the 
output tube constant. 

Damper Tube and B-|- Boost. 
The damper tube in this set also does 
two jobs. The auto-transformer is 
connected in such a manner that the 
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de supply to the output tube and the 
sweep voltage are in series. When the 
damper tube conducts, the resulting 
rectified pulse adds to the de supply 
voltage and raises the voltage on the 
horizontal output tube, on the verti¬ 
cal sweep tubes, and on the second 
anode of the cathode ray tube. This 
rectified pulse is partially filtered by 
capacitor C428, coil 1.403 and capaci¬ 
tor C427. Varying coil 1.403 changes 
the shape of the ripple voltage which 
appears at the plate of the horizontal 
output tube. This change in ripple 
voltage is used to control the linearity 
of the output tube. Before this in¬ 
creased voltage is applied to the ver¬ 
tical sweep tubes and to the anode of 
the cathode ray tube, it is completely 
filtered by resistor R415 and capaci¬ 
tor C438* 

High Voltage Supply. The rapid 
collapse of the magnetic field of the 
deflection yokes during the flyback 
portion of the sweep, gives rise to a 
very high voltage pulse. The first 
half cycle of this pulse is of the same 
polarity as the sweep signal and 
therefore is not damped out by the 
damper tube. This first half cycle 
is stepped up by means of the auto¬ 
transformer and applied to the plate 
of the 1B3 rectifier tube. This tube 
rectifies the pulse to give a high volt¬ 

age output of about 17.00d volts, 
which is applied to the accelerating 
anode of the picture tube. Since a 
high frequency power source is used 
for this supply and since the load 
current is low, very little filtering is 
required; the capacity between the 
inner and outer Aquadag coatings of 
the picture tube is all the filter neces¬ 
sary. A high-voltage supply of this 
type is known as a “flyback supply” 
and is used in almost all modern TV 
sets. 

AGC Circuit. The age circuit in 
this receiver works the same as the 
one in the Westinghouse receiver. 
However, this receiver provides a 
non-operating control to set the age 
voltage for the best picture at any 
given location. This adjustment is 
made by varying the bias on the 
keyed age tube and provides control 
over the conduction of the tube. 

Low-Voltage Power Supply. The 
low voltage power supply is a typical 
transformer type of supply using full 
wave rectification. The focus coil is 
used as a filter choke. A section of 
the coil is shunted by the focus con¬ 
trol R452 which varies the current 
through the coil to obtain the proper 
focus. The input filter capacitor, 
C432, is a 60-mfd capacitor and the 
output filter, C407C, is 80-mfd. 

Crosley Chassis No. 434 
The circuits used in the Crosley 

Chassis No. 434 have allowed the 
manufacturer to produce a large-
screen TV receiver at relatively low 
cost, while still maintaining good pic¬ 
ture and sound reproduction. 

THE BLOCK DIAGRAM 
A block diagram of this receiver is 

shown in Fig. 28. The path the signal 
takes through this receiver does not 
differ greatly from that taken in the 
other receivers you have studied. The 
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antenna feeds the rf signal into the 
tuner, where it is amplified and con¬ 
verted into an i-f signal containing 
both picture and sound carriers. 
These are amplified in an i-f ampli¬ 
fier section and fed to the second de¬ 
tector. The second detector develops 
the 4.5-mc sound i-f and produces 
the detected composite video signal. 
Both of these are fed into the video 
amplifier where the composite video 
signal is amplified and applied to the 
picture tube cathode, and the 4.5-mc 
sound i-f signal is amplified and de¬ 
livered to the first sound i-f amplifier. 
AGO voltage is taken from the video 
detector and fed back to the rf and 
i-f amplifiers. 

There are only three stages in the 
sound system of this receiver. In the 
first stage, the 4.5-mc sound i-f signal 
is amplified and then fed to a com¬ 
bination limiter-discriminator-ampli¬ 
fier stage. In this stage, the sound 
signal is limited to prevent amplitude 
interference, detected to produce an 
audio signal, and the audio signal 
is amplified. All of this is accom¬ 
plished through the use of a special 
gated-beam tube. The output of the 
limiter-discriminator-amplifier stage 
is coupled to an audio output tube 
which drives the speaker. 

A composite video signal is taken 
from the video amplifier circuit to 
supply sync pulses to the sync cir¬ 
cuits. This signal is fed to the sync 
clipper. Snyc pulses from the clipper 
are fed to the sync amplifier, where 
they are amplified and distributed to 
the vertical and horizontal sweep cir¬ 
cuits. Vertical pulses are fed to the 
vertical blocking oscillator through 
an integrator network. The vertical 
blocking oscillator develops the re¬ 
quired trapezoidal sweep voltage, 
which is then fed to a vertical out¬ 
put tube where it is amplified and 
applied through a transformer to the 
vertical deflection coils. 

Horizontal sync pulses are coupled 
from the sync amplifier to the hori¬ 
zontal afc (automatic frequency con¬ 
trol) stage, which syncs the horizon¬ 
tal blocking oscillator. The trape¬ 
zoidal waveform from the horizontal 
blocking oscillator is applied to the 
horizontal output tube. There it is 
amplified and applied through a hori¬ 
zontal output transformer to the hori¬ 
zontal deflection yoke. A flyback 
type of power supply is used to sup¬ 
ply the high voltage to the second 
anode of the picture tube. The hori¬ 
zontal damper is connected across the 
horizontal deflection circuit to elimi¬ 
nate transient oscillations. 

A brief study of the schematic dia¬ 
gram of this receiver, Fig. 29A on the 
large sheet, shows that there are a 
number of circuits different from 
those in the two sets that we have al¬ 
ready analyzed. First, there is no 
power transformer for the low-voltage 
power supply, and all of the tube 
filaments are connected in series. 
There is one less tube in the audio 
section, the horizontal frequency con¬ 
trol is different, and a blocking oscil¬ 
lator is used in the horizontal oscil¬ 
lator circuit instead of a multivibra¬ 
tor. 

ANALYZING THE SCHEMATIC 

A detailed circuit analysis can be 
made from the schematic diagram. 
This diagram is slightly different 
from the others in that the tuner sec¬ 
tion is shown on a separate smaller 
diagram, Fig. 29B. In the main dia¬ 
gram, it is simply shown as a block. 

Tuner. The tuner is a conven¬ 
tional wafer-switch tuner similar to 
the one used in the Westinghouse re¬ 
ceiver. If you compare the two cir¬ 
cuits you will find only minor differ¬ 
ences. 

At the rf amplifier grid this tuner 
does not use the coils for channels 
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FIG. 28. Block diagram of Crosley Chassis No. 434. 

7-12 on the low bands. Instead coil 
LI replaces them and a separate sec¬ 
ondary on the input transformer pro¬ 
vides a better match to the antenna. 
AGC bias is applied to the rf tube 
grid. 
The interstage coupling network is 

the same, but the oscillator is a 
straight Colpitts instead of an ultra-
audion. 

The oscillator operates at a fre¬ 
quency 45.75 me higher than the vi¬ 
deo carrier frequency. This produces 
a band of frequencies extending from 
41.25 me to approximately 47 me. 
The use of this higher i-f eliminates 
certain types of interference. 

Note each of coils L2, L3, L4, and 
L5 is connected in series with the 
coils on one of the switch decks. 
These coils are provided for front-end 
alignment and are the only induc¬ 

tance in the circuit when the set is 
tuned to channel 13. 

I-F Section. The over-all response 
of the video i-f section is shown in 
Fig. 30. This is obtained by using 
i-f transformers that are both over¬ 
coupled and stagger-tuned. Notice 
that there is a resonant tank coupled 
to LI01. This is tuned to 47.25 me 
and is an adjacent channel picture 
trap. 

The output of the second i-f tube 
is coupled to the third i-f through 
LI03. This i-f transformer is tuned 
to 42.25 me and contains an absorp¬ 
tion trap tuned to the sound-carrier 
frequency, 41.25 me. The 41.25-mc 
trap reduces the sound carrier to a 
sufficiently low level to avoid inter¬ 
ference. The first and second i-f am¬ 
plifiers have automatic gain control. 

The third and last video i-f stage 
is coupled to the video detector 
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MG. 30. Over-all response curve. 

through T101. This transformer is 
tuned to 43.75 me, approximately the 
mid-point of the i-f range. 

The Video Section. Although the 
video detector tube is actually a 
triode, its plate and grid are tied 
together so that it acts as a simple 
diode detector. The polarity of the 
video detector is such that the output 
signal is a negative-going composite 
video signal, and the rectified com¬ 
ponent of the signal builds up a nega¬ 
tive voltage across R118. This nega¬ 
tive voltage is filtered by C114, RI 17, 
and CUI, and used as the age volt¬ 
age. 

Coil L104 forms a peaking circuit 
in the output of the video detector, 
which improves the high-frequency 
response. The output of the video 
detector is capacity-coupled through 
Cl 13 to the grid of the video ampli¬ 
fier. 
The contrast control R120, along 

with R121, forms the cathode bias 
resistance. By varying the amount 
of resistance between the cathode and 
ground, the bias and degeneration in 
the stage are varied and hence the 
gain of the tube is changed to control 
the amplitude of the video signal. 
The output of the video amplifier is 
fed through LI 09, where the 4.5-mc 
sound i-f signal is taken off. Cl 15 
connected across the primary of L109 
forms a parallel-resonant circuit, 
tuned to 4.5 me, in the output of the 

video amplifier. Since it is in series 
with the video amplifier output, it 
offers maximum resistance to a 4.5-
mc signal, and therefore blocks the 
4.5-mc sound signal from the picture 
tube circuits, while affording maxi¬ 
mum transfer of sound i-f signals to 
the sound section of the receiver. The 
video signal is coupled to the cathode 
of the picture tube through C117 after 
going through another peaking net¬ 
work consisting of L105, RI23, LI 12 
and R172. 

Notice that the de component of 
the signal is not transmitted to the 
cathode of the picture tube. It is 
partially restored, however, by the 
rectifier action of the cathode and 
grid and the relatively long time con¬ 
stant in the cathode circuit. The 
positive de potential applied to the 
cathode of the picture tube can be 
varied by means of RI26, the bright¬ 
ness control. Since this controls the 
difference of potential between the 
cathode and the grounded grid of the 
picture tube, it controls the intensity 
of electron flow through the tube, and 
hence the brightness. 

Sound Section. The secondary 
winding of L109 and Cl 16 forms a 
parallel-resonant circuit across which 
the 4.5-mc sound, i-f signal is de¬ 
veloped. This is in the grid circuit of 
the sound i-f amplifier, V105A. The 
output of the sound i-f amplifier is 
coupled to the grid of the special 
limiter, detector, and audio amplifier 
tube through Lill, which is also 
tuned to 4.5 me. 

V106 is a specially constructed de¬ 
tector tube known as a “gated-beam” 
detector. This tube has very sharp 
grid voltage-plate current cut-off 
characteristics and saturates easily. 
When properly adjusted, a grid swing 
of about 5 volts will drive the tube 
from plate saturation into plate cur¬ 
rent cut-off. This action produces 
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4.5-mc pulses with all amplitude vari¬ 
ations removed. 
The detecting action is brought 

about by the phase relationship of 
the signal on the first and third grids. 
These grids are commonly referred to 
as the first and second gates. Coil 
L106 and capacitor C125 form a high 
Q circuit tuned to the i-f center fre¬ 
quency. Shock excitation by the plate 
current pulses causes this circuit to 
oscillate. However, the voltage on the 
third grid lags the signal on the first 
grid by 90 degrees at the carrier fre¬ 
quency. The third grid exerts almost 
as much control as the first, and both 
gates must be open for the tube to 
conduct. The first gate opens and 
closes at a rate determined by the 
frequency of the incoming signal. As 
the frequency varies, the phase rela¬ 
tionship between the two gates varies. 

If the frequency on the first gate 
is lowered, the gates will be open 
and the tube will conduct for a longer 
period; if the frequency is raised, the 
tube will conduct for shorter periods. 
Since the average plate current is de¬ 
termined by the length of the conduc¬ 
tion period, the plate current varia¬ 
tions will reproduce the audio infor¬ 
mation that is on the sound carrier. 

The buzz control RI32 adjusts the 
bias on the first grid for proper limit¬ 
ing. 
The output from the detector is 

coupled to the grid of the audio out¬ 
put through capacitor C127. The au¬ 
dio output circuit is a conventional 
power amplifier, the output of which 
is coupled to a permanent magnet 
speaker through output transformer 
T105. 
Trace the cathode return of the 

audio output tube. Part of the cur¬ 
rent for the tuner, i-f amplifiers, 
and sync clipper and amplifier pass 
through this tube. This circuit ar¬ 
rangement uses the 12L6GT as a 

dropping resistor for these tubes. Us¬ 
ing this tube instead of a resistor 
reduces the drain on the power sup¬ 
ply. 

Sync and Sweep Section. A com¬ 
posite video signal is taken from the 
output of the video amplifier through 
L105 to supply the sync and sweep 
circuits with the necessary sync pul¬ 
ses. This signal is fed through a 
network, C129, to the grid of the sync 
clipper, V104B. In this circuit, the 
clipper acts as both sync separator 
and clipper, removing the video in¬ 
formation from the sync pulses and 
limiting the sync pulses to a uniform 
amplitude. This combined clipping 
and limiting action is obtained by us¬ 
ing high bias and low plate voltage. 
The output of the sync clipper is fed 
to the grid of a sync amplifier through 
capacitor C130. Here the sync pulses 
are amplified and distributed to the 
vertical and horizontal sweep circuits. 

Vertical Sweep Circuit. The output 
of the sync amplifier is coupled to 
the vertical oscillator in the usual 
manner, through an integrator net¬ 
work. The vertical oscillator is a 
conventional blocking oscillator, the 
output of which is fed to the vertical 
output tube. The vertical hold con¬ 
trol is in the grid circuit of the verti¬ 
cal oscillator tube. The vertical out¬ 
put tube amplifies the sweep signal 
from the oscillator and applies it 
through auto-transformer T107 to the 
vertical deflection coil, L107A. Height 
control, R.146, is in the grid circuit 
of the vertical output tube and varies 
the plate voltage of the oscillator. 
The vertical linearity control is in 
the cathode circuit as in the other 
sets. 

Horizontal Sweep Circuits. The 
horizontal sync and sweep system 
differs from those we have seen be¬ 
fore. This is an example of pulse 
width afc. The sweep generator is 
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a blocking oscillator composed of 
V107B and the transformer T108. 
The frequency is controlled by vary¬ 
ing the bias on the grid of the tube 
by means of R164, the horizontal 
hold control. 
V107A acts as a phase discrimi¬ 

nator. Its grid is biased to cut-off by 
grid leak action. Sync pulses from 
the sync amplifier combine with the 
output wave of the horizontal oscil¬ 
lator to allow conduction of this tube. 
The phase relationship of these pulses 
determines the length of the conduc¬ 
tion interval. If the oscillator output 
has a low frequency or lags the sync 
pulses, the tube will conduct longer. 
If the oscillator output has a high 
frequency, or leads the sync pulses, 
the conduction period will be shorter. 
A correction voltage proportional to 
the conduction period appears at the 
cathode of this tube and is applied to 
the grid of the oscillator to correct 
the frequency. 

The operating frequency is set with 
the horizontal lock and horizontal 
hold controls. Both these controls op¬ 
erate by changing the conduction time 
of the afc tube and hence the oscilla¬ 
tor bias. The phase of the feedback 
voltage is adjusted by means of the 
transformer slugs. There is no pro¬ 
vision for adjustment of the hori¬ 
zontal width, linearity, or drive. 

The horizontal output tube is 
coupled to the yoke and the high-
voltage rectifier with an auto-trans¬ 
former. The damper tube provides 
B-f- boost for the vertical sweep tube, 

the horizontal output tube and the 
anode of the picture tube. 

Focus. The picture tube in this 
receiver is self-focusing. When the 
proper range of voltages is applied 
to the two anodes, the beam of the 
tube remains in focus on the screen 
for any setting of the brightness con¬ 
trol. This type of tube is becoming 
very common in TV sets. 

Power Supply. The power supply 
in this receiver is designed to elimi¬ 
nate the usual power transformer. 
The tubes are especially designed for 
series operation so that they can be 
connected in a single filament string. 
This accounts for the unusual fila¬ 
ment designations in the tube types 
such as 3CB6 and 5AV8. The tubes 
used in TV series heater strings are 
designed so that all tubes will warm 
up at the same speed. This reduces 
burn-outs when the set is turned on. 
The B-|- voltage is obtained from a 
half-wave voltage doubler using se¬ 
lenium rectifiers SR 101 and SR 102. 
With this arrangement, a total output 
voltage of approximately 280 volts 
is developed across C104A. 1.108 is 
the filter choke, and C132B and 
C140C, connected in series, act as the 
filter output capacitor. C140C also 
acts as the cathode by-pass for the 
audio output tube and prevents the 
audio signal current from modulating 
the i-f tubes. If this capacitor be¬ 
comes open, sound bars will appear 
in the picture. There is 150 volts at 
the junction of C132B and C140C. and 
260 volts at the high side of C132B. 
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Receiver Variations 
Since it is impossible by analyzing 

just three TV receivers to show you 
all of the possible circuits that you 
might encounter, we will discuss here 
some other circuit variations. 

CONTINUOUS TUNER 
All of the tuners that you have 

thus far studied, have had a switch¬ 
ing device to select the desired chan¬ 
nel. However, some sets have no 
channel selector switch, but are con¬ 
tinuously tuned, very much like an 
ordinary broadcast receiver. Other 
receivers have a tuning switch for 
high and low band selection. There 
is one position for channels 2 through 
6, and a second position for channels 
7 through 13, with continuous tuning 
throughout each of these bands. 
A schematic diagram for an rf 

tuner using completely continuous 
tuning is shown in Fig. 31. The coils 
used in this tuner are wound in a flat 
spiral and mounted on ceramic forms. 

The circuit of this tuner is almost 
the same as that of tuners you have 

already studied; the differences are 
mainly mechanical. Tuning is done 
by varying L2, L4, 1.6 and LIO by 
means of a ganged control. Ca¬ 
pacitors C4, C9, C12 and C14 are 
trimmers used for alignment. Resis¬ 
tors RI and R4 load the coils in the 
rf stage to broaden the response. The 
resonant circuits in the plate of the 
rf amplifier and grid of the mixer are 
coupled through CIO. CIO actually 
overcouples these stages to give a 
broad passband. 

Fig. 32 shows a variable-capacity 
continuous tuner circuit. A two-posi¬ 
tion switch is used in this type of 
tuner so that in one position the low-
band VHF channel can be tuned, and 
in the other position the high-band 
VHF channels can be tuned. Switch¬ 
ing is automatic; as the shaft is 
turned, tuning the variable capaci¬ 
tors, it operates a switch when it 
passes the dividing point between 
channels 6 and 7. This switch changes 
the values of the fixed capacitors in 
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FIG. 31. Schematic diagram of a continuous type of tuner. 
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each circuit. As you can see in the 
schematic, the rf amplifier grid is 
not tuned within a band. This circuit 
is switched to the high band by add¬ 
ing parallel inductance to raise the 
frequency response. The outputs of 
both the oscillator and the rf ampli¬ 
fier are inductively coupled to the 
grid of the mixer stage. The opera¬ 
tion of this circuit is conventional and 
need not be gone over again here. 
Only a few capacity-tuned continuous 
tuners have been used, and it is not 
likely that you will see many of 
them. 

CRYSTAT. DETECTORS 
In the circuits that we have ana¬ 

lyzed thus far, the video detectors 
have all been vacuum tubes. How¬ 
ever, in a number of sets, a crystal 
detector has been used in place of a 
vacuum tube. 

These crystal detectors have many 
features that make them quite pop¬ 
ular with receiver manufacturers. 
They are small in size and require 
no heater connections or socket 
for mounting. They are generally 
mounted on terminal strips in the 
same way as a resistor. However, 

some manufacturers have placed the 
crystal detector in the last i-f shield 
can. 
The schematic diagram of Fig. 33 

shows the video section of a receiver 
with a crystal detector. In analyzing 
a schematic, you should remember 
that the bar represents the cathode 
and the triangle represents the plate 
of a crystal diode. 

While crystals have a long life, 
they do not last forever. Their life 
will generally be greater than that of 
a vacuum tube diode. When failure 
of one of these diodes is suspected, 
it is tested with an ohmmeter. When 
the positive lead of an ohmmeter is 
connected to the plate end of the 
crystal, a resistance of several hun¬ 
dred to several thousand ohms will 
be indicated. When the ohmmeter is 
reversed with the positive lead to the 
cathode of the crystal detector, the 
resistance should be 250,000 ohms or 
higher in a good unit. In changing 
one of these diodes, take care not to 
overheat it with a soldering iron. It 
is generally best to grasp the lead 
of the diode with a pair of pliers be¬ 
tween the joint and the end of the 
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FIG. 33. Video section of a TV receiver using a crystal detector. 

diode. As the lead becomes warmer, 
the heat flows into the pliers and does 
not damage the diode. 

LIMITER-DISCRIMINATOR 
FM SOUND SYSTEM 

Tn the circuits that we have ana¬ 
lyzed thus far, either a ratio detector 
or a gated-beam detector has been 
used in the FM sound system. In 
some older sets, however, a sound 
discriminator was used which could 
respond to both AM and FM. In 
these sots it was necessary to remove 
all amplitude changes before detec¬ 
tion. The schematic diagram of such 
a sound section is shown in Fig. 34. 

The second sound i-f tube operates 
with no fixed bias, and with low 
screen and plate voltages. The stage 
limits in both the grid and the plate 
circuits to eliminate amplitude mod¬ 
ulation. 

This circuit also shows an example 
of a separate audio i-f system. As 
you can see, the sound i-f is tapped 
off the 3rd i-f grid coil. The only 
sound i-f trap is in the cathode of 
the 4th i-f stage. Because of the high 
level required at the limiter grid, the 
sound i-f response cannot be reduced 
in any stage before the sound i-f 
take-off. 
VARIATIONS IN PHYSICAL 

CONSTRUCTION 
Although the major changes in the 

construction of TV sets were covered 

in an earlier part of this manual, 
there are other variations that you 
might meet. Among the minor varia¬ 
tions are the large console sets which 
frequently are radio and TV combi¬ 
nations or even radio, phonograph, 
and TV combinations. 

When servicing combination sets, 
you must bear in mind that the audio 
section of the radio is often used for 
the audio output of both TV and 
phonograph as well. Also, particu¬ 
larly in older sets, the speaker field 
is sometimes used as a filter choke. 
Tn either case, after remov ing the 
chassis for servicing, these units must 
be connected again before the set can 
work. 

Fig. 35 illustrates two important 
types of construction which are be¬ 
coming quite common. The first thing 
you will notice in this picture is the 
use of a vertical chassis with the 
picture tube extending through the 
chassis. In most sets the space be¬ 
hind the flare of the picture tube is 
wasted. The use of the vertical chas¬ 
sis allows the parts to be mounted 
in space which would otherwise be 
wasted. This results in considerable 
reduction in the cabinet size. The 
construction shown in this illustra¬ 
tion leads to easy removal of both 
chassis and picture tube from the 
cabinet. In addition, all components 
and wiring are placed so as to be 
readily accessible. 
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Courtesy RCA 

I IG. 31. Sound section of a TV receiver using an FM limiter and discriminator. 

Look closely at the upper right¬ 
hand corner of the chassis. You will 
see there a sheet of darker material 
bolted to the chassis proper. All the 
small parts are mounted on this sheet 
of darker material. The leads of the 
individual resistors run through the 
base. This is an example of printed 
wiring construction. 

The heart of this type of construc¬ 
tion is a phenolic board, with a thin 
sheet of copper cemented to it. The 
necessary leads for inter-connection 
of the parts are laid out on the cop¬ 
per and the rest of the copper is 
etched away. 
Extreme care must be taken when 

replacing components. Small solder¬ 
ing irons must be used and the job 
must be done quickly; excess heat 
will loosen the copper. 

LOOKING AHEAD 
If you have your experimental re¬ 

ceiver and have followed the instruc¬ 
tions given in this manual you should 
now be thoroughly familiar with your 
set. In addition, your set should be 
mounted securely on your workbench 
in readiness for you to proceed to 
the second section of your practical 
TV training, in which you will gain 
experience in actually troubleshoot¬ 
ing and repairing your set. 
The experience that you have al¬ 

ready gained covers a large part of 
the TV serviceman’s daily work. You 
have done most of the mechanical 
part of TV servicing in removing the 
chassis from the cabinet and placing 
it securely on the bench. This is a 
part of every serviceman’s daily rou¬ 
tine. You have adjusted your set for 
best picture and sound. This is a part 
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Courtesy Admiral 

FIG. 35. An Admiral television set using 
a printed circuit. This is the darker part 
of the chassis in the upper right-hand 

corner. 

of every TV servicing job. You have 
also analyzed the circuit of your set 
and become familiar with typical cir¬ 
cuits, and this is the first step in trou¬ 
ble shooting. 
You may not fully understand the 

operation of some of the circuits. Do 
not worry about this. All of the cir¬ 
cuits will be covered in detail in later 
regular lessons. No one man can 
hope to recognize and immediately 

understand all the circuit variations 
that are found. You must learn to 
use your reference material when 
making circuit analyses. 

Television manufacturing is a con¬ 
stantly advancing art. New tubes, 
new circuits, and new circuit varia¬ 
tions are being developed all the time. 
You will need to study these new fea¬ 
tures as they come out. You will be 
able to get information on them in 
servicemen’s magazines and from 
manufacturer’s bulletins. 
Remember that the man who 

knows the most about the operation 
and adjustment of a set is usually 
the man who designed it. You will 
find that it is simpler, easier and 
more profitable to adjust a set by 
following the manufacturer’s instruc¬ 
tions for that set. 

Tf you have carefully performed all 
the work outlined in this manual, 
you will have little or no trouble 
performing the experiments outlined 
in the next section of your Practical 
Training Course. By the time you 
have completed the second section, 
you will be able to find and correct 
any trouble in any TV receiver 
quickly. 

45 



The Captain looked 
won’t let go.” 

lems are many and no different from those of others. 
But he keeps on hustling. lie knows that he is master 
of his own destiny. Whatever his future shall be, he 
knows depends upon him and him alone. While 
others are willing to float with the tide, he is swim¬ 
ming upstream. lie doesn’t know defeat. He won’t 
let go. 

if only one man who reads this will hitch up his belt 
mother notch and say, “I won’t let go,” this page has 
been worthwhile. Because, in time, that fellow will 
be a successful man. I hope it is you. 
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• '—  ■ • •- ■ -■ 
/ r, “>ig f 

’A . ? 4; • * 

Off the coast of New England a fishing boat was 
being tossed about in a rough sea. Suddenly a 
seaman noticed a young man clinging to the mast, 
lashed by the biting wind. In horror the seaman ran 
to the Captain and exclaimed, “Look, Captain, your 
son is up there in grave danger. If he lets go he’ll 
he dashed to pieces.” 
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TMIE SOUND section of the tele-
vision system is similar to stand¬ 

ard FM radio. A microphone changes 
the sound into electrical signals that 
vary in amplitude. These signals are 
then changed into frequency varia¬ 
tions (FM) and are sent out on the 
TV sound carrier. At the TV receiver, 
the FM signal is amplified, demodu¬ 
lated, and used to operate a loud¬ 
speaker. 

In the sight section of the TV sys¬ 
tem, the scene to be broadcast is fo¬ 
cused as an image on the sensitive 
surface of a camera tube, as shown 
in Fig. 1, and is then converted into 
electrical variations by that tube. 
These electrical variations are simi¬ 
lar to the electrical fluctuations gen¬ 
erated by a microphone, except that 
they occur over a much wider fre¬ 
quency range. These electrical varia¬ 
tions, called the “video signal,” rep¬ 
resent the brightness distribution of 
the image. 
Before the signal can be trans¬ 

mitted, it must be amplified and made 
to modulate a radio-frequency carrier 
wave. Since the video signal varia-

Photo above courtesy RCA 

tions occur at much higher frequencies 
than sound signal variations, the 
frequency of the carrier must be much 
higher to obtain the required band 
width. Consequently, the television 
signals are transmitted in the VHF 
ami UHF ranges. 

At the receiver, the video signal is 
demodulated and applied, after am¬ 
plification, to the control grid-cathode 
circuit of the picture tube. The func¬ 
tion of the picture tube is to convert 
the electrical variations back into 
brightness changes and thus reproduce 
the image that was focused upon the 
camera tube. 

The light distribution of the image 
on the camera tube is not transmitted 
as a single, lumped signal. Instead, a 
scanning beam in the camera tube 
moves across and down the image and 
releases electrical variations that cor¬ 
respond to the brightness changes that 
the scanning beam interprets. In other 
words, the brightness changes of an 
image are released in much the same 
manner as your eyes read across and 
down this page of type. 

At the receiver a similar scanning 
beam moves across and down the pic-
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FIG. 1. The picture tube in the television system. 

ture tube screen. This beam repro¬ 
duces the original image by scanning 
across the fluorescent screen, element 
by element, and line by line, in ac¬ 
cordance with the variations of the 
video signal arriving at the picture 
tube. 

To obtain a true reproduction, the 
scanning beam of the picture tube 
must follow exactly the same path as 
that taken by the scanning beam in 
the camera tube in releasing the sig¬ 
nal variations. That is, both the hori¬ 
zontal and vertical motions of the 
scanning beams must be synchronized. 
To accomplish this, two special volt¬ 
age pulses are produced by a circuit, 
called the sync generator, in the TV 
transmitter. The signals generated in 
this circuit are referred to as the 
horizontal and vertical synchronizing 
pulses. The horizontal sync pulse syn¬ 

chronizes the horizontal movement of 
the electron beam in the picture tube 
in the receiver with the horizontal 
movement of the electron beam in the 
camera tube. The vertical sync pulse 
synchronizes the vertical movement of 
the receiver beam with the vertical 
movement of the camera beam. 

Let us see how the signal synchro¬ 
nization is accomplished. Notice in 
Fig. 1 that the horizontal and vertical 
signals are supplied to the deflection 
circuits of the camera tube. At the 
same time, the same sync pulses are 
inserted into the video signal and 
both signals are transmitted to the 
receiver. 

At the receiver, both signals are de¬ 
modulated, and the sync pulses are 
used to synchronize the horizontal and 
vertical deflection circuits of the pic¬ 
ture tube. Consequently synchroniz-

2 



ing both the camera and the picture 
tube sweep circuits causes the picture 
tube scanning beam to follow exactly 
the same pattern as is taken by the 
camera tube scanning beam. 

The demodulated video signal con¬ 
trols the strength of the electron beam 
in the picture tube. As the beam 
moves across the screen, it causes the 
elements along each line to vary in 
brightness in accordance with the 
video signal variations. 

As you can see, each of the tele¬ 
vision signal components has a task 
to perform in reproducing the picture 
on the TV picture tube. When the TV 
receiver is operating properly, the re¬ 
produced picture will correspond ex¬ 
actly to the image that was focused 
on the camera tube screen. However, 
if a defect occurs in one of the signal 
circuits, it will be noticed immediately 
in the reproduced picture. Therefore, 
you can use the picture tube itself as 
the primary trouble localizer. 

In this lesson, we will discuss the 
picture tube, and find out how the 
video signals are converted into a 
scene. Later lessons will take up, in 
detail, the operation of each circuit 
in a television receiver and the de¬ 
fects that occur in them. With a 
knowledge of how each part and cir¬ 
cuit affects the quality of the repro¬ 
duced picture, you will be well on 
your way to being able to localize 
circuit defects quickly. 

PICTURE TUBE TYPES 

All television picture tubes are 
fundamentally the same. Although 
they vary in type and size, all con¬ 
tain the following basic components: 

1. A source of electron emission in 
the form of a cathode, which is in¬ 
directly heated by a filament. 

2. A control grid that varies the 

number of electrons that leave the 
cathode and strike the fluorescent 
screen. A change in grid voltage alters 
the number of electrons in the beam 
and therefore, the intensity of screen 
illumination. 

3. A method of focusing the scan¬ 
ning beam so that it will be concen¬ 
trated into a pin point at the fluores¬ 
cent screen. When the focusing is 
accomplished by cylindrical elements 
mounted within the tube neck, the 
method is called electrostatic focus¬ 
ing. An external magnet coil sur¬ 
rounding the neck of the picture tube 
can be used instead to focus the scan¬ 
ning beam. This is called magnetic 
focusing. 

4. A fluorescent screen, in the form 
of a coating on the inside of the face 
of the tube, that glows with the im¬ 
pact of the beam electrons. The in¬ 
tensity of illumination corresponds to 
the number of electrons in the scan¬ 
ning beam at the point of impact. 
Thus, by varying the number of elec¬ 
trons in the beam, it is possible to 
control the illumination. 

5. A high-voltage anode system 
that accelerates the beam electrons 
toward the fluorescent screen. The 
high velocity impact causes the screen 
to fluoresce (light up). 

6. A deflection system that can 
move the scanning beam to any part 
of the fluorescent screen. With the ap¬ 
plication of proper waveforms to the 
deflection system, it is possible to 
make the beam follow a prescribed 
pattern. The beam can be deflected 
by an external deflection yoke that is 
mounted on the neck of the tube. This 
is called electromagnetic deflection. 
When the beam is deflected by deflec¬ 
tion plates mounted within the pic¬ 
ture tube, it is referred to as electro¬ 
static deflection. 
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FIG. 2. Basic components of electro¬ 
magnetic picture tubes. (A) A tube with 
electromagnetic deflection and magnetic 
focusing. (B) A tube with electromag¬ 
netic deflection and electrostatic focusing. 

Electromagnetic Deflection. Mod¬ 
ern picture tubes employing electro¬ 
magnetic deflection (also known as 
magnetic deflection) may be divided 
into two basic types, according to the 
method used to focus the electron 
beam. If the beam is focused by an 
external focus coil (Fig. 2A) or by an 
external magnet instead of the coil, 
the method is called magnetic focus. 
If focusing is accomplished by the 
use of internal focusing electrodes 
(Fig. 2B), it is called electrostatic 
focus. 

In a magnetic deflection picture 
tube that uses an external focus coil, 
the electron gun consists of a filament 
and a cathode to form an electron 
source, and a control grid and first 
anode (also called an accelerating grid 
or anode) to concentrate the elec¬ 
trons emitted from the cathode into a 
fine beam at a cross-over point. The 

focus coil then causes this electron 
concentration to strike the fluorescent 
screen as a dense pin-point of elec¬ 
trons (Fig. 2A). 

The accelerating electrode, called 
the second anode, must supply the 
initial attraction that pulls the elec¬ 
trons away from the cathode and 
causes them to move toward the 
screen. The electrons must strike the 
fluorescent screen with sufficient im¬ 
pact to cause the elements to light up. 
This high impact is provided by 
greatly increasing the velocity of the 
electron stream through the use of a 
very high voltage on the final anode. 
The electromagnetic picture tube 

shown in Fig. 2B uses electrostatic 
focus. Notice that there is an addi¬ 
tional electrode in the gun. Instead 
of using a focusing coil or permanent 
magnet, the focusing of the beam is 
controlled by regulating the difference 
of potential between the focus elec¬ 
trode and the first anode. Precise 
focusing is accomplished by regulat¬ 
ing the voltage applied to the focus 
electrode. 
Although the focusing methods 

vary, the method used to deflect the 
electron beam is the same in both 
types of electromagnetic tubes. The 
scanning beam is deflected to all parts 
of the fluorescent screen by two sep¬ 
arate magnetic fields that penetrate 
the glass envelope of the tube. A 
horizontal deflection field causes the 
beam to follow a prescribed path from 
left to right on the screen, while a ver¬ 
tical deflection field causes the scan¬ 
ning beam to move from top to bot¬ 
tom. 

Electrostatic Deflection. A typi¬ 
cal electrostatic focus and electro¬ 
static deflection picture tube is shown 
in Fig. 3. This type was used in the 
earlier receivers using 5 to 7 inch 
picture tubes, and is also used in the 
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cathode-ray tube in your service os¬ 
cilloscope. The electron gun section 
consists of a cathode, a control grid, 
a first anode, and a second anode. 
Instead of external deflection coils, 
two pairs of deflection plates within 
the tube control the deflection of the 
scanning beam. The deflection or 
movement of the beam is accom¬ 
plished by varying the potential on 
the deflection plates. 

In this gun the difference of poten¬ 
tial between control grid and first 
anode focuses the electrons into a 
sharp cross-over point; the difference 
of potential between the first and sec¬ 
ond anodes focuses the very sharp 
cross-over point on the fluorescent 

screen. Often the electrodes of the 
picture tube that focus the beam to 
a cross-over are referred to as the 
“first lens” while the electrodes that 
focus the cross-over on the fluorescent 
screen are called a “second lens.” 

There are three operations taking 
place inside the picture tube. First, 
the scanning beam is generated and 
focused by the electron gun. Second, 
the deflection fields act upon the scan¬ 
ning beam and cause it to move in a 
standard pattern. Third, the focused 
and moving beam scans the fluores¬ 
cent screen and illuminates it in ac¬ 
cordance with the intensity variations 
of that beam. 

Forming the TV Picture 
To understand the operation of a 

television system, as well as the ac¬ 
tion of the picture tube, it is impor¬ 
tant that you know how the television 
raster is formed. 

FORMING THE RASTER 
The raster is composed of a series 

of horizontal lines on the picture tube 
screen. These lines are produced by 
the beam of electrons striking the 

fluorescent screen in a controlled pat¬ 
tern. 

Deflection Plates. We can illus¬ 
trate how the scanning beam traces 
a series of horizontal lines by studying 
the scanning beam movement in a 
picture tube using electrostatic de¬ 
flection. The electron scanning beam 
in the electrostatic picture tube shown 
in Fig. 3 is deflected from left to right 
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and from the top to the bottom of the 
screen by applying voltages to the 
deflection plates. It is the potential 
difference between these plates that 
causes the beam to move to form the 
raster. Fig. 4A shows what happens 
when the potential on all the deflec¬ 
tion plates is the same; the scanning 
beam is focused in the center of the 
screen (in the illustration, we are 
looking directly into the electron 
gun). 

When the right-hand plate is made 
positive with respect to the left-hand 
plate, the electrons in the beam are 
attracted by the positive plate and 
repelled by the negative plate. The 
beam is deflected, and the spot ap-

moving back and forth across the 
screen, drawing a line as in Fig. 4E. 
If an ac signal is applied across the 
vertical plates the beam will draw 
a vertical line as in Fig. 4F. 
The spot can be made to trace an 

unlimited number of patterns on the 
tube face by applying different ac 
signals across the two pairs of plates. 
The particular pattern that we are 
interested in for television is a series 
of horizontal lines across the face of 
the tube. We can get them by apply¬ 
ing a specially shaped ac signal called 
a sawtooth voltage to each pair of 
plates. 
A sawtooth voltage waveform is 

shown in Fig. 5A. At the beginning 

FIG. 4. I he electron beam may be moved by applying different potentials to the 
horizontal and vertical deflection plates. 

pears off-center to the right, as in 
Fig. 4B. When the left-hand plate 
is made positive with respect to the 
right-hand plate, the spot appears 
off-center to the left. 
The spot can be moved vertically 

up the screen by making the top plate 
positive with respect to the bottom, 
as in Fig. 4C, and down the screen by 
making the bottom plate positive with 
respect to the top plate. The spot 
can be moved to any part of the 
screen by applying steady voltages 
across both pairs of plates. Fig. 4D 
shows the plate voltages that would 
move the spot to the lower right¬ 
hand corner. 

If an ac signal is applied across 
the horizontal plates, the polarity of 
the voltage between these plates will 
change constantly. The beam re¬ 
sponds to this changing voltage by 

of the cycle, the voltage is negative; 
it changes in the positive direction 
at a steady rate, then drops very 
rapidly back to the original negative 
value. If this wave is applied to the 
horizontal deflection plates of a tube 
so that the right-hand plate is nega¬ 
tive at the beginning of the cycle, the 
beam will move from the left side of 
the screen to the right then jump 
back to the left again, tracing a hori¬ 
zontal line on the face of the tube. 
The left-to-right movement is called 
the “trace”, and the rapid right-to-
left movement is called the “retrace”. 
Fig. 5B shows another sawtooth 

wave with a frequency one-quarter 
that of the wave in Fig. 5A. The 
wave in Fig. 5A goes through four 
complete cycles while the wave in 
Fig. 5B goes through one cycle. Now 
suppose we apply the wave in Fig. 
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FIG. 5. Formation of a scanning raster. 

5A to the horizontal plates and at the 
same time apply the wave at Fig. 5B 
to the vertical plates. When both 
waves are at their most negative 
value, the right-hand plate and the 
bottom plate are negative with re¬ 
spect to the left-hand plate and the 
top plate. 
The beam is moved from left to 

right by the signal on the horizontal 
plates, and from top to bottom by 
the signal on the vertical plates. The 
frequency relationship between the 
two signals is such that the beam 
moves horizontally across the screen 
four times while it is traveling from 
top to bottom. 

The numbers on the two waveforms 
in Figs. 5A and 5B show the voltages 
across the two sets of plates at nine 
different times. The numbers on the 
trace in Fig. 5C show the spot posi¬ 
tion at these times. In a television 
receiver, the beam is cut off during 
the retrace times, so that only the 
traces show on the face of the tube. 

In actual practice, the frequency of 
the horizontal sawtooth is 262% times 
as fast as that of the vertical saw¬ 
tooth. This means that 262% lines 
are formed during each motion of the 
scanning beam from top to bottom of 
the screen. You can see in Fig. 5 that 
the individual lines are tilted slightly. 
However, at these frequencies, the in¬ 
dividual lines are produced at such a 
rapid rate that the tilt is not notice¬ 
able. 

In modern TV broadcasting, a sys¬ 
tem called 1 to 2 interlaced scanning 
is used; that is, additional lines are 
interspaced between the first group of 
lines. Consequently, there are ap¬ 
proximately 500 scanning lines from 
top to bottom. 
You may see the individual scan¬ 

ning lines that make up the television 
raster by observing the face of your 
picture tube. The lines are particu¬ 
larly apparent on a large screen tube. 
When no video signal is applied to 
the tube, the scanning lines have a 
uniform illumination over the entire 
screen. You can adjust the over-all 
illumination by adjusting the bright¬ 
ness control. 

Deflection Coils. The same type 
of scanning raster can be formed by 
using deflection coils mounted extern¬ 
ally around the neck of the magnetic 
picture tube. To move the scanning 
beam, we apply a sawtooth current 
to each deflection coil. The sawtooth 
currents in the deflection coils form 
magnetic fields, which penetrate the 
glass envelope and control the move¬ 
ment of the beam generated by the 
electron gun. 
If the sawtooth current changes 

linearly, it will produce a corre-

Courtesy of Admiral 

FIG. 6. Picture fornica by light varia« 
tions along each scanning line. 
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sponding linear motion of the scan¬ 
ning beam. The principle of electro¬ 
magnetic deflection will be discussed 
in more detail in a later section. 

A picture is formed on the fluores¬ 
cent screen by causing brightness 
changes along each individual line of 
the raster, as shown in Fig. 6. This 
is accomplished by applying the video 
signal to the control grid circuit of 
the picture tube. As the grid voltage 
changes, so does the density (the 
number of electrons in the scanning 
beam). Consequently, as the beam 
traces from left to right across the 
screen, the illumination changes along 
the scanning line. 
When a dark element is transmit¬ 

ted, the density of the scanning beam 
is low, causing dim illumination of 
the fluorescent screen at the point of 
impact. When a brilliant element is 
transmitted, the scanning beam has 
much greater density. Thus, the im¬ 
pact of the beam at this instant 
causes intense illumination at this 
point of impact. 

You can observe the brightness va¬ 
riations along a single line of a pic¬ 
ture by looking closely at your tele¬ 
vision screen. Notice the areas of 
darkness, gray, and intense white 
along a single line. These same 
brightness changes along each of the 
500 lines of the standard television 
picture reproduce the entire scene 
scanned by the camera tube. 

FORMING AND FOCUSING 
THE SCANNING BEAM 

The electron gun of a picture tube 
forms the scanning beam and focuses 
it on the fluorescent screen. The ar¬ 
rangement of the cylindrical elements 
in a picture tube that uses electro¬ 
magnetic deflection and magnetic fo¬ 
cus is shown in Fig. 7. The initial 
section of the gun consists of a heater, 
a cylindrical cathode, a cathode sur¬ 
face, and a control grid (sometimes 

referred to in service diagrams as 
grid No. 1). The rest of the gun in 
this tube consists of an accelerating 
electrode (the first anode, or grid No. 
2), and the second, or final, anode 
(grid No. 3). In an electrostatic focus 
tube, an additional focus electrode is 
inserted between the first anode and 
the high-voltage second anode. 

In a picture tube, the source of 
electrons is the emitting surface of 
the cathode that is heated by, but 
isolated from, a filament. The cathode 
is a cylindrical nickel cap mounted 
oyer the filament. At its end is a 
nickel disc upon which the emitting 
coating has been deposited. The com¬ 
position of the oxide coating has been 
chosen to supply efficient electron 
emission with the amount of heat 
created by the filament. The actual 
cathode-emission surface is made as 
small as possible to permit the for¬ 
mation of a beam of small diameter. 
However, the surface must be suffi¬ 
cient to supply an adequate beam 
density. 
To insure a very small diameter 

beam, the electrons leaving the cath¬ 
ode are concentrated into a cross-over 

Courtesy of RCA 

FIG. 7. Electron-gun structure of a 
picture tube. 
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CONTROL GRID CYLINDRICAL 

FIG. 8. Formation of cross-over point. 

point. This is shown in Figs. 2 and 
3. Then the electron gun regulates 
the density of the beam. These func¬ 
tions are accomplished by the cathode, 
the control grid, and the first anode. 

The control grid, which is another 
cylindrical electrode, controls the 
amount of electron emission from the 
cathode surface just as the control 
grid in a conventional vacuum tube is 
able to regulate the plate current flow. 
As with the vacuum tube control grid, 
the picture tube control grid is biased 
negatively. Therefore, by changing 
the amount of negative grid voltage, 
either with a de supply source or a 
signal, you can regulate the number 
of electrons that move from the cath¬ 
ode into the cross-over. Thus, the 
varying video signal applied to this 
electrode causes the bias voltage to 
vary. In turn, this produces the beam 
current variations that cause the 
brightness changes along each indi¬ 
vidual line of picture information. 
The control grid electrode has a 

small aperture through which the 
electrons pass. The reason for using 
apertures in the various electrodes is 
to reduce the diameter of the high 
intensity beam and to eliminate all 
the fringe electrons. The fringe elec¬ 
trons are undesirable because they 
tend to enlarge the beam diameter 
without adding much to the illumina¬ 
tion. Consequently, the fringe elec¬ 
trons fall on the aperture masks of 
the various electrodes, and are re¬ 
moved from the beam. This operation 
is referred to as beam masking, be¬ 

cause it masks out all except the 
dense central portion of the stream of 
electrons. 

It would be possible to arrange the 
electrodes in a picture tube so that 
the electrons traveled from the emit¬ 
ting surface of the cathode in parallel 
paths directly to the fluorescent 
screen. However, this would form a 
beam of large diameter, which would 
approximate the size of the cathode¬ 
emitting surface; the beam size would 
be too large for fine detail reproduc¬ 
tion. Focusing the electron beam into 
a fine cross-over point makes the 
diameter of the beam much smaller 
than the cathode-emitting surface. 
The electrons are converged by means 
of the changing voltage levels, called 
“voltage gradients,” between the first 
anode, the control grid, and the cath¬ 
ode surface. 

The electrons, as they are emitted 
from the cathode surface, have like 
charges and therefore repel each other, 
and the stream of electrons begins to 
spread out. 

The rising potential gradient be¬ 
tween the control grid-cathode elec¬ 
trodes and the first anode causes the 
electrons that diverge from the center 
to take a curved path back to the 
center. These electrons converge at 
the cross-over point as shown in Fig. 
8A. The curved voltage gradient lines 
in the illustration are referred to as 
constant voltage contours (same volt¬ 
age at all points along contour line). 
The actual contours are not straight, 
but are curved because of the elec¬ 
trode construction and apertures, as 
well as the voltage ratios between 
the electrodes. 

To understand the formation of the 
cross-over, let us consider what hap¬ 
pens to those electrons that move 
down the center of the gun and those 
that diverge and must be brought 
back to the center. The electrons 
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that move away from the center of 
the cathode follow a centered path 
down through the electron gun. These 
electrons do not diverge because there 
is an equal potential attraction for 
them on all sides, as shown in Fig. 8B. 
This equal potential attraction results 
from the cylindrical shape of the elec¬ 
trodes and prevents the electrons 
emitted by the cathode from landing 
on the actual electrodes themselves. 
Instead, the acceleration given to the 
electrons by the anode attraction 
causes them to move down the center 
of the gun and strike the fluorescent 
screen. 

The electrons that are emitted at 
points other than the center of the 
cathode surface are located in the gun 
structure at a point where there is not 
equal potential attraction on all of 
its sides. These electrons are acted 
upon by two forces—the initial anode 
attraction as well as the attraction by 
the walls of the electrodes through 
which they pass. If the proper volt¬ 
age contours were not established, 
these electrons would strike the posi¬ 
tive electrode. Notice in Fig. 8A that 
with the proper potential difference 
between the first anode and the cath¬ 
ode, the contours can be made to fold 
over in opposite directions. Thus, the 
electron that enters the contour field 
on the left and is diverging from the 
center attempts to move toward the 
nearest, most positive, potential. The 
shape of the contour causes the beam 
to bend down the center instead of 

taking its initial divergent path. Once 
the electron has made the turn toward 
the center, the shape of the field 
must be changed so that it does not 
make a sharp twist toward the center. 
Rather, it must be brought toward 
the center gradually along with elec¬ 
trons from all the other possible 
divergence paths so that all electrons 
cross over at the point in the center 
of the gun. 

The electrons that leave the cross¬ 
over point again diverge because of 
their mutual repulsion and their di¬ 
rection of motion. The second lens or 
focus system of the picture tube 
brings the electrons back to the cen¬ 
tral axis at the beam. In fact, it 
creates another cross-over point at 
the screen of the picture tube. 

The focusing of the cross-over point 
on the screen can be accomplished 
magnetically or electrostatically. 
When electrostatic focusing is used, 
as shown in Fig. 9, the potential dif¬ 
ference between the first and second 
anodes sets up a contour field which 
brings the beam to focus at the 
fluorescent screen. When magnetic 
focusing is used, an external field is 
generated to penetrate the envelope 
of the tube and bring the beam to 
focus at the screen as shown in Fig. 
10. 

Electrostatic Focusing. In elec¬ 
trostatic focusing (Fig. 9), the elec¬ 
trons in the outer segments of the 
beam diverge again after the first 
cross-over and move toward the elec-
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FIG. 10. Magnetic focusing of scanning beam. 

trode walls. It is necessary to set up 
similar contours as discussed for the 
first lens to bring the divergent elec¬ 
trons back to the center. Again the 
proper ratio must be set up between 
the first and second anodes to bring 
about the gradual fold-over of the 
beam path and the long gradual swing 
back to the central axis. Notice in 
Fig. 9 that the distance between the 
cross-over point in the first anode 
(the first lens) and the screen is much 
greater than the distance between the 
cathode and the cross-over. This fac¬ 
tor must be considered in the shaping 
of the focusing contours. 

Apertures in the electrodes of the 
second lens confine the beam. The 
removal of the fringe electrons is also 
effective in removing a focus disturb¬ 
ance. In an electronic lens, as well 
as in an optical lens, it is difficult to 
bring the fringe electrons (marginal 
rays in the case of an optical lens) 
into focus at the same point as the 
centrally located electrons. Conse¬ 
quently, the removal of the fringe 
electrons makes certain that the lens 
system brings into focus only the 
highly concentrated central region of 
the beam. 

Magnetic Focusing. When mag¬ 
netic focusing is used, a magnetic 
field created by the focusing coil or 
magnet on the neck of the tube acts 
on the diverging electrons and causes 
a second cross-over point at the 

screen. To better understand the ac¬ 
tion of a magnetic lens, let us first 
consider some of the basic magnetic 
laws : 

1. A current flow, whether through 
a wire or in the form of an electron 
beam, is surrounded by a magnetic 
field. These magnetic lines making 
up the field revolve counter-clockwise 
when looking in the direction of elec¬ 
tron flow, as shown in Fig. 11 A. 
2. When two magnetic fields are 

perpendicular to each other, there is 
no reaction between them. Thus, if 
a beam of electrons moves through a 
magnetic field whose magnetic lines 
are parallel to the motion of the beam 
(and therefore perpendicular to the 
field surrounding the beam) the mag¬ 
netic lines will have no influence on 
the beam motion, as shown in Fig. 
11B. 

3. When a stream of electrons di¬ 
verges so that it is no longer parallel 
to the magnetic field, there is a force 
exerted on it at right angles to both 
the direction of current flow and the 
magnetic lines of the field. This is 

-BEAM * 
^^ORECTION — — 

X^COUNTER- -. —A 
CLOCKWISE ___ __ \ 

FIELO / DIVERGENT 

TRANSVERSE FIELD ELECTRON MOTION 
PROM FOCUS coa 

0 0 0 
FIG. 11. Electron deflection by th« 

magnetic field of the focus coil. 
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shown in Fig. 11C. In this case, inter¬ 
action does exist between the mag¬ 
netic fields. It is this interaction be¬ 
tween the magnetic field produced by 
the stream of electrons and the mag¬ 
netic field of the coil or magnet that 
permits the development of a mag¬ 
netic lens. The focus coil or magnet 
that is mounted around the neck of 
the tube produces a magnetic field 
that is parallel to the center axis of 
the gun. This field, called a transverse 
magnetic field, is parallel to the mo¬ 
tion of the electrons at the center of 
the gun. Those electrons moving in a 
straight line down the gun toward the 
screen are not influenced by the focus 
field. However, any electrons which 
diverge from the center axis of the 
gun after the cross-over are acted 
upon. These electrons are made to 
curve back to the center of the beam. 

The divergent electrons are acted 
upon by a force that is attempting to 
move the entire stream of electrons 
perpendicular to both the direction of 
flow and the magnetic lines of the 
field. Actually, the divergent elec¬ 
trons would make a complete circle 
were it not for the original attraction 
applied by the anode voltage. There¬ 
fore, the high velocity of the beam, 
because of anode attraction, causes 
the electron path to follow a curved 
path as a result of the combined for¬ 
ward and circular movement. How¬ 
ever, when the strength and position 
of the focus field are adjusted prop¬ 

erly, the divergent electrons move 
back to the center so that the beam 
forms a very small, dense spot at the 
screen. 

DEFLECTING THE SCANNING 
BEAM 

Almost all picture tubes now being 
used have magnetic deflection. Elec¬ 
trostatic deflection is used primarily 
in cathode-ray oscilloscope tubes, al¬ 
though it was used in some of the 
older small-screen picture tubes. Mag¬ 
netic deflection is preferred for TV 
picture tubes because the neck of the 
tube can be made shorter for a given 
size screen. Therefore, the over-all 
length of the tube can be made short 
enough to fit in a practical cabinet 
size. In addition, the spot size or 
beam diameter can be made smaller 
when using magnetic deflection, which 
results in improved resolution. 

Electromagnetic deflection, like 
magnetic focusing, depends on the 
magnetic laws discussed in the pre¬ 
ceding section. In electromagnetic 
deflection, however, the magnetic fields 
have lines of force that are per¬ 
pendicular to the direction of beam 
motion instead of parallel, as in the 
case of magnetic focusing. 

How coils can be used to deflect 
the electron beam is illustrated in 
Fig. 12. Let us assume that two coils 
are mounted so that one is above and 
the other is beneath the neck of the 
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tube in such a way that a horizontal 
magnetic field penetrates the glass 
envelope of the tube. If we assume 
also that the scanning beam is coming 
out of the paper, there will be a clock¬ 
wise magnetic field surrounding the 
beam. This field, as shown in Fig. 
12A, will add to the magnetic field from 
the coil to the left side, but it will 
subtract (opposite direction of field) 
from the same field on the right side 
of the beam. Therefore, there will be 
excess energy on the left side forcing 
the beam to the right as shown. If the 
magnetic field is reversed by chang¬ 
ing the direction of current flow in 
the two coils, as in Fig. 12B, the beam 
can be deflected to the left. The left 
deflection occurs because the magnetic 
fields now add on the right side but 
subtract on the left. 

When a pair of deflection coils are 
mounted on the right and left sides 
of the picture tube neck, it is possible 
to deflect the beam vertically. Thus, 
they are referred to as vertical de¬ 
flection coils. In Fig. 12C, the hori¬ 
zontal lines of force add to the field 
surrounding the beam at the bottom 
but subtract at the top. Consequently, 
the beam is forced upward. If the 
direction of the field lines is reversed 
by changing the direction of current 
flow in the vertical coils, the beam can 
be deflected downward. 

In an actual picture tube, the de¬ 
flection yoke contains a pair of hori¬ 
zontal coils and a pair of vertical 
coils. Therefore, two magnetic fields 
are present, one with its lines vertical 
and a second with its lines horizontal. 
Since the two fields are perpendicular 
to each other, there is a minimum of 
interaction between them. The scan¬ 
ning beam can be moved to any part 
of the raster by regulating individual 
current amplitudes as well as the 
relative current amplitudes between 
horizontal and vertical coils. The 

illustration in Fig. 12D is an example 
of how the beam may be deflected 
diagonally. 

The raster on a TV picture tube is 
formed by applying sawtooth cur¬ 
rents (currents which rise linearly to 
a peak value and then drop suddenly) 
to the horizontal and vertical de¬ 
flection coils. These currents cause 
the magnetic fields of the coils to 
change linearly, and therefore, to de¬ 
flect the scanning beam in a pre¬ 
scribed pattern. Since the horizontal 
coils control the line formation of the 
raster, the frequency rate of the saw¬ 
tooth current applied to these coils is 
15,750 cps. As the beam sweeps back 
and forth, forming the horizontal 
lines, a 60-cycle sawtooth current is 
applied to the vertical coils to cause 
the beam to move from top to bottom. 
For example, when the scanning 

beam is at the top left of the picture 
to begin the formation of a raster, 
both the vertical and the horizontal 
magnetic fields are at maximum 
strength. As a horizontal sawtooth 
current pulse causes the current in 
the horizontal deflection coil to drop 
to zero and then build up linearly in 
the opposite direction, the horizontal 
field decreases in intensity until it 
drops to zero and then builds up in 
the opposite direction as the current 
builds up. The scanning beam moves 
from left to the center of the screen 
and then on to the right side of the 
picture tube. When the beam reaches 
the far right, the direction of current 
flow suddenly changes, and the scan¬ 
ning beam returns quickly to the left 
to start a new line. The frequency of 
the sawtooth current applied to the 
horizontal coils is many times higher 
than that applied to the vertical coils. 
Therefore, a great many horizontal 
lines are formed as a single vertical 
sawtooth pulse in the vertical coils 
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USE SIMILAR ARRANGEMENT 
FOR VERT. CENT. 

FIG. 13. Centering the scanning raster 
by applying a <lc voltage to the horizon¬ 

tal and vertical deflection coils. 

causes the scanning beam to move 
down the screen. 

Now let us sum up the basic dif¬ 
ferences between electromagnetic and 
electrostatic deflection. When electro¬ 
magnetic deflection is used, a sawtooth 
current and a changing magnetic field 
produce full deflection of the beam; 
when electrostatic deflection is used, à 
sawtooth voltage and a changing 
electrostatic charge produce full beam 
deflection. 

CENTERING THE PICTURE 
After forming the raster, you must 

have some method of properly center¬ 
ing it to the left or right and up or 
down on the fluorescent screen. One 
way is to insert a low-voltage de 
source in the horizontal and vertical 
deflection coil circuits and adjust the 
amount and direction of the de flow 
in each winding with a variable re¬ 
sistor. An adjustable centering cir¬ 
cuit of this type is shown in Fig. 13. 
With separate potentiometers, you can 
adjust the amount and direction of 
de flow and obtain proper centering 
horizontally and vertically. 
The most common centering meth¬ 

od for picture tubes with magnetic 
deflection involves proper positioning 
of the focus coil on the neck of the 
tube. Fig. 14A is an illustration of 
this method. Since a de component 

flows in the focus coil, it can control 
the position of the scanning beam and 
thus the position of the raster. Gen¬ 
erally, you must place the focus coil 
so that its own central axis does not 
coincide exactly with the central axis 
of the electron gun structure. Thus, 
to obtain proper centering, you will 
find that the focus coil must be posi¬ 
tioned at a slight angle on the neck 
of the picture tube. In this position, 
the focus coil corrects for the de com¬ 
ponents in the deflection coils that 
tend to move the scanning raster off 
center, and for any slight misalign¬ 
ment in the gun. 
When electrostatic focusing is 

used, the most common centering 

DEFLECTION YOKE 
ADJUSTMENT 

CORRECTOR MAGNET 

BEAM BENDER 

PICTURE CENTERING 
ADJUSTMENT 

FIG. I 1. Centering arrangements. In 
A, centering is achieved by proper posi¬ 
tion of the focus coil. In B, a centering 

magnet is used. 
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method is to use a small ring magnet 
on the neck of the tube near the de¬ 
flection yoke. This is shown in Fig. 
14B. Then, to obtain proper center¬ 
ing of the picture, all you have to do 
is rotate the magnet. Often a cen¬ 
tering magnet of this type is used on 
a tube with magnetic focusing be¬ 
cause it is easier to adjust than the 
focus coil. 

FLUORESCENT SCREEN AND 
SECOND ANODE COATING 

After the electron beam leaves the 
deflection field, its initial acceleration 
carries it to the fluorescent screen. 
The screen is made of a fluorescent 
material that is deposited on the in¬ 
ner face of the picture tube. When 
the material is bombarded by an elec¬ 
tron beam, it will produce light, be¬ 
cause the energy that the striking 
electrons impart to the fluorescent ma¬ 
terial disturbs its atomic structure. 
In returning to its normal state, the 
material gives off light. A material 
that behaves in this manner is re¬ 
ferred to as a phosphor. The prepara¬ 
tion of an efficient phosphor material 
for picture tubes is a highly special¬ 
ized branch of chemistry. By properly 
combining different materials into a 
compound, it is now possible to ob¬ 
tain an almost white fluorescence. 
When the material is bombarded, 

it fluoresces and remains illuminated 
for a short interval after the electron 
beam has moved on to another sec¬ 
tion of the screen. The screen must 
glow long enough so that the image 
remains illuminated between scans, 
but at the same time it must not 
glow so long that the images overlap. 
A decay time (the decay time is the 
time required for the luminescence 
to decay to 1 per cent of its initial 
value) that will give a reduction in 
brilliancy to a negligible value in a 
few milliseconds will result in an 

adequate image persistence and re¬ 
duction in flicker without causing the 
images to overlap. 

When the electron beam strikes the 
fluorescent screen, it causes secondary 
electrons to be emitted. If the sec¬ 
ondary electrons are not attracted to 
a positive electrode, they accumulate 
in front of the screen and form an 
electron cloud that interferes with 
the normal operation of the tube. To 
prevent this, the inside of the glass 
envelope in almost all picture tubes 
is coated with a conductive material, 
such as carbon or powdered graphite, 
called “aquadag.” It extends out from 
the neck of the funnel-shaped part of 
the tube to within an inch or so of 
the screen. One end of the coating is 
connected to the second anode through 
spring clips, and so has a high posi¬ 
tive potential to attract the secondary 
electrons away from the screen. In 
some picture tubes, the gun structure 
does not include a metallic second 
anode; the aquadag coating itself 
serves as the high-voltage anode. 

On many picture tubes, the outside 
of the glass envelope has a conductive 
coating, which must be grounded. The 
glass between the inner and outer 
coatings acts as a dielectric, forming 
a capacitor that operates as part of 
the filter system for the high-voltage 
anode supply. 

Picture tubes have been constructed 
using metal cones instead of glass. 
This type of tube, as shown in Fig. 
15, consists of a large metal cone that 
links the face plate with the neck 
section. The large end of the cone is 
fused to a slightly curved, glass face 
plate, while the small end is fused 
to the glass neck section containing 
the electron gun. 

The metal cone serves as the anode 
for the picture tube and is connected 
electrically to the anode section of 
the gun through a conductive coating 
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Courtesy RCA 

FIG. 15. Metal-cone picture tube. 

deposited on the inside of the glass 
neck section. The cone, being at high 
potential, usually is covered by a plas¬ 
tic insulating sleeve as a safety pre¬ 
caution. 

SAFETY RULES 
The picture tube can be the most 

hazardous component in a television 
receiver. There is danger of implosion 
and you may be hit by flying glass. 
Therefore, you must observe certain 
precautions each time you handle a 
picture tube. If you disregard these 
safety rules, you may be inviting 
disaster. 
Never drop a tube even from an 

elevation of a fraction of an inch, 
and never slide a tube over any hard 
surface. This may scratch and 

weaken the tube so that at some fu¬ 
ture time a slight jar will cause it to 
implode. If the picture tube will not 
easily slide out of the television chas¬ 
sis, never jar or tug at it in an at¬ 
tempt to dislodge it. Instead, locate 
the cause of the difficulty. Always 
handle the tube carefully and gently. 
When a picture tube is not in use, 
always place it in its carton or on 
a rack. Never subject a picture tube 
to sudden temperature changes; when 
a tube has been operating for some 
time, allow it to cool before taking it 
outdoors. 

Be careful in handling the tube so 
as not to receive a shock. The actual 
shock itself is not particularly dan¬ 
gerous. However, it can startle you 
sufficiently to make you drop or se¬ 
verely jar the tube, and it may result 
in an implosion, or at least, it may 
weaken the tube When handling TV 
picture tubes, always wear shatter¬ 
proof goggles and heavy gloves for 
your own protection. 

Almost all television receivers have 
a safety glass window over the view¬ 
ing face of the picture tube. This win¬ 
dow not only prevents accidental 
damage to the tube, but also it pro¬ 
tects the viewer from flying glass if 
an implosion should occur. Therefore 
do not remove the protective window 
under any circumstances. 
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Special Features of Picture Tubes 
In the previous sections, we have 

discussed the fundamentals and es¬ 
sential components of the picture tube 
and have explained its operation. 
Next, we will study some of the spe¬ 
cial characteristics, modifications, and 
improvements that have been made 
in the modern picture tube. 
To produce a scanning beam of 

electrons that will strike the fluores¬ 
cent screen with sufficient impact to 
illuminate the screen, we must use a 
very high accelerating voltage. How¬ 
ever, this same high voltage is able 
to dislodge ions as well as electrons 
from the cathode surface. Since the 
ions have the same charge as elec¬ 
trons, they are attracted at high ve¬ 
locity by the high voltage of the 
anode. The ions have a much greater 

mass and are heavier than the elec¬ 
trons. Therefore, when they strike the 
fluorescent coating, they cause the 
screen to disintegrate. If the screen 
is bombarded by ions for a period of 
time, it will become incapable of pro¬ 
ducing very much light. 

ION TRAPS 
The problem of ion burns in an 

electrostatic deflection tube is not se¬ 
rious, because an electrostatic field is 
able to deflect the heavy ions as well 
as the lighter electrons. However, a 
magnetic field has little influence on 
the heavy ions; only the electrons are 
deflected. Thus, the ions remain in a 
cluster and strike a small central area 
of the picture tube continuously, 
which results in rapid deterioration of 
that surface. This is shown in Fig. 16. 

Courtesy Sylvania Elec. Products Co.. Inc. 

FIG. 16. Notice ion spot in center of the face of the tube at left. 
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Q ASYMMETRICAL GUN 

HO. 17. Ion trap methods. A shows an asymmetrical gun; B a bent gun, and C an 
aluminized layer in back of the fluorescent screen. 

There are several methods for pre¬ 
venting the heavy ions from burning 
the fluorescent screen. These methods 
take advantage of the fact that an 
ion is heavier than an electron and 
that an electrostatic field will deflect 
both ions and electrons equally well, 
but a magnetic field will deflect only 
the electrons. Several ion trap ar¬ 
rangements are shown in Fig. 17. The 
methods in Fig. 17A and 17B employ 
electron guns of special construction 
(either asymmetrical or bent). In the 
third system (Fig. 17C), an aluminum 
backing at the fluorescent screen pre¬ 
vents the ions from penetrating to the 
fluorescent material. 

Asymmetrical Gun. The ion trap 
arrangement in Fig. 17A consists of 
an especially constructed electron gun, 
and a magnetic ring assembly that 
is placed externally around the neck 
of the tube. The adjacent ends of the 
first anode and second anode are cut 
at an angle rather than straight. 
There is a small aperture at the end 
of the second anode through which the 
electrons pass to reach the screen of 
the picture tube. A strong electro¬ 
static field exists in the air gap be¬ 
tween the two anodes, and because 
this air gap is slanting, the electro¬ 
static field does not follow the normal 
axis of the tube, but slants. The ions 
and electrons that enter this electro¬ 
static field are deflected away from 
the central axis toward the walls of 

the second anode. Thus, if no external 
magnetic field were employed, both 
the electrons and the ions would be 
attracted to the wall of the second 
anode instead of passing through the 
aperture and continuing on to the 
screen. 

To separate the ions from the elec¬ 
trons, we utilize the principle that a 
magnetic field will deflect electrons 
but will not deflect ions. Notice in 
Fig. 17A that two magnets are placed 
on the outside of the tube neck ap¬ 
proximately over the gap between 
the two anodes so that the magnetic 
lines cut across the neck of the tube, 
and the effect of the slanting electro¬ 
static field on the electrons is neu¬ 
tralized. The field from the first mag¬ 
net penetrates the glass neck and 
pulls the electrons back toward the 
principal axis. This is rather large 
because considerable strength is re¬ 
quired to change the direction of the 
electron stream. 

A second and weaker field is con¬ 
tributed by a smaller magnet, which 
helps to guide the electrons through 
the small aperture in the second 
anode. The heavier ions, however, re¬ 
main trapped by the second anode 
because the magnetic fields have prac¬ 
tically no effect on their direction of 
travel. Therefore, they cannot be de¬ 
flected back to the principal axis of 
the tube. 
To obtain peak performance from 
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the receiver, you must adjust the ion 
trap properly. Proper adjustment is 
important not only from the stand¬ 
point of ion damage to the fluorescent 
screen, but also because it determines 
the full brightness and contrast of the 
picture. 

Bent Gun. Another method of ion 
removal employs the bent-gun type 
of construction (Fig. 17B). In this 
gun the actual cylindrical elements 
are mounted at an angle with respect 
to the center axis of the tube. An 
external bending magnet or coil is 
used. When the electrons and the ions 
emerge from the aperture at the end 
of the control grid, they move toward 
the collector wall of the next cylin¬ 
drical anode. Both the electrons and 
the ions pass through the lines of 
force of the magnetic bending field. 
The magnetic field is of sufficient 
strength and of the proper polarity to 
return the electrons to the center axis 
of the picture tube structure. How¬ 
ever, the ions, since they are not in¬ 
fluenced by the magnetic field, strike 
the collecting wall and are dissipated. 
Both systems we have described use 
the same basic approach to remove 
the ions, except that the first type has 
an asymmetrical gun and the second 
type has a gun mounted at an angle. 

Aluminized Screen. The alumi¬ 
num-backed screens also eliminate 

damage due to ion burns. The alum¬ 
inized screen, which is actually a coat¬ 
ing placed on the gun side of the 
fluorescent screen, is thin enough so 
that the electrons can pass through 
it and strike the screen. However, the 
ions, which are of greater mass and 
dimension are not able to penetrate 
the aluminized layer. Instead, they 
strike the layer and are disintegrated 
by it. 

This type of ion removal is simple 
because it does not require an elab¬ 
orate electron gun. However, picture 
tubes with aluminized screens also 
may use ion trap magnets, depending 
on gun style. 
Three factors that influence the 

brightness of the fluorescent screen 
and, therefore, the obtainable contrast 
are the second anode voltage, the 
luminous material, and the effective 
utilization of the light emitted from 
the screen. A higher anode voltage, of 
course, increases the beam current 
without enlarging the spot size. Also, 
the brightness can be improved by 
using a more efficient fluorescent 
material. However, probably the 
greatest improvement in the picture 
brightness and contrast has been ac¬ 
complished with the use of aluminum-
backed screens. 

When the electron beam strikes the 

FIG. 18. In a conventional picture tube, light is emitted in all directions from an 
element of the fluorescent screen as shown at A; most of the light emitted by an 
element of the fluorescent screen is directed forward, if the screen has an aluminum 

backing, as shown at B. 
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fluorescent material on the tube 
screen, light is emitted in all direc¬ 
tions, as shown in Fig. 18A. (The 
region in the circle is a greatly en¬ 
larged view of one element of the 
fluorescent screen.) Only a small per¬ 
centage of the emitted light in a con¬ 
ventional picture tube is emitted 
toward the viewer. At least 50% of 
the light generated by the screen is 
emitted toward the back of the tube, 
and another 20% to 25% is lost by 
reflection from the glass on the inside 
of the tube face. If this reflected light 
is directed back to the screen and it 
falls on a picture area that is nor¬ 
mally dark, the area will be illumi¬ 
nated, which results in a further re¬ 
duction in contrast. 

On the other hand, when the fluo¬ 
rescent screen is backed with a very 
thin layer of aluminum deposited on 
the fluorescent material, as in Fig. 
18B, the light that would ordinarily 
go back toward the electron gun is 
reflected forward through the tube 
face. Often the aluminum-backed 
tubes are referred to as daylight tubes 
because, with the improved brightness 
and contrast, they can be viewed in 
full daylight. 

ELIMINATING REFLECTIONS 
AND HALATION 

In a conventional picture tube, the 
light at the point at which the beam 
strikes radiates in a number of direc¬ 
tions as shown in Fig. 19A. Since 
there is no aluminum backing, light 

FIG. 19. Light scattering (A), and 
halation (B). 

may be reflected back toward the gun 
structure or it may be internally re¬ 
flected in the glass face of the tube 
as shown by the line b in Fig. 19A. 
This sidewise dispersion of the light 
results in a defect called halation. 
This defect prevents the necessary 
sharp division between bright and 
dark objects by causing shadowy lines 
to border the desired light lines. See 
Fig. 19B. 

One method of overcoming halation 
and improving picture contrast is to 
use a dark binder with the phosphor 
crystals so that the light will not 
scatter. Halation can also be mini¬ 
mized by making the tube face of 
special filter glass that prevents the 
secondary light reflections. A piece of 
filter glass placed over the picture 
tube face is also helpful in preventing 
room reflections from disturbing the 
picture contrast. Ordinarily, any light 
falling on the tube face will lighten 
black areas in the picture and thereby 
reduce the over-all contrast range be¬ 
tween the brightest bright and the 
darkest dark. However, with a filter¬ 
glass face plate, the room illumina¬ 
tion can be higher without a resultant 
loss in picture contrast. 

Tubes with filters to reduce hala¬ 
tion as well as external glare are often 
called gray or black tubes. When 
they are not illuminated, the tube face 
appears darker than a picture tube 
that does not use a filter. Other types 
that employ both the aluminum-
backing and the filter-glass face plate 
are at times referred to as black day¬ 
light tubes. 

Another method that is occasionally 
used to reduce room glare involves 
mounting the picture tube so that it 
tilts downward slightly. Since there 
is little to cause reflections at the 
floor level, this gives an apparent 
improvement in contrast and reduc-
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tion of glare when the picture is 
viewed with high room lighting. 

FACE SHAPES 
Although you may find a few pic¬ 

ture tubes that have flat faces, the 
faces of most of the tubes in use are 
slightly curved. With an absolutely 
flat screen, it is more difficult to main¬ 
tain sharp focus over the entire screen 
because the electron beam has to 
travel a greater distance between the 
gun and the outer edges of the screen 
than it does from the gun to the cen¬ 
tral portion of the screen. If the tube’s 
face has a slight curvature, the outer 
sections of the screen are brought 
nearer to the gun so that it is less 
difficult to maintain a uniform focus. 
If the face curvature is too great, 
however, the picture is annoying to 
watch because the image appears 
curved and distorted. 

There is also a safety considera¬ 
tion in designing a tube with a curved 
face. With a flat screen surface, there 
is a sharp bend between the face and 
the cone of the picture tube, and a 
slight jar or blow might be sufficient 
to cause the face to collapse. Thus, a 
limited curvature is preferable be¬ 
cause it can be made stronger than 
one that has a sharp bend between the 
face plate and the cone. 

IMPROVEMENTS IN THE 
ELECTRON GUN 

One of the disadvantages of the 
usual type of gun is that the anode 
used in focusing the beam on the 
screen is often a part of both the first 
and the second lenses of the gun. 
When the focus voltage in this type 
of gun is adjusted properly, the cross¬ 
over point occurs at the fluorescent 
screen. However, adjustment of the 
brightness control or brightness varia¬ 
tions of the control-grid video signal 
can change the number of electrons 

FIG. 20. Improved electron gun. 

that strike the focus anode. This, in 
turn, alters the voltage ratio between 
the second anode and the focus elec¬ 
trode, and defocuses the beam. 

To eliminate this disturbance, the 
second anode can be split and a focus 
anode in the form of a thin disc can 
be inserted between the anode sections 
as shown in Fig. 20. With this ar¬ 
rangement, the second anode is placed 
nearer the cathode, which results in 
more rapid acceleration of the elec¬ 
trons. Also, the focus anode serves as 
a buffer between the first and second 
lenses, minimizing the interaction be¬ 
tween them. The accelerating anode 
is also made longer so it can serve as 
the collector for the diverging elec¬ 
trons of the beam—the number of 
which vary with control-grid changes. 
Since the focus electrode is thin, few 
electrons fall upon it. As a result, the 
ratio of the second anode voltage to 
the focus electrode voltage remains 
constant, and the focus does not 
change. 

An example of a special gun for an 
electrostatic focus picture tube is 
shown in Fig. 21. This is a self-focus 
picture tube. With this arrangement, 
it is not necessary to use an external 
focus control because the gun itself 
has been designed to produce an in¬ 
focus picture when the ion trap 
has been set properly for maximum 
brightness. The self-focus tube re¬ 
mains in focus for wide variations in 
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FIG. 21. Self-focus or low-voltage electrostatic focus gun. 

electrode potentials and for apprecia¬ 
ble shifts in the filament and supply 
line voltages. 

In the self-focus gun the second 
anode itself is split with the focusing 
electrode in position over the opening 
between the sections. The position of 
the focus electrode, its potential, and 
the width of the anode split are all de¬ 
signed to bring the beam to focus at 
the fluorescent screen. The ratio be¬ 
tween the voltage of the two sections 
of the second anode and the voltage 
of the focus-electrode is always con¬ 
stant. As a result, variations in elec¬ 
trode potentials have much less in¬ 
fluence on proper focus. 

In one version of the self-focus gun, 
the focusing electrode is returned 
through an internal resistor to the 
cathode of the gun. Later versions of 
this type of picture tube bring the 
focus electrode out to one of the base 
pins so that a low value focus voltage 
can be applied to it. 

FOCUSING PROBLEMS IN 
LARGE SCREEN TUBES 

The length of a large screen pic¬ 
ture tube is held to a practical dimen¬ 
sion by deflecting the scanning beam 
over a wide angle. However, with 
this wide deflection angle, it is diffi¬ 
cult to obtain uniform focus over the 
entire area of the screen. The spot, 
instead of being a small circle, is 
flattened to an egg-shaped spot at the 
outer edges of the raster as shown in 
Fig. 22A. This defect occurs in re¬ 
ceivers using the older types of deflec¬ 
tion yokes because they produce non-
uniform magnetic deflection fields. 
Therefore, in passing through these 
curved sections of the field, the spot, 
instead of being round, as it is at the 
center of the screen, becomes ellipti¬ 
cal. Naturally, the larger the screen 
area, the more objectionable the de¬ 
fect becomes. 

This poor focus can be corrected by 
using “cosine” deflection yokes. In 
the cosine yokes, the windings of the 
deflection coils are designed so that 
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FIG. 22. Distortion problems of large-
screen picture tube. A, at edges of raster, 
spot becomes elliptical; B, pincushion 
distortion of sides of raster can be 

straightened by keystone magnets. 

there are more turns on the outside 
of the coil than at the center. This 
arrangement permits the development 
of uniform magnetic fields, and uni¬ 
form focusing over the entire screen 
area. All modern TV receivers using 
large screen picture tubes have similar 
improved deflection yokes. 

Still another type of raster distor¬ 
tion can occur in a large screen pic¬ 
ture tube. To keep the over-all length 
of the large screen tube within practi¬ 
cal limits, the neck is made short. 
This means that the beam must be 
deflected at a very wide angle (up to 
110°) to reach the edges of the raster. 
It is apparent that the beam must 
travel a greater distance from the 
gun to the screen when it is scanning 
the edges of the raster than when it 
is directed toward the central portions 
of the screen. Since the distances are 
not equal, the actual lengths of the 

individual scanning lines do not re¬ 
main uniform. For example, when 
the scanning beam is tracing a line 
at the very top (or bottom) of the 
fluorescent screen, it is at its greatest 
distance from the electron gun. Con¬ 
sequently, the length of the scanning 
line is very long for a given deflection 
angle. When the scanning beam is 
tracing lines at the center of the 
raster, the lines are nearest to the gun. 
At this position, the length of the 
scanning line is appreciably shorter 
because the scanned surface is nearer 
the electron gun. 
This same non-uniformity exists 

both horizontally and vertically. As 
a result, the actual scanning raster 
is distorted on all sides (referred to 
as “pincushion” distortion) as shown 
in Fig. 22B. The longer travel paths 
at wide deflection angles cause a bow-
ing-in of the scanning raster which 
is apparent on some modern receivers. 
This is seen often on a large screen 
picture when the receiver has a deflec¬ 
tion system defect that presents diffi¬ 
culty in obtaining full picture width 
or full picture height. 

The pincushion distortion is usually 
corrected in modern television receiv¬ 
ers by positioning special pincushion 
magnets (sometimes called keystone 
magnets) near the fluorcscent-screen 
side of the deflection yoke. It is also 
possible to minimize pincushion dis¬ 
tortion with additional modification 
of the deflection yoke windings. 



Picture Tube Circuits 
and Adjustments 

In this section, we will discuss typi¬ 
cal picture tube circuits used in mod¬ 
ern television receivers and list the 
various signals and de voltages that 
are applied to the tube electrodes. 
Then we will take up the proper 
placements and adjustment of the 
components on the tube neck. 

DC VOLTAGE AND SIGNAL 
CIRCUITS 

To obtain a suitably reproduced 
picture from a television receiver, a 
number of signals and de voltages 
must be applied to the picture tube. 
This tube is the termination point for 
the video and blanking signals as well 
as the vertical and horizontal sweep 
waveforms. The voltage range in¬ 
cludes the ac filament, the de grid 
bias, and the very high de anode volt¬ 
ages. 

FIG. 23. The signals and de voltages 
applied to a picture lube using electro¬ 

magnetic deflection and magnetic 
focusing. 

The various signals and voltages 
that must be applied to a picture tube 
using electromagnetic deflection and 
magnetic focusing are shown in Fig. 
23. Video and blanking signals are 
applied through the compensating net¬ 
work consisting of capacitor Cl and 
resistor RI to resistor R2 at the cath¬ 
ode of the picture tube. Since the 
signals are fed to the cathode, the 
blanking pulse and the black portions 
of the video signal must be positive in 
polarity. As you will learn later in 
the course, the signal must be fed to 
the picture tube in such a way that 
it will cause the number of electrons 
in the beam to increase when a bright 
portion of the scene is to be repro¬ 
duced. 
Although the coils are not shown 

in the illustration, sawtooth current 
waveforms are applied to the hori¬ 
zontal and vertical deflection coils to 
control the motion of the scanning 
beam. 

The de brightness voltage is applied 
to the grid of the picture tube through 
the brightness potentiometer R3 and 
filter capacitor C2. By adjusting the 
brightness control, you adjust the 
grid bias, and therefore, regulate the 
over-all or average screen illumina¬ 
tion. 

An external focus coil is provided 
with this type of picture tube. The 
focus control network consists of the 
focus coil, two filter capacitors C3 
and C4, and the focus control R5. 
When the control is adjusted, it regu¬ 
lates the amount of de flowing through 
the focus coil and in that way serves 
as a fine focus adjustment. Finally, a 
positive voltage of 350 volts is ap-
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FIG. 24. Picture tube signal and voltage 
circuits for an electromagnetic picture 
tube using a permanent-magnet focusing 

arrangement. 

plied to the accelerating anode of the 
picture tube, and a positive voltage of 
14,000 volts supplies the required 
high-voltage potential for the picture 
tube second anode. 

The same type of tube can also be 
used when focusing is accomplished 
by a permanent magnet, as shown in 
Fig. 24. In this arrangement, there 
is no focus coil or regulation of coil 
current. Instead, the permanent mag¬ 
net is mechanically adjusted to regu¬ 
late the strength or position of the 
focus field and to provide a fine ad¬ 
justment of the focusing. In this cir¬ 
cuit, the video and blanking signals 
are applied to the grid of the gun. 
Therefore, the polarity of the blank¬ 
ing pulse must be negative to shut 
off the scanning beam during retrace 
intervals. The brightness control is 
in the cathode circuit and regulates 
the positive voltage applied to the 
cathode to obtain the proper bright¬ 
ness bias between the grid and cath¬ 
ode of the picture tube. 

Still another signal, called a retrace 
blanking signal, is applied through 
capacitor C2 to the cathode. It is 
in the form of a positive pulse de¬ 
veloped in the output of the vertical 
amplifier. This positive pulse coin¬ 
cides with the vertical retrace period 
to cut off the scanning beam during 

vertical retrace intervals. Thus, the 
vertical retrace lines that weave from 
bottom to top of the scanning raster 
cannot be seen in the reproduced pic¬ 
ture. Regardless of whether the video 
signal is applied to the grid or to 
the cathode of the picture tube, the 
vertical retrace lines are eliminated 
by the retrace blanking pulse. When 
there is a picture on the screen, the 
presence of the retrace blanking pulse 
permits more versatility in the ad¬ 
justment of the contrast and the aver¬ 
age brightness. Likewise, with changes 
in scene brightness, there is less likeli¬ 
hood of retrace lines becoming visible 
regardless of the type of scene being 
transmitted. In this picture tube cir¬ 
cuit, a positive voltage of 425 volts is 
applied to the accelerating electrode, 
and the second anode voltage is more 
than 18,000 volts. 
The anode voltage in most modern 

television receivers is developed in 
the horizontal output circuit. Al¬ 
though we will discuss horizontal out¬ 
put circuits in detail in another lesson, 
we will mention at this point that 
the high voltage is derived from a 
transient pulse of very high ampli¬ 
tude that is developed in the deflection 
output circuit. This positive pulse, 
which is present across the horizontal 
output transformer, is applied to the 
plate of a small high voltage rectifier 
tube as shown in Fig. 23 It is then 
filtered and applied as second anode 
voltage to the picture tube. 

An example of an electrostatic fo¬ 
cus picture tube circuit is shown in 
Fig. 25. Notice that with the excep¬ 
tion of the grid, the various electrodes 
of the picture tube gun have fixed 
voltages applied to them. The de 
voltage on the grid of the gun can be 
controlled with a potentiometer to ob¬ 
tain the proper average brightness. 
A retrace blanking pulse of negative 
polarity is also applied to the control 
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grid, while the video and blanking 
signals are direct-coupled to the cath¬ 
ode. 

When electrostatic focusing is used, 
no focus adjustment will be found 
on the neck of the tube. Instead, a 
low de voltage is applied to the focus¬ 
ing electrode and adjusted with a 

potentiometer. Generally, this is in 
the form of a pre-set control to com¬ 
pensate for physical differences in gun 
construction. Since the setting of the 
control is not critical, it need be ad¬ 
justed only when the receiver is first 
put into service, or after a picture 
tube replacement has been made. 

The signal and voltage circuits for 
an electrostatic deflection and electro¬ 
static focus picture tube are shown 
in Fig. 26. Again the composite video 
signal is applied to the control grid 
cathode circuit. Likewise, the bright¬ 
ness control circuit is associated with 
either the grid or the cathode of the 
picture tube to provide average 
brightness. The various electrodes of 
the picture tube generally obtain their 
supply potentials through a high-volt¬ 
age bleeder network as shown. The 
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focus voltage is taken off through a 
potentiometer at the correct voltage 
division point along the bleeder net¬ 
work, while the second anode voltage 
is removed near the most positive 
high-voltage point. However, the 
voltage must be lowered slightly so 
that the centering controls can be 
inserted. 

The movable taps on the centering 
controls are each attached to one plate 
of each pair of deflection plates so that 
the de component of voltage between 
the pairs can be adjusted for proper 
centering both vertically and horizon¬ 
tally. Notice that sawtooth waves of 

magnetic focus are arranged as shown 
in Fig. 27. The deflection yoke is 
placed as far up the neck of the tube 
as possible with the cushion resting 
against the cone of the tube. The 
pincushion magnets are near the fluo¬ 
rescent screen side of the deflection 
yoke. 

The centering ring is just to the 
rear of the deflection yoke and is 
usually attached to it. Next in line 
toward the base of the tube is the 
focus coil or, as in Fig. 27, the focus 
magnet. It is a specific distance from 
the yoke and is adjustable to obtain 
the best focus. The last component 

Courtesy RCA 

FIG. 27. Proper placement 
of the components on the 
neck of an electromagnetic 
deflection and magnetic focus 

picture tube. 

equal amplitude but opposite polarity 
are applied to the two vertical deflec¬ 
tion plates to obtain a balanced and 
linear vertical deflection. The same 
arrangement is used for the horizontal 
deflection plates. 

PICTURE TUBE 
ADJUSTMENTS 

To obtain the very best picture as 
well as to prevent possible damage to 
the picture tube, the components 
mounted on the neck of the picture 
tube must be properly placed and ad¬ 
justed. The components on a tube 
with electromagnetic deflection and 

on the neck of the tube is the ion-trap 
magnet. 

The ion-trap magnet adjustment is 
very important because it affects the 
brightness and contrast of the picture 
and it also prevents damage to the 
fluorescent screen and the apertures 
of the gun electrodes. 

The deflection yoke must be posi¬ 
tioned correctly to obtain a straight 
picture and one that does not tilt to 
the right or left as shown in Fig. 28. 
If the lines of the raster are not hori¬ 
zontal with the picture mask, you 
must rotate the deflection yoke until 
the picture is in the proper position. 
Generally, you will be able to shift 
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FIG. 28. A tilted picture of this kind in 
a set using electromagnetic deflection 
means that the deflection yoke is rotated 

from its correct position. 

the entire yoke to the right or left 
after you loosen the holding wing 
nuts. 

The focus magnet is generally lo¬ 
cated on the neck of the tube a speci¬ 
fied distance from the deflection yoke 
as recommended by the manufacturer. 
When the focus control is adjusted 
properly, the reproduced picture will 
be distinct and clear instead of 
smeared as in Fig. 29. 

For the type of picture tube using 
a permanent magnet focus arrange¬ 
ment, a separate plate is also provided 
for correct centering. The centering 

Courtesy Belmont Radio Corp. 

FIG. 30. Picture off center horizontally. 

Courtesy RCA 

FIG. 29. Out of focus picture. 

plate is generally released with a 
wing nut and can be adjusted up, 
down, or sidewise to correct an off-
center picture such as the one in Fig. 
30. 

When any corner of the raster is 
shadowed, as in Fig. 31, you must 
readjust the components on the neck 
of the tube (often the ion trap). The 
corner shadow indicates that the beam 
is not being guided through the aper¬ 
ture correctly. In fact, a portion of 
the beam probably is striking the 
aperture mask. If heavy ions are al¬ 
lowed to strike the edges of the aper¬ 
ture, they will eventually break down 
and distort the aperture holes. There¬ 
fore, you must reposition the ion trap 

Courtesy RCA 

MG. 31. The shadow at the bottom left 
of this picture is produced by an incor¬ 

rect adjustment of the ion trap. 
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within the range of maximum bright¬ 
ness to eliminate the shadows, and 
then re-center and refocus the picture. 
Pincushion magnets are used on 

most large screen picture tubes to ob¬ 
tain straight raster sides. These mag¬ 
nets are mounted on small hinged 
arms so that they can be moved for¬ 
ward or backward. Generally, you 
obtain maximum correction when you 
move the magnets toward the tube. 
This is shown in Fig. 32. To adjust 

complished in the electron gun. 
Now that you know the general 

functions of the components on the 
neck of the picture tube, let us go 
through a typical adjustment pro¬ 
cedure. The following procedure is 
recommended by Sylvania for their 
picture tubes, as shown in Fig. 33. 
Before making any adjustments, 

check to be certain that the deflection 
yoke is positioned so that it presses 
against the flare of the picture tube. 

Courtesy Zenith 

FIG. 32. Zenith picture-tube mount. 

the pincushion magnets, loosen the 
screws and move the magnets until 
the raster sides are straight. Then, 
tighten the screws, but be certain 
that you do not change the position 
of the magnets. Notice in the illustra¬ 
tion in Fig. 32 that there are only the 
deflection yoke, the centering magnet, 
and the ion trap or beam bender on 
the neck of the tube; focusing is ac-

To do this, loosen the wing fasteners 
located at each side of the yoke, and 
push the yoke as far forward as it 
will go. If the picture is not square 
with the screen mask, rotate the yoke 
and then tighten the wing fasteners. 
Next, be certain that the focus 

magnet is held firmly in position. 
Frequently, optimum focus must be 
a compromise because it is impossible 
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FIG. 33. Sylvania picture-tube mount. 

to obtain sharp line definition both 
horizontally and vertically. There¬ 
fore, when this adjustment is made, 
the received picture should be a test 
pattern or one containing vertical and 
horizontal lines. 

The ion-trap magnet, focus-magnet, 
and centering-shutter adjustments 
interact on each other. Therefore, 
you may have to readjust them sev¬ 
eral times until they are correct. Be¬ 
fore describing the adjustment pro¬ 
cedure, let us note the function of 
each magnet. 

The ion-trap magnet is used to ob¬ 
tain maximum brilliance of the raster 
or picture. 
The focus magnet is used to ob¬ 

tain correct focus of the picture. 
The centering shutter is an inte¬ 

gral part of the focus-magnet as¬ 

sembly. Its function is to position 
the picture both horizontally and 
vertically. 

With the receiver contrast adjusted 
to approximately three-fourths of 
maximum position, slide the ion-trap 
magnet on the picture-tube neck to 
approximately one-half inch forward 
of the tube base. Then, set the bright¬ 
ness control on the chassis to maxi¬ 
mum. However, do not operate the 
receiver longer than necessary with 
the brightness at maximum. 

Rotate and move the ion-trap mag¬ 
net backward and forward on the 
picture-tube neck until the picture 
or raster is visible on the screen. 
Continue adjusting the trap until you 
obtain the greatest possible brilliance. 
Then, adjust the brightness to less 
than normal and readjust the ion-trap 
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magnet for maximum brilliance. 
Turn the adjustment screw on the 

focus magnet to obtain an in-focus 
picture. (This preliminary adjust¬ 
ment will not be necessary if the pic¬ 
ture is already in focus.) If the pic¬ 
ture is not centered on the screen, ad¬ 
just the centering shutter; and with 
brightness at a low level, check to see 
that no corner-cutting exists. 

Adjust the contrast and brightness 
controls to obtain a normal picture, 
and then adjust the ion-trap magnet 
to obtain the highest possible bril¬ 
liance level. The focus should now be 
adjusted to obtain the best horizontal 
and vertical focus. 
The correct position for the ion 

trap varies with the type of tube that 
is used in the receiver. In tubes hav¬ 
ing an asymmetrical type of electron 
gun, you may obtain the best ion¬ 
trap magnet adjustment with the 
magnet located on one side or the 
other of the diagonal slot in the pic¬ 
ture-tube electrode assembly. In fact, 
it may be either between the slot and 
the tube base or over the slot. Never 
place the magnet between the slot and 
the focus magnet. 

In other picture tubes, the best ion¬ 
trap adjustment may be obtained re¬ 
gardless of which way it is placed 
around the picture-tube neck. How¬ 
ever, in some tubes you may find that 
you will obtain a better focus char¬ 
acteristic if you remove the ion trap 
from the tube neck and turn it over. 

In addition, picture tubes of the same 
type but made by different manufac¬ 
turers may not require the same kind 
of ion trap magnet. For example, a 
single magnet ion trap may be re¬ 
quired for one tube, while a tube of 
the same type made by a different 
manufacturer may require a double 
magnet. Newer tubes do not use 
double magnets, so when you are re¬ 
placing an older tube using a double 
magnet, you may have to change to 
a single one. Always consult and fol¬ 
low the manufacturer’s instructions. 

Variations in the ion trap adjust¬ 
ments are not the only ones you will 
encounter in your television service 
work. In some receivers, you may be 
able to rotate the focus magnet. On 
these receivers, better focus may be 
obtained by rotating the focus mag¬ 
net to a different angle and again ad¬ 
justing the focus screw. However, 
after you make this adjustment, check 
the centering shutter to make sure 
that there is no corner-cutting when 
the picture is properly centered on the 
screen. 

Recheck the ion-trap magnet, as 
previously mentioned, with brightness 
and contrast adjustments set for a 
normal picture, and carefully adjust 
the focus for the best possible com¬ 
promise between horizontal and verti¬ 
cal focus. Since these adjustments 
are interdependent, recheck all three 
until the best picture is obtained. 
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Troubleshooting with 
the Picture Tube 

The picture tube itself can serve 
as a very effective test instrument to 
isolate defects in a television receiver. 
Since so many signals and voltages 
terminate at the picture tube, the ab¬ 
sence of one or more of these com¬ 
ponents will produce a characteristic 
picture defect. Thus, with a knowl¬ 
edge of what signals are required at 
the picture tube and how they influ¬ 
ence the picture, you can isolate 
troubles to a defective section of the 
receiver almost immediately. In fact, 
as you increase your knowledge and 
understanding of how the television 
receiver operates, you will probably 
be able to isolate defects to a specific 
part merely by observing the picture 
on the screen. 

As in radio receivers, tube failure 
is the most common receiver defect. 

Therefore, you can repair many sets 
quickly just by understanding a block 
plan of the receiver. For example, the 
block plan of a receiver shown in 
Fig. 34 demonstrates the procedure 
for localizing defects to just a few 
stages. Let us consider each major 
section and see how a failure in each 
of them will affect the receiver per¬ 
formance. 

ANTENNAS 
The antenna is a very important 

part of any receiver, but it is par¬ 
ticularly important in fringe areas 
and in localities with reflection prob¬ 
lems or high interference levels. The 
two major defects that can occur in 
an antenna system are an open or 
intermittent connection and a shift in 
antenna orientation. 
A broken or shorted connection 

LOW RASTER BRIGHTNESS 
TOO OBVIOUS RETRACE LINES 
POOR FOCUS B SMEAR 

HUM ON PICTURE 
REDUCED PICTURE SIZE 
LOW RASTER BRIGHTNESS 

UNSTABLE SYNC 
NORMAL RASTER 
TEARING 8 ROLLING 

NO VERTICAL DEFLECTION 
REDUCED HEIGHT 
POOR VERTICAL SYNC 
ROLLING 

NO RASTER 
REDUCED WIDTH 
LOW RASTER BRIGHTNESS 
POOR HORIZONTAL LINEARITY 
TRANSIENT BARS 
POOR HORIZONTAL SYNC 
TEARING 

FIG. 34. Block diagram of receiver, showing effect of defects in each section on 
the picture and sound. 
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FIG. 35. Weak, snowy picture—defect 
in antenna or tuner. 

somewhere in the antenna system can 
produce weak and erratic pictures, 
as shown in Fig. 35. Often certain 
channels are affected more than oth¬ 
ers; generally speaking, the weaker 
stations will be affected the most. A 
poor connection in the antenna and 
transmission line system can cause 
flashing and jumpy pictures. A windy 
day will often make an antenna defect 
intolerable because the wind will 
shake the antenna and cause the de¬ 
fective connection to “make and 
break” very rapidly. 
Antenna defects, and improper ori¬ 

entation in particular, can bring 
about other picture disturbance. It 
can cause smeary pictures or reflec¬ 
tions and ghosts. 

TUNERS 
Since the tuner is the first section 

of any television receiver, it must 
amplify both the picture and the 
sound signals that are picked up by 
the antenna. A serious tuner defect, 
therefore, will affect both the picture 
and the sound reproduction. 
The two most common tuner de¬ 

fects are faulty tubes and mechanical 
selector troubles. Defects in the con¬ 
verter section also are common. For 
example, failure of the local oscillator 
tube in some receivers causes the loss 

of both picture and sound because 
there is no mixer action. A failing 
local oscillator tube will result in 
weak pictures and a weak sound out¬ 
put. This oscillator trouble often af¬ 
fects the high-band channels (7 to 13) 
more than the low-band channels 
(2 to 6). Because of the much higher 
frequency, many tuner disturbances 
will affect the high-band performance 
earlier or more drastically than the 
low-band performance. 

An important point to remember is 
that in the earlier sections of the re¬ 
ceiver only those failures that upset 
the de operating voltages will in any 
way disturb the scanning raster. Thus, 
the raster size and brightness will 
usually remain normal when there is 
a tuner defect. 

Contact troubles in the selector 
switch are quite common. Like other 
tuner troubles, worn or dirty switch 
contacts often will affect reception 
on the high-band channels while the 
low-band channels operate satisfac¬ 
torily. 

VIDEO I-F AMPLIFIERS 
Many defects in the video i-f am¬ 

plifiers of the television receiver af¬ 
fect the picture and sound in much 
the same way as a tuner defect. As 
with the tuner, faulty tubes in the 
i-f amplifier section are the most com¬ 
mon complaints. Also, defects in this 
section will usually have no effect on 
the raster. 

Most i-f amplifier defects result in 
a weakened picture and a weak to 
fair sound. This condition usually 
will help you to distinguish between 
defects in the i-f amplifier and in 
the tuner. Most tuner defects influ¬ 
ence both the picture and sound— 
often in the form of a complete failure 
of picture and sound; furthermore, a 
tuner defect often affects the high-
band channels more than the low-
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Courtesy Philco 

FIG. 36. Weak picture only—more 
characteristic of a video i-f defect. 

band channels, where an i-f amplifier 
defect has an identical influence on 
the picture regardless of the channel. 
Likewise, with many i-f amplifier 
troubles, some trace of the picture 
still may be seen on the picture tube 
along with weak sound from the 
speaker. 

A tuner defect generally causes a 
higher noise level (more snow in the 
picture and a noisier sound), while a 
defect in the i-f amplifier causes just a 
weakened picture and sound. Notice 
in Fig. 36 that high noise components 
are not present in the picture. 

SOUND CHANNEL 
A sound channel disturbance is 

quite obvious; the picture will be nor¬ 
mal, but the sound may be weak or 
there may be no sound at all. When 
you encounter this condition in a tele¬ 
vision receiver, you can isolate the 
trouble to either the sound take-off 
point in the video i-f section, or to 
the actual sound channel itself. 

Occasionally, a drift in the local 
oscillator frequency of the tuner can 
produce a good picture, but you may 
not be able to tune in the sound on 
certain channels. This type of defect 
is common, particularly in the old 
dual i-f channel receivers. 

VIDEO AMPLIFIERS 
Most failures in the video amplifier 

section of the receiver produce a 
weak picture and/or poor synchroni¬ 
zation. However, the raster and the 
sounds are usually normal. 

Most video amplifier defects cause 
a weak picture and the improper con¬ 
trast and brightness ranges. There are 
certain types of video amplifier de¬ 
fects that clip off the sync pulses that 
rise above the video signal itself. 
When the synchronizing pulses are 
lost, the picture becomes unstable 
which causes it to roll or tear. 

Notice that with just a fundamen¬ 
tal knowledge of what goes on in the 
receiver and by actually observing 
the picture, you can isolate troubles 
rather quickly to a few stages. Many 
receivers may be repaired by sub¬ 
stituting tubes in the suspected sec¬ 
tion. We must stress, however, that 
although this procedure applies to 
many types of defects, troubles may 
arise occasionally in the receiver that 
appear to be caused by a defect in 
one section when it actually is in 
another. This is due to interaction 
between the sections of the receiver 
(often a characteristic of a particular 
model of receiver). These troubles 
can be misleading because they create 
the same disturbance in the picture 
that would ordinarily be associated 
with a different section. 

PICTURE TUBE 
It is frequently difficult to decide 

whether or not a picture tube is bad 
because a number of signals and volt¬ 
ages from other sections of the re¬ 
ceiver are used to operate it. Often 
you cannot obtain the final answer, 
even after making other tests, until 
you substitute a new picture tube. 

The following are some of the tell¬ 
tale signs of a picture tube failure: 
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1. No filament illumination at the 
rear of picture tube, 

2. Normal raster size, but inade¬ 
quate picture brightness and poor fo¬ 
cus. 

3. No changes in raster brightness 
with changes in the setting of the 
brightness control. Inability to ad¬ 
just brightness and contrast to elim¬ 
inate retrace lines. 
4. A blue glow in the neck indi¬ 

cates gas in the tube. 

VERTICAL SWEEP SYSTEM 
Most defects in the sync and sweep 

systems of the television receiver 
cause disturbances in the raster. They 
do not affect the sound or the video 
signal that is applied to the grid cir¬ 
cuit of the picture tube. When the 
video signal fed to the picture tube 
is normal, you will notice that the 
fluorescent screen contains ample 
black and white information. This 
information, however, may be dis¬ 
torted or unstable, or the picture size 
may be reduced. 

When there is a defect in the ver¬ 
tical sweep system, either a straight 
horizontal line will appear on the tube 
face, as in Fig. 37, the height of the 
raster will be reduced, as illustrated 
in Fig. 38, or the linearity will be 
poor. The picture will be stretched 

FIG. 37. Loss of vertical deflection. 

FIG. 38. Reduced picture height. 

at the top or bottom, or the middle 
will be compressed. 

HORIZONTAL SWEEP 
SYSTEM 

A complete failure of the horizontal 
sweep system not only results in a 
loss of picture width, but also in the 
complete loss of the picture raster. 
Since the high voltage for the picture 
tube is generated in the horizontal 
sweep system, the failure of this sys¬ 
tem results in the loss of the high 
voltage. Consequently, the picture 
tube is not illuminated. 

Some horizontal sweep system de¬ 
fects can occur which prevent you 
from obtaining full picture width or 
proper raster brightness. Horizontal 
defects also can cause picture non¬ 
linearity or spurious vertical bars in 
the raster. 

SYNC SYSTEM 
When there is a synchronization de¬ 

fect in the receiver, the sound is nor¬ 
mal, the raster size is normal, and a 
strong video signal component ap¬ 
pears on the screen. If the sync defect 
appears in the earlier stages of the 
sync system, or is in the form of sync 
clipping in the video amplifier, both 
the horizontal and the vertical stabil-
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Courtesy Belmont Radio Corp. 

FIG. 39. Loss of vertical sync. 

Courtesy RCA 

FIG. 40. Loss of horizontal sync. 

ity of the picture are affected. How¬ 
ever, if the sync defect occurs after 
the horizontal and vertical sync com¬ 
ponents have been separated from 
each other, the synchronization of 
only one portion of the sweep system 
is affected. A loss of vertical sync 
causes the picture to roll, as in Fig. 
39, while a loss of horizontal sync 
causes the picture to tear out hori¬ 
zontally as in Fig. 40. 

POWER CIRCUITS 

A serious power system failure usu¬ 
ally results in a loss of voltage to a 
number of sections of the receiver 
and produces faulty operation in 
many stages. However, if a minor dis¬ 
turbance occurs in the power circuit, 
it most often influences the horizontal 
sweep system before any other sec¬ 
tion of the receiver. Generally, you 
are not able to obtain proper picture 
width and size, and occasionally, full 
picture height. There may be a border 
on either the left or right side of the 
picture, and, at times, the picture 
brightness may be reduced. 

The two hardest working tubes in 
the receiver are the power rectifier 
and the horizontal output tube. They 
are the first tubes that should be sub¬ 
stituted in the event of the loss of 
picture width or horizontal instabil¬ 
ity. They must be replaced occasion¬ 
ally in almost all receivers. The two 
tubes that require the next most fre¬ 
quent replacement are the horizontal 
oscillator and the local oscillator. 
Therefore, remember to check these 
four tubes in the receiver you service 
because peak performance can be ob¬ 
tained only if all of these tubes are 
operating efficiently. 

The picture tube in many instances 
is your most effective test instru¬ 
ment in localizing receiver defects. 
When you understand exactly what 
goes into the formation of the pic¬ 
ture and what each circuit contrib¬ 
utes to the final result, you will be 
able to analyze the picture speedily 
and effectively, and decide what is the 
best procedure to follow in locating 
the defect. 
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Lesson Questions 

Be sure to number your Answer Sheet 50B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set o£ answers immediately. Others, knowing they will finish 
the next Lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don't hold your answers 
too long; you may lose them. Don't hold answers to send in more than 
two sets at a time or you may run out of Lessons before new ones can 
reach you. 

1. Why must the motion of the scanning beam be synchronized? 

2. Why are the electrons in the scanning beam focused into a small 
crossover point? 

3. What is the basic difference between electromagnetic deflection 
and electrostatic deflection? 

4. What is the most common method of centering a scanning raster 
in a tube with electromagnetic deflection and focus? 

5. Why is an aquadag coating used on the inside of the glass envelope 
of a picture tube? 

6. Why are ion burns a problem in a tube with magnetic deflection 
and not in a tube with electrostatic deflection? 

7. What are two advantages of aluminum backing on a tube? 

8. Why are pincushion magnets used? 

9. Why is the picture tube helpful in locating defective receiver 
sections? 

10. Name three indications of picture-tube failure. 
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PAY ATTENTION TO 
LITTLE THINGS 

observation was 

Yes—it is well worth-while to pay attention to little 
things. When added up and used properly, great 
things may result. 

When Galvani discovered that a frog’s legs 
twitched when put in contact with different metals, 
his observation did not seem important. But this 
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It is the close observation of little things that is 
the secret of success in business, science, and every 
pursuit in life. Human knowledge is only an ac¬ 
cumulation of small facts. 

You may come across some facts and observations 
in your NRI course that may seem to be unimportant. 
But keep in mind that all will have their eventual 
uses and will fit into their proper places. 

When Franklin made his discovery of the identity 
of lightning and electricity, people asked, “Of what 
use is it?” Franklin replied, “What is the use of a 
child? It may become a man!” 
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STUDY SCHEDULE 
For each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. 
Finish with one quick reading to fix the important facts 
firmly in your mind. Study each other step in this same 
way. 

O 1. A Simple System of Records.Pages 1-8 

In this section we show you a simple way to keep records of how much 
money you take in, how much goes out, and how much you owe. 

□ 2. Job Costs and Billing.Pages 8-17 

You learn how to determine whether you are actually making a profit, 
how to figure your overhead, and how to hill the customer. 

I I 3. Large Store Accounting Pages 17-24 

This section will give you an over-all knowledge of what to expect in a 
more complicated accounting system such as is used by a large business. 

□ 4. Definitions.Pages 25-28 

A list of accounting terms and brief definitions to help you in the oper¬ 
ation of your businéss and in discussions with your banker and ac¬ 
countant. 
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ACCOUNTING AND RECORDS FOR RADIO-TV SERVICEMEN 

A Simple System of Records 
Tp VERYONE wants to make money. 
•^That’s one reason—maybe the 
main reason-—why you took up radio¬ 
television servicing. However, to be a 
successful serviceman, you must not 
only be able to fix receivers, you must 
also know how to manage your 
business financially. 

Put in simple terms, success in 
business means earning from it more 
than it costs you. To make money, you 
have to know how much to charge for 
your work. Overcharging and under¬ 
charging are equally bad. One drives 
away customers, and the other loses 
you money. You can’t pull charges out 
of the air—to be fair to both you and 
your customers, charges must be based 
on your costs in time spent and ma¬ 
terial used. To get these costs, you 
need certain basic facts that can be 
obtained only by keeping records. 

A busy serviceman doesn’t have 
time to spend on an elaborate account 
system, so the simplest possible system 
is the best, especially when you first 
start out. Later, when your business 
has grown and you can afford to hire a 
clerk to answer your phone, keep your 
books, and relieve you of details, it 
rriay be to your advantage to have an 
accountant set up a more elaborate set 
of books. 

In the beginning, when you can’t 
afford extra help, you want a system of 

records that takes the least possible 
time. In this textbook, we have ar¬ 
ranged such a system for you. It 
requires a minimum of work, yet it can 
give you all the important dollars-and-
cents facts that you need to determine 
how much money you take in, how 
much you owe, what your expenses are, 
and what your profit is. The facts you 
need for tax returns and credit state¬ 
ments can also be extracted. 

Incidentally, when you are in busi¬ 
ness, don’t hesitate to get expert 
advice on bookkeeping, legal, or tax 
matters whenever you need it. It may 
cost you $10 or so to have an ac¬ 
countant fill out your tax forms pro¬ 
perly, but he probably knows many 
perfectly legal ways of reducing your 
taxes. Even if he doesn’t save you 
money directly, having these forms 
properly filled out can save you much 
time and bother. (The cost to you for 
this service depends on the complete¬ 
ness and accuracy of your records; so 
the better the shape they are in, the 
less it will cost you !) Don’t try to save 
money by hiring an unqualified man; 
if you don’t know a good one, get one 
recommended by your bank or another 
local successful businessman. 

Now, what records do you need? The 
most essential record is of how much 
money came in, and how much went 
out. Before you can determine in-
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come, expenses, and profits, you must 
know your receipts and payments. 
Let’s start with this, then go on to 
determine costs and profits. (We won’t 
go into taxes in this text; special 
records are sometimes necessary for 
them. You should get help on them 
from your local authorities, your bank, 
or a tax consultant.) 

A RECORD OF RECEIPTS 

The first essential is to know how 
much money you take in. You won’t, 
if you allow your personal and business 
funds to get mixed up. The best way 
to avoid this is to open a checking 
account strictly for business purposes. 
If you already have a personal bank 
account, do not use it for business. 
The first rule in our system is this: 

All money that comes in to the 
business and all money that you 
receive for your service work must 
be deposited—without deductions 
of any kind—in your business 
account at the bank. 

If your receipts are large, make a 
deposit every day. If not, make de¬ 

posits twice a week. Establish this 
practice in the beginning and stick to 
it. Don’t hold out any money for 
personal needs; we will show you how 
to withdraw earnings later. 

Cash Receipts Record. Your bank 
book will show the amounts you have 
deposited, but not where they came 
from. Since some of your receipts 
aren’t income, you need a record of the 
source of your receipts. 

For this and almost all other records 
you need to keep, buy a standard 
record book from any stationery store. 
Get one that is “journal ruled,” as 
illustrated in Forms 1 and 2 of this 
textbook. 

A record book has enough pages to 
last you a long time, so you can keep 
several kinds of records in separate 
sections of one book. Turn to the 
center of the book and begin your Cash 
Receipts Register. Head your first 
page Cash Receipts. Then, as shown in 
Form 1, head the columns: Date, Cash 
From, For, Amount, and Deposited. 

The second rule of good business 
practice is: 
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Enter faithfully in your Cash 
Receipts Register all money re¬ 
ceived, including any that you in¬ 
vest in the business. 

Form 1 is an example of how to 
begin. As shown here, your first entry 
should be whatever you originally in¬ 
vest in the business—the amount with 
which you start your business checking 
account. Then enter all other money as 
it is received. Suppose that on your 
first day of business you did two serv¬ 
ice jobs, one for $7.93 and'another for 
$6.42. Enter these amounts as shown. 
Then, when you deposit the receipts 
for the day—$14.35, enter this amount 
in the Deposited column. At the end of 
the month, add the columns showing 
the amount received and the amount 
deposited. These totals should agree, 
and should equal the deposits shown in 
your bank book. 

HOW TO MAKE PAYMENTS 

Now that all the business money is 
safely in the bank, it is obvious that 
the next rule is: 

Make all payments by check. 

This is an extremely important rule. 
Checks serve as safeguards in many 
ways—they serve to show when bills 
have been paid, and they are much 
safer than cash. Of course, there are 
many little items that you need from 
day to day, and it is impractical to use 
checks for all of these. What should be 
done? 

Petty Cash Fund. All businesses— 
large and small—pay for small items 
out of a petty cash fund. To start your 
petty cash fund, write out a check 

payable to yourself for $10, $15, or $20, 
depending on your requirements. Put 
this money in a safe, convenient place, 
a box or a drawer, or even a special 
wallet or money pocket. The important 
thing is to keep it strictly separate 
from all other funds. 

Pay all small bills chargeable to 
your business from this fund. As you 
spend the money from this fund, place 
a receipt or a slip of paper in the money 
box, showing the exact amount of 
money spent, what it was spent for, 
and the date. 

The total of these receipts and slips, 
plus the balance of cash left in the fund, 
should at all times equal the amount of 
the fund you began with. Thus, if 
your original petty cash fund is $15 
and the balance of the cash on hand is 
$5.18, you should have receipts, slips, 
and tickets accounting for the ex¬ 
penditure of $9.82. 

You may be out on a job and find it 
necessary to buy some small part out 
of your pocket. Be sure to collect from 
the petty cash fund when you return. 
A large part of your expenses will be 
paid from petty cash, and strict ad¬ 
herence to this rule is even more im¬ 
portant to you than to a larger 
business. 

When your petty cash fund gets 
low, take all the receipts or memos, and 
add them up. Write out a check pay¬ 
able to yourself for the total of these 
receipts, cash the check, and place the 
amount in your petty cash fund. The 
cash from the check, added to the 
amount remaining in the fund, should 
bring the amount of cash on hand to 
the original figure. Repeat this pro-

3 



cedure as often as necessary. The 
receipts and memos should be clipped 
together or put in an envelope, marked 
plainly with their total and the date, 
and filed away as a “voucher,” which 
we will explain later. 

Payment Register. Large busi¬ 
nesses keep a Payment Register, some¬ 
what like the Cash Receipts Register, 
to record the purpose of every pay¬ 
ment and the total for the month. We 
won’t keep one because we can keep 
our totals on the check stubs (as will be 
shown later), and the purpose can be 
indicated, along with other informa¬ 
tion, by using a simple voucher 
system. 

A VOUCHER SYSTEM 

It is as important to keep a record of 
all payments made by the business as 
it is to record all receipts. It is equally 
necessary to know at all times how 
much you owe, which items are due, 
the bills that have been paid, and the 
date they were paid. A properly kept 
voucher system will give you this in¬ 
formation with a minimum of work. 

A voucher in its simplest form is any 
okayed or approved invoice or bill for 
goods purchased, or memorandum of 
services purchased. You do not need a 
special printed form. If you buy ten 
tubes from a radio supply company 
and they send you a bill, all you have 
to do is mark it “goods received and 
okay,” date it, number it, and for your 
purpose it is a perfectly good voucher. 
When you take the slips from your 
petty cash box, put them in an enve¬ 
lope or fasten them together. Put a 
slip with them showing their total 

amount, and the date; number the slip, 
and it becomes a voucher. When you 
draw your earnings, write out a slip 
with your name on it, the amount, and 
the date; number it, and this memo 
becomes your voucher. In short, a 
voucher is just an explanation of the 
purpose of the payment. 

The fourth rule of our system is: 

Never make a payment of any 
kind unless you have a bill, or a 
complete memorandum showing 
the date, the amount, the purpose 
of the payment, and a voucher 
number. Vouchers should be 
numbered consecutively, starting 
with number 1. 

A record of vouchers is kept in the 
same book as your Cash Receipts 
Record. Turn to the front of the book 
and head a page Voucher Register. As 
in Form 2, mark the columns: Date, 
Pay to, For, Voucher No., Amount, and 
Date Paid. 

Let us suppose that your first trans¬ 
action is to set up a petty cash fund. 
You make up a memorandum for 
“Petty Cash,” write the amount, the 
date, and number it in the upper right¬ 
hand corner, “Vou. No. 1.” You might 
next receive a bill for tubes. Check the 
bill carefully against the tubes you 
received, okay it, mark the date, and 
number it “Vou. No. 2” in the upper 
right-hand corner. 

Enter all vouchers in the Voucher 
Register. Enter the amount due or to 
be paid in the Amount column and 
leave the Date Paid column blank 
until you actually write a check. 

In addition to bills for parts and 
material, there will be other expenses 
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of your business, such as light, heat, 
telephone, and rent. Bills for these 
expenses can be made vouchers in the 
same way. Number and date and enter 
them in your Voucher Register. If you 
maintain your servicing business in 
your home, only part of your monthly 
bills for light, heat, and rent will be 
chargeable to the business. Decide 
what proportion of the expenses are 
directly chargeable to your servicing 
business, and make voucher memos for 
the amounts. 

After you have established credit 
with your local parts dealers, you will 
be billed on 30-day terms—that is, the 
bill must be paid within 30 days. Some 
wholesalers offer discounts for early 
payment—1% or 2% if paid within 10 
days. When you get such a bill, if you 
think you will be able to pay it within 
10 days, deduct the discount before 
entering it in your Voucher Register. 
Of course, if you neglect to pay this bill 
within the discount time, you’ll have 
to make another entry in the Voucher 
Register for the amount of the dis¬ 
count you deducted so that your 
Voucher Register will show accurately 
what you pay. 

In a case like this, use the same 
voucher number for the original bill 
and the discount memo. For example, 
suppose you get a bill for parts for 
$76.00, with a 2% discount for pay¬ 
ment in 10 days. You believe you’ll 
have enough cash to pay the bill with¬ 
in the discount time, so you deduct 
$1.52 (2% of $76.00) from the bill, 
making the amount you have to pay 
$74.48. This is the amount you enter 
in your Voucher Register. If you don’t 
pay the bill within 10 days, you must 

make another entry in the Voucher 
Register for $1.52, so that you will 
have accounted for the whole bill in 
your records. 

Voucher File. All vouchers must be 
carefully filed. Have one file for un¬ 
paid vouchers and one for paid 
vouchers. Elaborate facilities are not 
necessary—a cardboard box, a heavy 
envelope, or a file jacket may be 
satisfactory for each file. Place unpaid 
vouchers in your unpaid voucher file 
in alphabetical order, and paid vouchers 
in your paid voucher file in numerical 
order. 

At the end of the month, your 
Voucher Register will probably show 
some items without payment notations 
beside them. These should be items 
that are not yet due. Check these un¬ 
paid items on your Voucher Register 
against your unpaid vouchers, and add 
them. You should have the exact 
total of the amount that you owe. 

Writing Checks. All bills that are 
to be paid have been made vouchers 
with numbers on them, and are filed 
alphabetically in the unpaid voucher 
file. When the time comes to pay the 
voucher, remove it from the unpaid 
voucher file and use the following safe 
procedure in making up your check. 

Before filling out the check, fill out 
the check stub. Show, in the usual 
spaces provided, the date of the check, 
the number of the check, the name of 
the person or firm to which the check 
is payable, and the number of the 
voucher that is being paid. 

Now fill in the check completely, 
being careful of the check number, the 
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date, and especially of the amount to 
be paid. In the lower left-hand corner 
of the check, put the number of the 
voucher being paid. If the payment is 
for more than one voucher, show all 
voucher numbers. This makes it easy 
in case of dispute to get out the paid 
vouchers covered by the check. 

Now get out your Voucher Register 
and make sure that every voucher be¬ 
ing paid is properly entered and that 
the amount of the check agrees with 
the total of the vouchers being paid, 
not only as shown on the vouchers, 
but also as entered in the register. 

Then, note in the last money column 
of the Voucher Register, opposite the 
vouchers paid, the date of payment, 
and the check number. Mark the 
voucher “paid,” showing the date of 
payment and the check number. Then 
file the voucher in the paid voucher 
file in proper numerical order. 

Now complete the check stub. The 
balance and any deposit made since 
the previous check was written should 
be entered. Write the amount of the 
check, and subtract to get the current 
balance. Carry this balance over to 
the face of the next stub. 

For example, suppose you want to 
pay Voucher No. 2 in the Voucher 
Register in Form 2. You would fill out 
a check as in Form 3. Your first check 
would have been to set up a Petty 
Cash fund of $15, leaving a balance of 
$85 from the original investment of 
$100. But the first day’s receipts have 
been deposited—$14.35 (see Form 1), 
so the balance becomes $99.35. After 
deducting the amount of the second 
check, $9.38, a balance of $89.97 is left 
in the bank. 

At the end of the month, you will 
want to know the total of the checks 
drawn for the month, to check against 
your Voucher Register. You can keep 
a running total of this by using the 
backs of your check stubs. On the 
back of the first stub write the amount 
of the first check and add to it the 
amount of the second check. Then 
write this total on the back of the 
second stub and add to it the amount 
of the third check, and so on. This 
gives you at any time the total amount 
paid out, so that at the end of the 
month you will have a record of checks 
drawn. Start afresh each month. 
Thus, as in Form 3, on the back of 
stub No. 1, write the total amount of 
the checks drawn so far, that is, $15 
for check No. 1, and $9.38 for check 
No. 2, a total of $24.38. This pro¬ 
cedure is carried out for each check. 

RECONCILING YOUR BANK 
ACCOUNT 

At the end of the month, when your 
paid checks are returned by the bank, 
place them in numerical order, check 
them against the stubs, and mark the 
stubs to show which checks have been 
paid. Some of your checks may not 
have cleared through the bank by the 
end of the month, so the bank-state¬ 
ment balance and your check-book 
balance won’t agree. The checks that 
have not been returned by the bank 
are “outstanding.” List and add the 
outstanding checks, (from their stubs), 
adding their total to your check-book 
balance shown on the face of the last 
stub at the end of the month; then 
you should have the balance as shown 
by the bank statement for that date. 
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Here is a simple way to test the 
accuracy of your record-keeping: add 
the total of the deposits as shown in 
your Cash Receipts Register for the 
month to the amount of cash in the 
bank as shown by your check book at 
the beginning of that month. Then 
subtract the total amount of the checks 
drawn during the month as shown by 
your check stubs. If your figures are 
correct, you will have the same balance 

as that shown on your check book. 

This gives us our fifth rule, a very 
important one: 

Check or balance your accounts 
once a month. 

Make sure your work is accurate. If 
any mistakes have been made, find out 
where and correct them. Then your 
records will be dependable and will 
tell you the facts you need to know. 

Job Costs and Billing 
So far, our system has shown you 

how to account for all cash received 
and paid, how to handle payments, and 
how to use a Petty Cash fund. Now, 
avoiding accounting technicalities, we 
are going to show you a simple system 
of billing for your goods and services. 
This system includes a method of de¬ 
termining the cost and the profit on 
each service job, and at the same time, 
provides your customer with a bill and 
a complete statement of the work done. 

JOB COSTS 

We haven't the space here to go 
deeply into what to charge—Profes¬ 
sional Rates are given elsewhere in 
your Course. Here, we want to show 
whether whatever charges you estab¬ 
lish really give you a profit. In brief, 
here are the important facts: 

The cost of parts and materials is 
just what you paid for them—you will 
soon become very familiar with these 
figures for most items, and you can 
look up your vouchers for those you 

forget. You will charge the customer 
the full list price for such parts. If 
there is no established list price, the 
easiest way to figure the selling price 
is to multiply your cost by 2. If the 
result is an odd amount, reduce it to 
the nearest multiple of 5 cents. 

Figuring the charge for professional 
services, the so-called “labor” charge, 
is not this easy. Before you can say 
that any professional charge will earn 
a profit, you must know your overhead. 

FIGURING OVERHEAD 

Many pages could be devoted to the 
subject of overhead, but for practical 
purposes it is enough to understand 
that overhead is simply the total of all 
expenses incurred by your business 
during the month, not directly charge¬ 
able to particular jobs. These indirect 
expenses must be spread over all the 
jobs you do. Among the overhead 
items are: 

(1) Rent, heat, light, water, gas, and 
telephone bills. (If you are working 
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from your home, you should charge 
the business a proportionate share of 
these household expenses; each month, 
prepare vouchers for such items, and 
draw a business check payable to your¬ 
self for them.) 

(2) Depreciation on your auto¬ 
mobile, test equipment, and shop 
equipment must be estimated and 
charged, so that you will have the 
money to replace these items as they 
wear out, become obsolete, or become 
so scratched and dented that they 
should be replaced. Tube testers must 
be replaced about every 3 years; other 
testers rarely last longer than 5 years. 
Assuming a 3-year life, l/36th of the 
cost of your equipment must be added 
to the overhead every month. You 
can figure your car depreciation from 
automobile trade-in values; $300 a year 
isn’t out of line for one getting a lot of 
use. 

(3) Advertising. 

(4) Taxes and permits—federal, 
state, and local. 

(5) Insurances—fire, theft, liability, 
etc. 

(6) Auto operation and repair. 

(7) Miscellaneous things like solder, 
wire, stationery, replacement of small 
tools, radio and TV magazines, etc. 

As you build up your business, you 
probably will have to adjust your over¬ 
head charge occasionally. After a 
while, your expenses will be predictable 
enough for you to estimate them for a 
year, then to divide by 12 to get the 
average monthly charge. This is de¬ 
sirable, because some items like heat 
come up only during certain months, 

but it’s better to spread their expense 
over the year. 

To find your overhead, make a list of 
your estimates of these indirect ex¬ 
penses. For example, you might have 
a list like the following, based on ex¬ 
penses for a year: 

Rent.$ 300.00 
Heat and light. 120.00 
Telephone. 90.00 
Depreciation on car. 240.00 
Depreciation on test equipment.. 60.00 
Advertising. 60.00 
Taxes. 180.00 
Insurance. 120.00 
Car operation and repair. 240.00 
Miscellaneous. 30.00 

31,440.00 

Dividing this figure by 12 gives you 
a monthly average of $120. Here are 
these same figures on a monthly basis : 
Rent.$ 25.00 
Heat and light. 10.00 
Telephone. 7.50 
Depreciation on car. 20.00 
Depreciation on test equipment... 5.00 
Advertising. 5.00 
Taxes. 15.00 
Insurance. 10.00 
Car operation and repair. 20.00 
Miscellaneous. 2.50 

$120.00 

Although your expenses, particu¬ 
larly at the beginning, may not be this 
high, be forewarned—they will prob¬ 
ably get this high, or higher, as your 
business grows. You won’t find much 
shop space in good business districts 
for as little as $25 per month, your car 
can depreciate faster than allowed 
here, and other costs like advertising, 
taxes, and insurance can be much 
higher. The test equipment figure is 
based on l/36th of $180 worth of 
equipment; you will probably have to 
buy equipment worth much more than 
this as your business prospers, especi¬ 
ally as you get into TV service work. 
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Distributing Overhead. The over¬ 
head must be distributed so that each 
service job pays a part of it. It is 
figured on the number of hours that 
you expect to devote to service work 
per month. Let’s assume you plan to 
work 100 hours per month. Divide 
the monthly overhead, $120 in the 
example above, by the number of hours 
(100) and you get $1.20 as the over¬ 
head for each hour of labor. 

Your professional charges must in¬ 
clude this overhead, your earnings per 
hour of labor, and a reasonable profit. 
If you want to earn $1.50 per hour (or 
would have to pay a serviceman this 
much to do your work), then you must 
charge at least $2.70 ($1.50 + $1.20) 
per hour to break even. Most busi¬ 
nesses set their charges at twice the 
labor cost; this would be $3.00 per 
hour, giving you a small profit. 

As another example, let’s suppose 
you are an expert, and figure your 
time is worth $2.00 an hour. Your 
“labor” charge will then be $4.00 per 
hour, which amply covers your over¬ 
head. 

BILLING THE CUSTOMER 

The customer must receive a state¬ 
ment of charges; you want to know not 
only the charges, but also your costs 
on each job. A combination bill and 
job ticket has been designed to serve 
both purposes. 

Since the original copy of this bill 
(Form 4A) remains with the customer 
or is mailed to him, you should have 
a good job of printing done, using 
paper of good quality and a neat type 
set-up. A little care on your part, and 

a few extra pennies to impress your 
customers with the fact that you are 
careful and exact in your business 
methods, will help to convince them 
that your service methods and service 
work are also exact and careful. 

The second or shop copy of the form 
(4B) is somewhat different from the 
original copy. It should be printed on 
card stock or paper that is stiff enough 
to stand on end in a file box, and pref¬ 
erably of a different color from the 
original copy. Be sure the printer ar¬ 
ranges the lines on both copies to 
match, so that when carbon paper is 
used between the forms, the figures 
will appear in the proper places. 

It is desirable to have these forms 
bound together, but if this costs too 
much, a paper clamp or clip board will 
hold both copies and the carbon paper 
between them in proper position for 
writing. 

To get a clear impression on your 
file copy of the invoice, you will need a 
good pencil. We suggest a “copy” or 
“indelible” pencil, or a No. 3 lead 
pencil. A stiff-point fountain pen or 
ball-point pen is even better, but is not 
essential. Keep two or three well-
sharpened pencils in your kit and at 
your shop so that you can always 
render a bill for every job. 

Now examine Form 4A carefully. 
Your name, address, and telephone 
number should be attractively and 
plainly printed. 

Notice particularly the little item, 
“Terms: Cash.” If your customer is 
sound enough financially to have the 
job charged, cross off the word “cash” 
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Form 4 A 

WASHINGTON. D. C. 
Phone 3567 

Terms: Cash Date _ 

BILL FOR SERVICES, MATERIAL, AND PARTS 

Make and Model. 

Quantity Material Used 

Sales Tax 

TOTAL MATERIAL CHARGE 

Special Charges: 

TOTAL FOR PROFESSIONAL CHARGES [IF 

7 73 

Rec’d. By. 

THANK YOU 

Total 

DATE 
PA ID-

Work O.K. 
Signed_ 

All repairs and materials listed above are guaranteed for 90 days, just 
as for a new receiver. Material covered by this guarantee will be re¬ 
placed without charge if defective. 

TOTAL BILL C3F 

Check up and Test-

Installation of Parts. 

JOHN H. STUDENT 
AUTHORIZED RADIOTRICIAN AND TELETRICIAN 

93 

Forni 4A 
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and write ten days or thirty days, or 
the date on which he agrees to pay. 
Some people have the false idea that, 
when no definite date of payment has 
been agreed upon, payment can be 
made at any convenient time, perhaps 
a year or two later. A few such cus¬ 
tomers can quickly stop your business 
from functioning, because of lack of 
funds. Never leave a bill, or mail a bill 
to a customer, without having the 
terms of payment clearly stated. 

Now let us assume that you are re¬ 
ceiving a call for service. Enter on the 
invoice the customer’s name and ad¬ 
dress, the date, where the service call 
is to be made, and as much detail of 
the job as you can get, including the 
time when it can be done. Be sure to 
enter the job number (1 for your first 
job, etc.). 

When you start working, lift up the 
original and the carbon paper and en¬ 
ter your starting time on the shop copy. 
As you use parts or material, enter 
them on the original copy, with the 
carbon in place, being sure to show the 
selling price. (Tubes have established 
list prices, so you use the price card 
furnished by your wholesaler. A con¬ 
denser has no established list price, 
so doubling its cost is reasonable.) If 
you have to buy special parts while on 
the job, list them on the original, but 
lift up the original and the carbon 
paper and enter the cost price of these 
special parts on the shop copy. In¬ 
cidentally, this may remind you to col¬ 
lect the cost of these parts from your 
petty cash fund when you get back to 
the shop. 

Many states and cities have local 

sales taxes, usually 1% or 2% of the 
material used. If you live in such a 
locality, enter the tax in the space pro¬ 
vided, then add to get the total bill for 
materials. 

When you finish the job, enter the 
stopping time on the shop copy, figure 
the amount of time between starting 
and stopping time and enter it in the 
proper place. (Note: Unless you use a 
“check and test” fee to cover travel 
time, your working time must include 
the time spent going back and forth 
between the customer’s home and your 
shop.) 

Then on the original, with the car¬ 
bon in place, enter the charge for pro¬ 
fessional charges. Notice that this is 
the total labor charge; and only this 
appears on the original or customer’s 
copy. Now add the totals for material 
and professional charges, bringing the 
grand total down to the space Total 
Bill. 

If the customer pays you, mark the 
bill paid, date it, sign it, and give the 
original to him. If the job is to be 
charged, get the customer to accept 
the bill by signing at the bottom after 
the words “Work O.K., Signed.” Be 
sure the carbon is in place so that on 
your copy you have a complete okayed 
copy of the original bill. 

As soon as you return to your shop, 
fill in the cost column on your shop 
copy. On the job illustrated, the cost 
price of the parts that sold for $3.85 
was $2.02. 

Also fill out the cost of labor. The 
job illustrated in Form 4B took 1 hour 
at $2.00 per hour. The overhead per 
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Form 4B 
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hour from our example is $1.20, so this 
is written in. Add these costs to the 
cost of materials, giving you $5.22 as 
the total cost of the job. 

The profit on this job is the differ¬ 
ence between the total billed and the 
cost (plus tax, if any). Therefore you 
can fill in the estimated profit figure 
by simple addition. In our example it 
is $2.63, which is the total of the labor 
profit and the profit on materials. 

Frequently you will make an out¬ 
right sale of receiver parts, accessories, 
electric appliances, or a receiver. There 
will be no service cost, labor charges, 
or overhead charges on any such direct 
sales. Use your invoice form by mak¬ 
ing entries in the material spaces only, 
bringing the amount down to the Total 
Bill space. On your carbon copy, enter 
the cost to you of the goods, and figure 
your profit. This profit is known as 
gross profit, and should be high enough 
to cover all costs of selling and han¬ 
dling, and still leave you an actual, 
or net, profit. 

If you sell a receiver, particularly a 
television set, you will have to install 
it, and perhaps erect an antenna. When 

there is an installation charge, use the 
form just as if you were making a serv¬ 
ice call. When there is no installation 
charge, you can show on your carbon 1 

copy your starting and stopping time, ( 

the cost of the time and the overhead; 
then add this total to the cost of the j 
goods. Since this reduces the margin 
of profit on the receiver sale, you 
should keep an accurate record of in- , 
stallation costs for your own guidance. 

» 
The full value of this combination i 

invoice or bill-and-job ticket will be 
brought out as you use it. From this 
form you can see what profit your 
charges are bringing in, so you can j 
adjust your charges to your expenses. 
Referring to the cost sheets on past 
jobs, you have a dependable method 
for estimating a price on future work. 

JOB CARI) REGISTER 

This is a simple record you can keep 
in an unused portion of the book con¬ 
taining the Voucher Register and the 
Cash Receipts Register. Write in the 
heading, Job Card Register, and head 
the individual columns: Date, Cus¬ 
tomer’s Name, Job No., Cost, and Sell¬ 
ing Price. (See Form 5.) 

Form 5 
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Enter each day’s job tickets, writing 
down the date and the customer’s 
name. Then show whether the work 
was paid by cash or charged. Fill in 
the job number, your cost, and the sell¬ 
ing price in the proper columns. 

It is particularly important to show 
whether the job is cash or charged, 
since there is no profit until you get 
the money. If the job is for cash, make 
the necessary entries in the Cash Re¬ 
ceipts section of your record book. If 
the job is on a credit basis, you will 
need a Set Record and Accounts Re¬ 
ceivable Card like Form 6. From your 
Job Card, make the necessary entries 
in the columns Job No., Date, and 
Amount Charged, this latter being the 
amount charged the customer. When 
the customer makes a payment on ac¬ 

count, the payment must be entered 
in the Cash Receipts Register, and the 
date of the payment and its amount 
entered on this card. If you wish your 
set record cards to be complete, cash 
jobs could be entered also as shown. 

You should have a box or file in 
which to keep your Set Record and 
Accounts Receivable Cards on which 
there are unpaid balances; these cards 
should not be removed or put in the 
general file until the accounts have 
been paid in full. 

The sum of the balances due, shown 
on the cards in the unpaid file, will be 
the amount owed to you by your cus¬ 
tomers at any time. When an account 
is paid in full, withdraw the card from 
the unpaid file, and file it with other 
record cards in the general file. 
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SUMMARY 

As you can see, business records have 
a very practical use. They actually 
help you make money. By showing 
you how much a job costs, they pro¬ 
vide the information on which you 
base your prices. The voucher system 
enables you at any time to find out 
just what you owe—accounts payable. 
The customers’ sets cards can give you 
just what is owed to you—accounts 
receivable. Having this information at 
your disposal is not only a convenience, 
it’s a necessity for tax returns and bank 
credit statements when you want to 
borrow. 

Did you make an actual profit for 
the month? That depends on whether 
you did enough work to distribute all 
of your estimated overhead, and on 
whether your overhead estimate was 
reasonably close to your actual ex¬ 
penses. If both these conditions are 
true, and if your job cards show a 
reasonable profit on each job, then you 
probably earned a profit. However, it 
probably won’t be the sum of your 
estimated profit figures. Therefore, 
the difference between the cost and 
selling price columns in your job card 
register is almost never your actual 
profit. 

Remember that some items in your 
overhead may come due one month 
and not another—heat expenses come 
up in the winter; permits, licenses, 
taxes, and insurance fees may come to¬ 
gether to give you an actual loss for 
some months. However, your system 
of averaging these expenses will gradu¬ 
ally repay you during the following 
months, so it is better to figure your 

profits on longer time periods like six 
months or a year, rather than monthly. 

You can’t find your profit by deter¬ 
mining the difference between the Cash 
Receipts and the payments of the 
month, either. Some of your Receipts 
may not be “income”—your invest¬ 
ment in the business for example. Also, 
some of your payments won’t be “ex¬ 
penses”—for example, when you buy 
parts to use in future jobs, buy test 
equipment, etc., you are exchanging 
assets. You are using cash to buy 
things that will be sellable or usable in 
your future business, rather than pay¬ 
ing for things that are used up that 
month. 

Because of technicalities like these, 
it’s best to have a bookkeeper or ac¬ 
countant set up for you a “profit and 
loss” statement that shows your real 
profit. 

How much have you earned? Of 
course, the business profit is yours. 
You can withdraw it, or you can leave 
it in as an investment to provide work¬ 
ing cash needed to buy more equip¬ 
ment. In addition, you get the “labor 
cost” for every hour your job cards 
say you worked. If you hire someone, 
you would pay him this labor cost as 
his salary, but in a one-man or partner¬ 
ship business you do not technically 
pay yourself a salary. This money is 
lumped with the profit, and you draw 
money from this sum to meet your 
needs. 

As you see, we have set up a simpli¬ 
fied system, designed to save you time 
where possible. We have omitted forms 
and records that would be found in 
complete bookkeeping systems. We 
have extracted the basic records that 
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you can keep easily, and we suggest 
that once or twice a year you have 
your records checked and completed 
by an accountant. There is no point in 
your trying to be a bookkeeper when 

Large Store 
The simple system of record-keep¬ 

ing and accounting described for a 
small servicing and merchandising 
business should give you a good check 
on your costs and earnings while your 
business is small, consisting perhaps of 
a clerk, a serviceman, and yourself. 
As you diligently apply yourself to 
building up your business, the time 
will come when you will have a larger 
store, and employ several servicemen. 
If you branch out into the sale of radio 
and television receivers, refrigerators, 
electrical appliances and phonograph 
combinations, you will also hire sales¬ 
men and special servicemen. 

A successful business can be estab¬ 
lished only by close study of business 
records. If you borrow money from 
the bank, you will have to render 
standard business reports. In order to 
prove that the taxes you pay are cor¬ 
rect, you will need adequate account¬ 
ing records. If you want to know 
whether certain lines are more profit¬ 
able than others, only records, and not 
opinions, can give you the proper in¬ 
formation. 

The installation of a complete book¬ 
keeping system to give the above facts 
is a job for a public accountant. Have 

you can get this detailed work done far 
faster by an expert. You are in a busi¬ 
ness where time is money; you can af¬ 
ford to pay for services that save you 
the time to do more service work. 

Accounting 
one install a system for you. Keeping 
the books is a job for a bookkeeper. 
Be sure you hire one who is capable. 
The time to do this is when you start 
to grow and feel that you can afford a 
bookkeeper. If you get the informa¬ 
tion you want and use it intelligently, 
the bookkeeper’s salary will be earned 
many times over. 

Because installing and keeping an 
accounting system is a job for a special¬ 
ist, it would be impossible to tell you 
all about it in a few pages. But every 
radioman who plans to become a radio 
merchant should know something 
about his bookkeeping system, what it 
contains, what it can do for him, and, 
in general, how it works. What are the 
essential features of an accounting 
system for a large store? 

ESSENTIALS 

The purpose of all accounting and 
bookkeeping is to arrive at two main 
objectives. These objectives are repre¬ 
sented in two statements known as the 
“Balance Sheet” and the “Profit and 
Loss Statement”—the first represent¬ 
ing the static position of the business, 
and the second the “action” of the 
business. In other words, the Balance 
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Sheet shows you exactly what the 
business is worth at a stated time, and 
the Profit and Loss Statement sets out 
the causes of changes in the worth of 
the business during a particular period. 
A Balance Sheet at the beginning of 
the year may show your worth to be 
$12,000, while a Balance Sheet at the 
end of the year shows your worth to be 
$24,000. You have an increase of 
$12,000, but from the balance sheets 
alone you do not know why. If you 
knew why, you would be better able to 
increase this earning to $15,000. The 
cause of increase is shown in the Profit 
and Loss Statement, and, for purposes 
of management, it is the most impor¬ 
tant of all statements. 

The preparation of these statements 
can be most conveniently made if your 
books are kept on the double entry 
method. This means that theoretically 
there are two entries for every trans¬ 
action. We say theoretically, because 
in no modern bookkeeping will you 
find two actual entries. For example, 
suppose you make three hundred sales 
in a month on credit; you would not 
make six hundred entries. You would 
make three hundred entries on one 
side of the ledger and perhaps only 
one on the other side. Now what do 
we mean by sides of a ledger? 

THE LEDGER 

You must know what a ledger is. In 
double-entry bookkeeping, the ledger 
is the book of final entry. All the facts 
of your business finally find their way 
into this book in condensed form. A 
page is headed with a title that tells 
you just what kind of information is 
shown on that particular page. Look 

at Form 7, an illustration of a sample 
ledger page (there are other rulings, 
but this one is the oldest and serves 
our purposes best), and you will get an 
idea of what a ledger is, and its pur¬ 
poses. Also, consult definitions at the 
end of this book for a better under¬ 
standing of the ledger. 

In order to develop the idea of the 
ledger, let us assume now that you 
have one enormous sheet on which you 
make all entries. This sheet is divided 
in half: the left half (or side) is called 
the Debit side (abbreviated Dr.), and 
the right side is called the Credit 
side (abbreviated Cr.). Every trans¬ 
action that occurs in your business will 
affect an account listed in Forms 8 and 
9. Since the two sides must be kept in 
balance, put every transaction in one 
of the classes shown on the debit or 
credit side of our illustration; then the 
balancing entry will be classified under 
one of the headings on the other side. 

Now, referring to the lower section 
of Form 7 should enable you to under¬ 
stand the effect of every entry made to 
the debit and credit sides of this large 
sheet. 

Suppose we sold a radio set that cost 
$20.00, for $30.00 cash. We would in¬ 
crease the asset (1)* cash, $30.00 by 
making a debit entry. We could de¬ 
crease the asset (2) stock-in-trade, 
radios, by $20.00 and could show a 
profit (8) of $10.00 by making two 
credit entries on the credit side. How¬ 
ever, in practice we do not make the 
two credit entries at this time because 
the two entries would not give the 

‘liefers to items on lower part of Form 7. 
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DR. CR. 
DATE DETAIL ÀMOUNT DATE DETAIL AMOUNT 

Assets:-
Subdivided: 

Cash 
Accounts Receivable 
Notes Receivable 
Radios 
Parts 
Automobile 
Furniture and Fixtures, etc. 

Effect of entr. 
affect the Bals 

TO DEBIT SIDE 
(1) Increases Assets 
(3) Decreases Liabilities 
(5) Adds to costs or expenses 
(?) Shows a loss 
(9) Decreases Net Worth 
(11) Measures Purchases 

.es 
mce 

Ba Lance 

II i 

Sheet Items 

Liabilities:-
Subdivided: 

Accounts Payable 
Notes Payable 
Finance Company, etc. 

Net Worth or Capital 
Subdivided: 

Investment and Profits 
(assets less liabilities) 

he results of which 
Loss Statement 

TO CREDIT SIDE 
(2) Decreases Assets 
(4) Increases Liabilities 
(6) Decreases Costs or Expenses 
(8) Shows profits 

(10) Increases net worth 
(12) Measures Income 
(14) Sets up reserves for contingenci 
(16) Measures Sales Volume 

es 

1 

on ledge 
Sheet a 

r a 
nd 

□counts 
Profit 

, t 
ano 
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exact information desired for making 
up your profit and loss statement. In¬ 
stead, we credit sales (16) with $30.00. 
Remember every sale should have 
three elements, the element of cost and 
the element of profit, on the credit side; 
and the asset element (cash, accounts 
receivable, or notes receivable) on the 
debit side. The same theory and prac¬ 
tice applies when you pay your rent. 
You debit an expense account (5) ; and 
you credit an asset account (2). It is 
not so hard to understand, if you an¬ 
alyze each entry to determine its effect. 
As you recorded a debit or a credit on 
this large sheet, you would key this 
entry with the key number shown in 
Forms 8 or 9 that identifies the type 
and account. 

JOURNAL 

We will leave the ledger for the 
moment and introduce you to the 
journal. In modern accounting, the 
journal is of relatively little use. Be¬ 
cause of labor-saving methods it is 
used only for extraordinary entries, for 
adjustments and corrections. We in¬ 
troduce it at this point because it ties in 
with the development of the ledger. 
Remember, we suggested that all en¬ 
tries might be made on one ledger 
sheet. Now let us move the debit 
column on the ledger sheet over beside 
the credit column, and you have the 
same ruling as shown in Forms 1 and 2. 
We have a journal instead of a ledger. 
The two transactions would appear as 
follows: 

Dr. Cr. 
Cash 30.00 
Sales 30.00 

(Sale of one radio set, cost 20.00) 
Rental Expense 25.00 
Cash 25.00 
(Rent on store paid for January) 

Now a journal kept in this manner 
would be of no benefit to us in deter¬ 
mining our financial position quickly, 
so we make up an individual ledger 
sheet for every kind of asset, liability, 
or expense necessary to make up our 
Balance Sheet and Profit and Loss 
Statement. 

In theory, we make every entry in 
the journal as shown, then we transfer 
(post) the individual items to the 
proper sheet in the ledger by making 
entries on the ledger sheet on the 
debit or credit sides exactly as they 
appear in the journal. 

CLASSIFICATION OF 
ACCOUNTS 

To get the best results from your 
accounting, you must determine ex¬ 
actly the information desired, and 
then you must accumulate the in¬ 
formation in an orderly manner. To 
accomplish this end, you must make 
a survey of the business and deter¬ 
mine what is necessary. The accounts 
in the ledger should be arranged as 
nearly as possible in Balance Sheet 
and Profit-and-Loss order to facil¬ 
itate the taking off of these state¬ 
ments. To help you in this we give 
you a chart of accounts, Form 8, pre¬ 
pared by the Charles R. Hadley Com¬ 
pany and printed with their permis¬ 
sion. You should note that each item 
having a number represents a ledger 
sheet, and note particularly the ar¬ 
rangement of the accounts. This is 
an excellent and complete chart of 
ledger accounts. 

Form 9 is a condensed form of a 
Chart of Ledger Accounts, which we 
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ASSETS 
CURRENT 

Cash aivd lank 
I Petty Cash 
5 Bank 

11 Cash Sales Clearing Account 
Not«« »nd Account« Receivable 

21 Contracts Receivable 
22 Contracts Receivable Discounted 
23 Notes Receivable 
24 Accounts Receivable 
39 Reserve for Bad Debts 

4 I New Radios 
42 Used Rad-os 
43 
44 Parts and Accessories 
79 Reserve for Used Radio Revaluation 

Other Current Aitets 
Accounts 80 to 89 may be used as 
needed to show investments in market¬ 
able securities and indebtedness of offi¬ 
cers. stockholders, and employees. 

fIXED ASSETS 
101 Land 
102 Bu.ldngs 
103 Reserve for Depreciation on Bldgs. 
104 Machinery. Fixtures and Equipment 
105 Reserve for Depreciation on Ma¬ 

chinery. Fixtures and Equipment 
106 Automobiles 
107 Reserve for Depreciation on Autos. 
I 16 Leasehold Improvements 
117 Reserve for Amortization of Lease¬ 

hold Improvements 

DEFERRED CHARGES 
131 Prepaid Rent 
132 Prepaid Insurance 
133 
134 Other Prepa d Expenses 

OTHER ASSETS 
151 Finance Company Reserve 

LIABILITIES 
CURRENT 

Notes Payable 
201 Notes Payable—Bank 
202 Notes Payable—Others 

Accents Payable 

211 Accounts Payable 
217 Taxes Payable 
218 Finance Charges 
219 Finance Company Collections 
220 Due to Finance Company on Re¬ 

possessions 

OTHER LIABILITIES 
241 Mortgages 
Accounts 242 to 249 may be used for 
bonds, debentures, or other f.xed obliga¬ 
tions 

CAPITAL 
251 Capita! or Investment 
(If a partnership, use a separate account 
for each partner, numbering accounts 
251. 252. 253. etc If a corporation, use 
a separate account for each ciass of stock!. 

261 Drawing Account 
(If a partnership, use a separate account 
for each partner, numbering accounts 
261, 262, 263, etc. Not required if firm 
is incorporated.) 

273 Surplus 
(Use for corporation only. Not required 
for partnership or single proprietorship.) 

271 Profit and Loss (Current) 

REVENUES 
SALES 

341 New Radios 
342 Used Radios 
343 
344 Parts and Accessories 
345 Service Labor 

COST OF SALES 
441 New Radios 
442 Used Radios 
44 3 
444 Parts and Accessories 
445 Service Labor 
479 Used Radio Inventory Adjustment 

CHART OF GENERAL LEDGER ACCOUNTS 

Pathfinder Bookkeeping System for Radio Dealers 

EXPENSES 

501 

502 

503 

504 

505 

506 

507 

508 
509 
510 

511 

512 

513 

514 

515 

516 

517 

518 

528 

Administrativ« and C«Mta1 E«p««M 
Setting Exp«"'« 
Ant«mebil« and D«liv«ry E«f«"M 

Officials or Proprietors 
Office and Clerical 
Salesmen 
lanitors and Porters 
Non-Productive Shop 
Delivery Drivers 
Salesman 
Office and Clerical 
Salesmen 
Shop 
Delivery Drivers 
Rent 
Amortization of Leasehold 
La no and Buildings 
Machinery. Fixtures and Equipment 
Merchandise 
Taxes and Licenses on Automobiles 
Occupation Tax 
Corporation Tax 
Stationery and Office Supplies 
lanitors Supplies 
Shop Tools 
Shop Supplies 
Demonstrating Supplies 
Cas. Oil and Crease 
Other Automdbiie Supplies 
Miscellaneous Supplies 

Telephone 
Telegrams 
Postage 
Buildings 
Machinery. Fixtures and Equipment 
Merchandise 
Automobiles 

Buildmgs 
Machinery. Fixtures and Equipment 
Automobiles 
Buildings 
Machinery. Fixtures and Equipment 
Automobiles 

Legal 
Auditing 
General 
Selling 
Membership Dues and Subscription* 
Donations 
Miscellaneous 

MISCELLANEOUS CAINS AND LOSSES 
OTHER INCOME 

601 Interest Earned 
602 Discounts Earned 
603 Cash Over 
604 Miscellaneous Income 

DEDUCTIONS FROM INCOME 
611 Interest Pa d 
612 Cash Short 
61 3 Miscellaneous Losses 

Form 8 COURTESY CHAS. R. RADLEY CO, 



can recommend for a small or medium 
business. 

CASH BOOK 

In your ledger, you have an account 
with cash. You will find that you are 
making numerous entries to this ac¬ 
count, and probably the work involved 
in doing this posting will become 
burdensome. There is a simple way to 
get around this. Use a special book for 
making cash entries; both incoming 
and outgoing cash. We still follow the 
rules that all cash be deposited and 
that you pay only by check. Use a 
journal-ruled book like that shown in 
Form 1. Open the book and head the 
left-hand page, “Cash Receipts,” and 
the page directly opposite, “Pay¬ 
ments.” You now see what we have 
done—we lifted the cash page out of 
the ledger. All cash received is entered 
in detail on the left page, together with 
the deposits. (Of course, the amount 
received and the deposits should bal¬ 
ance.) Also, all checks issued are 
entered in detail on the right page. 
Find the difference between the totals 
of the two sides each month. This 
difference, added to the balance at the 
beginning of the month if there is a 
debit balance, or subtracted if there is 
a credit balance, will give you the 
balance in the bank. You may post the 
totals of the pages at the end of the 
month to a cash account in the ledger, 
but this is not necessary. For detailed 
handling of this work, you should 
consult your accountant. This much 
is given you to show the development 
of many other books used in account¬ 
ing and that, in many cases, these 
books are simply ledger accounts re¬ 
moved from the ledger. 

You must understand that the de¬ 
tail as to the keeping of records show¬ 
ing who owes you money and how 
much, and to whom you owe money 
and how much, would be used in the 
double entry method, exactly as ex¬ 
plained in the section considering a 
simple accounting system. Double en¬ 
try is simply an elaboration of the 
method; you would still have the Cash 
Receipts Register, the Voucher Re¬ 
gister and file, the Accounts Re¬ 
ceivable Cards and the Job Card Reg¬ 
ister which would be the same as the 
Sales Record. 

From what has been said up to this 
point, we may now summarize the es 
sential features of a double entry 
bookkeeping system. With the cash 
book, the voucher register, the job 
card register, or their equivalents we 
have what are referred to in account¬ 
ing as the books of original entry. 
This, of course, does not entirely elim¬ 
inate the journal, which is used (as 
we said earlier) merely for the record¬ 
ing of extraordinary entries, such as 
correcting errors in your accounting, 
and closing the books at the end of an 
accounting period. From the totals of 
the columns in the books of original 
entry, postings are made to specific 
accounts in the general ledger at the 
end of the accounting period and these, 
in turn, serve to give information for 
the setting up of the Balance Sheet 
and the Profit and Loss Statement. 

In the first section of this text we 
outlined a simple method of accounting 
for your guidance, believing that if you 
use this system you will have sufficient 
knowledge to guide you to success in 

22 



FORM 9 

CHART OF LEDGER ACCOUNTS 

Recommended for a Small or Medium Business 

BALANCE SHEET ITEMS 

1. Current Assets. 
11 Cash in Bank 
12 Petty Cash 
13 Accounts Receivable 
14 Inventories 

141 New Radios 
142 Used Radios 
143 Tubes 
144 Parts & Accessories 
145 Mise, for Sale 

15 Tools and Shop Supplies 
2. Fixed Assets. 

21 Furniture & Fixtures 
211 Allowance for De¬ 

preciation F & F 
22 Analyzers, Testers, etc. 

221 Allowance for De¬ 
preciation 22 

23 Automobiles 
231 Allowance for De¬ 

preciation Autos 

Liabilities: 

31. Notes Payable & Finance Co, 
32. Vouchers Payable 

Capital: 

4L Investment 
42. Drawing Account 
43. Profit and Loss 

PROFIT AND LOSS ITEMS 

5. Purchases for Sale 
51. New Radios 
52. Used Radios 
53. Tubes 
54. Parts and Accessories 
55. Mise, for Sale 

8. Operating Expense. (Control) 
Distribution Columns for 
81. Salaries 
82. Service Labor 
S3. Tool Expense 
84. Shop Supplies 
85. Rent 
86. Taxes 
87. Heat, Light, Telephone 
88. Depreciation 
89. Sales and Advertising 
90. Office Supplies 
91. Automobile Expense 
92. Miscellaneous Expense 

6. Sales 
61. New Radios 
62. Used Radios 
63. Tubes 
64. Parts and Accessories 
65. Mise. Sales Items 

7. Sales of Service 
71. Service Labor 
72. Overhead 
73. Estimated Profit 

10. Miscellaneous Income & Losses 
101. Commissions Earned 
102. Commissions Paid 
103. Interest Received 
104. Interest Paid 
105. Discounts for Cash 
109. Bad Debts 
110. Mise. Income and Loss 

Form 9 
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your undertaking. The section under 
Large Store Accounting is necessarily 
sketchy and is written only for the 
purpose of giving you an over-all 
knowledge of what to expect in an ac¬ 
counting system. We have given you 

only a very brief idea of the bare 
essentials and of the many books and 
records used for the purpose of giving 
more detailed information. In the 
final analysis they all tie in with some 
account in the General Ledger. 
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Definitions 
Realizing the difficulties met by the 

beginner in business in understanding 
accounting terms, we have listed a 
few of them, each with a brief defini¬ 
tion. Understanding each meaning 
will aid you in the operation of your 
business and in discussions with your 
banker and your accountant. 

Account. As we use it, an account 
is a detailed statement found in the 
Ledger. Its heading shows the name of 
the asset, liability, income, or expense 
to which the items therein pertain. 
There is a column for charges and a 
column for credits, and a column for 
the difference or balance. There is 
space for the date, and such detail or 
explanation as you wish to enter. Ac¬ 
counts can be generally classified as: 
Asset Accounts, which record values 
owned; Liability Accounts, which re¬ 
cord values owed; and Capital Ac¬ 
counts, which represent investment in 
the business, plus profits or minus 
losses. Income Accounts, for our pur¬ 
poses, show the amount and source of 
income, and the Expense Accounts 
show the detail of the costs of doing 
business, including the cost of goods 
sold. 

Asset. An asset is something of 
value, owned. Fixed assets are those 
assets used for business purposes and 
have a determined value. They re¬ 
main in the business, and are not 
bought and sold in the regular order 
of business. Current assets, are those 
that are coming in and going out. 
They are constantly increasing or de¬ 

creasing through regular operation of 
the business. 

Audit. To audit means to verify 
the accuracy of the books of account, 
also to check a bill for its accuracy as 
to prices, goods, and calculations, 

Balance. A balance is the excess of 
the sum of the column on one side of an 
account over the sum of the column on 
the other side. If the debit or left-hand 
column has the larger total, the 
balance will be a debit balance; if the 
credit or right-hand column is the 
larger, it will be a credit balance. 

Balance Sheet. A balance sheet is 
an orderly arrangement of assets, 
classified as to kinds, balanced against 
an orderly listing of liabilities plus 
capital. It shows the relation between 
different kinds of assets and between 
assets and liabilities. It shows pro¬ 
prietorship or net worth as repre¬ 
sented by the difference in assets and 
habilites. 

Budget. A budget is a forecast of 
income, against which an estimated 
allotment of expenditure is made. 

Capital. Your capital is your in¬ 
vestment or equity in the business. It 
is the excess of assets over liabili¬ 
ties; or if there are no liabilities, the 
total of the assets invested. As a mat¬ 
ter of good business and good book¬ 
keeping, do not contribute funds to 
the business or take funds out of the 
business without charging or credit¬ 
ing the Capital Account. 
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Consignment. A consignment is a 
shipment of goods to a person, known 
as the consignee, to be held or sold 
for the benefit of the shipper, who is 
the consignor. Ownership and all 
rights in the goods remain in the 
consignor. 

Depreciation. Depreciation is an 
estimated decline in the value of as¬ 
sets, due to the wear and tear of use 
and the ravages of time. It repre¬ 
sents the difference between the cost 
and the scrap value of the asset, this 
value being divided by the time inter¬ 
vening between the date of purchase 
and the probable date of scrapping or 
other disposition. The time may be 
measured in months or years as suits 
the necessities of the accounting sys¬ 
tem. We may take our old car into the 
business at a value of $1200 on January 
1. The following January its trade-in 
value may be $960. The depreciation 
will be $240. 

Discount. Discount is a deduction 
from a listed figure or cost, and it may 
be a Cash Discount, which is an al¬ 
lowance of usually one or two per 
cent of the bill for prompt payment, 
or it may be a Trade Discount, which 
is a percentage reduction from a fixed 
or quoted price on a radio set or on 
standard parts. 

Entry. An entry, for our purpose, 
is the recording of a fact in any of 
the books in our bookkeeping system. 

Expense. An expense, briefly, is 
any expenditure of funds or other as¬ 
sets necessary to the carrying on of 
the business, excluding, of course, the 
substitution of assets for assets, as 
would occur in the purchase of goods 

for sale. Rent and labor are ex¬ 
penses. The exchange of cash or 
credit for receivers for later sale is not 
an expense, but an exchange of one 
kind of asset for another asset. 

Expenses in a servicing business are 
Direct Expenses, that is, those that 
can be charged directly to a particular 
job; labor is one example. Indirect 
Expenses are those that must be 
estimated or allocated to many jobs. 
See definition of Overhead. 

Income. Income is the value that 
comes into the business in exchange 
for goods and services. Gross Operating 
Income is total revenue, Net Operating 
Income is Gross Operating Revenue 
minus costs of operations. Non-Oper¬ 
ating Income is that derived from 
sources other than operation such as 
interest on savings deposits. 

Insolvency. Insolvency is inability 
to pay debts, frequently because of the 
inability to convert assets readily into 
cash. Bankruptcy is an excess of lia¬ 
bilities over assets, which makes it 
impossible for the person to meet his 
obligations under any circumstances. 

Inventory. An inventory is an 
itemized list of goods or other assets, 
cost or selling price per item, and total 
value. You may inventory the ac¬ 
counts of your customers or you may 
inventory your liabilities, or furniture 
and fixtures. 

Liability. A liability is a debt. It 
may be current, such as amounts that 
are due for rent, merchandise pur¬ 
chased; or it may be accrued, such as 
salaries to employees earned but not 
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paid or due. 1‘iere can be fixed, lia¬ 
bilities, such as mortgages. 

Obsolescence. Obsolescence is loss 
in value not due to wear and use, but 
to improvements or changes in design. 

Overhead. Overhead is the cost 
of production or of doing business that 
cannot be definitely applied to a par¬ 
ticular activity, and must be dis¬ 
tributed to various jobs on a more or 
less arbitrary basis. For instance, in 
servicing, your tools suffer obsoles¬ 
cence and depreciation; you use sol¬ 
der; your car uses gas; the tires wear 
out, you must pay rent, you advertise. 
All these items amount to quite a sum 
of money in a month, but cannot be 
charged directly to any job. To take 
care of the situation, we arbitrarily 
add to the cost on each job an amount 
estimated to cover (totaling amounts 
added to all jobs) the total of these 
expenses for a given period. There 
are many ways of charging overhead, 
but the most satisfactory way for you 
in the service business is to charge it 
to each job as a fixed percentage of the 
actual labor cost.* The total over¬ 
head charged on jobs for a certain 
period may be checked against the 
actual expenditure for indirect items 
for the period and the percentage or 
rate adjusted up or down, to distribute 
the costs on future work more equi¬ 
tably. 

Petty Cash. Petty Cash is a small 
sum set aside for the payment of small 

* In the merchandising of radio and electric 
appliances, the selling price is set for you. In 
this case, it becomes the problem of the 
merchant to keep his overhead and direct 
expenses low enough to assure him of a 
reasonable profit, or give up the unprofitable 
line. 

expense items where it is inexpedient 
to draw a check. In the books of ac¬ 
count, the petty cash fund is a fixed 
amount as long as it is in existence. 
Checks are drawn at necessary times 
to replenish the fund. The slips or 
vouchers representing payments are 
classified and the check is charged to 
the various accounts affected. 

Posting. Posting is the transfer of 
items from books of original entry to 
the Ledger. 

Profit. Profit is the increase in net 
worth or capital from the beginning 
of a period to the end of a period. 
Gross profit is the excess of selling price 
over the cost of goods sold. Net 
Profit is the Gross Profit minus all 
costs of selling and all other costs of 
doing business. 

Trial Balance. A trial balance is 
a list of balances of all ledger ac¬ 
counts. The balances listed in col¬ 
umns of debits and credits should 
total the same. 

Turnover. Turnover is one of the 
vital factors in the operation of your 
business. It is the number of times 
that you can use a capital asset in a 
given period or the number of times 
that assets renew themselves in a given 
period. For instance, on the first of 
January you buy for sale a receiver for 
$100.00; you sell it for $167.00, and 
you do the same every month of the 
year. At the end of the year your 
cost of receivers sold would be 
$1200.00. Your investment is $100.00, 
your rate of turnover is 12, and your 
gross profit is $804.00. Had you 
bought and sold only two radios a year, 
your rate of turnover would have 
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been 2, your investment still $100.00, 
and your gross profit $134.00. It is 
obvious that the higher the turnover 
figure the greater your gross profit. 

If the selling price is not set by the 
producer of the product, and your 
turnover is high, you may figure a 
small profit on each sale and make 
just as much gross profit as you would 
if you had a small turnover figure and 
had added, to your cost of goods sold, 
a high profit. 

Substitute the amount that you 
have invested for the hundred dollars 
above and divide this into your cost 
of sales for a year to get your capital 
turnover. 

What is your turnover in accounts 
receivable, or how well are your cus¬ 
tomers paying? Are they taking too 

much time, or are you extending too 
much credit? Suppose your sales 
average $30.00 a day. When you bal¬ 
ance your books, you find you have 
accumulated outstanding accounts of 
$1350.00. This shows your accounts 
receivable to be an average of 45 
days’ sales. In other words, you are 
granting 45-day terms of credit, while 
you think your selling terms are 30 
days. You will have to speed up 
collections to pay your own bills in 
thirty days. 

Voucher. A voucher is any bill, 
invoice, memorandum, or evidence of 
expenditure of funds or evidence of 
liability to pay out money. There 
should be present such proofs of cor¬ 
rectness or evidence of payment as to 
make it of itself sufficient proof to be 
acceptable by anyone as a proper ex¬ 
penditure. 
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CUSTOMER COMPLAINTS 

Eris 

Others are the result of 
a few are not justified 

human to make mistakes, 
misunderstandings, while 
at all. 
You cannot avoid having some “call-hacks,” hut 

your handling of these calls will have much to do 
with your customer good-will and your reputation. 
Be just as pleasant and courteous in handling 

complaints as possible. The customer is doing you a 
favor by complaining to you rather than telling his 
friends that you cannot fix his set! 

Even when the complaint is unjustified, it is fre¬ 
quently better to repair the set at no charge than to 
try to convince the customer that the new trouble is 
not related to your original repair. 
Follow the practice of most businesses—charge 

these jobs to your overhead expense. Thus, by add¬ 
ing a small amount to the cost of each job, you can 
afford to handle these call-backs—you’ll be keeping 
your customer good-will at no loss! 

Every businessman expects a certain number of 
complaints in spite of his best efforts to please his 
customers. Some complaints are justified; it is 
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STUDY SCHEDULE NO. 51 

E or each study step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in the same way. 

□ I. Introduction. Pages 1-6 

You learn how three primary colors can be used to produce all other colors 
and white, and you study a simple color TV system. 

0 2. A Compatible Color TV System Pages 7-14 
A compatible color TV system is one in which monochrome sets can pick up 
color broadcasts and color sets can pick up monochrome broadcasts. You 
learn how this can be accomplished. 

0] 3. Transmitting the Color Signal Pages 14-23 
You study the characteristics of hue and saturation, and you learn how 
doubly-balanced modulators and synchronous detectors are used in color TV 
transmission. 

0] 4. The NTSC Color System .Pages 24-30 
You learn how the I and Q signals are transmitted and received. 

0] 5. Tri-Color Picture Tubes .Pages 30-43 
Various types of three-gun and single-gun tubes are discussed. 

0] 6. Color Definitions .Pages 43-44 
Words that you will need to know to understand discussions of color tele¬ 
vision are defined here 

0] 7. Answer Lesson Questions. 

0] 8. Start Studying the Next Lesson. 
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IN THE preceding lessons you studied the basic fundamentals of 
a monochrome television system. You 
also studied basic television circuits 
and black-and-white picture tubes. 
Now that you are about to start your 
study of color television, you should 
keep in mind what you have learned. 
Many of the circuits and principles 
used in monochrome television are 
also used in color television. The tri¬ 
color tubes used in color television, 
work on the same basic principles as 
the black-and-white picture tubes, ex¬ 
cept that different color phosphors are 
used to produce a color image instead 
of a black-and-white image. 

As you already know, a television 
picture is transmitted line by line. In 
other words, the scene to be televised 
is broken up into a series of lines, 
which are scanned, and the brightness 
information along each line is trans¬ 
mitted as a series of electrical signals. 
The television receiver recombines 
these signals into a complete picture. 
In color television, the scene also must 

be scanned line by line, and, as you 
will see later, information in addition 
to the brightness information is re¬ 
quired in order to produce color pic¬ 
tures. 

It is important for you to realize 
that the video signal transmitted by 
black-and-white television stations 
contains only brightness information. 
In other words, the video signal con¬ 
tains the information needed to con¬ 
trol the amplitude of the electron 
beam in the picture tube to produce a 
bright area, a dark area, or some 
shade of gray on the picture tube 
screen, depending upon the brightness 
of the area being scanned by the 
camera. 

Black-and-white television receiv¬ 
ers respond only to brightness infor¬ 
mation. Therefore, if a monochrome 
receiver is to produce a black-and-
white signal from a color transmission, 
the color transmission must contain 
brightness information. We will see 
later that the brightness signal is one 
component of the color TV signal. 
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LIGHT 

We are all able to describe light in 
general terms. We know that light is 
given off by the sun, and because of 
this light we are able to see. We also 
know that light is given off by a fire, 
and that it can be produced artifi¬ 
cially by means of electric light bulbs. 
The light given off by the sun and by 
electric light bulbs is called white 
light—it does not have any perceptible 
color. 

Actually, white light is made up of 
light of all colors. We can demonstrate 
this by passing the white light through 
a prism as shown in Fig. 1. When the 
white light passes through the prism, 
the violet light is bent more than the 
other colors; the blue light is bent 
more than all colors except violet; 
and the green light is bent more than 
all colors except blue and violet. The 
red light is bent the least. The result 

/ \ PRISM 

/ _ SCREEN 

RED -650 
ORANGE -590 
YELLOW -578 
GREEN -530 
BLUE -460 
VIOLET -380 

FIG. 1. When white light goes through a 
prism it is broken un into its componet 

colors. 

is a color spectrum ranging from red 
and orange on one end through yel¬ 
low, green, blue, and violet on the 
other end. You have seen an example 
of this in nature. Frequently after a 
storm a rainbow will appear in the 
sky. Here the white light is broken up 
into its various colors by rain drops 
acting as prisms. The violet and blue 

colors appear on the inside of the arc 
of the rainbow and red and orange on 
the outside. 

As you might expect, since white 
light can be broken up into its many 
colors, the colors can also be combined 
to produce white light. As a matter of 
fact, it is not even necessary to have 
all the colors to produce white light. 
White light can be produced by com¬ 
bining red, green, and blue light. Red, 
green, and blue are called primary 
colors. It is possible to produce not 
only white light by combining these 
three colors, but all other colors in the 
spectrum as well. 

You are probably already familiar 
with water color paint. Almost any 
school child can tell you that by using 
the proper combinations of red, blue, 
and yellow water color paints, it is 
possible to obtain any other color. In 
this case, the primary colors are red, 
blue, and yellow. With light, it is not 
the same; red and blue again are pri¬ 
mary colors, but green replaces yel¬ 
low 

The fact that it is possible to pro¬ 
duce white light and also any color in 
the spectrum from three primary 
colors makes color TV possible. Color 
television would be extremely compli¬ 
cated if we had to transmit every 
color and shade in order to obtain 
good color television pictures. 

So far, we have discussed only the 
primary colors and the fact that the 
primary colors can be used to produce 
white light and also other colors in 
the visible spectrum. In Fig. 2 we have 
shown the three primary colors, and 
also how the colors can be combined. 
Notice that red and green produce 
yellow, while blue and green produce 

SOURCE 

WHITE 
LIGHT 
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cyan (a greenish blue). The combina¬ 
tion of red, blue, and green produces 
white. 

In addition to producing the various 
colors, we must also produce many 
shades of each color. In other words, 
we must distinguish between a very 
deep color, such as a deep dark blue, 
and a light color, such as a light blue. 

FIG. 2. Equal intensity levels of the pri¬ 
mary colors red, blue, and green, form 
white. Red and blue form magenta, red 
and green form yellow, and blue and 

green form cyan. 

The basic colors may be the same, but 
the sensation they produce in the eye 
is entirely different. Deep blue con¬ 
tains only blue, but the light blue con¬ 
tains blue light plus white light. The 
deep blue, containing only the one 
color, is referred to as a “saturated” 
color. 

We have already discussed the fact 
that by means of three primary colors, 
full color pictures can be produced. 
We can use this fact in a relatively 
simple color television system by first 
breaking the scene to be televised into 
three primary colors at the transmit¬ 
ter, and then recombining them at the 
receiver. Let us see how we can do 
this. 

FILTERS 

Ordinary window glass is transpar¬ 
ent. It will transmit practically all 
the colors in white light. Different 
types of plastic can also be made 
transparent so that they will pass all 
the colors in white light. However, it 
is also possible to make devices known 
as filters that will pass only certain 
colors. For example, it is possible to 
make a red filter that will transmit 
only red light and will completely 
block the passage of blue and green 
light. Similarly, a green filter will 
transmit green light, but block the 
passage of red and blue light; and a 
blue filter will transmit blue light, but 
block the passage of green and red 
light. 
When we look at a scene, we see 

color in it, because the white light 
from the sun strikes the scene, and 
part of it is absorbed. For example, 
the white light strikes a red barn, the 
red light is reflected by the barn, and 
the other colors in the white light are 
absorbed. Similarly, when white light 
strikes the leaves on a tree, the green 
light is reflected by the leaves and the 
rest of the colors are absorbed. 

If we examined a scene through a 
red filter, only the red light in the 
scene would reach our eye. Similarly, 
if we used a blue filter, only the blue 
light would reach our eye, and if we 
used a green filter only the green light 
would reach our eye. 

A SIMPLE COLOR CAMERA 

A simple color television camera 
can be made by using three separate 
lens systems and three camera tubes. 
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FIG. 3. A simple arrangement where three monochrome cameras used with suitable 
filters can be used with three black-and-white picture tubes with similar filters to 

produce a color picture. 

The lenses are adjusted to focus the 
scene to be televised on each of the 
three camera tubes. Between one lens 
and one camera tube is a red filter, 
between another lens and another 
camera tube is a green filter, and be¬ 
tween the third lens and the third 
camera tube is a blue filter, as shown 
in Fig. 3. With an arrangement of this 
type, three separate images can be 
obtained, one containing the red in¬ 
formation, another containing the 
green information, and a third con¬ 
taining the blue information in the 
scene. 

If the camera tubes are scanned in 
exactly the same way as a mono¬ 
chrome camera tube is scanned, three 
separate video signals can be pro¬ 
duced. The video signal at the output 
of the red camera will be a brightness 
signal that contains the red informa¬ 
tion in the picture. Similarly, the 
video signal at the output of the green 
camera will contain the green picture 
information, and the signal at the out¬ 
put of the blue camera will contain 

the blue brightness information. By 
transmitting this brightness informa¬ 
tion to three separate picture tubes at 
the receiver, the three color images 
can be recombined to form the origi¬ 
nal full color picture. 

A SIMPLE COLOR RECEIVER 

If a color receiver actually used a 
system of this type, it would be al¬ 
most three separate receivers. We will 
not go into the details of how such a 
set could be made because it is un¬ 
important. However, we will discuss 
how the color picture can be repro¬ 
duced. 

In a color receiver of this type, 
three separate tubes are used in con¬ 
junction with an optical system, so 
that the images from the three tubes 
are projected into a single image on 
a screen. A red filter is inserted be¬ 
tween one picture tube and its lens, a 
green filter between the second tube 
and its lens, and a blue filter between 
the third tube and its lens. As you 
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can see from Fig. 3, the signal from 
the red camera is supplied to the tube 
with the red filter. The result will be 
a red image projected on the screen. 
The red image will contain only the 
red information in the original scene. 
In other words, if the scene being tele¬ 
vised consisted of a red barn sur¬ 
rounded by green shrubs and trees, 
only the red barn would be repro¬ 
duced by the red tube in the receiver. 
Similarly, the image of the green 
shrubs and trees would be picked up 
only by the green camera and repro¬ 
duced only by the tube having this 
information applied to it. The image 
on the green tube would be projected 
through the lens and green filter pro¬ 
ducing a color image on the screen. 

If a yellow object was being tele¬ 
vised, the yellow would be broken 
into its primary colors of red and 
green so that signals would be 
produced by both the red and the 
green cameras. This would result in 
red and green images being produced 
on the screen, and these two colors 
would combine to produce the original 
yellow object. 

We have not gone into the details 
of how the signals needed for a sys¬ 
tem of this type could be transmitted. 
However, since the signals are actu¬ 
ally only brightness signals, three 
separate video carriers could be used 
so that the circuitry would be similar 
to the circuitry found in present-day 
monochrome television receivers. 
However, since three separate video 
carriers would be required, such a 
system would need a band width al¬ 
most three times the 6-mc television 
channels allotted by the FCC. This 
would mean that we could have only 

about one-third as many TV stations 
operating on the present channels as 
we have today. In addition, since the 
television receiver would consist of 
three practically completely separate 
systems along with a complicated op¬ 
tical arrangement, television receiv¬ 
ing equipment would be extremely ex¬ 
pensive. Because of these disadvan¬ 
tages, this simple arrangement is not 
used. However, excellent color pictures 
can be reproduced using a system of 
this type. 

A SEQUENTIAL COLOR SYSTEM 

We pointed out in the preceding 
section, that two big difficulties of the 
simple color system discussed were 
that the band width required would 
be much wider than the 6-mc tele¬ 
vision channel, and the receiving 
equipment would be both costly and 
extremely difficult to adjust. The se¬ 
quential color system overcomes some 
of these difficulties. In this system, a 
single camera is used in the trans¬ 
mitter and a single picture tube at 
the receiver. 

In the field sequential system, the 
picture is broken into a series of color 
fields. In other words, first the red 
filter is placed in front of the camera 
and the scene is scanned. At the same 
instant a red filter is placed in front 
of the receiver so that a red picture 
is produced. After the camera has 
scanned the scene with the red filter 
in place, the red filter is removed, and 
then either the green or the blue filter 
is put in its place. Meanwhile, the 
same filter is put in place at the re¬ 
ceiver so that a color picture corre¬ 
sponding to the color of the image 
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FIG. 4. The mechanical sequential system. 

being scanned at the transmitter is 
obtained. 
The filters can be arranged in a 

color disc, as shown in Fig. 4. The 
color disc in front of the camera is 
driven by a synchronous motor. The 
color disc at the receiver is also driven 
by a synchronous motor, which is 
controlled by sync pulses so that it 
will be maintained in step with the 
motor at the transmitter. 

If the color fields are sent at a 
rapid enough rate, the three separate 
color fields will combine to give a 
whole color picture. Although the 
arrangement described here is a me¬ 
chanical arrangement, it is also pos¬ 
sible to work out an electronic ar¬ 
rangement so that the color disc is 
not necessary. 

The field sequential system was 
actually approved by the Federal 
Communications Commission, and 
there were a few receivers made using 
the mechanical color disc. However, 
this system was not accepted either 
by the public or by the television sta¬ 
tion owners. In order to provide a 
sufficient number of fields per second 
to avoid color flicker, a new set of 
standards had to be used so that 
the monochrome television receivers 
could not produce a black-and-white 
picture when the color programs were 
being transmitted. As a result, sta¬ 
tions were unwilling to broadcast 
color because there was no audience 
for the programs, and the public was 
unwilling to buy color receivers be¬ 
cause there were no programs. 
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A Compatible Color System 

The experience with the field se¬ 
quential color system convinced both 
the television industry and the FCC 
that before there could be any success 
with color television, a compatible 
system would have to be adopted. Let 
us now investigate such a color tele¬ 
vision system. Although this system 
is somewhat complicated, we can 
break it down into sections that in 
themselves are not particularly dif¬ 
ficult to understand. 

COMPATIBILITY 

You have probably heard the pres¬ 
ent color television system referred to 
as a “compatible” color system. By 
this we mean that the system is com¬ 
patible with present black-and-white 
standards. In other words, a black-
and-white television receiver can re¬ 
ceive the color signal and produce a 
black-and-white picture from it. This 
is extremely important because it 
means that the black-and-white tele¬ 
vision receivers in the hands of the 
public will not be rendered obsolete 
by color television. As long as the 
owner is satisfied with black-and-
white pictures, he can continue to use 
the receiver and obtain good quality 
black-and-white pictures, even though 
all the programs on the air may be 
transmitted in color. 

The system is compatible the other 
way also. A color television receiver 
can receive the signal from a black-
and-white program transmission and 
produce a black-and-white picture. 
This means the person who buys a 

color television receiver will be able to 
watch not only programs broadcast in 
color, but monochrome transmissions 
as well, and obtain a good quality 
black-and-white picture on the re¬ 
ceiver. In general, a black-and-white 
picture produced on a color television 
receiver may have some slight color¬ 
ing—the whites may be slightly blue 
or slightly red, but by carefully ad¬ 
justing the set, the whites may be 
made close enough to pure white to be 
entirely satisfactory. 

We have already pointed out that 
in black-and-white program transmis¬ 
sion the only picture information 
transmitted is the brightness informa¬ 
tion. As the electron beam scans 
across a line on the television camera, 
an electrical signal representing the 
brightness along that line is produced. 
Therefore, if we are to have compati¬ 
bility, in other words, if we are to 
be able to proouce a black-and-white 
picture on a monochrome television 
receiver even when a color program is 
being transmitted, we must have a 
brightness signal. In color television 
the brightness signal is called the “Y” 
or “W” signal. Since most manufac¬ 
turers refer to the signal as the Y 
signal, we will call the signal the Y 
signal in the rest of our discussion on 
color television. However, remember 
that in some other texts you may find 
the signal referred to as the W signal. 

Now let us see how the Y signal is 
produced and why it can be used to 
produce a black-and-white picture on 
a monochrome television receiver. 
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THE Y SIGNAL 

The "ï signal is the brightness sig¬ 
nal. It is also called the luminance 
signal. This signal is identical to the 
video signal produced by a mono¬ 
chrome camera. It contains only the 
brightness information, and it alone 
cannot be used to produce a color pic¬ 
ture. However, when it is used with 
additional color signals, which we will 
discuss shortly, it can be used to pro¬ 
duce color pictures. 

The development of the Y signal is 
comparatively simple. First let us see 
what the brightness levels of the pri¬ 
mary colors are in a monochrome TV 
system. If we were to place a white 
card in front of a monochrome cam¬ 
era, the light striking the white card 
would be reflected, and the image of 
the card would be focused on the 
camera tube. If the output of the 
camera tube were adjusted so that a 
video signal of 1 volt was produced by 
the light striking the white card, we 
could use this signal as a reference 
level. 

If we substitute a red card, we will 
find that the signal voltage developed 
by the camera is .30 volt; in other 
words, red is 30% as bright as white. 
If we substitute a green card, we will 
find that the voltage in the output of 
the camera is .59 volt, because green 
is 59% as bright as white. If we sub¬ 
stitute a blue card, the output voltage 
from the camera will be .11 volt, be¬ 
cause blue is 11% as bright as white; 
and if we substitute a yellow card, 
the output voltage from the camera 
will be .89 volt, or 89% as bright as 
white. Notice that this is the sum of 
the brightness of red (30%) and 

green (59%) which combine to form 
yellow. 

Now, keeping these brightness rela¬ 
tionships in mind, let us see how we 
can produce a brightness signal (Y) 
from a color camera, that can be used 
to form a picture on a monochrome 
receiver. 
The Y signal can be developed by 

a color camera by using an arrange¬ 
ment similar to that shown in Fig. 5. 
Here we have a separate camera to 
pick up each of the three primary 
colors. First these must be adjusted 
so that a red object will produce an 
output erf 1 volt from the red camera, 
a green object an output of 1 volt 
from the green camera, and a blue 
object an output of 1 volt from the 
blue camera. 

However, as we have learned, in a 
monochrome picture, the brightness 
level of red is 30% of white, green 
59% of white, and blue 11% of white. 
Therefore, we must feed these signals 
to voltage divider networks. 

The signal from the red camera is 
fed to a voltage divider network that 
is adjusted so that the output from 
the network is 30% of the input. This 
is indicated on the diagram as .30R. 
Similarly, the signal from the green 

FIG. 5. A simple means of obtaining the 
Y signal. 
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FIG. 6. The output front euch color camera chain and the resulting Y signal for objects 
of each of the primary colors and while. 

camera is fed to a voltage divider so 
that the output of the divider is 59% 
of the input, and the signal from the 
blue camera is fed to another divider 
so that the output from this network 
is 11 % of the input. These signals are 
then combined, and the resulting 
signal is the Y signal. In Fig. 5 we 
have simply shown them coming to¬ 
gether to a common lead, but, of 
course, in actual practice, a more 
elaborate arrangement would be re¬ 
quired. 

Now let us see what happens when 
colored cards are placed in front of 
the camera. We will see that the Y 
signal produced for each color will be 
exactly the same as the brightness 
signal that would be produced for 
that color by a monochrome camera. 

In Fig. 6 we have shown by means 
of a chart what the output signal will 
be from each network for various 

colors and for white. Notice that if 
we place a red card in front of the 
color camera, the output from the red 
camera chain (the camera and its as¬ 
sociated voltage divider network) 
will be .30 volt. There will be no sig¬ 
nal from the green or blue cameras, 
and therefore the total Y signal will 
be .30 volt. This is exactly the same 
signal as we obtained from the mono¬ 
chrome camera. 

If a green card is placed in front of 
the color camera there will be no 
signal produced by the red and blue 
cameras, but the output from the 
green camera and divider network 
will be .59 volt. The amplitude of the 
Y signal for green, therefore, will be 
.59, the same as the video signal am¬ 
plitude from the monochrome camera. 
Similarly, a blue card will produce 
the same signal amplitude of .11 volt 
as the monochrome camera, and the 
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Y signal will be .11 volt. 
So much for the primary colors. We 

know that insofar as the primary 
colors are concerned, the Y signal 
produced by the color cameras will 
have the same amplitude as the video 
signal produced by a monochrome 
camera. Now let us see what happens 
when we place the yellow card in 
front of the camera. 
When a yellow card is placed in 

front of the camera, the yellow light 
will be broken up into the two com¬ 
ponents of red and green. The output 
from the red camera and divider net¬ 
work will be .30 volt as shown in Fig. 
6. The output from the green camera 
and divider network will be .59 volt. 
These two signals are added to pro¬ 
duce a Y signal of .89 volt—the same 
as the video signal produced when a 
yellow card is placed in front of the 
monochrome camera. 

If a white card is placed in front of 
the camera, the signal produced by 
the red camera chain will be .30 volt, 
by the green camera chain .59 volt, 
and by the blue camera chain .11 volt. 
The resulting Y signal will have an 
amplitude of 1 volt, again the same 
amplitude as the video signal pro¬ 
duced by the monochrome camera. 

From the preceding, you can see 
that the Y signal is the equivalent of 
the video signal produced by a mono¬ 
chrome camera. This Y signal con¬ 
tains the brightness information in 
the picture. You know that a black-
and-white receiver needs only the 
brightness information to produce a 
picture, and therefore, the Y signal 
transmitted by a station broadcasting 
a color program will be received by a 
monochrome receiver, which will pro¬ 

duce a black-and-white picture from 
it. 

A COLOR SIGNAL 

So far we have shown how the 
brightness information in the color 
picture can be used to produce the Y 
signal. In Fig. 5 we have shown the 
signals fed to the simple voltage-di¬ 
vider networks. Actually, the circuit 
is much more complicated than this. 
Signals from the various cameras are 
fed to a complex voltage divider and 
adder circuit called a “matrix,” where 
30% of the red signal, 59% of the 
green signal, and 11% of the blue 
signal are combined to form the Y 
signal. 

A block diagram of a color system, 
using the Y signal and three color 
signals, is shown in Fig. 7. In this 
circuit, the signals from the red, green, 
and blue cameras are fed to the 
matrix where the Y signal is pro¬ 
duced. A signal from each of the cam¬ 
eras is also fed to an adder. An adder 
is simply a circuit that can be used to 
add two signals together. The Y signal 
is also fed to a phase inverter which 
inverts the phase 180 degrees so that 
there is a —Y signal at the output of 
the phase inverter; the —Y signal is 
fed into each of the adders. Now let us 
follow the signal from the red camera 
through the entire system and see 
what happens, when a red image is 
picked up. 

At the output of the red camera, 
a signal of 1 volt is obtained. This 
signal is fed to the voltage divider in 
the matrix and also to the adder. At 
the output of the matrix is the Y 
signal, which is then inverted by the 
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FIG. 7. A color system using a Y signal plus three color signals. 

phase inverter. The —Y signal and 
the R signal are combined in the 
adder so that at the output of the 
adder a signal, known as R-Y, is 
available. This R-Y signal is fed to an 
adder in the receiver, and in this adder 
it is combined with the Y signal. The Y 
signal cancels the —Y signal so that 
at the output of the adder the total 
R or red signal is available. The red 
signal is then fed to a picture tube 
and produces a red image which con¬ 
tains the information originally-
picked up by the red camera. 

The green and blue signals are fed 
to circuits similar to those used in 
the case of the red signal. 

In the circuit shown in Fig. 7, we 
have simply shown the transmitter 
and receiver connected together by 
four wires. Before this system could 
be used for color television, we would 
have to devise some means of trans¬ 
mitting four separate signals. Fortu¬ 
nately, as you will soon see, it is not 

necessary to transmit all three color 
signals. A full color picture can be 
obtained by transmitting the Y signal 
and only two of the color signals. 

AN IMPROVED COLOR SYSTEM 

One of the disadvantages of the 
color system we have just discussed is 
that it is necessary to transmit a Y 
signal and also three color signals. 
The transmission of the signals would 
require a band width wider than the 
6-mc TV channel presently in use by 
monochrome TV stations. To make it 
possible to transmit the entire color 
signal (and the accompanying sound) 
within the 6-mc channel, and because 
it is not necessary to transmit all 
three color signals, a system consist¬ 
ing of the Y signal and two color 
signals has been devised. 

The simplified color system is shown 
in block diagram form in Fig. 8. No¬ 
tice again that the three cameras 
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feed to the matrix where the Y signal 
made up of .30R -4- .59G 4* .11B is 
produced. Again, the signal from the 
red camera is fed to one adder and the 
signal from the blue camera to an¬ 
other. The Y signal is fed to a phase 
inverter so that a —Y signal is avail¬ 
able at the output of the phase in¬ 
verter. This signal is combined with 
the R signal in one adder to produce 
the R-Y signal, and with the B signal 
in the other adder, to produce the 
B-Y signal. Notice that in the circuit 
shown in Fig. 8 there is no G-Y signal 
produced in the transmitter. Only the 
Y signal, the R-Y, and the B-Y sig¬ 
nals are transmitted. Now let us look 
at the receiver and see how the color 
signals can be produced in the receiver 
from the Y signal and the two color 
signals. 

Notice that a part of the receiver 
is similar to the arrangement shown in 
Fig. 7. For example, the R-Y signal 
is fed to an adder along with the Y 

signal. The Y signal cancels the —Y 
signal so that the signal in the output 
of this adder is the R signal. Simi¬ 
larly, the B-Y signal is fed to an 
adder along with the Y signal, and the 
signal in the output of this adder is 
the B signal. 

Up to this point the receivers used 
in the color systems described in Figs. 
7 and 8 have been identical. However, 
since the G-Y signal is not transmitted 
in the color system shown in Fig. 8, 
we must produce the G-Y signal in 
the receiver in order to add this signal 
to the Y signal to obtain the green 
signal to drive the green picture tube. 
The G-Y signal can be obtained by 
passing the R-Y signal through an 
amplifier having a gain of —.51 and 
the B-Y signal through an amplifier 
having a gain of —.19 and mixing the 
two signals together. Now let us look 
at exactly what happens in these two 
amplifiers so we can see how the G-Y 
signa] is produced. 

FIG. 8. A simplified color system using the Y signal and two color signals. 
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OBTAINING THE G-Y SIGNAL 

The Y signal is made up of .30R 4-
.59G 4- .11B. Therefore, the R-Y 
signal will be: 

1R — (,30R 4- .59G 4- GB) 
This can be simplified by removing 
the brackets and writing the expres¬ 
sion as 1R — .30R — .59G — .11B 
which can be further simplified by 
subtracting the .30R from the 1R to 
give us .70R — .59G — .11B. This is 
the R-Y signal. 
If we have a signal whose ampli¬ 

tude is 1 volt and we feed the signal 
through an amplifier having a gain of 
2, we know that the signal in the out¬ 
put of the amplifier will be 2 volts. 
We obtain the output signal simply 
by multiplying the signal by the gain 
of the amplifier. Similarly, if the gain 
of the amplifier was .5, we would mul¬ 
tiply the 1-volt input signal by .5 and 
obtain an output signal voltage of .5 
volt. Since we feed the R-Y signal 
through an amplifier having a gain of 
—.51, we simply multiply the R-Y 
signal by —.51 to obtain the ampli¬ 
tude of the output signal. In other 
words, —.51 (.70R — .59G — .11B) 
= — 357R 4- .301G 4- .056B. This is 
the amplitude of the R-Y signal after 
it has passed through the amplifier 
having a gain of —.51. 

The B-Y signal may be written as: 
IB — (.30R 4- 59G 4- .11B) = 
—.30R — .59G 4- .89B. This is the 
B-Y signal. This signal has to be 
passed through an amplifier having a 
gain of —.19. Again, as in the case of 
the R-Y signal being amplified by the 
amplifier having a gain of —.51, we 
can determine the amplitude of the 
B-Y signal after it has passed through 

the amplifier having a gain of —.19 
simply by multiplying the B-Y signal 
by —.19. This gives us: —.19 (—.30R 
— .59G 4- .89B) = .057R 4- .112G 
— .169B. 

Referring to Fig. 8, you will see 
that the signal from the output of the 
—.51 amplifier is added to the signal 
at the output of the —.19 amplifier. 
We can obtain the amplitude of this 
signal simply by adding the two to¬ 
gether. The signal at the output of the 
—.51 amplifier is —.357R 4- .301G 4-
.056B. The signal at the output of the 
—.19 amplifier is .057R 4- .112G — 
.169B. Adding these two signals: 

—.357R 4- .301 G 4- .056B 
.05711 4- .112G — .169B 

—.300R 4- .413G — .113B 
This is the signal that will result 
when the outputs of the two ampli¬ 
fiers are combined, and it is equal to 
G-Y, because 1G — (.30R 4- .59G 4-
.1 IB) = IG — .30R — .59G — .1 IB 
--.30R4- .41G —,11B. 
The G-Y signal is then fed to an 

adder where it is combined with the Y 
signal, with the result that the G 
signal will be available in the output 
of this adder. 

SUMMARY 

Since the color system using the Y 
signal and the two color signals is the 
most complex system we have dis¬ 
cussed thus far, let us briefly review 
how it works. It is important that you 
understand the system, since it is the 
basis of the color television system in 
use today. 

The outputs from the red, green, and 
blue cameras are fed to the matrix 
where the Y signal consisting of .30R 
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+ .59G + -HB is produced. The 
signal is a brightness signal—it con¬ 
tains only the brightness information. 
It does not contain any color infor¬ 
mation. The Y signal will produce a 
black-and-white picture on a stand¬ 
ard monochrome television receiver. 

The red signal is fed to an adder 
where it is combined with the —Y 
signal. The —Y signal is produced 
simply by passing the Y signal 
through a phase inverter. The signal 
at the output of this adder is known 
as the R-Y signal. Similarly, the blue 
signal is combined with the —Y signal 
in an adder to produce the B-Y 
signal. 

In the block diagram of Fig. 8 we 
have shown the receiver and trans¬ 
mitter connected together by three 
wires. We will see later how the sig¬ 
nals are actually transmitted. 

In the receiver the R-Y signal is 
fed to an adder where it is combined 
with the Y signal. When we combine 
R — Y + Y, the Y’s cancel and the 
R signal results in the output. Simi¬ 
larly, the B-Y signal is combined 
with the Y signal in an adder so that 
the B signal will be available at the 
output of this adder. 

The R-Y signal is also fed to an 

amplifier having a gain of —.51 and 
the B-Y signal is fed to another am¬ 
plifier having a gain of —.19. The 
gains of these amplifiers have been 
selected so that the combined signal 
resulting in the output of the two am¬ 
plifiers will be the G-Y signal. The 
G-Y signal is then fed to the third 
adder where it is combined with the Y 
signal so that the G signal results in 
its output. 

In this simplified color system we 
have transmitted a brightness signal 
and two color signals. The brightness 
signal will produce a black-and-white 
picture on a monochrome television 
receiver when a color program is being 
transmitted. The brightness signal 
plus the R-Y and B-Y signals will 
produce color pictures on a color re¬ 
ceiver. 
One obvious advantage of trans¬ 

mitting the brightness signals is that 
it will make it possible for mono¬ 
chrome receivers to produce black-
and-white pictures during color pro¬ 
gram transmissions. Another advan¬ 
tage of breaking the signal up into a 
brightness signal plus separate color 
signals will become apparent after we 
discuss a few additional characteris¬ 
tics of color. 

Transmitting the Color Signal 
Up until this time we have shown 

the color transmitter connected to the 
color receiver by means of wires. We 
know, however, that the color signal 
must actually be transmitted by the 
TV transmitter like the signal from 

a monochrome television station. We 
will now discuss a few additional de¬ 
tails about color and then see how the 
color program can be transmitted. 
Two important characteristics of 

color are hue and saturation. It is im-
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portant for you to understand what 
each means, and the effect of each on 
the color signal. 

HUE 

Hue refers to the dominant color. 
Tor example, when you look at the 
leaves on a tree, the dominant hue is 
green. In other words, the hue or color 
of the leaves is green. Similarly, the 
dominant hue of the light reflected by 
a red fire truck is red. The hue dis¬ 
tinguishes the color. However, if you 
look around you, you will see that 
there are many different shades of 
each color. In other words, there are 
very deep colors and there are very 
light colors, known as pastels. A very 
deep red may have exactly the same 
hue as a light or pastel red. In each 
case the dominant color is red. 

SATURATION 

Saturation is the distinguishing 
characteristic between deep colors and 
light colors such as pastels. We say 
a color is saturated when it is a deep 
color. The only color present in a sat¬ 
urated color is the dominant hue. For 
example, if white light shines on a 
card that is painted a deep red, the 
only light that will be reflected by 
that card is red. The color has a red 
hue and is fully saturated. 

On the other hand, if a pastel red 
(pink) having the same hue as the 
deep red is placed under the white 
light, some white light will be re¬ 
flected by the card in addition to the 
red. The pastel red is not saturated. 

It is important that you understand 
what is meant by hue and saturation. 

Hue refers to the dominant color, 
whereas saturation tells ns whether 
it is a deep color or a pastel. A 
deep color containing only the one 
hue is a saturated color. A pastel color 
containing the dominant hue, plus 
some white light, is not saturated. 

Pastel Colors. Now that we have 
discussed hue and saturation, let us 
consider the signal that will be pro¬ 
duced by pastel colors. Suppose, as an 
example, that the color to be trans¬ 
mitted is a pale green. 

In the preceding section we pointed 
out that a pale green is not a satu¬ 
rated green. In addition to the green, 
there will also be a certain amount of 
white light present. The white light 
can be divided into the primary colors 
of red, green, and blue; therefore, the 
white light in the scene will excite all 
three cameras. If we assume that the 
intensity of the white light is such 
that it produces signals of .5 volt at 
the output of the red, the blue, and 
the green cameras, and that the green 
light reaching the green camera pro¬ 
duces an additional .5 volt, we will 
have a .5-volt signal from the blue 
camera, .5 volt from the red camera, 
and 1 volt from the green camera. 
These three signals are combined in 
the matrix using the same ratio of 
.30R -J- .59G + .11B. Since the red 
signal is only .5 volt, the total voltage 
contributed to the Y signal by this 
color will be .5 times .30 or .15 volt. 
Similarly, the signal contributed to 
the Y signal by the blue camera will 
be .055 volt. The green camera, how¬ 
ever. produces the voltage of 1 volt, 
and therefore, the voltage contributed 
to the Y signal by this camei a will be 
.59 volt. 
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Referring to Fig. 8, you can see 
that we will have a Y signal. We will 
also have R and B signals at the red 
and blue cameras, and therefore, we 
will have an R-Y and a B-Y signal 
when the signals are mixed with the 
>—Y signal. Notice that in the case of 
pale color, we have signals from all 
three camera tubes, whereas when we 
are transmitting a fully saturated pri¬ 
mary color we will have the signal 
from only the one camera. 

In the receiver, the green picture 
tube will be excited to produce the 
green hue. In addition, the red and 
blue tubes will be excited. The output 
from the red and blue tubes will com¬ 
bine with part of the output of the 
green tube to produce the original 
white light. The rest of the output 
from the green tube will give the 
green hue that was originally picked 
up by the cameras. The result will be 
that the receiver will reproduce a pale, 
or non-saturated green. 
The transmission of other pale 

colors is accomplished in the same 
way. The original hue is transmitted 
along with a certain amount of white 
light. Because the pastel colors are 
made up of one hue and a certain 
amount of white light, we are able to 
reproduce not only the saturated 
colors, but also the various shades and 
pastels. 

TRANSMISSION WITHIN 
A 6-MC BAND 

You already know that the tele¬ 
vision channels allotted by the FCC 
are 6 megacycles wide. In this chan¬ 
nel, we must transmit not only the 
picture information, but also the ac¬ 

companying sound. In the transmis¬ 
sion of a color signal, we must find a 
method of transmitting not only the 
brightness information in the picture, 
but also the color signals. In addition, 
we must still leave room in the chan¬ 
nel to transmit the sound signal. 

FIG. 9. A TV channel. 

Present monochrome standards call 
for a spacing of 4.5 me between the 
sound and picture carriers. If the color 
television system is to be compatible, 
this spacing must be maintained. 
Therefore, the color signals must be 
sent somewhere in the portion of the 
channel originally used for the trans¬ 
mission of the video signal. 

The television channel is shown in 
Fig. 9. The video and sound carriers 
are within the 6-mc channel. The 
lower sideband of the video signal is 
partially suppressed, but the sideband 
extending above the video carrier in 
the direction of the sound carrier is 
transmitted fully out to 4 me and then 

FIG. 10. IIow the sideband components 
are distributed. 

cut off sharply beyond this point. 
However, this does not mean that this 
entire spectrum is occupied by signals. 
In fact, it was discovered that large 
areas of the spectrum were not occu¬ 
pied by signals at any time. In other 
words, the luminance (brightness sig-
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nal) consists of a small group or 
“package” of frequencies centered on 
the line frequency, plus many har¬ 
monics of these frequencies. As shown 
in an exaggerated form in Fig. 10, 
therefore, we actually have sideband 
components spaced about 15 kc apart, 

FIG. 11. Two sideband components with 
a new signal between them. 

with empty spaces between them. If 
another carrier is chosen so that it 
falls halfway between two harmonics 
of the line frequency, as shown by the 
dotted lines in Fig. 11, and if it is 
modulated at the line rate, its side¬ 
band components will be between 
those of the original carrier, as shown 
in A of Fig. 12. Thus, it is possible to 
make two separate signals of this kind 
occupy the same spectrum space, pro¬ 
viding the carriers are properly spaced 
and chosen. 
We have already combined the 

luminance signals from all three color 
cameras to produce a Y signal that 
can be used to modulate the video 
carrier exactly as in monochrome tele¬ 
vision. If the chrominance (color in¬ 
formation—hue and saturation) for all 
three colors can be sent on a subcar¬ 
rier with the frequency chosen to fall 
between harmonics of the line-scan¬ 
ning rate, we could send the entire 

signal in the TV channel. 
In color television a color subcarrier 

of 3.579545 me is used. This in an odd 
multiple of the horizontal scanning 
irequency used for color television. 
The horizontal scanning frequency is 
1.>,734.204 cps. Notice that this is 
slightly lower than the 15.750 cps used 
in monochrome television. However, 
the change is so small that black-and-
white television receivers have no dif¬ 
ficulty locking in on this frequency. 
Changing the horizontal scanning 
frequency means that the vertical 
scanning frequency must also be 
changed. In the monochrome television 
standards, the vertical scanning rate 
is 60 cps, but in color television it is 
59.94 cps. Again, the change is so 
small that it causes no difficulty with 
monochrome television receivers. 

The frequency of the color subcar¬ 
rier is such an odd frequency that it 
is extremely difficult to remember. 
However, the frequency is almost 3.58 
megacycles, and usually when service-

CARRIER CARRIER 
- LUMINANCE SIGNAL 

COLOR SUB-CARRIER^ 

VIDEO 

MG. 12. How the chrominance signal is 
placed in the TV channel. 

men and engineers refer to the color 
subcarrier frequency, they call it 3.58 
me. 
Since this idea of using a color 

subcarrier is probably new to you, it 
might be worth while to review briefly 
how this system works. 

The video information transmitted 
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by a monochrome station is grouped 
around harmonics of the horizontal 
line rate. By referring to Fig. 11, you 
will see lines representing the video 
information grouped around the 227 
and 228 harmonics. Notice also that 
there is a space between these har¬ 
monics where there is no video infor¬ 
mation. In a color television system, 
the Y information is grouped around 
these harmonics, and the color in¬ 
formation can be transmitted on a 
subcarrier falling between these har¬ 
monics. Harmonics of the color sub¬ 
carrier will fall in the unoccupied 
spaces as shown in Fig. 12A. The in¬ 
formation in the TV channel will be 
spaced more or less as shown in Fig. 
12B. 

THE DOUBLY-BALANCED 
MODULATOR 

The transmission of the color infor¬ 
mation is accomplished by means of a 
doubly-balanced modulator. A sche¬ 
matic of this type of modulator is 
shown in Fig. 13. Notice that the color 
signal is fed into the grid of VI and a 
3.58-mc color subcarrier is fed to the 
No. 3 grids of tubes V2 and V3. 

Let us first consider what would 
happen in this modulator if only the 
B-Y signal and not the 3.58-mc color 
subcarrier were applied to the modu-

F'G. 13. Schematic of doubly-balanced 
modulator. 

lator. When the color signal is posi¬ 
tive, the phase splitter VI will develop 
a negative signal in the plate circuit, 
and a positive signal in the cathode. 
The negative signal applied to the 
grid of V2 will cause the current in 
this tube to decrease, but the positive 
signal applied to the grid of V3 will 
cause the plate current in this tube to 
increase. Since the plates of the two 
tubes are connected together, the net 
result will be that the increase in V3 
cancels the decrease in V2 so that 
there is no output signal. Similarly, 
if only the 3.58-mc signal were ap¬ 
plied to the third grids of V2 and V3, 
when one grid is driven positive, the 
other grid will be driven negative so 
that there will be no signal produced 
in the output circuit. 

From the preceding discussion, you 
can see that neither the original color 
signal nor the original 3.58-mc signal 
will appear in the output of the 
doubly-balanced modulator. However, 
when the two signals are applied si¬ 
multaneously to the modulator, an 
output signal will be produced. Let us 
see why this is so. 

When the B-Y signal applied to the 
grid of VI is positive, a negative signal 
will be developed at the plate circuit 
of VI and a positive signal at the 
cathode. Therefore, a negative signal 
is applied to the control grid of V2, 
which will in effect increase the bias 
on this tube. At the same time, a 
positive voltage is applied to the con¬ 
trol grid of V3. which will decrease 
the bias on it. 

The increase in bias on V2 will re¬ 
duce its gain, and the amplitude of 
the 3.58-mc signal appearing in the 
plate circuit of this tube will decrease. 
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Similarly, the reduction in bias on the 
grid of V3 increases its gain, and the 
amplitude of the 3.58-mc signal ap¬ 
pearing in the plate circuit of this 
tube will increase. Therefore, since we 
will have a greater 3.58-mc signal ap¬ 
pearing at the plate of V3 than at the 
plate of V2, the two signals will not 
completely cancel, and there will be a 
3.58-mc output signal from the modu¬ 
lator. 
The relative phase of the input 

3.58-mc signal and the output 3.58-mc 
signal is important. Consider the 3.58-
mc signal applied to the modulator. 
This color subcarrier is applied to 
the primary of the transformer. The 
signal applied to the No. 3 grid of 
V2 will be 180 degrees out of phase 
with the color subcarrier, and the 
signal applied to the No. 3 grid of V3 
will be in phase with the color sub¬ 
carrier. However, we know that the 
signal applied to the grid of the tube 
will be inverted and appear 180 de¬ 
grees out of phase in the plate circuit. 
Therefore, if the signal at the No. 3 
grid of V3 is in phase with the 3.58-
mc color subcarrier, the signal ap¬ 
pearing at the plate of this tube will 
be 180 degrees out of phase with the 
subcarrier signal. Therefore, for a 
positive B-Y signal, the output signal 
from the modulator will be 180 de¬ 
grees out of phase with the color sub¬ 
carrier. Fig. 14 is a vector diagram 
showing this phase relationship. 

In discussing the output from the 
doubly-balanced modulator, we as¬ 
sumed that the B-Y signal was a posi¬ 
tive voltage. This will be the case 
when a blue object is being televised, 
because the amplitude oi the blue 
signal would be 1 volt and the ampli¬ 

tude of the Y signal would be only .11 
volt; therefore, 1 volt minus .11 volt 
would give us a positive .89 volt. How¬ 
ever, if we were transmitting a green 
object, the amplitude of the B (blue) 
signal would be zero, and the ampli¬ 
tude of the Y signal would be .59 volt. 

COLOR_—(B—Y) _ (B-Y) 

SUBCARRIER 

FIG. 14. Phase relationship between the 
B-Y output from the modulator and the 

color subcarrier. 

(Remember from an earlier discus¬ 
sion that the B-Y signal is composed 
of — .30R — .59G + .89B.) There¬ 
fore, you would have a —.59 volt 
video signal fed to the phase-splitter. 
By the same line of reasoning that we 
followed previously, you can see that 
if a negative signal is fed to the phase¬ 
splitter, the output of V2 w 1 be 
greater than the output of V3. Since 
the 3.58-mc signal fed to the No. 3 
grid of V2 is 180 degrees out of phase 
with the color subcarrier signal, and 
since the tube itself will reverse the 
phase 180 degrees, the output from 
V2 will be in phase with the 3.58-mc 
color subcarrier. Therefore, when the 
B-Y signal is negative, the output 
signal will be in phase with the color 
subcarrier. 

The transmission of the R-Y signal 
on the color subcarrier is accom¬ 
plished in another balanced modula¬ 
tor in the same manner as the B-Y 
signal. However, before the 3.58-mc 
color subcarrier is fed to the balanced 
modulator, it is shifted in phase 90 
degrees as shown in Fig. 15. Since the 
R-Y output from the modulator will 
be 180 degrees out of phase with the 
3.58-mc signal actually fed to the 
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COLOR 
SUBCARRIER 

3.58 MC SIGNAL 
FED TO R-Y DEMODULATOR 

FIG. 15. The color subcarrier applied to 
the R-Y modulator is shifted 90°. 

modulator, it will be 90 degrees out of 
phase with the color subcarrier as 
shown in Fig. 1G. Similarly, if the R-Y 
signal should be negative, it will be 
180 degrees out of phase with the out¬ 
put obtained when the R-Y signal is 
positive. The complete phase relation¬ 
ships between the color subcarrier and 
the R-Y and B-Y signals from the 
modulator are shown in Fig. 16. 

Now let us see if we can establish 
some phase relationships between the 
primary colors and the color subcar¬ 
rier. Let us consider what happens 
when the object being televised is a 
fully saturated red. 

We know that the output of the red 
camera will be 1 volt. We also know 
that there will be no output from the 
green and blue cameras. The Y signal, 

(R-Y) 

COLOR -(B-Y) 

SUBCARRIER 

(B-Y) 

-(R-Y) 

▼ 3.58 MC SIGNAL 
FED TO R-Y DEMODULATOR 

FIG. 16. Phase relationships between the 
B-Y and R-Y outputs from the modulator 

and the color subcarrier. 

which is made up of .30R -j- ,59G 4-
•11B, will have an amplitude of .30 
volt, obtained solely from the red 
camera, since the output from the blue 
and green cameras will be zero. The 
R-Y signal, therefore, will be 1 — .30 
or .70 volt. The B-Y signal will be 
0 — .30 or —.30 volt. 

The R-Y signal is a positive signal 
and will be 90 degrees out of phase 
with the color subcarrier, as shown in 
Fig. 17. The B-Y signal is a negative 
signal, and it will be in phase with the 
color subcarrier. This is also shown in 
Fig. 17. 
In Fig. 17 we have two vectors 

R-Y 

SUBCARRIER “(B-Y) 

FIG. 17. R-Y and B-Y signals produced 
when transmitting a fully saturated red. 

showing the relationship between the 
R-Y, B-Y, and color subcarrier. Any 
two vectors can be represented by a 
single vector by the vector construc¬ 
tion shown in Fig. 18. This single 
vector shows the relationship between 
red and the color subcarrier, since 
the R-Y and B-Y vectors were pro¬ 
duced in the transmission of a red 
signal. Notice that the vector repre¬ 
senting red is obtained by plotting the 
amplitudes of R contained in the R-Y 
and B-Y signals. 

By a similar construction the phase 
relationship between each of the pri¬ 
mary colors and the subcarrier can be 
developed. In Fig. 19, we have shown 
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COLOR 
SUBCARRIER 

FIG. 18. Development of red from the 
R-Y and B-Y signals produced when trans¬ 

mitting red. 

the phase relationship between the 
color subcarrier and the various color 
signals. You do not have to know how 
to develop this diagram nor is it 
necessary that you remember all the 
details of it, but the general idea be¬ 
hind it will help you understand the 
ideas that we are about to discuss. 
The output from the two doubly-

balanced modulators is combined with 
the Y signal in an adder, and the en¬ 
tire signal is used to modulate the 
video carrier. A block diagram of 
the transmitter is shown in Fig. 20. 

FIG. 19. Phase relationship between the 
color subcarrier and the R-Y, B-Y, and 

primary colors. 

Notice that the output from the 3.58-
mc oscillator is fed directly to one 
modulator along with the B-Y signal. 
However, the output from the oscil¬ 
lator is fed to a network that will 
produce a 90-degree phase shift be¬ 
fore the signal is fed to the second 
modulator where it is combined with 
the R-Y signal. 

In the reception of the color signal 
by a monochrome television receiver, 

FIG. 20. Block diagram of an R-Y, B-Y transmitter. 
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the receiver accepts the Y signal and 
simply ignores the chrominance 
(color) information contained on the 
color subcarrier. The result is a black-
and-white picture containing the 
brightness information picked up from 
the original scene. 

In a color receiver, however, the 
additional circuits required to use the 
chrominance information are avail¬ 
able; the Y signal is added to the 
chrominance information, and a full 
color picture is reproduced. Now let 
us investigate the special circuits 
needed in the receiver to detect the 
chrominance information. 

THE SYNCHRONOUS 
DETECTORS 

In the color television receiver the 
modulated color subcarrier is sepa¬ 
rated from the video signal and fed to 
two synchronous detectors to obtain 
the original R-Y and B-Y frequencies. 
A simplified diagram of a syn¬ 

chronous detector is shown in Fig. 21. 
The 3.58-mc signal that is fed into the 
No. 3 grid, is generated in the re¬ 
ceiver and synchronized so that it 
operates at exactly the same fre¬ 
quency and phase as the 3.58-mc sub¬ 
carrier oscillator in the transmitter. 
Thus, the signal produced by the 

FIG. 21. Simplified diagram of a syn¬ 
chronous detector used to remove the 
color information from the chrominance 

subcarrier. 

transmitter oscillator stage is used as 
a “reference” signal. When there is no 
signal applied to the No. 1 grid, the 
locally generated 3.58-mc signal will 
be produced in the plate circuit of the 
tube. This signal will be 180 degrees 
out of phase with the signal fed into 
the suppressor grid. 

When the color subcarrier applied 
to the No. 1 grid is in phase with the 
3.58-mc signal applied to the No. 3 
grid, during the positive half of the 
cycle greater amplification of the 
3.58-mc signal fed into the No. 3 grid 
will be obtained, because the No. 1 
grid is also swung in a positive direc¬ 
tion, increasing the gain of the tube. 
When the signal applied to the No. 1 
grid swings negative at the same time 
that the 3.58-mc signal fed to the No. 
3 grid swings negative, the gain of the 
tube will be reduced, and the ampli¬ 
tude of the pulse appearing in the 
plate circuit will be reduced. Because 
the tube inverts the phase of the sig¬ 
nal, the negative pulses appearing in 
the plate circuit will be greater in am¬ 
plitude than the positive pulses. This 
will have the effect of shifting the 
zero voltage line, or in other words, 
reducing the voltage between the plate 
of the tube and ground. When the 
signal applied to grid No. 1 is 180 de¬ 
grees out of phase with the 3.58-mc 
signal fed to the No. 3 grid, exactly 
the opposite thing will take place, and 
the signal voltage between the plate 
of the tube and ground will increase. 
Now let us consider again what 

happened when the B-Y signal was 
fed to the balanced modulator. Re¬ 
member that when the B-Y signal was 
positive, the 3.58-mc modulated sub¬ 
carrier at the output was 180 degrees 
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out, of phase with the 3.58-mc oscil¬ 
lator color subcarrier signal (the ref¬ 
erence signal). Now, when the trans¬ 
mitted modulated color subcarrier fed 
to the control grid of the synchronous 
detector is 180 degrees out of phase 
with the 3.58-mc signal fed to the No. 
3 grid of the detector, a positive volt¬ 
age is developed in the plate circuit of 
this tube. The amplitude of this posi¬ 
tive voltage will be proportional to 
the amplitude of the original B-Y 
signal. 

A detector of this type will produce 
an output signal when the modulated 
color subcarrier fed to the No. 1 grid 
of the tube is either in phase with the 
3.58-mc signal applied to the No. 3 
grid or 180 degrees out of phase with 
it. There will be no signal produced 
when the phase difference between the 
two signals is 90 degrees. Therefore, 
by using two synchronous detectors, 
one in which the locally generated 
3.58-mc signa] fed to the No. 3 grid is 
in phase with the 3.58-mc reference 
signal in the transmitter, and the 
other operating with a signal fed to 
the No. 3 grid that is 90 degrees out 
of phase with the reference signal, the 
original B-Y and R-Y signals used to 
modulate the balanced modulator can 

be removed from the modulated color 
subcarrier signal. 

SUMMARY 

In the preceding pages, we have 
discussed the formation of the color 
signals and how the color signals 
could be transmitted by means of the 
chrominance subcarrier. We have 
given the impression that there are 
actually two separate signals trans¬ 
mitted on this subcarrier. Although 
this is true, the two signals combine 
so that in the transmission of a color, 
the effect will be like having a single 
signal of the required phase relation¬ 
ship to the reference color subcarrier. 
This was brought out in the discussion 
of Fig. 18 where the R-Y and —(B-Y) 
signals were combined to produce the 
red signal. 

fflien red is transmitted, a chromi¬ 
nance subcarrier would be produced 
for the R-Y signal, and another for 
the —(B-Y) signal, but the two car¬ 
rier voltages would add to give a 
single voltage having a phase dis¬ 
placement of 76.5 degrees from the 
reference subcarrier. In the receiver, 
the signal is separated into the origi¬ 
nal R-Y and —(B-Y) components by 
two separate synchronous detectors 

23 



The NTSC Color System 
So far we have discussed some of 

the characteristics of color. There are 
additional important color character¬ 
istics that have helped to make color 
television possible. Before we go any 
further let us now discuss some of the 
additional color characteristics that 
will be helpful in the study of the 
NTSC* color television system that is 
used in color telecasting today. 

We have already discussed the fact 
that the most important details of a 
picture or scene can be obtained from 
the brightness information in the 
scene. In other words, if you examine 
a black-and-white snapshot you can 
gain a great deal of information from 
that snapshot. Actually, adding color 
to the snapshot adds very little to it 
in the way of information. Certainly 
it makes it more appealing to the eye, 
but the actual additional information 
conveyed is minor. 

The eye cannot detect fine color de¬ 
tail. You can prove this to yourself 
simply by drawing three narrow col¬ 
ored lines close together. As you ex¬ 
amine them closeljr you can see that 
the three lines are colored, but if you 
move the lines some distance away 
you will find that they blend into a 
single gray line. Even if we were to 
attempt to transmit the fine color de¬ 
tail in the picture, the eye could not 
detect it in the reproduced picture. We 
can take advantage of this fact to 
restrict the band needed to transmit 
the color information. 

•The National Television System Com¬ 
mittee, an organization formed by the tele¬ 
vision industry to set up standards for a 
compatible color television system. 

Another important characteristic of 
color is that fine detail is more notice¬ 
able in some colors than in others. 
Colors in the orange and cyan regions 
will convey fine details better than 
other colors. This fact is important 
because orange approaches flesh in 
color. If we take advantage of this 
fact, by improving the color detail in 
this region, the facial details of people 
being televised in a color television 
system will be transmitted with con¬ 
siderable detail. 

1 rom the preceding discussion, you 
can see that there would be an advan¬ 
tage in having more detail in one color 
signal than in the other. Of course, 
we must also realize that the more 
details we try to transmit, the wider 
the band width that would be re¬ 
quired. Therefore, if we try to trans¬ 
mit more color information in one of 
the color difference signals than in the 
other, we will need a wider band width 
for the one signal than for the other. 

If we transmit the R-Y signal in the 
extended sideband, fine detail would 
appear either bluish red or bluish 
green, and if we transmit the B-Y 
signal in the extended sideband, fine 
detail would appear reddish green or 
yellowish green. However, we have 
pointed out that if we are to obtain 
the maximum advantage from the 
color details, the fine detail must be in 
the orange or cyan regions. To obtain 
either orange or cyan, we must trans¬ 
mit both the R-Y and the B-Y sig¬ 
nals. Therefore, you can see that to 
obtain the best possible detail in our 
color pictures, color signals other than 
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the R-Y and B-Y signals are required. 
We need one signal that will repro¬ 
duce orange or cyan. Another color 
signal is used in conjunction with this 
signal to produce the remaining colors 
in the spectrum. 

THE I AND Q SIGNALS 

To obtain high definition in color 
television, color signals other than the 
R-Y and B-Y signals must be used. 
We can obtain the signals we need by 
taking the correct amounts of the R, 
G, and B signals. Two new signals, 
called the I and Q signals, are ob¬ 
tained in this way. The I signal, which 
contains the proper proportions of R, 
G, and B to reproduce orange and 
cyan, has a phase displacement of 57 
degrees from the color subcarrier. The 
Q signal is displaced 90 degrees from 
the I signal. The I signal is trans¬ 
mitted by means of a vestigial side¬ 
band of the color subcarrier and can 
extend to a band width of 1.5 me as 
shown in Fig. 22. The Q signal, which 
is displaced 90 degrees from the I 
signal, can then be sent in a ,5-mc 
band width. A complete TV channel 
is shown in Fig. 22. 

The phase relationship between the 
color subcarrier and the various color 

total Tv channel -6mc 

FIG. 22. The complete 6-mc TV channel 
containing brightness, color, and sound 

information. 

FIG. 23. Phase relationships between 
color subcarrier and color signals. 

signals is shown in Fig. 23. Notice 
that the I signal is displaced 57 de¬ 
grees from the color subcarrier and 
that the Q signal is displaced 90 de¬ 
grees from the I signal. 

To produce the I and Q signals, a 
somewhat different arrangement is re¬ 
quired in the transmitter. The matrix 
used to produce the Y signal is exactly 
the same as the matrix we have men¬ 
tioned previously. The Y signal re¬ 
mains as .30R 4- .59G + .11B. To 
produce the I and Q signals, different 
matrixes are required. The I signal is 
•60R — .28G — .32B. However, in¬ 
stead of using the I signal, a —I signal 
is obtained by inverting the phase of 
the red signal 180 degrees. The —I 
signal is equal to —.60R + .2SG -|-
.32 B. 

The Q signal is made up of .21R -|-
.31B — ,52G. The —G signal is ob¬ 
tained simply by passing the G signal 
through an amplifier—this will invert 
the phase 180 degrees. 
A simplified block diagram of a 

color television transmitter using the 
I and Q signals is shown in Fig. 24. 
Notice that the output of the three 
color cameras feed three matrixes, in 
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FIG. 24. Simplified block diagram of Y, I, and Q sections of a color TV transmitter. 

one, the Y signal is developed, as in 
the case of the transmitters we have 
studied previously. The other two 
form the —1 signal and the Q signal. 
The —1 signal is formed in this 

transmitter by inverting the phase of 
the red signal and then passing the 
—R signal with the green and blue 
signals to a suitable matrix where the 
proper proportions are taken to pro¬ 
duce the —I signal. Similarly, the 
green signal is inverted in phase and 
then combined with the red and blue 
signals in the proper proportions to 
produce the Q signal. 

In transmitting the brightness in¬ 
formation and the color information 
in the picture, we are going to trans¬ 
mit practically all of the fine detail in 
the form of the brightness signal. The 
brightness signal will be practically 
identical to the signal transmitted by 
a monochrome television station. The 
band width of the Y amplifier in the 
transmitter will be 4.1 megacycles. A 
filter and a delay network are inserted 
in the Y system as shown. The delay 

network is needed because the speed 
with which the signal passes through 
the wideband Y amplifier will be great¬ 
er than the speed with which the signal 
passes through the amplifiers with a 
somewhat narrower band width. 

We have already discussed trans¬ 
mitting the chrominance information 
and the fact that the I signal will con¬ 
tain most of the usable fine color de¬ 
tail. The band width of the I signal, 
therefore, must be wider than the 
band width of the Q signal. Vestigial 
sideband transmission is used in the 
transmission of the I signal. A 1.5-mc 
filter is inserted in the I channel and 
the I signal is then fed through a 
delay network. Again, the delay net¬ 
work is necessary because the speed 
with which the signal passes through 
the I channel will be greater than the 
speed of the signal through the Q 
channel. 
The band width of the Q channel is 

restricted to .5 megacycle by the filter 
installed in this channel. The band 
width of only .5 megacycle is all that 
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is needed to produce high definition 
color pictures using the Y signal in 
conjunction with the I and Q signals. 

The —I signal is fed to a doubly-
balanced modulator. However, instead 
of feeding the subcarrier directly to 
the modulator, a 57-degree phase de¬ 
lay is introduced between the sub¬ 
carrier and the balanced modulator. 
This will establish the correct rela¬ 
tionship between the I signal and the 
reference subcarrier. 

An additional 90-degree delay is in¬ 
troduced in the 3.58-mc color subcar¬ 
rier before it is fed to the doubly-
balanced modulator to which the Q 
signal is applied. At the output of the 
doubly-balanced modulators, we will 
have two signals. The I signal will be 
displaced in phase by 57 degrees from 
the color subcarrier. The —I signal 
will be displaced by an additional 180 
degrees or a total of 237 degrees (see 
Fig. 23). The Q signal will be dis¬ 
placed by 147 degrees from the refer¬ 
ence subcarrier and the —Q signal 
will be displaced by 327 degrees from 
the color subcarrier. Remember that 
the polarity of the I and Q signals will 
depend on what color is being trans¬ 
mitted. 
We could go through a more de¬ 

tailed discussion of the formation of 
the I and Q signals. They can be 
drawn in vector form using the fig¬ 
ures we have given for the amounts of 
red, green, and blue signals taken to 
form each of the signals. However, 
there is nothing to be gained by a 
detailed analysis of these signals. The 
important points in this discussion 
arc that the I signal contains infor¬ 
mation in the orange and cyan regions 
and for this reason it contains most of 

the fine detail that will be conveyed 
by the color signals. The band width 
of the amplifier handling the I signal 
therefore, must be wider than the 
band width of the amplifier handling 
the Q signal, which contains little or 
no fine detail. 

Just as it was possible to produce 
the I and Q signals from the red, 
green, and blue signals, you will see 
later that it is possible to produce the 
R-Y, B-Y, and G-Y signals from the 
I and Q signals and then to combine 
these signals with the Y signals to 
produce the original red, green, and 
blue signals. 

THE I AND Q RECEIVER 

In the preceding color system that 
we discussed using the R-Y and B-Y 
color signals, you will remember that 
we first fed the R-Y and B-Y signals 
through amplifiers and combined the 
two signals to obtain a G-Y signal. 
Finally, we added the Y signal to the 
R-Y, B-Y, and G-Y signals to give us 
the red, blue, and green signals. Now 
let us see how the red, green, and blue 
signals can be obtained from the I, 
Q, and Y signals. 

In a receiver designed for the I and 
Q color signals, the 3.58-mc color sub¬ 
carrier in the output of the video de¬ 
tector is fed to two separate ampli¬ 
fiers. As shown in Fig. 25, one ampli¬ 
fier has a band width of .5 me and the 
other has a band width of 1.5 me. The 
outputs of these amplifiers are fed 
into separate synchronous detectors 

The 3.58-mc local oscillator gener¬ 
ates a signal that is in phase with the 
3.58-mc signal generated at the trans¬ 
mitter. This signal is then fed through 
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a 57-degree phase shift, or delay net¬ 
work and then fed to the synchronous 
detector into which the output from 
the 1.5-mc amplifier is fed. This de¬ 
tector will detect the I signal. The 
output from the 57-degree delay net¬ 
work is also fed to another 90-degree 
phase shift or delay network, and 'he 
output from this network is fed to the 
second synchronous detector. This de¬ 
tector will detect the Q signal. 
The operation of the synchronous 

detectors used in this circuit is ex¬ 
actly the same as the operation of the 
synchronous detector shown in Fig. 
21. Since the I signal is shifted in 
phase by 57 degrees or 237 degrees 
from the 3.58-mc signal, the I detector 
will detect the I signal. It will not 
respond to the Q signal because the Q 
signal is 90 degrees out of phase with 
the I signal. Similarly, the Q detector 
will detect only the Q signal because 
the 3.58-mc signal fed to this syn-

3.58 MC 
COLOR SUBCARRIER 

FIG. 25. Block diagram of I and Q detec-
tor circuits. 

Q 
R3 

(R-Y) 

FIG. 26. A matrix used to obtain the R-Y 
signal from the I and Q signals. Similar 
matrixes can be used to obtain the B-Y 

ami G-Y signals. 

chronous detector will either be in 
phase or 180 degrees out of phase with 
the Q signal. 

Of course, the I and Q signals at 
the output of the synchronous detec¬ 
tors will be comparatively weak, and 
therefore, they are usually fed to am¬ 
plifiers. The two signals may then be 
combined in the proper proportions to 
produce the color difference signals. 

An example of a typical matrix that 
may be used to combine the I and Q 
signals to produce the R-Y signal is 
shown in Fig. 26. Now let us see how 
this matrix operates. The resistance 
values of RI and R2 are chosen so 
that between point A and ground, .945 
of the I signal is present. The value of 
R3 has been chosen so that between 
point A and ground, .621 of the Q 
signal is present. Therefore, between 
point A and ground we have .9451 4 
.621Q. Now in place of the I and Q, 
let us write in the original values of 
the I and Q signals. This will give us 

.945 (,60R — .32B — .28G) 4-

.621 (.21R 4- .31B — ,52G) 
Therefore, from the I signal we get 
•567R — -302B — .264G, and from the 
Q signal we get .130R 4- .192B — 
.323G. By adding these two signals, 
we will have: 
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.Õ67R — .302B — .264G 

.130R 4- .192B — .323G 

.697R — .HOB — .Õ87G 
This is equal to the R-Y signal. R-Y 
can be written as IR—.30R—.11B— 
,59G, which is .70R — .1 IB — .59G. 

You will see that .697R is for all 
practical purposes the same as .70R 
and similarly .587G is for all prac¬ 
tical purposes the same as .59G. 
Therefore, by taking the proper pro¬ 
portions of the I and Q signals, we 
have obtained the R-Y signal. Simi¬ 
larly the G-Y and B-Y signals can be 
obtained. To obtain the G-Y signal, 
we take —.2711 — .647Q, and to ob-

-

FIG. 27. Matrix used to obtain the R 
signal from the Y, I. and Q signals. 

tain the B-Y signal we take —1.1 II 
+ 1.70Q. 
Once we have the R-Y, G-Y, and 

B-Y signals, all we need do is add the 
Y signal to obtain the original red, 
green, and blue signals. 
A somewhat different arrangement 

of the matrix shown in Fig. 26 is 
shown in Fig. 27. In Fig. 27 an addi¬ 
tional network is added. In this cir¬ 
cuit, the Y signal is fed through RI. 
RI and R4 act as a voltage divider on 
this signal. The amplitude of the Y 
signal at the input, and the values of 
RI and R4 are adjusted so that the 
signal between point A and ground is 

equal to Y. The values of R2 and R4 
are selected so that between point A 
and ground we have .9451, and simi¬ 
larly dividers R3 and R4 are selected 
so that between point A and ground 
we have .621Q. 

With a network of this type, you 
can see that the I and Q signals will 
be combined exactly as they were in 
the matrix shown in Fig. 26. If these 
two signals alone were applied be¬ 
tween point A and ground, we would 
have the R-Y signal. However, since 
we are also adding the Y signal, we 
will have the R-Y and the Y signal 
between point A and ground. The —Y 
and the -|-Y signals will cancel, so 
that between point A and ground we 
will have the R or red signal voltage. 
Similar networks that select the 
proper ratios of I and Q signals can 
be used to produce the G and B sig¬ 
nals directly from the Y, I, and Q 
signals. 

SUMMARY 

Now let us briefly review the ad¬ 
vantages of transmitting the I and Q 
signals in preference to the R-Y and 
B-Y signals. As we pointed out, there 
is very little to be gained by trans¬ 
mitting a great deal of color detail. 
Detail falling in the green, blue, or 
red regions cannot be detected by the 
eye. The eye can detect only a certain 
amount of color detail, and it detects 
this detail best in the orange and cyan 
regions. To produce orange and cyan 
from the R-Y and B-Y signals we 
need both color signals. However, by 
combining the proper proportions of 
red, blue, and green in the matrix at 
the transmitter, we can in effect pro-
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duce the I signal that contains the 
orange and cyan information in the 
picture. In other words, we can pro¬ 
duce orange and cyan on the picture 
tube from the I signal alone. This 
means that if we use a wide band 
width for the I signal, we can obtain 
all of the color detail we need for 
high-quality pictures. At the same 
time, the Q signal can be transmitted 
in a much narrower band width. The 
I and Q signals can then be combined 
to produce all other colors needed for 
full-color, high-definition pictures. 

COLOR SYNCHRONIZATION 

As we have discussed the R-Y, B-Y 
receiver, and also the I and Q type 
of receiver, we mentioned that the 
3.58-mc oscillator in the receiver must 
be in synchronization with the oscil¬ 
lator in the transmitter. This syn¬ 
chronization is maintained by means 

of a 3.58-mc color burst which is 
transmitted on the back porch of the 
horizontal sync pulse as shown in Fig. 
28. The burst consists of about 8 
cycles of the 3.58-mc color subcarrier 
and is sufficient to maintain the oscil¬ 
lator in the receiver in synchroniza¬ 
tion with the oscillator at the trans¬ 
mitter. We will discuss circuits used 
to keep the oscillator in synchroniza¬ 
tion in more detail later. 

FIG. 28. The color burst on the back porch 
of the horizontal sync signal. 

Tri-Color Picture Tube 
Thus far in our discussion of the 

color television system, we have shown 
that color pictures can be reproduced 

Cour lea y RCA 

Three-gun tri-color picture tube. 

by using three separate picture tubes. 
Remember that each of the tubes re¬ 
produces the brightness information 
contained in the scene for each pri¬ 
mary color. Individual color filters 
positioned in front of the tubes con¬ 
vert the brightness information into 
each of the primaty colors. Then, the 
three color images are projected, one 
over the other, on a screen to produce 
a full color picture. 

Essentially the same method is used 
in the color picture tubes in the pres¬ 
ent color television receivers. Instead 
of three separate picture tubes and 
color filters, a single picture tube con-
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taining three electron guns is used to 
reproduce the three primary color 
images on a fluorescent screen. 

The three-gun color tube, however, 
is not the only method that can be 
used to obtain color pictures in a color 
receiver. It is possible also to repro¬ 
duce full color pictures with a tube 
containing a single electron gun. This 
method will be discussed later in this 
section. Now let us study the three-
gun type and find out how it oper¬ 
ates. 

Courtesy RCA 
Viewing-screen assembly of tri-color tube. 

RCA SHADOW-MASK TUBE 

At present, the most commonly used 
color picture tube is what is called the 

HG. 29. Basic plan of a tri-color tube. 

shadow-mask type. Basically, it con¬ 
sists of a three-gun source of electrons, 
a color-dot screen, and a shadow¬ 
mask through which the electron 
beams must pass in order to strike the 
proper color dots. 

One gun and its scanning beam is 
provided for each of the three primary 
color signals. The beam from each gun 
is directed through the aperture mask 
to its corresponding phosphor dot as 
shown in Fig. 29. There are hundreds 
of thousands of individual color dots 
(a complete set for each primary 
color) positioned in tight triangles 

over the entire fluorescent screen. The 
beam from each gun must be con¬ 
trolled so that its electrons fall only 
on dots of the primary color it repre¬ 
sents. To do this, the beams are guided 
through each mask aperture at just 
the proper angles. In fact, the mask 
itself functions as a buffer to prevent 
the beam from the red gun, for ex¬ 
ample, from striking any of the blue 
or green dots. 
The color dots that make up the 

fluorescent screen in the tri-color pic¬ 
ture tube, as shown in Figs. 29 and 30, 
are so tiny that they cannot be seen 
individually. Thus, when the three 
beams excite the phosphor dots, the 
three primary color images appear 
superimposed and are able to repro-

Courtesy RCA 
FIG. 30. Magnified segment of color-dot 

pattern on screen. 
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FIG. 31. Tri color picture tube compo-
neiits. 

duce the color picture. The holes in the 
mask must necessarily be extremely 
small ; consequently the mask must be 
positioned so that each aperture is 
aligned exactly right with respect to 
each dot trio (one red, one green, and 
one blue dot). 

The major components of the tri¬ 
color tube are shown in Fig. 31. Start¬ 
ing from the base of the tube, we first 
find the three electron guns which are 
mounted parallel to the center axis of 
the tube and 120 degrees apart. Next, 
there are the convergence components 
consisting of the convergence elec¬ 
trode and the purifying coil. The con¬ 
vergence elements differ from any 
electrodes studied in the monochrome 
picture tube because they control 
three electron beams instead of a 
single beam. In the tri-color tube, not 
only must each scanning beam be 
focused and controlled individually, 
but also all three scanning beams 
must converge or come together at the 
apertures so that they penetrate the 
mask and strike the proper phosphor 
dots. When the beams are positioned 
correctly, the three primary color 
images produced on the screen will 
appear superimposed, one over the 
other, to form a full-color picture. 
This convergence must occur uni¬ 

formly over the entire color screen. 
The deflection yoke, which is 

mounted against the bell of the tube, 
forms the scanning raster in much the 
same way as a yoke on a monochrome 
picture tube. In the tri-color tube, 
however, it must control three elec¬ 
tron beams instead of one. The view¬ 
ing screen assembly consists of the 
shadow-mask and the phosphor dot 
plate. Mounting frames and fittings 
are required to hold the mask and the 
plate in proper relationship to each 
other and to the face of the tube. 
Electron Gun. The electron gun of 

an RCA color picture tube, shown in 
Fig. 32, is a multiple electrode device. 
Each of the three guns contains an 
indirectly heated cathode, a control 
grid, an accelerating electrode (grid 
No. 2), and a focusing grid (grid No. 
3) that functions in conjunction with 
the convergence electrode (grid No. 4). 
The red gun elements, which are shown 
down the center, are labeled. The ele-
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merits are the same in the other two 
guns. Notice that grid No. 4 is a two-
section arrangement which consists of 
a small diameter convergence electrode 
at the exit of each individual gun, plus 
a large diameter cylinder or cup that 
is common to all three guns. 

The focusing of each scanning beam 
is regulated by the potential differ¬ 
ence between grid No. 3 and the indi¬ 
vidual focusing electrode sections of 
grid No. 4. A beam aperture associ¬ 
ated with grid No. 3 confines the beam 
to the dense central section to produce 
as fine a beam diameter as possible. 
A conductive coating on the inner sur¬ 
face of the picture-tube neck and the 
cone functions as the high-voltage 
anode. The difference in potential be¬ 
tween the neck coating and the com¬ 
mon grid No. 4 serves as still another 
electronic lens to bring the beams to¬ 
gether at the convergence point which 
is at the plane of the aperture mask. 
Thus, there are really two focusing 
actions—focusing of each scanning 
beam at the fluorescent screen and the 
focusing of the three beams together 
to form a convergence point (or cross¬ 
over! at the apertures. 

To obtain precise focusing and con¬ 
vergence with this tube, three magnets 
are mounted externally on the tube 
neck, and positioned so that a magnet 
is directly over each gun. An external 
purity coil is also used to form a mag¬ 
netic field that regulates simultaneous 
positioning of the three beams. As a 
result, the axis of each beam can be 
made to coincide with the center of 
its respective color dots. The deflec¬ 
tion yoke, too, must be designed care¬ 
fully and positioned properly to avoid 
any distortion at the raster edges. 

Even with all these precautions, it 
is often a difficult task to bring each 
beam to focus, and to bring all three 
beams to a convergence point at each 
aperture over the entire surface of 
the mask and screen. As in a mono¬ 
chrome picture tube, the distance that 
the electron beams must travel from 
the guns to the outer extremities of 
the raster is longer than the distance 
between the guns and the central 
raster area. To correct for this varia¬ 
tion, special parabolic waveforms are 
applied to the focus and convergence 
electrodes of the color picture tube. 
These horizontal and vertical wave¬ 
forms correct the focusing of each 
scanning beam as well as the con¬ 
vergence of all three beams as they 
scan from left to right and down the 
color tube screen. 
The correction waveforms are re¬ 

ferred to as “dynamic” convergence 
voltages. The de voltage applied to 
the convergence electrode is adjust¬ 
able and is spoken of as the “static” 
convergence voltage. Static converg¬ 
ence also is provided by the three 
magnets on the neck of the tube. 

CBS COLORTRON 

The 19-inch CBS Colortron tri-color 
tube also employs a three-electron gun 
assembly, shown in Fig. 33, with 

the guns arranged 120 degrees apart 
in a triangular pattern. However, in¬ 
stead of being parallel to the central 
axis of the tube, each gun is tilted 
(approximately 1 degree) toward the 
axis. The slight mechanical tilting of 
the guns as well as the curved shadow¬ 
mask that is used in this tube im¬ 
proves convergence of the beams at 
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Courtesy CBS 
CBS 19-inch Colorlron color tube. 

the screen. You can see that each gun 
consists of a cathode, a control-grid, 
an accelerating grid, a focus electrode, 
and a final anode. 

Instead of an internal convergence 
electrode, three convergence coils are 
placed around the neck of the tube, 
as shown in Fig. 34, between the de¬ 
flection yoke and the purity device. 
Because the guns are tilted, only a 
single beam corrector magnet is 
needed, instead of the three required 
by a tri-color tube using an internal 
convergence electrode. 

Starting at the base, the components 
that are mounted on the color tube 
neck are the beam corrector magnet, 
which is associated with the blue gun, 
the purity device and its adjustment 
tabs, the convergence coil assembly, 
and the deflection yoke; and a field 
neutralizing coil is mounted around the 
face of the tube. Although the color 
tube is shielded internally by an 
aluminized surface and is also pro¬ 
tected by an external shield, the field 
neutralizing coil, that surrounds the 
face-plate, generates a uniform mag¬ 
netic field that can be regulated and 
used to cancel the influence of any 
external stray field. Thus, external 
fields cannot pull the three beams off 
center and cause them to strike the 
wrong dots. Incorrect coloring of this 
type is called color impurity or color 
contamination. 

The deflection yoke, as in a conven¬ 
tional picture tube, is located at the 
point where the neck joins the cone. 
The position of the yoke can be 
shifted somewhat to obtain the best 
color purity at the edges of the raster. 
In a color receiver, the centering is 
usually accomplished by regulating 
the de flow in the deflection coils. Of 

FÎG. 33- Electron gun of CBS Colortron tube. 
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course, the deflection yoke must be 
designed carefully to form the most 
uniform magnetic field possible. Good 
field uniformity, especially at the 
raster edges, assists greatly in obtain¬ 
ing true convergence and true colors 
over the entire screen area. 

Three pairs of pole pieces, 120 de¬ 
grees apart, are attached directly to 
the guns. Three external convergence 
coils, one for each gun, are mounted 
over the pole pieces. By regulating the 
current waveforms in the convergence 
coils, the dynamic convergence of 

each of the electron guns can be con¬ 
trolled separately. Convergence mag¬ 
nets are also associated with the 
convergence coil assembly to obtain 
the proper static convergence. 
The three scanning beams must be 

positioned in a triangular pattern 
after they leave the plane of the aper¬ 
ture mask. Therefore, in addition to 
the fixed magnet adjustment, a sepa¬ 
rate blue adjustment is used to place 
the blue beam at a centered location 
between the red and green beams. 

These four adjustments permit the 
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RETRACE BLANKING PULSE 
FROM VERTICAL OUTPUT 

TO FOCUS POTENTIOMETER 
IN HIGH VOLTAGE POWER SUPPLY 

FIG. 35. Typical color picture tube circuit. 
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proper convergence of the three scan¬ 
ning beams at the aperture. After 
passing the convergence point, the 
beams separate and each strikes the 
proper color dot on the screen. The 
convergence waveforms in the con¬ 
vergence coils maintain this relation¬ 
ship between the three scanning beams 
over the entire surface of the color 
screen. 
The purity magnet, which is over 

the focusing electrode, controls the 
position of the three scanning beams 
simultaneously. With the purity coil, 
it is possible to align the scanning 
beams with the centers of the phos¬ 
phor dots so that pure hues and color 
saturation can be obtained. 

EXTERNAL CONVERGENCE 
COIL CIRCUITS 

Now let us discuss the voltage and 
signals that are applied to each elec¬ 
trode in a picture tube using external 
convergence coils. A typical circuit is 
shown in Fig. 35. Notice that a sepa¬ 
rate grid-cathode circuit is associated 
with each gun. The cathodes are con¬ 
nected together and returned to de 
voltage circuits so that the over-all 
picture brightness can be regulated. 
The cathodes also are connected to 
the vertical output stage of the re¬ 
ceiver to obtain a retrace blanking 
pulse for each gun. 

The brightness control circuit asso¬ 
ciated with the common cathodes 
serves as the red reference brightness 
adjustment, while two individual 
brightness or background controls are 
used to adjust the grid bias on the 
green and blue guns. Since these con¬ 
trols regulate the absolute brightness 

and the relative brightness settings of 
the individual guns, it is possible to 
correct for gun and phosphor varia¬ 
tions so that each set of phosphor dots 
can be illuminated properly with re¬ 
spect to the other two. When the dots 
emit equal illumination, a true white 
is produced on the screen. 
The next group of electrodes are 

the accelerating grids—one for each 
gun. Again, the voltage applied to 
each electrode is adjustable to com¬ 
pensate for variations in the phosphor 
dots. The adjustments of the screen 
controls, together with the background 
controls, establish a true half-tone 
scale for proper rendition of a mono¬ 
chrome picture. At the same time, they 
establish proper relative beam inten¬ 
sities among the three guns so that 
color hues can be produced faithfully. 

Although they are not shown in the 
illustration, the convergence coils re¬ 
ceive their excitation from three sepa¬ 
rate convergence output stages—one 
for each primary color. The three 
separate adjustments associated with 
each convergence coil regulate the 
amplitude, phase, and shape of the 
convergence waveform. The pro¬ 
cedures for adjusting the many con¬ 
trols of the color receiver and its 
picture tube will be presented at 
length in a later lesson. 

The final two electrodes of the color 
picture tube are the focus electrode 
and the final anode. These two elec¬ 
trodes receive their voltages from the 
horizontal output stage. The high-
voltage pulse developed in the hori¬ 
zontal output circuit is first rectified 
to form a high de voltage. Then, it is 
supplied to a voltage regulator circuit 
to develop a regulated 25,000 volts for 
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FIG. 36A. Mounting assembly for tri-color tube using internal convergence electrode 
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FIG. 36B. Picture lube circuit for tube 
shown in Fig. 36A. 

the anode and approximately 7000 
volts for the focus electrode. 

INTERNAL CONVERGENCE 
ELECTRODE CIRCUITS 

The picture tube circuit and mount¬ 
ing assembly for a tri-color picture 
tube employing an internal conver¬ 
gence electrode are shown in Fig. 36. 
Notice that the circuit arrangement is 
almost the same as the circuit in Fig. 
35. In this circuit, the signals are 
applied to the control grids of the 
guns. A brightness control associated 
with the red gun again regulates the 
bias applied to all the guns, while 
separate controls permit individual 

adjustment of the green and blue gun 
biases. Also the accelerating electrode 
voltages are obtained as in the previ¬ 
ous circuit. 

Unlike the previous circuit, how¬ 
ever, convergence voltages are applied 
to tube electrodes instead of coils. Ad¬ 
justable de voltages as well as con¬ 
vergence waveforms are applied not 
only to the convergence electrode but 
also to the focus electrode. 

SINGLE-GUN COLOR TUBES 

We have discussed the three-gun 
color tubes at some length because 
they are more widely used at present 
than any of the other types that have 
been developed. However, single-gun 
tubes have also been developed. Al¬ 
though they are not being used com¬ 
mercially at this time, this type, 
because of its relative simplicity, may 
be the solution to many of the prob¬ 
lems encountered in the present color 
television receivers. The idea of a 
single-gun tube is very attractive be¬ 
cause there is only one beam to con¬ 
trol and adjust instead of three, as 

Courtesy Chromatic TV Labs 
Single-gun 21-inch ChroniEtron tube. 
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in the three-gun type. Therefore, when 
using these tubes, the problems of 
convergence and balance are practi¬ 
cally eliminated. 

One color picture tube that uses a 
single electron gun is the Chroma¬ 
tron. Instead of using color dots as in 
the tubes described previously, the 
fluorescent screen is made up of parallel 
strips of colored phosphor. By studying 
the illustration in Fig. 37, you will see 

FIG. 37. Detail of single-gun Chromatron 
grid and screen structure. 

that the phosphor strips are arranged 
so that there are green strips separating 
the red and blue ones. 
The Chromatron differs from the 

conventional three-gun type also in 
that grids composed of closely-spaced 
parallel wires are used instead of a 
mask. These wires are located in 
front of the phosphor plate on the 
electron gun side of the screen, and 
are placed so that there is a wire in 
front of each red and each blue strip. 
There are none in front of the green 
strips. All the wires in front of the red 
phosphor strips are tied together and 
brought out to a single terminal, and 
all the wires in front of the blue phos¬ 
phor strips are tied together and 

brought to a single terminal. A third 
terminal connects to the aluminized 
layer on the back of the phosphor 
screen. 

There are hundreds of individual 
phosphor strips from top to bottom of 
the screen. In fact, there are more 
phosphor strips than there are active 
lines on the screen of the standard 
monochrome picture tube. When in 
operation, the line structure is so fine 
that at ordinary viewing distances the 
lines are invisible. 
To show you how the Chromatron 

reproduces a color picture, let us refer 
to Fig. 38. The fine stream of elec¬ 
trons from the electron gun, Fig. 38A, 
is directed toward the phosphor strips. 
A voltage is applied between the grid 
wires and the aluminized backing on 
the phosphor screen to focus the beam 
on the phosphor strips. This is called 
a “post-deflection” voltage. Some¬ 
times the Chromatron is called the 
PDF (Post-Deflection Focusing) 
Tube. The difference in potential be¬ 
tween the red and blue grids causes 
the beam to converge on the proper 
color strips. However, the strip that 
the beam strikes must correspond to 
the primary color signal being sup¬ 
plied to the grid circuit of the elec¬ 
tron gun. In other words, when there 
is a red signal being applied to the 
control grid of the gun, the beam must 
strike the red phosphor strip. 

Fig. 38B shows that when there is 
a zero potential between the red and 
blue grids, the electrons travel down 
the tube and strike the green strips. 
However, when a positive potential is 
present on the grid wires in front of 
the red strips, and a negative poten¬ 
tial on the wires in front of the blue 
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strips, the electron beam is pulled to¬ 
ward the red as shown in the figure. 
Conversely, a positive potential on 
the blue grid with a negative potential 
on the red grid causes the beam to be 
deflected to the blue phosphor strip. 
Therefore, by applying the correct 
voltages to the red and blue grid 
wires, it is possible to direct a beam 
to the proper color strips, and obtain 
a color picture on the screen. 

The signals applied to the grid cir¬ 
cuit of the electron gun used to vary 
the strength of the electron beam are 

tron. 

somewhat different from those de¬ 
scribed for the three-gun tube. Be¬ 
cause the Chromatron has only one 
electron gun, the NTSC simultaneous 
color signal must be converted to a 
fast-switching sequential signal. When 
the beam is directed toward the red 
strip, for example, the electron gun 
must be excited by a red primary 
color signal. The same relationship 
must exist when the beam is directed 
toward the green or the blue phosphor 
strips. Thus, the signal arriving at 
the control grid of the picture tube 
must be continually shifting from one 
primary color to another. This color 
switching action can be done with 
proper receiver circuits. In fact, the 
circuits required to make the change-
over from the NTSC simultaneous 
signal to a sequential signal are no 
more complex than those associated 
with a shadow-mask type of picture 
tube. 
The scanning beam in the Chroma¬ 

tron picture tube moves across and 
down the picture tube screen in the 
conventional manner to trace the 
scanning raster. As the beam moves 
horizontally across the screen, it must 
be deflected vertically to excite all 
three color strips as shown in Fig. 
38C. This deflection can be accom¬ 
plished by applying a sinusoidal vari¬ 
ation between the red and blue grids. 
In a practical system employing 

the NTSC standard signal, it is pos¬ 
sible to apply a sine wave having the 
same frequency as the chrominance 
subcarrier to the color grids of the 
Chromatron. Thus, as the scanning 
beam moves across the screen, it will 
be deflected vertically at the subcar¬ 
rier sine-wave rate. As a result, this 
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FIG. 39. Single-beam excitation of phos-
phor-dot screen. 

vertical deflection of the beam can be 
synchronized by the color burst signal 
that is transmitted on the back porch 
of the horizontal blanking pulse. The 
color burst signal also can be used to 
synchronize the signal applied to the 
control grid of the electron gun. 
Therefore, the samples of the three 
primary colors that are taken during 
the period of one cycle of the subcar¬ 
rier signal are applied simultaneously 
to the control grid and the color grids. 
As the samples are taken, the scan¬ 
ning beam moves to the corresponding 
color strips to reproduce the color pic¬ 
ture on the screen. 

A single electron gun can also be 
used with a picture tube that contains 
a mask and a phosphor-dot screen. In 
this arrangement, a single scanning 
beam is rotated in a tight circle as 
indicated in Fig. 39A. As the rotating 
beam moves in front of an aperture, 
it is keyed on and off at three rela¬ 

tive positions. These positions cor¬ 
respond to what might be considered 
the original positions of the three 
separate scanning beams used in the 
three-gun type. At one instant of 
time, the beam is in a position that 
corresponds to the position of the 
beam from the red gun; an instant 
later, it has rotated to the position 
of the corresponding blue or green 
beam, as illustrated in Fig. 39B. All 
three primary color dots can be ex¬ 
cited by properly controlling a single 
rotating beam. 

When the beam is in position to 
excite the red dot, only the red pri¬ 
mary color signal must be present at 
the control grid of the gun. Similarly, 
as it shifts to the blue or green posi¬ 
tion, the primary color signal must 
also be switched at the control grid. 
Also, for correct excitation of the 
phosphor dots, the NTSC simultane¬ 
ous signal must be translated into a 
fast-switching sequential signal. The 
frequency of rotation of the beam can 
be at the subcarrier frequency with 
the result that the center of each in¬ 
dividual phosphor dot is illuminated 
once during each cycle of the subcar¬ 
rier frequency. As the beam is rotated, 
the beam strength, and thus the 
brightness of each color dot, varies 
according to the sequential signal ap¬ 
plied to the grid of the electron gun. 
The single-gun color tubes have 

some advantages over the three-gun 
types. Probably the most important 
advantage from the standpoint of the 
serviceman is that the adjustments 
are greatly simplified. There are no 
convergence problems because the 
tube uses a single electron beam. Also 
the reproduced pictures, on the 
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Chromatron especially, are brighter. 
Since a mask is not used in front of 
the phosphor screen, a larger propor¬ 
tion of the electrons in the beam strike 
the phosphor material. Although it 
may not be either of the types dis¬ 
cussed in this lesson, the single-gun 
tube eventually may be the solution to 
the color tube problem. 

We stressed in the lesson on mono¬ 
chrome picture tubes how the picture 
tube itself can be used to localize re¬ 

ceiver troubles. The same thing is 
true and is even more important in a 
color television receiver. There are 
many more circuits associated with 
the color receiver, and the two addi¬ 
tional color characteristics of hue and 
saturation must be considered. With a 
knowledge of how the receiver oper¬ 
ates, you will be able to localize trou¬ 
bles quickly by evaluating the nature 
of the disturbance as it appears on the 
picture tube screen. 

Color Definitions 
The following definitions are of 

many of the words that are frequently 
mentioned in color television discus¬ 
sions. If you are to obtain true bene¬ 
fits from these discussions you must 
know and understand what the words 
mean. As an example, any service in¬ 
structions involving the hue and sat¬ 
uration of a color picture become 
meaningless unless you know what 
the characteristics of hue and satura¬ 
tion represent. 
Brightness—-The visual sensation 

of the amount of light received. This 
information is contained in the Y sig¬ 
nal and in the monochrome TV signal. 
Chrominance—Hue and saturation 

of a color. The chrominance channel 
or chrominance signal is used to con¬ 
vey the hue and saturation informa¬ 
tion contained in the picture. 
Color—The characteristics of color 

are brightness (luminance), hue 
(dominant wavelength), and satura¬ 
tion (purity). 
Color Burst—A few sine waves of 

the color subcarrier frequency added 
to the back porch of the horizontal 
blanking for color synchronization. 
Color-Difference Signal!—The sig¬ 

nal which conveys the hue and satura¬ 
tion information. The luminance in¬ 
formation is not present or has been 
subtracted from each primary color as 
indicated by the expressions (G-Y), 
(R-Y), and (B-Y). 
Color Subcarrier—The carrier 

whose sidebands contain the hue and 
saturation information of the color 
picture. 
Compatibility—The characteristic 

of a television system which permits 
a monochrome receiver to pick up a 
color broadcast, and a color receiver 
to pick up a monochrome broadcast. 
Dilution—-The amount of white 

light mixed with a saturated hue to 
form a desaturated hue of specific 
purity. 
Dominant Wavelength—The aver¬ 

age wavelength of a band of fre¬ 
quencies representing a specific hue 
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Hue—Hue is the dominant wave¬ 
length of a color which we are able to 
see as red, yellow, purple, etc. 
Interleaving—The principle of in¬ 

terlacing the luminance and chromi¬ 
nance signals in the transmitted 
sideband spectrum to minimize inter¬ 
ference. 
Luminance—The brightness or in¬ 

tensity of light from a surface. The 
luminance signal or channel is used 
to convey the brightness components 
of a color picture. 
T-Signal—A modification of the 

R-Y and B-Y signals, which contains 
the hues of orange and cyan. Because 
the eye is more sensitive to color de¬ 
tail in these portions of the spectrum, 
the signal has a band width of 1.5 me. 
Matrix—A circuit for separating a 

group of incoming signals into another 
group of signals which contain specific 
percentage levels of each of the in¬ 
coming signals. 
Monochrome—Black-and-white or 

neutral color scale. The monochrome 
signal and channel conveys the bright¬ 
ness or luminance detail of the color 
picture. 
Primary Color—One of the basic 

colors of a three-color system. By the 
addition of the proper proportions of 
two or three of the primary colors, 
white light or any of the secondary 
colors can be reproduced. 
Purity—The absence of any incor¬ 

rect color (called color contamina¬ 
tion) in the reproduced picture, which 

results when one or more of the elec¬ 
tron beams strikes the incorrect 
phosphor dots. This may be the result 
of stray magnetic fields or improper 
placement of the three beams as they 
emerge as a group through the holes 
in the shadow mask. 
Q-Signal—The chrominance com¬ 

ponent which contains the hues of 
green and magenta. In these portions 
of the spectrum, the eye is able to 
distinguish hues in large areas but not 
in fine or moderate detail. Therefore, 
the band width is .5 me. 
Saturation—The freedom from 

white dilution of a color of a given 
hue. A highly saturated or vivid color 
is almost free of white dilution, while 
a pale color has a high percentage of 
white dilution. 
Secondary Color—A color pro¬ 

duced by proper mixture of primary 
colors. 
Sequential Color System—A three-

color system in which primary colors 
are presented to the viewer in se¬ 
quence—first red, then blue, then 
green, etc. 
Simultaneous Color System—A 

color system in which the three pri¬ 
mary color images are displayed on 
the screen simultaneously. 

Spectrum, Visible — Range of 
colors that produce visual sensation. 
Y-Signal—The signal that conveys 

the luminance or brightness detail of 
a color picture. Sometimes called the 
“W” signal. 
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Lesson Questions 

Be sure to number your Answer Sheet 51B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don't hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time or you may run out of lessons before new ones can 
reach you. 

1. What type of information is contained in the video signal transmitted 
by a monochrome TV station? 

2. Name the three primary colors used in color TV. 

3. What is the brightness or luminance signal used in color TV called? 

4. What are the values of the signals used to make up the Y signal? 

5. What is the difference between a saturated red and a pastel red such 
as pink? 

6. What is the approximate subcarrier frequency used in color TV? 

7. Are the horizontal and vertical scanning rates used in color TV the same 
as those used in monochrome TV? 

8. Name the two color signals used in the NTSC color system. 

9. Why is a wider bandwidth used for one color signal than the other in 
the NTSC color system? 

10. How are the electron guns in the CBS colortron modified to improve 
convergence? 



EACH DAY COUNTS 

Each day of our life offers its own reward 
for work well done, its own chance for hap¬ 
piness. These rewards may seem small, and 
these chances may seem petty in comparison 

,h. i "* ■ 

suit, many of us pass by these «laily rewards 
and daily opportunities, never recognizing 
that the final goal, the shining prize in the 
distance, is just a sum of all these little re¬ 
wards we must win as we go along. 
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I) R ECEDING lessons of this tele-. vision series have introduced you 
to the idea of producing a picture by 
means of a television system—you 
have been introduced to the basic cir¬ 
cuits and have made a study of the 
television picture tube. This lesson be¬ 
gins a detailed study of the circuits of 
a TV receiver with the section called 
the “input tuner” or simply the 
“tuner.” 

Basically, this section corresponds 
to the preselector-converter section of 
the sound receiver. However, instead 
of being an integral part of the re¬ 
ceiver, the tuner is usually made on a 
separate sub-chassis, which is aligned, 
and then the completed unit is mounted 
on the main chassis. As a matter of 
fact, few television manufacturers ac¬ 
tually build their own tuners—most of 
them buy the tuner already assembled 
from one of the companies specializing 
in tuner manufacture. 
You may wonder why the tuner is 

built on a separate chassis and treated 

by the receiver manufacturer as though 
it were a separate part of the TV re¬ 
ceiver. Let us consider what the tuner 
must do and look at some of the prob¬ 
lems that must be overcome, and you 
will see why the tuner is indeed a 
“special” part of the television receiver. 

Functions. The tuner, like the pre¬ 
selector-converter in a sound receiver, 
must initially select the desired signals, 
and, by the heterodyne process, pro¬ 
duce from it the desired i-f signals. 
You already know that the television 
channel is 6 me wide. An ideal tuner 
would amplify all signals in the tele¬ 
vision channel equally, and reject all 
signals falling outside the channel. Of 
course, it is impossible to design a 
tuner that will do this; therefore, tuner 
design is somewhat of a compromise 
between band pass and gain charac¬ 
teristics. 

The preselector must pass the full 
6-mc band occupied by each television 
channel. A 6-mc band width can easily 
be obtained at the frequencies used 
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by tlie TV stations, simply by using 
low-Q resonant circuits. However, 
low-Q circuits that pass the 6-mc band 
width, usually pass not only the 6-mc 
TV channel, but also frequencies on 
both sides of the channel. As a result, 
various types of interference are fre¬ 
quently encountered. 

The response curve of a tuner is usu¬ 
ally shaped so that it fits properly with 
the i-f response curve. For example, 
if the i-f response is a band-pass type, 
having two peaks on either side of a 
resonance point, the response curve of 
the tuner should have a single peak in 
the valley of the i-f response; the over¬ 
all response of the two will then be 
relatively flat. 

A tuner does not usually have much 

gain. The gain depends on the im¬ 
pedance of the resonant circuits used 
in the tuner. The impedance depends 
upon the Q, which, as we have said, is 
kept low to give the required 6-mc 
band width. 

TV tuners are required to work at 
VHF and UHF frequencies. Therefore, 
the tuner must be designed so that it 
is compact with leads kept as short as 
possible. Because they have many 
parts crowded into a small space, 
tuners are often difficult to service. 
Various methods have been worked 

out to change from one channel to an¬ 
other—we will discuss the systems in 
more detail later in this lesson. 

TV Channels. The present tele¬ 
vision channels are listed in Fig. 1. 

CH. FREQ. (MC) 

VHF 

2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 

54-60 
60-66 
66-72 
76-82 
82-88 
174-180 
180-186 
186-192 
192-198 
198-204 
204-210 
210-216 
CHF 

14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

470-476 
476-482 
482-488 
488-494 
494-500 
500-506 
506-512 
512-518 
518-524 
524-530 
530-536 
536-542 
542-548 
548-554 

CH. 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

FREQ. (MC) 

554-560 
560-566 
566-572 
572-578 
578-584 
584-590 
590-596 
596-602 
602-608 
608-614 
614-620 
620-626 
626-632 
632-638 
638-644 
644-650 
650-656 
656-662 
662-668 
668-674 
674-680 
680-686 
686-692 
692-698 
698-701 
704-710 
710-716 
716-722 
722-728 

CH. FREQ. (MC) 

57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 

728-734 
734-740 
740-746 
746-752 
752-758 
758-764 
764-770 
770-776 
776-782 
782-788 
788-794 
794-800 
800-806 
806-812 
812-818 
818-824 
824-830 
830-836 
836-842 
842-848 
818-854 
854-860 
860-866 
866-872 
872-878 
878-884 
884-890 

FIG. 1. Table of channel numbers and corresponding frequencies. 
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Channels 2 through 6 inclusive are the 
low-band VHF channels. Channels 7 
through 13 inclusive are the high-band 
VHF channels. Channels 14 through 
83 inclusive are the UHF channels. 
Each of these channels is 6 me wide 
and contains one complete video signal 
and the accompanying sound signal. 
The VHF channels were assigned 

first, and originally there were thirteen 
of them. Channel No. 1 was 40 to 50 
me; this is now assigned to other serv¬ 
ices, but, since many receivers had 
already been manufactured with the 
channel selectors marked for channel 
1, channel 1 was simply dropped and 
the numbers on the other channels 
were not changed. 

Some TV receivers are manufactured 
with all-channel tuners that can tune 
all 82 channels. However, there are 
comparatively few of these receivers 
and most sets are designed primarily 
to cover all of the VHF channels and 
at the most, three or four of the UHF 
channels. As a matter of fact, millions 
of receivers that were manufactured 
before the UHF channel assignments 
were made must have UHF converters 
to pick up the UHF channels. 

INTERFERENCE PROBLEMS 

Interference is far more annoying 
in the picture of a television receiver 
than in the sound of a radio, because 
the eye is far more critical than the 
ear. Consequently, television receivers 
are designed to eliminate interference 
as much as possible. Let’s see what can 
be expected of the input tuner in this 
respect. 

Man-Made Interference. Interfer¬ 
ence resulting from the operation of 
electrical apparatus can best be elimi¬ 
nated at the source. About all that can 

CHANNEL 2 CHANNELS CHANNEL 4 

54 MC 60 MC 66 MC 72 MC 

FIG. 2. The sound and video carrier fre¬ 
quencies of channels 2, 3, and 4. 

be expected of a tuner in eliminating 
such noise is that it should be able to 
reject noise whose frequency is more 
than 15 to 20 me on either side of the 
channel frequency. 

FM Interference. Both the low-
band VHF channels and the high-band 
VHF channels are subject to interfer¬ 
ence from stations in the FM broad¬ 
cast band (88 to 108 me). The low-
band VHF channels, particularly chan¬ 
nels 5 and 6, are so close to the FM 
broadcast band that a strong nearby 
FM station operating near the low end 
of the band may be able to get right 
through the tuner and cause consid¬ 
erable interference. FM image inter¬ 
ference may also be encountered on 
channel 2 in many of the older tele¬ 
vision receivers that used a 21-mc i-f. 
The second harmonics of the FM 

broadcast band range from 176 to 216 
me and can cause interference in the 
high VHF band. Interference of this 
type, however, is usually confined to 
locations close to the FM transmitter. 

Adjacent-Channel Interference. 
We have already mentioned that most 
tuners pass not only the entire 6-mc 
channel to which they are tuned, but 
also a good portion of the channels 
immediately below and immediately 
above it. The sound and video carrier 
frequencies for channels 2,3, and 4 are 
shown in Fig. 2. If the set is tuned to 
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channel 3, the band width may be such 
that the channel 2 sound signal, which 
is at the high end of the channel, and 
the channel 4 picture signal, which is 
at the low end of the channel, may 
get through the tuner. This is called 
adjacent-channel interference. Traps 
are inserted in the video i-f amplifier 
to prevent adjacent-channel sound 
and/or adjacent-channel picture inter¬ 
ference. You will seldom encounter this 
type of interference in large metropol¬ 
itan areas having their own TV sta¬ 
tions, but you will often find it in rural 
areas betw'een two large cities. 

Image Interference. Image inter¬ 
ference was originally encountered in 
some of the older TV receivers that 
used tuners with extremely poor selec¬ 
tivity. However, this type of interfer¬ 
ence has been practically eliminated 
in modern tuner design, particularly 
since the trend is to use i-f’s in the order 
of 45 me. 

I-F Interference. If a TV receiver 
is near a strong station using a carrier 
frequency in the i-f region, it is quite 
possible for the signal to get through 
the tuner and cause interference. Inter¬ 
ference of this type can be eliminated 
by installing a high-pass filter in the 
antenna input lead. We will describe 
traps in more detail later. 

Summary. Interference was a seri¬ 
ous problem in early television receiv¬ 
ers that first appeared on the market 
about 1947. However, a great deal of 
progress has been made in tuner design. 
Shielding has been improved consid¬ 
erably, selectivity has been improved, 
and new circuits have been developed. 
All these improvements have helped 
eliminate interference and improve 
tuner performance. 

Practically all of the early post-war 

television receivers used a picture i-f 
frequency in the neighborhood of 25.75 
me, and a sound i-f of 21.25 me. In 
later designs, the i-f frequencies have 
been changed to 45.75 me for the video, 
and 41.25 me for the sound. This change 
alone has helped eliminate interference. 

Improvements in tuner design have 
greatly simplified the serviceman’s job. 
However, since there are still many re¬ 
ceivers in use having the early tuner 
designs, you should be familiar with 
the problems encountered in these 
tuners. In spite of the improvements 
made in tuners, they still require serv¬ 
icing—tubes burn out, parts break 
down, etc. 

We will now begin to study in detail 
some of the tuner circuits. The better 
you understand how these circuits op¬ 
erate, the easier it will be to service 
them quickly and professionally. 

VHF AND UHF TUNERS 

As we have already mentioned, be¬ 
cause the positioning of the parts and 
the shielding is so critical, the tuner 
is manufactured as a complete unit on 
its own sub-chassis; then, when it is 

FIG. 3. Block diagram of a VHF tuner. 

completed and aligned, this sub-chassis 
is mounted on the main television re¬ 
ceiver chassis. This greatly simplifie? 
the problems of layout and shielding. 
Now let us take a brief look at the 
block diagram of a VHF tuner, and 
after we have studied it, we will look 
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FIG. 4. Block diagram of a UHF tuner. 

at a UHF tuner. 
VHF Tuners. A block diagram of 

a VHF tuner is shown in Fig. 3. Notice 
that the tuner consists of an rf stage, 
a mixer, and an oscillator. 

The rf stage may use either a pen¬ 
tode or a triode tube. Early tuners fre¬ 
quently used triode tubes in a push-
pull circuit. Later, improved tuners 
appeared, using pentode rf stages, and 
now still later, tuner designs use a dual 
triode tube in a cascode circuit. We will 
study all these circuits in this lesson. 

Separate tubes may be used in the 
mixer and oscillator stages, but the 
trend in modern tuner design is to use 
a single dual triode tube, one of the 
triodes being used as the mixer, and 
the other as the oscillator. Most of the 
older TV receivers, however, used sepa¬ 
rate mixer and oscillator tubes. 
UHF Tuners. It is not too difficult 

to design rf amplifiers that will work 
on the highest VHF channels, but prob¬ 
lems are so great on the UHF channels 
that rf amplifiers are not usually used. 

The block diagram of a typical UHF 

tuner is shown in Fig. 4. Notice that 
in effect we have simply added a con¬ 
verter consisting of a mixer and an 
oscillator in front of a typical VHF 
tuner. This procedure is being used by 
most manufacturers. The UHF mixer 
is usually a crystal mixer, and the oscil¬ 
lator a specially designed UHF tube. 
The rf amplifier of the VHF tuner then 
acts like a first i-f stage and the VHF 
mixer becomes a second mixer. 
The UHF mixer input circuit is ex¬ 

tremely broad and usually is capable 
of covering a number of TV channels 
without adjustment. The desired UHF 
station is tuned in by varying the oscil¬ 
lator frequency. In spite of the fact 
that the UHF mixer tuning is ex¬ 
tremely broad, there is not generally 
too much interference encountered 
with an arrangement of this type be¬ 
cause of the selectivity of succeeding 
stages. 

Now that you know what stages are 
likely to be found in a tuner, let’s study 
some practical rf, mixer, and oscillator 
stages. 



The RF Stage 
In order to have as much selectivity 

as possible, and at the same time to 
maintain an adequate band width the 
rf stage of a TV receiver must be de¬ 
signed so that its impedance matches 
that of the transmission line. Most in¬ 
put circuits are similar to those shown 
in Fig. 5. 

Fig. 5A shows a balanced input with 
two antenna terminals. The input is 
balanced because each terminal has 
the same impedance to ground. The 
input impedance between the two ter¬ 
minals is 300 ohms. Receivers with this 
type of input should be connected to 
the antenna with 300-ohm transmis¬ 
sion line (commonly called twin lead). 

FIG. 5. Timer input circuits. The circuit 
at A is a balanced input and that at B is 

unbalanced. 

The circuit shown in Fig. 5B is an 
unbalanced input with one side of the 
input circuit directly grounded. A re¬ 
ceiver using this type of input is con¬ 
nected to the antenna by means of a 
coaxial line. Receivers having this type 
of input usually have an input im¬ 
pedance of 75 ohms. 

Gain in the rf stage improves the 
signal-to-noise ratio and every bit of 
gain ahead of the converter is impor¬ 
tant when weak signals are being re¬ 
ceived. Since considerable noise is gen¬ 
erated in the converter stage, any rf 
gain that increases the signal strength 
before the signal reaches the converter 
will help the signal override the nor¬ 
mal converter noise. However, even at 
best, the amount of gain obtainable in 
the rf stage is relatively small. The 
television set, like a broadcast receiver, 
must depend on the i-f amplifier for 
most of its gain. 

TRIODE RF STAGES 

You already know that one of the 
undesirable characteristics of a vacuum 
tube is that it generates a certain 
amount of noise. Triodes are far less 
noisy than pentodes, and they were 
used in the rf stages of many of the 
early TV tuners. However, the triode 
tube, because of the grid-to-plate feed¬ 
back, either requires neutralization or 
must be used in a grounded-grid circuit. 

Neutralization. Two neutralized 
triode amplifiers are shown in Fig. 6. 
In Fig. 6A there is a neutralization 
system for a single tube, in which the 
capacitor CN feeds back part of the 
energy from the plate tank circuit to 
the grid circuit. The energy fed through 
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FIG. 6. Two kinds of neutralized triode 
amplifiers. 

this circuit is 180° out of phase with 
the energy fed through the plate-to-
grid capacitance of the tube, and there¬ 
fore the two signals cancel. 

The circuit for a push-pull triode 
amplifier is shown in Fig. 6B. Push-
pull circuits of this type were used in 
many of the older tuners for several 
reasons. The input capacities in a cir¬ 
cuit of this type are in series across 
the input, an arrangement that effec¬ 
tively cuts the total capacitance in 
half. This arrangement also gives a bal¬ 
anced input and permits neutralization 
without the loss due to loading, that 
occurs in the tapped coil circuit in Fig. 
6A. 

In the circuit shown in Fig. 6B, the 
capacitors Cl and C2 are the neutraliz¬ 
ing capacitors. Cl is connected to feed 
the signal from the plate of VT1 to the 

grid of VT2, and C2 is connected to feed 
a signal from the plate of VT2 to the 
grid of VT1. The capacitors provide 
signals 180° out of phase with the sig¬ 
nal fed back through the plate-to-grid 
capacities of the tubes. 

Neutralization will work over the 
very wide number of channels only if 
the different tuning coils are carefully 
designed to provide the proper feed¬ 
back ratio. To avoid such problems, 
some tuner manufacturers have used a 
grounded-grid amplifier instead of cir¬ 
cuits requiring neutralization. 

Grounded-grkl Circuit. In the rf 
stages with which you are most fa¬ 
miliar, the cathode is grounded, and the 
signal source is placed between grid 
and ground as shown in Fig. 7A. In 
the grounded-grid circuit shown in Fig. 
7B, the signal is placed between the 
cathode and ground, and the grid is 
connected directly to ground. Insofar 
as the grid action is concerned, either 

FIG. 7. This illustration shows the basic 
difference between the common grounded-
cathode amplifier (A) and the grounded-

grid amplifier (B). 
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position of the signal source will pro¬ 
duce the same result, because it is the 
voltage between the cathode and the 
grid that matters. However, with the 
grid at ground potential, it effectively 
acts as a shield between the signal 
source and the plate. As a result, the 
grid-plate capacity no longer provides 
a feedback path, so neutralization is 
generally unnecessary. However, the 

rf stage that might be found in a broad¬ 
cast receiver. However, tubes used in 
an rf stage of this type are usually 
designed for operation in the VHF re¬ 
gion. Low plate and screen voltages 
are used to keep tube noise at a reason¬ 
able level. 

An rf stage of this type is kept as 
compact as possible. The stage is care¬ 
fully shielded. Notice the decoupling 

AGC 

FIG. 8. A pentode rf stage. 

grounded-grid circuit gives less gain 
than a conventional neutralized triode 
stage does, because the signal source 
is in the plate circuit and hence effec¬ 
tively feeds into a low resistance. The 
signal source is therefore heavily load¬ 
ed, and if it is a tuned circuit, its Q 
and gain will be low. 

PENTODE RF STAGES 

A typical pentode rf stage is shown 
in Fig. 8. As we have already pointed 
out, a pentode is noisier than a triode; 
however, a carefully designed pentode 
rf stage can have the advantage of in¬ 
creased gain, and still have a reason¬ 
able noise level. Another advantage of 
a pentode rf amplifier is that it does 
not require neutralization. 

The pentode rf amplifier shown in 
Fig. 8 is not very different from an 

resistor, R3, used in the plate circuit 
lead and also the bypass capacitors C4 
and C3 in the plate and screen circuits. 

THE CASCODE AMPLIFIER 

A basic cascode amplifier is shown 
in Fig. 9. Since this may be the first 
time you have seen a circuit of this 
type, an explanation of how it operates 
should be helpful to you. 

The input signal across coil LI is 
applied to tube VT1, which is con¬ 
nected in a standard grounded-cathode 
circuit. The output signal from this 
tube is developed across coil L2, which 
feeds into VT2 through condensers C3 
and C2. VT2 is a grounded-grid ampli¬ 
fier. 
You might expect that VT1 would 

oscillate, since the circuit is a con¬ 
ventional grounded-cathode amplifier. 

8 



However, before a tube will oscillate, 
there must be sufficient load-impedance 
in the plate circuit to develop a rea¬ 
sonably strong feedback signal. The 
tube VT2 is in effect in the plate cir¬ 
cuit of VT1 and presents a very low 
impedance to VT1. The result is that 
the impedance in the plate circuit of 
VT1 is so low there is not sufficient 
energy developed to produce oscilla¬ 
tion. 
The coil L4 feeds energy in the 

proper phase to alter the apparent in¬ 
put resistance of VT1 so that the noise 
input will be reduced. The low noise 
level is the chief advantage of the cas¬ 
code circuit. 

In the circuit shown in Fig. 9, ac 
coupling is used between VT1 and VT2, 
the de circuits of the two stages are 
isolated from each other. A practical 
cascode amplifier very often uses de 

coupling as shown in Fig. 10. The op¬ 
eration of this circuit is similar to the 
operation of the circuit in Fig. 9 Again, 
VT1 is a conventional grounded-cath¬ 
ode amplifier and VT2 is a grounded-
grid amplifier. VT1 does not oscillate, 
because of the low impedance in the 
plate circuit. The grid of VT2, al¬ 
though not connected directly to 
ground, is grounded through C4. C4 
acts as a short circuit at signal fre¬ 
quencies; therefore, insofar as the sig¬ 
nal is concerned, the grid of VT2 is 
effectively grounded and acfs as a 
shield between the cathode and the 
plate of the tube. 

The cascode amplifier is becoming 
increasingly popular. The gain when 
new dual triode tubes designed spe¬ 
cially for this type of circuit are used, 
is approximately the same as the gain 
of a single pentode stage. However, the 
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noise level in an amplifier of this type 
is extremely low, and therefore an ex¬ 
cellent signal-to-noise ratio can be ob¬ 
tained. 

The cascode amplifier is sometimes 
used as an rf amplifier in a UHF tuner 

FIG. 11. Three forms of resonant coupling 
used between the rf and mixer stages. 

or converter. However, because of the 
difficulty of designing UHF circuits, the 
amplifiers are usually designed for use 
in the VHF region, and if the tuner 
is required to cover the UHF channels, 
a separate mixer and oscillator are used 
ahead of the VHF tuner to convert the 
UHF signal to one of the VHF channels 
first. The VHF preselector then is used 
as an i-f amplifier. 
When a tuner is switched from one 

channel to another, the resonant fre¬ 
quency of the tuned circuits used in the 

preselector must be changed. This can 
be accomplished by changing the in¬ 
ductance and/or the capacitance in the 
resonant circuit. The practice in mod¬ 
ern tuner design is to change the in¬ 
ductance. We will go into more detail 
on this subject when we study com¬ 
plete tuners. At that time we will see 
how the problem of changing the reso¬ 
nant frequency of the tuned circuits 
is overcome. 

GAIN CONTROL 

The gain of the rf stage is usually 
controlled by applying age (automatic 
gain control) voltage to the grid of 
the rf tube. This will normally provide 
satisfactory control of the gain of the 
rf stage except in very strong signal 
locations where the receiver is close to 
a strong TV station. In cases of this 
type, resistance voltage dividers, called 
attenuators, are inserted in the trans¬ 
mission line to decrease the signal from 
the powerful station to a level that can 
be handled by the receiver. 

Some of the older TV receivers did 
not use age. In these receivers the gain 
of the rf stage was controlled by a 
contrast control that varied the bias 
on the rf and i-f stages. However, this 
arrangement will be found only in the 
older TV receivers: practically all 
modern sets have age voltage applied 
to the rf stage. 

COUPLING TO MIXER 

Several methods of coupling the rf 
stage to the mixer are shown in Fig. 
11. The tubes shown are triodes, but 
the same arrangements could be used 
with pentodes equally well. 

Fig. 11A shows the basic tuned-plate 
coupling. The tuning is needed to pro¬ 
vide selectivity. However, the resistor 
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RI loads the tuned circuit to broaden 
its response. The resonant circuit is 
therefore used to provide selectivity, 
and a low value of grid resistance is 
used in the following stage to broaden 
the response of the resonant circuit so 
it will not be too selective. Although 
we want selectivity, we must also keep 
in mind that the TV channel is 6 me 
wide and the coupling network must 
be capable of handling the entire 
channel. 

cies encountered in the tuner. 
We have already mentioned that the 

response of the tuner need not be flat 
over the entire 6-mc channel. Some¬ 
times the response is deliberately 
peaked somewhat in order to make up 
for deficiencies in the i-f amplifier. 
In Fig. 12A the desired over-all 

rf-if response curve is shown. In Fig. 
12B we have shown the response curves 
of the i-f amplifier and the tuner. 
Notice that the i-f response has two 

FIG. 12. The desired over-all response 
(A) of the rf and video i-f sections can 
be secured by matching the response of 

the two sections (B). 

Another coupling arrangement is 
shown in Fig. 11B. In this circuit, the 
grid resistor may be made large so 
that the detector can be operated as a 
grid-leak detector. The resonant cir¬ 
cuit is loaded by RI, which will be a 
comparatively low resistance, to ob¬ 
tain the required band width. 
A third coupling arrangement is 

shown in Fig. 11C. In this circuit, in¬ 
ductive coupling is used between the 
coil in the plate circuit of the rf stage 
and the coil in the grid circuit of the 
mixer. The coils are over-coupled to 
produce a double-peak response. The 
required 6-mc band width can easily 
be obtained in this way at the frequen-

peaks with a valley between them. 
The over-all response can be flattened 
by designing the tuner with a some¬ 
what peaked response at the frequency 
where the video i-f response dips. The 
net result is a flat over-all response 
like that shown in Fig. 12A. 

Very often you’ll see a coil, having 
no capacitor in parallel with it, in the 
plate circuit of an rf stage. Fig. 13A 
shows a circuit of this type. This is a 
parallel resonant circuit. Let us exam¬ 
ine it. 

Capacitor Cl is a trimmer capacitor, 
and since it is connected in series with 
LI, and the two are connected between 
the plate of the tube and ground, you 
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FIG. 13. A typical coupling arrangement 
used between the ri' and mixer stages. 

might think that LI and Cl form a 
series resonant circuit. You know that 
a series resonant circuit offers a very 
low impedance at resonance and there¬ 
fore would not provide an effective 
load for VT1. However, at the high fre¬ 
quencies handled in the tuner, the 

plate-to-cathode capacity ot vTi ana 
the capacity to ground of the wiring 
in the plate circuit, actually form a 
comparatively large capacitor. If the 
circuit of Fig. 13A is redrawn as shown 
in Fig. 13B, you will see that the shunt 
capacity represented by C3 is actually 
in series with Cl, and the combination 
of the two condensers will in effect be 
in parallel with LI. The circuit made 
up of LI and the two capacities is 
therefore a parallel resonant circuit 
and offers a high impedance at the 
resonant frequency. 

You might think the shunt capacities 
in the circuit are extremely small, but 
at the high frequencies used for tele¬ 
vision, their effect is so large that a 
low value of inductance must be used 
in the circuit on the high VHF chan¬ 
nels. As a result, the circuit gain is low. 
This is one reason why Cl is connected 
as it is; when capacitors are connected 
in series, the total capacity will be less 
than the capacity of the smaller of the 
two. Therefore with Cl in series with 
C3, the effective capacity across LI is 
reduced, and therefore a larger in¬ 
ductance can be used. 
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The Converter Section 
The converter section of a television 

receiver, like that of a radio, consists 
of a mixer-detector and an oscillator. 
In a radio, a single i-f signal is pro¬ 
duced by beating the incoming signal 
with a signal from a local oscillator. 
In a television receiver, two i-f signals 
are produced, the sound i-f and the 
video i-f. 

Although pentagrid converters are 
commonly used in radio receivers to 
perform the functions of both the mix¬ 
er-detector and of the local oscillator, 
television receivers generally use two 
separate tubes, although they may be 
in one envelope. The pentagrid con¬ 
verter is not suitable for use in TV 
tuners. 

MIXER-DETECTOR 

You already know that considerable 
noise is generated in a mixer tube. 
The noise level is high because the 
strong signal from the local oscillator 
swings the mixer plate current close to 
cut-off. When the plate current is low, 
random noises generated by the tube 
will be maximum. When used as am¬ 
plifiers, pentodes are noisier than tri¬ 
odes. This is also true when they are 
used as mixers—a triode mixer will 
generate far less noise than a pentode 
mixer. 

FIG. 14. A triode mixer circuit. 

FIG. 15. A push-pull input, parallel out¬ 
put converter stage. 

In early tuners, triodes were always 
used because of their lower noise fac¬ 
tor. With the development of the cas¬ 
code amplifier for use in the rf stage, 
and the resulting improvement in the 
signal-to-noise ratio available at the 
input to the mixer, many late model 
tuners use a pentode mixer to take ad¬ 
vantage of the higher gain available 
with a pentode tube. In metropolitan 
areas where the signal is reasonably 
strong, there will be no objectionable 
mixer noise noticeable in the picture. 
However, in areas where the signal is 
weak, the noise generated by the mixer 
may be noticeable. 

Triode Mixers. A simple triode 
mixer circuit is shown in Fig. 14. Grid¬ 
leak bias is used; the bias voltage is 
developed across resistors RI and R2. 
Coil LI is in the plate circuit of the 
rf amplifier, and it is inductively cou¬ 
pled to coil L2. The two coils are 
overcoupled to give the desired 6-mc 
hand width. The oscillator is also in¬ 
ductively coupled to L2. 

Another triode mixer is shown in 
Fig. 15. Here, coil L2 is tuned by the 
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FIG. 16. Simplified schematic of a pen¬ 
tode tuner. 

input capacity of the two tubes VT1 
and VT2 that act together as the de¬ 
tector. Coil L3 feeds the incoming rf 
signal into L2, and L4 feeds in the sig¬ 
nal from the oscillator. 

The converter bias is obtained from 
the drop across RI; Cl and stray cir¬ 
cuit capacity act as the grid capacitor. 
Transformer T1 is the first i-f trans¬ 
former, both windings of which are 
tuned. The primary of T1 is a parallel 
resonant circuit that uses the output 
capacity of the two tubes as its shunt 
capacity. 

The signals from L3 and L4 are ap¬ 
plied to the two grids simultaneously. 
When the two signals are mixed, the 
beat products (i-f signals) at the two 
plates will be in phase. Therefore, the 
tube plates are connected in parallel 
to the primary of Tl. As far as the 
original components (the rf input sig¬ 
nals and the oscillator signal) are con¬ 
cerned, however, the two grids are be¬ 
ing fed in push-pull; therefore, the 
tube plate current components result¬ 
ing from each input component will be 
out of phase, and, because the plates 
are connected in parallel, these plate¬ 
current components will cancel. The 
output of the stage will contain neither 
of the original input signals—only 
their difference frequency, which is the 
desired i-f, and a few undesired har¬ 

monics. This push-pull input, parallel 
output connection also tends to cancel 
any incoming interfering signals at the 
i-f frequency, because they are fed in 
push-pull just as the desired incoming 
signal is. 

This type of circuit was used in 
many of the early TV receivers, but 
the push-pull input, parallel output 
type of mixer-detector has been re¬ 
placed by the single-tube circuits. 

Pentode Mixers. A simplified sche¬ 
matic of a pentode mixer is shown in 
Fig. 16. Notice that the circuit is simi¬ 
lar to the circuit you might expect to 
find in a broadcast-band radio receiver. 
The oscillator and the rf signals are in¬ 
ductively coupled into the grid of the 
mixer stage. 

When a pentode mixer is used, low 
plate and screen voltages are used to 
keep tube noises at a minimum. Special 
tubes containing a nentode and a tri¬ 
ode in one envelope have been devel¬ 
oped for use in TV tuners. 

OSCILLATORS 

The oscillators used in TV tuners 
are generally triodes. As we mentioned 
previously, a separate tube is usually 
used as the oscillator, although it may 
be in the envelope with the mixer. 

A typical oscillator circuit is shown 

FIG. 17. Schematic of a simple triode 
oscillator. 
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FIG. 18. Simplified schematic of a push-
pull oscillator. 

in Fig. 17. The oscillator tube is one 
half of a dual triode tube—the other 
half is the mixer. Generally, when a 
dual tube of this type is used, the cou¬ 
pling between the two sections of the 
tube is sufficient to inject the oscillator 
signal into the mixer. In some cases, 
additional coupling is provided. 

An adjustable slug inside the oscil¬ 
lator coil LI is used to adjust the oscil¬ 
lator to the correct frequency. Once 
the oscillator has been properly ad¬ 
justed. any minor changes in oscilla¬ 

tor frequency can be taken care of by 
adjusting the fine-tuning control. 

The fine tuning requires only a very 
small change in capacity to produce 
any change in frequency that might be 
necessary. Most manufacturers use a 
capacitor consisting of two fixed plales 
and a movable dielectric. The dielectric 
is attached to a shaft mounted on the 
channel-selector switch and, by rotat¬ 
ing the fine-tuning control, the position 
of the dielectric between the two plates 
of the tuning capacitor can be changed. 
Changing the dielectric changes the 
capacity of the capacitor, which in 
turn changes the oscillator frequency-

Some of the early television receivers 
used a dual triode tube in a push-pull 
oscillator circuit. A simplified sche¬ 
matic of this type is shown in Fig. 18. 
The circuit is shown for reference pur¬ 
poses only; we will not go into an 
explanation of it. since the circuit is 
no longer used in modern tuner design. 

Complete Tuners 
Up to this point we have studied 

separately the rf amplifier, the mixer, 
and the oscillator circuits used in TV 
tuners. Now, we will see how these cir¬ 
cuits are put together in complete 
tuners and also how the task of switch¬ 
ing from one channel to another is 
handled. There are a number of dif¬ 
ferent types of tuners using different 
tuning systems. We will cover the more 
popular systems in detail. 

You already know that the fre¬ 
quency of a resonant circuit can be 
changed by changing the inductance 
and/or the capacitance in the resonant 
circuit. Therefore we can change the 
frequency of a resonant circuit by 

keeping the capacity in the circuit con¬ 
stant and changing the inductance. We 
could, on the other hand, keep the in¬ 
ductance constant and change the ca¬ 
pacity. We could also change both the 
capacitance and the inductance in the 
circuit. All three arrangements have 
been used in commercial!}’ manufac¬ 
tured tuners. However, in the majority 
of tuners, the capacitance in each cir¬ 
cuit is held essentially constant, and 
the frequency of the resonant circuits 
changed by changing the inductances. 

TURRET TUNERS 

More television receivers have been 
manufactured using turret tuners than 
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contacts. 

FIG. 19. Hie drum from a typical turret 
type of tuner. 

any other type. The tuner is called a 
turret tuner because the coils required 
for the various TV channels are mount¬ 
ed on a turret or drum as shown in Fig. 
19. The individual coils used in a tuner 
of this type are mounted on strips. 
Usually the rf and oscillator coils are 
mounted on one strip, as in the strips 
shown beside the tuner in Fig. 20, and 
the antenna coil is mounted on an¬ 
other strip. Separate strips are used 
for each of the television channels to 
be received. 

The drum is mounted inside the 
tuner, as shown in Fig. 20. so that the 
contacts from one set of coils will con¬ 
nect the coils to the external circuits 
through the fixed contacts inside the 
tuner (Fig. 21). To change from one 
channel to another, the drum is rotated 
until the coils for the desired channel 
are in contact with the stationary 

FIG. 20. Photo of turret tuner showing 
drum mounted in place and one set of 

strips removed. 

The complete schematic of this tuner 
is shown in Fig. 22. Coils L101 and 
L102 are mounted on the strips located 
to the rear of the drum. Oscillator coil 
L105, and coils 1.103 and L104 are 
mounted on the front of the drum. A 
slug inside the oscillator coil is accessi¬ 
ble through a small hole in the front of 
the tuner case. It may be necessary to 

FIG. 21. A photo of the inside of a turret 
timer chassis showing the stationary con¬ 

tacts. 

“touch up” this adjustment when the 
tuner is first put into service, and from 
time to time as the tubes and parts 
age. Let us take a closer look at this 
tuner to study some of the circuits it 
uses. 

The transmission line from the an¬ 
tenna is connected to terminals A. The 
primary of the input transformer, 
L101, is center tapped, providing a bal¬ 
anced input. LI 02 is inductively cou¬ 
pled to L101, and applies the signal 
induced in it to the grid of a pentode 
rf amplifier. The plate coil, L103, and 
the mixer-grid coil, L104, are over¬ 
coupled to provide the desired 6-mc 
band width. The oscillator signal is 
fed into the mixer by the coupling be¬ 
tween coils L104 and L105. 
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FIG. 22. Schematic of a VHF turret tuner. 
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This circuit is used to cover all 
twelve VHF channels. The tuner is 
switched from one channel to another, 
simply by rotating the drum, which in 
turn inserts a new set of coils in the 
circuit. 

The tuner can be used on the UHF 
channels by inserting UHF strips. The 
strips for an unused VHF channel are 
removed and the UHF strips inserted 
in their place. 

The schematic of the tuner with the 

There are several important things 
to notice about the way in which the 
tuner is used on the UHF channels. 
There is no rf stage ahead of the UHF 
mixer. A crystal mixer is used to con¬ 
vert the UHF signal. This is standard 
practice—crystal mixers outperform 
vacuum tube mixers at UHF. Double 
conversion is used to reduce the signal 
to the sound and video i-f signals, and 
the 6BC5 tube, that was used as the 
rf tube at VHF, now serves as an i-f 

Courtesy P. R. Mallory Co. 
UHF (below) and VHF strips from a tur¬ 

ret-type tuner. 

UHF strips in place is shown in Fig. 
23. Notice how the circuit is changed 
by the insertion of the UHF strips. 
The incoming signal is selected by the 
resonant circuits consisting of L202-
C202 and L203-C203. The signal is 
then fed directly to a crystal mixer 
where it is mixed with a locally gen¬ 
erated signal. This signal is obtained 
by feeding a signal from the local oscil¬ 
lator to a crystal harmonic generator. 
The incoming UHF signal is mixed 
with a harmonic of the oscillator and 
converted to a signal in the VHF re¬ 
gion. The VHF signal is then fed to the 
original rf amplifier by T201. The sig¬ 
nal is amplified by this stage, which is 
now acting as an i-f amplifier, and fed 
to the 6J6 mixer. In the 6J6 the signal 
is mixed with the fundamental of the 
oscillator to produce the required 
sound and video i-f signals. 

tube. By using this tube as an i-f am¬ 
plifier, excellent image rejection can 
be obtained, because the first i-f stage 
operates at VHF. In addition, it is 
possible to take advantage of the extra 
gain that can be obtained from this 
stage. 

Although the results from this type 
of UHF tuner arrangement may not be 
as satisfactory as those obtained from 
a tuner designed primarily for UHF 
reception, generally speaking, the per¬ 
formance is entirely satisfactory. 

STEP-TYPE TUNERS 

In this section we will discuss a tuner 
using rotary switches as shown in Fig. 
24. In this type of tuner, the induct¬ 
ances are mounted right on the rotary 
switch. Tuning to a lower channel sim¬ 
ply adds inductance to the circuit. 
When you start off at channel 13, you 
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FIG. 23. Tuner with UHF strip» installed. 



Courtesy Radio Maintenance Magazine 

FIG. 24. One of the switch decks used in 
the rf section of an RCA tuner. The in¬ 
ductance for the high band is provided 
by the semi-circular loop of metal at the 

bottom of the deck. 

have a relatively low inductance in the 
circuit. If you switch the tuner to chan¬ 
nel 12, you leave the original induct¬ 
ance in the circuit and add an addi¬ 
tional inductance. Each time you 
switch the tuner to a lower channel, 
inductance is added, until you have 
tuned to channel 2, when all the in¬ 
ductance will be in the circuit. 

With this type of tuner, a defect in 
any coil upsets the performance of all 
channels below it. For example, a de¬ 
fect in the coil connected between the 
channel 5 arid channel 6 contacts on 
the switch may upset the performance 
of a number of channels. Channels 6 
through 13 inclusive would work sat¬ 
isfactorily, but channels 2, 3, and 4 
might be affected by the defect. 

A schematic design of the tuner from 
which the switch deck shown in Fig. 
24 was taken, is shown in Fig. 25. This 
is a tuner used in one of the older TV 
receivers. Notice that push-puli rf and 
oscillator circuits are used. The mixer 
circuit is the push-pull-input-parallel-

output circuit that we discussed pre¬ 
viously. 

The channel selector switch is shown 
in the channel 1 position. (This early 
model TV receiver covered all 13 VHF 
channels.) All the inductance in each 
stage is in the circuit. To switch to 
a higher channel, the channel switch 
moves to the right. When you switch 
to channel 2, coils LI and L2 are re¬ 
moved from the rf circuit, L27 and 
L28 from the mixer circuit, and L53 
and L54 from the oscillator circuit. 

Tn a tuner of this type, inductances 
that are added when you switch from 
one high-band VHF channel such as 
channel 9 to a lower channel such as 
channel 8, are actually just short pieces 
of wires soldered between the switch 
terminals. However, when you switch 
from channel 7 to channel 6, coils Lil 
and L12 in the rf unit provide a rather 
large change in inductance because 
you are switching from the 174-180 
me channel to the 82-88 me channel. 
Coils L37 and L38 perform a similar 
function in the mixer circuit, and L63 
and L64 in the oscillator circuit. 

The resonant circuits are all paral¬ 
lel resonant circuits. But except in the 
oscillator circuit, where fine tuning is 
used, there are no capacitors across 
the tuned circuits. The tube capacities 
form the necessary parallel capacity. 

Although this type of tuner was used 
in many of the early television re¬ 
ceivers, the use of the push-pull tubes 
has been discontinued and you will not 
find this type of tuner in any modern 
receiver. Rotary switches, however, are 
still used, and you will probably serv¬ 
ice many of the older TV sets using 
tuners similar or identical to the one 
we have just discussed. 

The schematic diagram of a modern 
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tuner using rotary switches is shown 
in Fig. 26. Inductance is added to the 
circuit as you tune from the higher 
channels to the lower ones in the same 
manner as in the preceding tuner. 

In the input of the tuner there are 
a number of traps. Two i-f traps are 
used to eliminate interference that may 
be caused by nearby transmitters op¬ 
erating in the i-f pass-band. An FAI 
trap is also incorporated and can be 
tuned to eliminate FM interference 
that might be caused by a nearby FM 
station. 

The rf amplifier is the de type of 
cascode rf circuit, which we discussed 
previously. The rf tube is specially de¬ 

signed for use in this type of circuit. 
A specially designed tube is also used 

in the mixer-oscillator stage. The pen¬ 
tode section is the mixer, the triode 
section is the oscillator. The oscilla¬ 
tor signal is injected into the mixer 
grid through capacitor C22. C27 is the 
oscillator fine tuning. 

A schematic of this tuner may ap¬ 
pear rather formidable and you might 
think that it would be an extremely 
difficult job to trace out all the circuits 
in the tuner. As a matter of fact, it 
would be difficult to try to trace out all 
of the circuits, but as a serviceman, you 
will have no occasion to try to do this. 
The important things for you to recog-

TO ANTENNA 

FIG. 25. The schematic diagram of the tuner in which the switch deck shown in 
Fig. 24 is used. 
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FIG. 26. A modern tuner using rotary switches. 

nize are the types of circuits used and 
how the tuning is accomplished, so that 
when you have to service a tuner of 
this type, you will know what type 
of defect may be expected to cause the 
trouble you have encountered. 

Insofar as the actual circuits them¬ 

selves are concerned, as we mentioned 
previously, the rf amplifier is essential¬ 
ly a conventional dc-coupled cascode 
amplifier. The mixer and oscillator 
circuits are standard. Tuning is accom¬ 
plished by varying the amount of in¬ 
ductance in the circuit. The switches 
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marked Sl-E tune the input to the rf 
amplifier, switches Sl-C are used to 
tune the output circuit of the rf am¬ 
plifier, switches Sl-B tune the input of 
the mixer and switch Sl-A tunes the 
oscillator circuit. That is about all you 
have to know about the tuner to start 
to service it. When you have isolated 
the trouble to one circuit, you can 
then trace out that one circuit if nec¬ 
essary. 

stage and the input of the mixer are 
both tuned. The rf, mixer, and oscil¬ 
lator coils are mounted or. a single 
shaft, and tuning is accomplished by 
small contacts that ride on the coils, 
shorting out part of each coil. As the 
tuner is tuned towards the higher chan¬ 
nels, more and more of the coils are 
shorted out. 

This type of tuner was originally 
quite popular because it could tune the 

Courtesy P. R. Mallory and Co., Inc. 
FIG. 27. This is the Mallory Inductuner 
(Trademark registered U. S. Patent Office) 
that is used in several brands of TV seis. 

CONTINUOUS TUNERS 

In a step tuner, switching from chan¬ 
nel to channel is in steps; in a continu¬ 
ous tuner, the frequency of the reso¬ 
nant circuit is made continuously vari¬ 
able. This can be accomplished by 
varying either the inductance or the 
capacitance in the circuit. Both sys¬ 
tems have been used in TV tuners. The 
more popular of the two systems is to 
vary the inductance. A photo of a vari¬ 
able inductance used in many TV 
tuners is shown in Fig. 27. The sche¬ 
matic diagram of the tuner in which 
this variable inductance is used is 
shown in Fig. 28. 

In this tuner, a grounded-grid rf 
amplifier is used. The input circuit 
is untuned, but the output of the rf 

entire VHF TV spectrum and it also 
covered the FM broadcast band. 
This continuous tuner provides a 

very simple tuner arrangement. The 
greatest difficulty with it is that a num¬ 
ber of spurious responses are obtain¬ 
able at various points over the tuning 
range. In addition, it is somewhat more 
difficult to find the TV channels than 
it is with the step tuner that can sim¬ 
ply be switched to the desired channel. 
However, once the receiver owner 
learns how to use this type of tuner, 
it is quite satisfactory. 

A large number of receivers have 
been manufactured using the Induc¬ 
tuner. However, the tuner is not used 
to any extent in modern receivers; step 
tuners, particularly the turret tuner are 
far more popular. 



FIG. 28. The schematic of an input tuner in which the Mallory Inductuner is used. 

A variable capacity continuous tuner 
was used in a few TV receivers. A two-
position switch is used in this type 
of tuner so that in one position the 
low-band VHF channels can be tuned, 
and in other position, the high-band 
VHF channels are covered. 

However, this type of coniinuous 
tuner was not nearly as popular as the 
variable inductance type, and you will 
seldom find it. 

COMBINATION UHF-VIIF 
TUNERS 

The schematic diagram of a tuner 
that can be set up for any 16 TV chan¬ 
nels is shown in Fig. 29. Usually the 
tuner is set up to cover the 12 VHF 
channels and four of the UHF channels. 
The tuner is a turret type, and the 
strips for any unused channel can be 
removed and strips for another chan¬ 
nel inserted. 

A cross-over network is used in the 
antenna input circuit. The lead-in 

from a VHF antenna can be connected 
to one set of terminals and the lead-in 
from a UHF antenna to the other set. 
The signals are fed through a network 
to the stationary contacts marked 1 
and 2 on the diagram. 

When the tuner is used on any of 
the VHF channels, a 6BQ7A cascode 
rf amplifier is used. The output from 
this amplifier is fed to a crystal mixer 
where the rf signal is beat with the 
signal from the local oscillator. The 
output of the mixer is fed to an i-f 
amplifier. Let us examine the tuner 
in more detail. Let us see what happens 
when the tuner is turned to channel 2. 

In the channel 2 position, the coil 
strip on the top of the diagram, marked 
A, will be connected to the stationary 
contacts. In this position the signal 
from the antenna is fed to the primary 
of T6, and the secondary of T6 applies 
the signal to the rf amplifier input. The 
signal is amplified by the 6BQ7A used 
in a dc-coupled cascode amplifier, and 
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FIG. 30. A single-channel UHF converter. 

the output from this stage is fed to the 
stationary contact marked 8. Coil L29 
provides a tuned load in the output of 
the rf amplifier, and the signal is cou¬ 
pled to coil L30 which is connected to 
the mixer input. Coil L31 is the oscil¬ 
lator coil; on this channel, the signal 
is coupled through C42 to the mixer 
coil. The incoming signal and the signal 
from the local oscillator are fed into 
the crystal mixer. 

The output signal from the mixer 
is fed to the converter transformer Tl. 
The secondary of the converter trans¬ 
former is connected to the cathode of 
the triode section of the 6U8 i-f ampli¬ 
fier. This tube is used in a grounded-
grid circuit. The output signal from 
the triode section, is coupled through 
i-f coupling transformer T10 to the grid 
of the pentode section of the i-f ampli¬ 
fier, and the output from this stage 
is fed to the following video i-f stages. 

When the tuner is used on the UHF 
channels, the rf amplifier is not used. 
Let’s examine the tuner circuit when 
the UHF strips marked G are in place. 
The signal from the antenna again is 

fed through the stationary contacts 
of terminal.' 1 and 2 to L54. L54 is 
inductively coupled to L52 through 
the link L53. The coil L52 connects 
to the mixer. The oscillator signal is 
mixed with the incoming signal, and 
the output fed directly to the triode 
section of the 6U8 i-f amplifier. 

Notice the difference in the circuit 
of the tuner when it is used on UHF 
channels compared to the circuit on 
VHF channels. When it is tuned to a 
VHF channel, the rf stage is used be¬ 
fore the mixer. However, when it is 
tuned to a UHF channel, the signal is 
fed directly to the crystal mixer—there 
is no rf amplifier. As we have pointed 
out previously, this is more or less 
standard practice, because it is ex¬ 
tremely difficult to design an rf ampli¬ 
fier that will function efficiently at the 
high frequencies of the UHF channels. 
On the other hand, if the signal can be 
converted to a lower frequency imme¬ 
diately, then it can be handled with 

How a single-channel converter may be 
mounted on the rear of a VHF set. 
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Courtesy P. R. Mallory Co. 
The UHF converter shown schematically 

in Fig. 31. 

comparative ease. 
Note that this tuner does not utilize 

the VHF rf amplifier as an i-f ampli¬ 
fier on UHF channels. The mixer out¬ 
put is at the receiver i-f frequency, and 
the VHF rf amplifier is completely out 
of the circuit when a UHF channel is 
being received. 

UHF CONVERTERS 
In theory, the process of UHF sig¬ 

nal conversion is the same as that in 
the mixer stage of an ordinary super¬ 
heterodyne receiver. However, UHF 
circuits differ considerably in physical 
appearance from the equivalent cir¬ 
cuits for lower frequencies. 
UHF tuned circuits require very low 

inductance and capacity. Therefore, 
the coils are apt not to be coils of the 
type that you are used to seeing at all. 
In a UHF circuit, an inductance “coil” 
is often a single loop of wire. Capaci¬ 
tance is usually supplied by the capac¬ 
ity between circuit elements rather 
than by a separate capacitor connected 
into the circuit. To ensure reliable 
values of capacity and inductance in 
UHF converter circuits and to keep 
the noise at a minimum, the old famil¬ 
iar mixer tube is replaced with a crys¬ 
tal mixer. 

There are a number of different types 
of UHF converters on the market, and 
it is likely that they will be made for 
some time, because, as we have men¬ 
tioned previously, many TV receivers 
are made to cover the VHF channels 
only, and when these sets are used in 
the UHF area, they must be used with 
a converter. 

Practically all converters use the 
same basic principles we have talked 
about previously. The incoming sig¬ 
nal is immediately mixed with a sig¬ 
nal from a local oscillator to convert 
it to a lower frequency that can be 
handled more conveniently. 

A simple single-channel UHF con¬ 
verter is shown in Fig. 30. Notice that 
the signal is fed to a crystal mixer and 
mixed with the local oscillator signal. 
The signal is converted to the fre¬ 
quency of one of the unused VHF chan¬ 
nels so that the UHF channel can be 
received by tuning the set to the un¬ 
used VHF channel. This particular 
converter is quite small and can be 
conveniently mounted on the rear of 
a TV receiver. 

A more elaborate continuous tuning 
type of UHF converter is shown in Fig. 

Courtesy P. R. Mallory Co. 
Chassis of UHF converter shown in Fig. 31 

removed from cabinet. 
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FIG. 31. Schematic of a continuous tuning UHF converter. 

31. This converter covers the entire 
UHF TV hand. The signal is fed to a 
crystal mixer where it is mixed with 
the signal from the local oscillator. The 
output signal is fed to an i-f ampli¬ 
fier, which is an ac-coupled cascode 
amplifier. It operates in the VHF re¬ 

gion, and the output from the con¬ 
verter is fed to a switching arrange¬ 
ment. The VHF antenna is connected 
to the converter. When the converter 
is turned off, the VHF antenna is con¬ 
nected to the output terminals on the 
converter. These terminals in turn are 
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Coil assembly 
Courtesy P. R. Mallory Co. 

from Mallory UHF con¬ 
verter. 

connected to the antenna input termi¬ 
nals on the VIIF receiver. When the 
converter is turned on, the VHF an¬ 
tenna is automatically disconnected 
and the output of the converter con-

Courtesy P. R. Mallory Co. 
Individual coils from Mallory UIII' con¬ 

verter. 

nected to the output terminal. 
Needless to say, we cannot discuss 

all the UHF converters on the market, 
but the circuits in any converters you 
are likely to encounter will be similar 
to those we have discussed. 

Servicing Tuners 
Fortunately, the most frequent 

source of trouble in tuners is defective 
tubes. Tubes may often test good in a 
tube tester or work satisfactorily in 
another circuit, but fail to work prop¬ 
erly in a tuner. Whenever a defect has 
been isolated to the tuner, if there is 
the slightest possibility that the trou¬ 
ble may be due to a defective tube, 
new tubes should be tried. 

In replacing the oscillator tube in 
a tuner it may be necessary to align 
the oscillator circuit. You will very 
seldom find two tubes that have 
exactly the same interelectrode capac¬ 
ities. Therefore, when you change oscil¬ 
lator tubes, since the capacities are 
very critical at the VHF and UHF 
frequencies, some re-adjustment of the 
oscillator circuit may be necessary. If 
the oscillator is easily aligned, as in 
tuners having a separate adjustment 
for each channel, this is not too much 

of a problem. However, if the tuner is 
of the type where the adjustment of 
one channel affects the other channel, 
as in the tuners shown in Figs. 25 and 
26, it is usually worth while to try sev¬ 
eral oscillator tubes in the circuit, in 
the hope of finding one having approxi¬ 
mately the same interelectrode capac¬ 
ities as the original tube, so that align¬ 
ment will be unnecessary. 

When the defect is something other 
than a tube defect, you may find it 
somewhat difficult to repair the tuner. 
The difficulty usually stems from the 
fact that tuners are so compactly made 
that it is difficult, in fact almost impos¬ 
sible in some cases, to get at the de¬ 
fective part to make the necessary re¬ 
placement. However, some tuners are 
easier to repair than others, and in 
the following section we will go into 
some of the commonly encountered 
defects and how to repair them. 
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TURRET TUNERS 

The turret tuner is the easiest type 
of tuner to repair, because when neces¬ 
sary, the entire drum can be removed 
so you can get at any of the parts in 
the tuner in order to replace them. 
In addition, if a defect affects only one 
channel, the chances are that replac¬ 
ing the strips used on that channel will 
clear up the trouble. 
One of the most common troubles 

in this type of tuner is noise due to 
failure of the contacts to make a good 
connection. This often happens simply 
because the contacts have become 
dirty. Contact cleaning strips are avail¬ 
able, and they can be installed in this 
type of tuner by removing an unused 
set of strips and inserting the cleaning 
strips in their place. They have a very 
fine abrasive in place of the metal con¬ 
tacts on a regular strip, which tends 
to clean the stationary contacts as it 
passes over them. Contact cleaning 
strips will reduce the amount of trou¬ 
ble you are likely to encounter from 
dirty contacts. 

If the contacts are already dirty 
when you are called in to service the 
tuner, the best procedure to follow is 
first to clean them to remove the dirt 
that has already accumulated on the 
contacts, and then insert a set of con¬ 
tact cleaning strips. You can clean the 
contacts on the individual strips by 
wiping them off with a rag with a suit¬ 
able solvent applied to it. You can buy 
non-inflammable solvents from your 
local wholesaler. However, this usually 
will not eliminate the difficulty. The 
stationary contacts inside the tuner 
must also be cleaned. To clean these 
contacts, the drum must be removed 
from the tuner. 

In some receivers, the drum can be 
removed from the tuner without even 
removing the tuner from the chassis. 
However, it is generally more conven¬ 
ient to work on the tuner if it is re¬ 
moved from the chassis, and since there 
are only a few leads connecting to the 
chassis, it is not too difficult to dis¬ 
connect them so the entire tuner as¬ 
sembly can be removed. 

To dismantle the tuner, first locate 
the screw on the plate of the fine-
tuning condenser. Remove this screw, 
and the top plate will come off. You 
will now find it possible to slide the 
fine tuning shaft off the selector shaft. 
A brass spring is now visible on the 
selector shaft; it should be removed. 
If there is a washer under the spring, 
it too should be removed. 

Next, you’ll see a spring, with a 
roller mounted on the end of it, on the 
side of the tuner. The roller fits into 
notches in the metal ring separating 
the two sets of strips. The spring-loaded 
roller snaps into a notch to hold the 
tuner in position. Locate the screw 
holding the spring in place, and remove 
the screw, the roller, and the spring. 

The drum is held in place now only 
by two wire springs, one at each end 
of the shaft. With a large pair of pliers, 
grasp one spring near the end and move 
it so that it clears the notch in the 
tuner case. It will come away so that 
you can remove the spring. Do the 
same to the spring on the other end of 
the tuner and the drum will come out. 
Once you have removed the drum, you 
can get at the stationary contacts to 
clean them, or you can get at the parts 
inside the tuner to make any necessary 
repairs. Incidentally, if you remove the 
drum to clean the contacts, be very 
careful not to move wires or parts inside 
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the tuner, as the position of these parts 
is very critical. 
Except for replacing the channel 

strips and cleaning the contacts, you 
will seldom have to repair this type of 
tuner. Kits of parts that you are likely 
to need in repairing a tuner of this type 
are available from most wholesalers. 

If you dismantle a tuner to repair 
it, clean the contacts and then renew 
the lubricant at the points of contact 
between the drum shaft and the tuner 
chassis. A small amount of a conduc¬ 
tive lubricant (one containing graphite 
such as Grapholine) should be used on 
both ends of the shaft and on the de¬ 
tent ring. 

STEP TUNERS 
Step tuners using rotary switches 

such as the tuners shown in Fig. 25 and 
26 are not as easily repaired as the 
turret tuners. There is no drum that 
can be removed from this type of tuner 
to enable you to get to the defective 
parts. Often it is extremely difficult to 
reach a defective part to make the 
necessary replacement. 

One of the most common troubles in 
this type of tuner, other than tube de¬ 
fects, is in the failure of the rotary 
switch to make a good contact on one 
or more channels. This is usually be¬ 
cause the contacts are either dirty or 
sprung. 

If the contacts are dirty, cleaning 
them with a suitable solvent will often 
clear up the difficulty. To get the sol¬ 
vent on the contacts, many servicemen 
put the solvent in a small oil can that 
has a long nozzle. The nozzle can then 
be placed right on the contacts causing 
the trouble, the solvent readily applied 
to the contacts, and then the channel 
selector switch rotor worked back and 

forth. This will usually clear up trouble 
caused by dirty contacts. 

When the contacts are sprung, the 
difficulty can be overcome by bending 
the sprung contacts slightly. To do this, 
rotate the channel selector switch to a 
channel other than the inoperative one, 
and then bend the contacts very slight¬ 
ly with a screwdriver or some similar 
object. You can bend the contacts 
slightly so that the rotating blade 
(wiper) of the switch will make a bet¬ 
ter contact. However, you must avoid 
pushing the contact too far, otherwise 
it will bind on the wiper. If you should 
find, in attempting to make a repair of 
this type, that you bent the contact 
too much, do not try to force the 
switch into position. Instead,try bend¬ 
ing the contact back slightly. If you 
try to force the switch, you simply 
break either the stationary or the ro¬ 
tating contacts. 

A common trouble, encountered in 
older tuners of this type, is that instead 
of snapping from one position to an¬ 
other, the tuner shaft rotates freely. 
When this happens, the set owner often 
fails to position the tuner shaft prop¬ 
erly, so that all the contacts are mak¬ 
ing good connection. 
Normally the switching mechanism 

in this type of tuner is locked in posi¬ 
tion by a ring, a spring, and a steel 
ball. The ring has a series of holes, 
arranged in a circle, in it. The spring 
is attached to the tuner shaft, and the 
ball bearing is positioned between the 
spring and the ring. The ring is called 
a detent ring and the shaft the detent 
shaft. Eventually, the metal in the 
spring may lose its temper and become 
soft, and when this happens it no 
longer snaps the ball bearing in place. 
The ball may drop out and then the 
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tuner shaft can simply be rotated free¬ 
ly-

This difficulty can be overcome by 
replacing the detent shaft. Replace¬ 
ment shafts are available from most 
large wholesalers. 

To replace the shaft, you must first 
remove the fine tuning shaft. To re¬ 
move the fine tuning shaft, the springs 

FIG. 32. Photo of a tuner showing the 
springs and nuts that must he removed to 

install a new detent. 

shown in Fig. 32 must be removed. 
These springs can be removed by 
working them out with a screwdriver. 
Once the springs have been removed, 
the fine tuning shaft can be slipped off 
the main tuning shaft. 

After you have removed the fine-
tuning shaft, the two nuts marked C 
and D can be removed and then the 
detent ring and the entire tuning shaft 
can be slipped out of the tuner. The 
spring marked E can then be removed 
and the shaft slid out of the detent ring 
assembly and a replacement shaft com¬ 
plete with spring installed. 

When the new shaft is installed in 
the tuner, you must avoid forcing it 
through any sections of the switch. 

Rotating the shaft slightly back and 
forth should enable you to work it 
through the various sections of the 
switch without the necessity of forcing 
it. When assembling the shaft and the 
detent ring, be sure to put the ball bear¬ 
ing in place before you slide the shaft 
back inside the tuner. CAUTION: Do 
not move switch wafers while shaft is 
out. 

When it is necessary to make elec¬ 
trical repairs in this type of tuner, 
you’ll find that a soldering iron with 
a long thin point is invaluable. There 
is no extra space in this type of tuner; 
there certainly is not enough room to 
enable you to work with a large blunt 
soldering iron. 

CONTINUOUS TUNERS 

The continuous tuner shown in Figs. 
27 and 28 is not much easier to work 
on than the step tuner that we have 
just discussed. However, it is usually 
possible to make any necessary repairs. 
A common trouble in this tuner is noise 
as you tune from one channel to an¬ 
other. Sometimes this noise occurs in¬ 
termittently when a TV station is 
tuned in. This usually indicates that 
one of the sliding contacts is not mak¬ 
ing good contact on one of the coils. 
This may simply be caused by dirt. 

The variable inductances are shown 
in Fig. 27. This unit is usually com¬ 
pletely shielded when mounted on the 
tuner. However, the shielding can be 
removed from the top of the unit so 
that the coils will be out in the open as 
shown in Fig. 27. Once you have re¬ 
moved the shielding the coils can be 
cleaned by applying a cleaning solvent. 
After you have cleaned the contacts, 
you should apply a small amount of 
conductive lubricant. If you find that 
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the sliding contacts are dirty, use an 
oil can to drop some solvent on the con¬ 
tacts and then rotate the tuner shaft 
back and forth to work the solvent 
onto the contacts. 
A common mechanical defect en¬ 

countered in this tuner is that the shaft 
on which the coils are mounted may 
break at the front where it is coupled 
to the tuning mechanism. Frequently a 
broken shaft can be repaired so that 
you can continue to use the tuner. 

To repair the shaft, the first step is 
to move the sliding contacts so that 
they will be at one end of the coil, plac¬ 
ing all the inductance in the circuit. 
Next, tune the dial to the low-fre¬ 
quency end of the band. Then, care¬ 
fully set the sliding contacts so that 
the fingers on the contact ride proper¬ 
ly on the coils and at the same time 
ride in the center of the metal slides 
fixed to the insulation on the bottom 
of the tuner frame. Carefully rotate 
the shaft enough to line up the broken 
ends to a perfect fit, and then glue the 
broken shaft. The glue sold under the 
trade name of Liquid Solder will usual¬ 
ly make a fine strong joint if the di¬ 
rections for using it are carefully fol¬ 
lowed. 

As soon as the glue has been applied, 
make sure that the two pieces of the 
shaft are in perfect alignment. If the 
two pieces of the shaft are not lined up 
perfectly, the coils will ride up and 
down as they are rotated, with the re¬ 
sult that the sliding spring will either 
make poor contact or slip off the coil 
completely. Allow twenty-four to for¬ 
ty-eight hours for the glue to harden 
before attempting to use the tuner. 

If you are unable to repair the tuner 
in this way, a new variable inductance 
unit may be obtained and installed in 

the tuner, or else a complete new tuner 
can be obtained. 

OTHER TUNER DEFECTS 

Since there are many different types 
of tuners, there are many defects that 
you might encounter. However, most 
of the defects in tuners are due to either 
tube failure or mechanical defects. By 
carefully studying the tuner as you ro¬ 
tate from one channel to another, you 
can generally see the various contacts 
that are made on each channel. If a 
defect is mechanical, and is due to the 
failure of one of the contacts to make 
a good connection, using an insulated 
alignment tool, carefully touch the 
contacts and apply a small amount of 
pressure to them one at a time to find 
the one making poor contact. Once you 
have located the contact causing the 
trouble, you can usually eliminate the 
difficulty either by cleaning it or by 
bending it slightly as described pre¬ 
viously. 

A few tuners have been made using 
afc (automatic frequency control) on 
the oscillator. Very often this type of 
tuner does not have any fine tuning 
control; therefore as the tubes and 
parts in the oscillator circuit age, the 
oscillator frequency may shift so far 
that the afc is unable to pull the os¬ 
cillator back to the correct frequency. 
This difficulty can be overcome by 
readjusting the oscillator to bring it 
back to the correct frequency. Very 
often it is worth while to try a new os¬ 
cillator tube in the circuit. Usually 
when the oscillator tube starts to drift, 
it will continue to give trouble. 

A few tuners use circuits where the 
oscillator tube is extremely critical. 
Sometimes it is necessary to try several 
oscillator tubes before you will find 
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one that operates satisfactorily. If you 
suspect that the oscillator is not op¬ 
erating, try feeding an i-f signal into 
the mixer to see if a signal can get 
through the receiver. You can use a 
modulated rf signal; set the frequency 
to the middle of the i-f pass-band. If 
the signal gets through the receiver, a 
series of wide horizontal bars will ap¬ 
pear on the picture tube. If the i-f sig¬ 
nal does get through, change the signal 
generator frequency to one of the TV 
channels (preferably one of the chan¬ 
nels causing the trouble), tune the 
channel selector switch to that channel 
to see if the horizontal bars still appear 
on the picture tube. If they do not, you 
can be sure that the oscillator is not 
operating, but before tearing into the 
oscillator circuit looking for a defec-

coils are switched into the circuit for 
each channel, a slug is usually inserted 
in the oscillator coil. The slug can be 
reached with a long alignment tool in¬ 
serted from the front of the receiver. 
It is not usually necessary to remove 
the set from the cabinet. When adjust¬ 
ing the oscillator slug, set the fine tun¬ 
ing control in its mid-position, turn 
the channel selector switch to the de¬ 
sired channel and adjust the oscillator 
slug until you receive the correct TV 
channel. 

If you turn the slug in too far, the 
slug will slide on into the coil. When 
this happens, you must remove the 
strip from the tuner and then get the 
slug out of the coil. In most turret tun¬ 
ers the slug is threaded and the thread 
simply works through a spring on the 

tive part, it is usually worth while to 
try at least two or three tubes, in case 
the first one you try fails to clear up 
the trouble. 

TUNER ALIGNMENT 

Fortunately, with the exception of 
the oscillator circuit, tuners seldom re¬ 
quire alignment. Tuned circuits in the 
rf and mixer stages are usually so 
broad that they will not drift far 
enough to cause any trouble. However, 
if it is necessary to replace a part in 
one of these tuned circuits, you may 
find that you’ll have to realign the cir¬ 
cuit, but normal aging of the compo¬ 
nents and tubes will seldom cause any 
trouble. 

FIG. 33. How to get tlie oscillator coil slug 
back in place when it is run in too far. 

side of the coil. If the slug drops inside 
the coil, lifting the spring as shown in 
Fig. 33 will clear the way so the slug 
can be shaken out of the coil. Once you 
have removed the slug, you can put 

The oscillator circuit, however, will 
drift far enough in frequency so that 
some adjustment will be required. This 
is particularly true of the older tuners, 
which lack the stability found in the 
oscillator circuits of newer tuners. 

In a turret-type tuner, where new 

the spring back in position, and then 
screw the slug back into place. 

Incidentally, when adjusting a tur¬ 
ret-type tuner, you have to be careful 
that you get the correct channel. 
Usually there is sufficient range in the 
oscillator adjustment so that you can 
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adjust the oscillator to get a channel 
above or below the desired one. For 
example when adjusting the coil for 
channel 7, if you turn the slug too far, 
you may find that the station operat¬ 
ing on channel 9 comes in on the chan¬ 
nel 7 position. 

In the tuners shown in Figs. 25 and 
26, you know that they are changed 
from channel to channel by adding in¬ 
ductance in the circuit. A certain 
amount of inductance is placed in the 
circuit on channel 13. When you tune 
to channel 12, you add inductance to 
the circuit. Therefore, if the adjust¬ 
ment for channel 13 is off. and you cor¬ 
rect this adjustment, you can expect it 
to have some effect on the channels be¬ 
low channel 13 because the inductance 
for channel 13 is a part of the tuned 
circuit for every other channel. There¬ 
fore, when it is necessary to make any 
adjustments on the oscillator circuit 
in this type of tuner, you should tune 
the tuner to the highest channel and 
make any necessary adjustments, and 
then go to the next channel and so on 
until all channels have been adjusted. 
Of course, you will probably have a 
number of channels on which no sta¬ 
tions are received. Needless to say it 
is not necessary to adjust these chan¬ 
nels unless the adjustment is so far off 
that it is affecting lower channels. 

For example, if you have a station 
operating on channel 10 and also one 
operating on channel 8. you may find 
that when you try to adjust the oscilla¬ 
tor for channel 8. you are unable to 
bring in the station. If you received a 
station on channel 10 properly, set the 
oscillator adjustment for channel 8 ap¬ 
proximately in the mid-position and 
then try adjusting the channel 9 os¬ 
cillator adjustment. Note approximate¬ 

ly how many turns you rotated it so 
you can return it to its original posi¬ 
tion if this fails to clear up the trouble. 
However, often you’ll find that adjust¬ 
ing channel 9 causes the pic ure to be¬ 
gin to appear on channel 8. and then 
the final adjustment can be made on 
the channel 8 adjustment. Since the 
coil added for channel 9 is still in the 
circuit when you switch to channel 8. 
if its inductance is too far off, it may 
affect channel 8 and the other lower 
channels. 

Whenever it is necessary to align a 
tuner, it is imperative that you obtain 
the manufacturer’s alignment instruc¬ 
tions. There is no standard procedure 
for aligning tuners. It varies from 
tuner to tuner. You must know exactly 
what shape of response curve you are 
to obtain from the tuner, if you are go¬ 
ing to do a complete alignment job. 
Remember, that as we already pointed 
out, in many cases the tuner response 
is deliberately peaked to make up for 
deficiencies in the i-f response. There¬ 
fore, unless you know how the response 
curve is supposed to be shaped, and 
also the order in which the various 
tuner adjustments are to be made, you 
should not attempt to align the tuner. 
You can seldom improve the tuner’s 
performance by attempting to align it 
when you do not know how it should 
be aligned, but you can very easily up¬ 
set the performance of the entire re¬ 
ceiver. 

UHF TUNERS 
Servicing UHF tuners and UHF 

converters is similar to servicing YHF 
equipment. In a UHF tuner, in addi¬ 
tion to the possibility of defective 
tubes, there is also the possibility of a 
defective crystal. When soldering a re-
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placement crystal in place, avoid heat¬ 
ing the replacement crystal any more 
than is absolutely necessary. Crystals 
are delicate and easily damaged by ex¬ 
cessive heat. 

The oscillator tubes used in UHF 
tuners are far more critical than those 
used in VHF equipment. Sometimes a 
tube will fail to oscillate for no ap¬ 
parent reason in one converter, al¬ 
though it might work fine in another. 
In another occasion the distributed ca¬ 
pacity may be so far off in one tube 
that you cannot even locate the desired 
channel when the tube is in the circuit. 
Several replacements should be tried 
until satisfactory results are obtained. 

It should not be necessary to make 
any alignment adjustments in the 
mixer circuit of a UHF converter. The 
input circuit of these converters is ex¬ 
tremely broad and will pass the 6-mc 
TV channel and in most cases 20 to 30 
me on each side of the channel. Any 
adjustments on the oscillator must be 
made carefully and slowly. Usually the 

oscillator can be tuned over a very wide 
frequency range and if the oscillator 
adjustment is made rapidly, you may 
pass right through the frequency of the 
TV station. 

SUMMARY 
Summarizing, we can say that tuners 

are often somewhat difficult to repair 
because of their compactness and the 
difficulty of getting at the defective 
components. Turret tuners are usually 
the simplest types to repair. Tubes are 
critical; a tube may fail to work in a 
tuner for no apparent reason; you 
should try replacement tubes, rather 
than rely on a tube tester. Alignment 
is seldom needed in any circuit other 
than the oscillator circuit. 

Many tuner troubles are due to open 
resistors or shorted capacitors. These 
defects can be located in the same way 
as you would locate similar defects in 
an ordinary broadcast receiver. An 
ohmmeter and/or a voltmeter can be 
used to locate these defects. 
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Lesson Questions 
Be sure to number your Answer Sheet 52B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers al a time. 
Either practice is acceptable to us. 
loo long; you may lose them. Don't 
two sets at a time or you may run 
reach you. 

However, don’t hold your answers 
hold answers to semi in more than 
out of lessons before neu ones can 

1. What stages are usually found in a VHF tuner? 

2. Is interference from the channel immediately above the channel to which 
the set is tuned likely to be adjacent-channel sound or adjacent-channel 
picture interference? 

3. What type of mixer is usually used in a UHF tuner or converter? 

4. What is the chief advantage of a triode mixer over a pentode? 

5. What is the most common mechanical trouble encountered in turret-type 
tuners? 

6. What is the most common electrical trouble encountered in tuners? 

7. Would you expect to find a fine-tuning control on a continuous tuner? 

8. In the circuit shown in Fig. 29, what resistance reading would you expect 
to obtain on an ohmmeter when measuring between pins 2 and 6 of the 
6BQ7A? 

9. If a tube tester indicates that a tube is good, does this necessarily mean 
it will work satisfactorily in the oscillator stage of a TV receiver? 

10. When adjusting the oscillator coil slug in a turret-type tuner, where would 
you set the fine tuning: fully clockwise; fully counterclockwise; or in the 
mid position? 
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¿üt 1 

ALL MEN WANT TO SUCCEED 

Here’s a quotation I ran across the other day that 
made me think of several fellows I know: 

“All men want to succeed. A few men want suc¬ 
cess so badly that they are willing to work for it.’’ 

Isn’t it true that almost every fellow you know 
wants success, wants more money, wants security? 

But how many of these men are willing to buckle 
down and study—work—think—to get the good 
things they want? 

It is very true that only comparatively few men 
are really willing to work for success. 

You are one of those few’ men. You have proved 
this fact by enrolling for the NRI course—by work¬ 
ing to complete many of your Lessons. You are 
taking the first and most important step toward 
success. 



NATIONAL RADIO INSTITUTE 
WASHINGTON, 0. C. 

VIDEO l-F AMPLIFIERS 
AND 

VIDEO DEMODULATORS 
53 B 

RADIO-TELEVISION SERVICING 

» 

í ,i '*í jf, .... 

i -*’ 

’ ' •'I 

A* . * 

V. - ■ 



STUDY SCHEDULE NO. 53 
For each study step, read the assigned pages first at your 
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TN A previous lesson you learned 
1 that the tuner in the television re¬ 
ceiver selects the desired signal and, 
by a heterodyning process, converts 
it to an intermediate frequency signal. 
The section following the tuner, the 
video i-f amplifier, must amplify the 
weak output signal from the tuner to 
a satisfactory level for application to 
the video demodulator. The i-f am¬ 
plifier system passes two signals—the 
picture signal and the FM sound sig¬ 
nal. Its ability to amplify these sig¬ 
nals and pass them with fidelity is 
extremely important. To get a better 
understanding of what is required, let 
us briefly describe the four major re¬ 
quirements of the video i-f system. 

Band Width. The video i-f sys¬ 
tem must have adequate band width 
to pass the wide band of frequencies 
necessary to carry the picture detail. 

Sensitivity. The video i-f system 
must provide not only adequate am¬ 
plification for the strong incoming sig¬ 
nal, but also must be able to handle 
a wide range of signal amplitudes. It 
must not overload on strong signals, 
and it must have the sensitivity re¬ 
quired to amplify a very weak signal 

so that it can be reproduced as an ade¬ 
quate picture. 

Reception of Vestigial Sideband 
Transmission. The video i-f system 
must have a properly shaped response 
pattern. As you have studied in pre¬ 
vious lessons, one sideband of the 
transmitted video signal is suppressed 
so as to conserve the frequency spec¬ 
trum and obtain the best passible reso¬ 
lution (picture detail) in the assigned 
six-megacycle channel. The video i-f 
system, then, must compensate prop¬ 
erly for this suppression. 

Selectivity and Rejection of In¬ 
terference. Because TV tuners do 
not have the selectivity needed to re¬ 
ject interfering signals close to the 
frequency of the TV channel, the video 
i-f amplifier must provide the selec¬ 
tivity required to eliminate these un¬ 
desired signals. Special resonant cir¬ 
cuits called traps are used to sharpen 
the response drop-off at the ends of 
the desired spectrum. (The ends thus 
formed are called “skirts.”) 

Let us now consider each of these 
characteristics in detail, and find out 
how each affects the design of the 
video i-f amplifier and the overall re-
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sponse curve obtained from its out¬ 
put. This knowledge of how each fac¬ 
tor influences the video i-f response is 
helpful because often it is possible to 
determine the most likely source of 
trouble by noting the type of disturb¬ 
ance in the reproduced picture. 

BAND WIDTH 

You can best understand the need 
for the wide band i-f system by study¬ 
ing the frequency spectrum trans¬ 
mitted by a typical television station. 
Fig. 1 shows the frequency spectrum 
for channel 2. Notice that a channel 
2 station is assigned the frequencies 
between 54 and 60 megacycles; the 
picture carrier is at 55.25 me and the 
sound carrier is 59.75 me. 
CHANNEL 2 
FREQUENCIES 

FIG. 1. Transfer of signal to i-f range 
by tuner. The local oscillator is operating 

at 101 me. 

The low-frequency sideband portion 
of the amplitude-modulated picture 
carrier is partially suppressed. The 
linear amplification on this side ex¬ 
tends down to 54.5 me. As this point 
the response must drop off in 0.5 me 
to zero level at the channel boundary 
of 54 me. 
The high-frequency sideband 

(above the carrier frequency), on the 
other hand, extends out linearly to 
59.25 me. This four-megacycle high-
frequency sideband is needed to con¬ 
vey the fine detail of the picture. 
Therefore, any frequency in this side¬ 
band must be faithfully amplified and 

passed on to the video demodulator at 
the output of the video i-f system. 

In the next .5-mc range, between 
59.25 me and the sound carrier fre¬ 
quency, the response pattern again 
falls off to zero. This prevents the 
video signal from interfering with the 
frequency-modulated 59.75-mc sound 
carrier and its sidebands. In the inter¬ 
carrier i-f system used in modern re¬ 
ceivers, the sound carrier frequencies 
must be passed through the i-f ampli¬ 
fier at a reduced amplitude to prevent 
them from causing interference in the 
video range. Finally, an additional 
,25-mc range exists between the sound 
carrier and the band-end frequency of 
60 me. 

When the station selector of your 
television receiver is set to channel 2, 
the input of the receiver accepts the 
entire range of frequencies from 54 me 
to 60 me, which includes the carriers 
and all the sideband components. In 
the tuner, these signals are hetero¬ 
dyned with a local oscillator signal. A 
typical frequency for this local oscil¬ 
lator, when the receiver is tuned to 
channel 2, is 101 me. The video i-f, 
then, is made resonant to the differ¬ 
ence frequencies present at the output 
of the mixer. 

You may calculate the signal fre¬ 
quencies passing into the i-f amplifier 
from the tuner output by subtracting 
the various frequencies indicated in 
Fig. 1 from 101 me. Thus, for channel 
2, the picture i-f carrier frequency in 
the i-f strip will be 45.75 me (101 
minus 55.25) and the sound i-f carrier 
41.25 me (101 minus 59.75). Note that 
when the carrier frequencies are sub¬ 
tracted from the local oscillator fre¬ 
quency, the sound i-f carrier is lower 
than the picture i-f carrier. 

If the transmitted signal contains a 
59.25-mc sideband, this signal will ap¬ 
pear at a frequency of 41.75 me in the 
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FIG. 2. How the addition of load re¬ 
sistors affects the hand width of A, a 
single-tuned resonant circuit; and C, a 
douhle-tuncd over-coupled transformer. 

video i-f amplifier. The video i-f am¬ 
plifier must pass this signal. Since the 
video i-f carrier is 45.75 me, the video 
i-f amplifier must have a band width 
of 4 me to do this, so that a picture 
can be reproduced with the same de¬ 
tail as that produced by the television 
camera. 
How Wide Band Width is Ob¬ 

tained. In your lesson on tuners, we 
discussed the basic methods of ob¬ 
taining a wide band width. Let us 
review a few significant facts. 

A conventional single-tuned parallel 
resonant circuit, shown in Fig. 2A, has 
the peaked response indicated by the 
solid line in Fig. 2B. The height of this 
peak depends on the Q of the circuit; 
if the Q is high, the peak will be high. 
When load resistors are connected 
across the resonant circuit, the peak 
is reduced, and at the same time, the 
bandpass of the circuit is increased as 
indicated by the dashed curve. 

It is customary to consider that the 
bandpass includes all the frequencies 
whose amplitudes are 70% or more of 
the peak. Thus, the bandpass of curve 
one, from A to A, is considerably nar¬ 

rower than the bandpass of curve 2, 
from B to B. As the loading of the res¬ 
onant circuit is increased by connect¬ 
ing smaller and smaller value resistors 
across it, the band width becomes 
greater because the peak is lowered 
even more. 

An important factor to note, how¬ 
ever, is that with this reduced peak 
and broader band width, the gain of 
the stage associated with the resonant 
circuit becomes lower. Consequently, 
to obtain sufficient gain from a video 
i-f system, you must use many more 
i-f stages than are usually used in a 
radio receiver. 
Another method of obtaining a 

broad band width is to use an over¬ 
coupled, double-tuned resonant trans¬ 
former, illustrated in Fig. 2C. In this 
method, the degree of coupling as well 
as the individual loading of the two 
resonant circuits determines the band 
width and stage gain. 

For example, curve 1, in Fig. 2D, 
represents rather loose coupling, 
where the linkage between the two 
resonant circuits is not close. Increas¬ 
ing the coupling by moving the wind¬ 
ings nearer to each other or by pro¬ 
viding an easier coupling path in¬ 
creases the output to a maximum, as 
illustrated by curve 2. 

The coupling at this point is called 
critical coupling. If the coupling is in¬ 
creased beyond this point, it is called 
over-coupling, and the over-all re¬ 
sponse becomes double-humped as in¬ 
dicated by curve 3. The band width 
is substantially greater than that 
shown in curve 2. A further increase 
in the coupling produces curve 4, 
which shows a wide separation be¬ 
tween the humps and a deep valley 
center between them. By shunting 
the primary and secondary windings 
of the resonant transformer with re¬ 
sistors, the double humps can be re-
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FIG. 3. General plan of a wide band amplifier. 

duced to the same level as the valley 
producing the dashed curve. As you 
can see, this method produces a very 
wide band width, but it also lowers the 
amplitude considerably. As with the 
method described previously, you have 
to use additional i-f amplifier stages 
to obtain the necessary gain. 
A wide-band system could be de¬ 

signed using either the single-tuned 
type of resonant circuit or the over¬ 
coupled type of resonant circuit. How¬ 
ever, each resonant circuit would have 
to be loaded properly and tuned to the 
same frequency to give the required 
overall gain and the proper band width. 

In actual practice, however, al¬ 
though the same basic principle of 
loading the resonant circuit is used, 
the individual resonant circuits are 
tuned to different frequencies. This 
technique, called stagger tuning, per¬ 
mits an individual resonant circuit to 
have a fairly high Q because its band 
width docs not need to be as great as 
the over-all band width required of 
the entire amplifier system. (How¬ 
ever, the responses are still not 
peaked.) In addition, the use of stag¬ 
ger tuning improves the stability of 
the amplifier system because there is 
less likelihood of feedback and conse¬ 
quent oscillations at any one frequency 
in the i-f range. 

It is possible to use a stagger-tuned 
arrangement with either the single¬ 
tuned coil or the double-tuned trans¬ 
former. The double-tuned transformer 
can be over-coupled or not, depending 
upon the amplifier design require¬ 
ments. In fact, in a number of receiv¬ 
ers, one over-coupled transformer and 
three or four single-tuned resonant 
circuits are used. A rather common 
arrangement is illustrated in Fig. 3. 

By properly choosing the frequen¬ 
cies for the various resonant circuits, 
we can obtain a symmetrical, broad¬ 
band response for this amplifier, as 
shown in Fig. 4. As an example, let us 
suppose that the center frequency of 
the pass band is to be 44 me. There¬ 
fore, the input resonant circuits are 
set for the band edges of 42.5 me and 
45.5 me as illustrated by the response 
curves for LI and L2 in Fig. 4. Two 

SYMMETRICAL 
WIDE BAND 
RESPONSE 

FIG. 4. Proper choice of frequencies 
for the various resonant circuits shown 
in Fig. 3 will give the symmetrical over¬ 

all curve shown by the dashed lines. 
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FIG. 5. Addition of age bias to a wide-band amplifier. 

of the intermediate single-tuned trans¬ 
formers are adjusted to 43 me and 45 
me, and the final one is set at center 
frequency, or 44 me. The over-all re¬ 
sponse curve for the amplifier system, 
which is the total gain of the indi¬ 
vidual curves, is shown as the broad 
symmetrical curve in Fig. 4. 

Because of other requirements and 
problems in a typical television re¬ 
ceiver, such a symmetrical response 
for the video i-f system cannot be 
used. In fact, the over-all response 
curve must be non-symmetrical. 
Therefore, let us discuss these other 
requirements and notice the changes 
that must be made in the basic ampli¬ 
fier to obtain a desired over-all non-
symmetrical response. 

SENSITIVITY 
The sensitivity requirements of the 

i-f amplifier are very strict. Not only 
must the television receiver accept a 
wide range of frequencies, but also it 
must be sensitive enough to amplify 
weak signals as well as strong ones 
adequately. For example, many loca¬ 
tions have local VHF stations and are 
at the same time in the fringe area of 
other VHF stations. Thus, the i-f sys¬ 
tem must be able to offer maximum 
amplification and sensitivity to a 
weak signal, but not overload or dis¬ 

tort when on a strong local signal. 
Earlier receivers often had a con¬ 

trast control in the video i-f system 
so the owner could adjust the gain of 
the i-f strip according to the strength 
of the incoming signal. This method 
was undesirable because the owner 
had to readjust the control for each 
station, and the contrast control ad¬ 
justments changed the shape of the 
video i-f response curve. 

In the modern television receiver, 
the gain of the video amplifier system 
is automatically regulated by a cir¬ 
cuit called the “automatic gain con¬ 
trol” or “age” system. The age system 
develops a de bias for the i-f stages 
according to the received signal 
strength. Consequently, when a strong 
signal is received, the age system 
places a high bias on certain of the 
video i-f amplifier tubes. The high 
bias reduces the amplifier gain and 
prevents overloading of the i-f stages. 
When a weak signal is being re¬ 

ceived, the bias decreases to permit 
maximum amplification and highest 
sensitivity to the incoming signal. The 
addition of an age system to the basic 
wide band amplifier of Fig. 3 is shown 
in Fig. 5. 

A defect in the age system usually 
shows up as an i-f amplifier defect. 
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FIG. 6. Normal halftone picture (left) compared to overcontrasty picture with 
i-f system overload. 

For example, if any type of defect in 
the age causes a permanently high 
bias to be applied to the video i-f 
amplifier stages, the sensitivity of the 
receiver will be poor, preventing the 
reception of weak signals. Likewise, a 
defect in the age system can cause a 
low bias on the i-f tubes when a strong 
signal is received. This will result in 
overloading of the i-f amplifier, caus¬ 
ing clipping of the i-f signal and loss 
of control of the horizontal and ver¬ 
tical deflection circuits. This same type 
of defect could also cause an over-
contrasty picture—the picture loses its 
tonal range and the video is concen¬ 
trated in the form of blacks and 
whites with very few gray tones in be¬ 
tween. The effect of this condition on 
the picture is shown in Fig. 6. 

RECEPTION OF VESTIGIAL 
SIDEBAND TRANSMISSION 

As mentioned previously, to obtain 
the best picture detail in the 6-mc al¬ 
located channel, one sideband must be 
partially suppressed. This method of 
transmission is called vestigial side¬ 
band transmission. Let us see exactly 
what it means and what can be gained 
by using this type of transmission. 
You already know that when an rf 

carrier is modulated, the modulating 
signal produces sidebands. For ex¬ 

ample, if a 1000-kc signal is modu¬ 
lated by a 1 kc audio signal, side¬ 
band frequencies of 999 kc and 1001 
kc are produced. (Note that the side¬ 
bands extend the same distance on 
each side of the carrier signal.) Sim¬ 
ilarly, when a carrier is modulated by 
a video signal, two sidebands are pro¬ 
duced. If the frequency of the video 
signal is 4 me, and the carrier fre¬ 
quency is 60 me, the lower sideband 
would be 56 me, and the upper side¬ 
band 64 me. In other words, the band 
of frequencies occupied by the carrier 
and sidebands would extend from 56 
to 64 me, or over a band width of 8 
me! To amplify this band width ade¬ 
quately, the design of the i-f ampli¬ 
fier system would have to be very 
critical. 

Of course, we could eliminate one 
of the 4-mc sidebands by means of 
filters. However, we would lose half 
of our power, and reduce the recep¬ 
tion range. Also, this reduced power 
would produce some amplitude distor¬ 
tion. Therefore, in actual practice, 
vestigial sideband transmission is 
used. This is a compromise- arrange¬ 
ment giving a band width between 
the band width required for the trans¬ 
mission of only one sideband ami that 
required for the transmission of both 
sidebands. 
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FIG. 7. Response curves showing need for a symmetrical video i-f response with 
partial sideband suppression. 

In television, the practice is to 
transmit the entire upper sideband 
and a small portion of the lower side¬ 
band. The rest of the lower sideband 
is attenuated by means of filters at 
the transmitter. As a result, if the 
video signal that modulates the trans¬ 
mitter is a low-frequency video sig¬ 
nal, both the upper and lower side¬ 
bands are transmitted. On the other 
hand, if the signal is a high-frequency 
video signal, only the upper sideband 
is transmitted. Let us now refer to the 
response curves in Fig. 7 to see how 
vestigial sideband transmission af¬ 
fects the design of the video i-f am¬ 
plifier system. 
As shown in Fig. 7A, video modu¬ 

lation frequencies up to .75 me above 
and below the carrier signal are trans¬ 
mitted at full amplitude; those be¬ 
tween .75 me and 1.25 me are trans¬ 
mitted at full amplitude on the high-
frequency sideband, but attenuated 
on the low-frequency sideband, and 
those over 1.25 me are transmitted 
only on the high-frequency sideband. 

The video detector develops an out¬ 
put signal whose amplitude at a given 

frequency is the sum of the amplitudes 
for that frequency in both sidebands. 
If a wide band i-f amplifier had a 
symmetrical response, the video de¬ 
tector would produce a stronger signal 
component for sideband frequencies 
up to .75 me (total amplitude of the 
upper and lower sidebands is high¬ 
est), a lesser output for sidebands be¬ 
tween .75 me and 1.25 me (lower side¬ 
band is partially suppressed), and a 
minimum output for frequencies be¬ 
tween 1.25 me and 4 me as shown in 
Fig. 7A. Thus, the low frequency com¬ 
ponents of video information would 
be stronger at the output of the video 
detector than the high-frequency com¬ 
ponents, although both components 
might have originated at the camera 
tube with equal amplitude. Poor re¬ 
sponse at high frequencies and empha¬ 
sis of low frequencies would destroy 
the picture detail. 

To equalize the over-all response of 
a television system in which partial 
sideband suppression is used it is nec-
cessary to have a non-symmetrical 
video i-f response curve as shown in 
Fig. 7B. The actual video i-f carrier 
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occurs at approximately 50% of maxi¬ 
mum amplitude. In fact, the video i-f 
curve has a linear tapered response 
from approximately 1.25 me on the 
high-frequency side of the carrier fre¬ 
quency. Thus, the video sideband 
components below 1.25 are given less 
amplification as they pass through the 
video i-f amplifier, but the modulation 
components above 1.25 me are ampli¬ 
fied fully. As a result, the output at 
the video detector is equalized. The 
over-all response of the system be¬ 
comes linear from low frequencies up 
to near the 4-mc limit. 

It should be apparent how impor¬ 
tant the alignment of the video i-f 
system is. The video i-f carrier must 
be somewhere between the 40% and 
60% limits on the video i-f response 
curve. If the picture carrier is too high 
on the response curve, the lows are 
emphasized more than the highs, and 
the picture detail suffers, as shown in 
Fig. 8. If the picture carrier is too fat-
down on the response curve, the ac¬ 
tual carrier level is reduced, and sync 

FIG. 8. Loss of picture resolution. 

stability and sensitivity in the re¬ 
ception of a weak fringe area signal 
are poor. 

In the adjustment of a receiver for 
fringe area reception, the picture car¬ 
rier is sometimes located above the 

70% point on the response curve. This 
modification improves sensitivity and 
synchronizing stability in the recep¬ 
tion of weak signals. The loss in pic¬ 
ture detail is not noticed because of 
the high noise level (snow) that al¬ 
ready exists in the weak-signal pic¬ 
ture. 

How the Non-Symmetrical Re¬ 
sponse Pattern is Obtained. To ob¬ 
tain the desired vestigial sideband re¬ 
sponse curve, the frequencies of the 
various resonant circuits in the i-f 
amplifier must be chosen to “tilt” the 
response curve away from a symmet¬ 
rical pattern. Instead of the symmet¬ 
rical assignment of frequencies for the 
various resonant circuits as suggested 
in Fig. 3, the asymmetrical (non-sym-
metrical) assignments in Fig. 9 are 
used. 

Thus, the apparently odd choice ot 
resonant frequencies shown in Fig. 9 
permits the formation of a response 
curve of the proper shape for a partial 
sideband suppression system. 

Each resonant circuit in the video 
i-f amplifier has a more decided in¬ 
fluence on one portion of the curve 
than another. Consequently, in align¬ 
ment touch-up work, you need not go 
through the entire alignment proce¬ 
dure to make minor improvements in 
the over-all performance of the video 
i-f amplifier. By gaining a knowledge 
of what resonant circuits influence 
what parts of a response curve, you 
can do much to obtain the very best 
performance from a given i-f strip. 
You will learn these in the alignment 
discussion of this lesson. We have al¬ 
ready discussed the action of the local 
oscillator of the tuner in heterodyning 
with the incoming signal to produce 
the i-f range indicated on the diagram 
in Fig. 1. Let us now add the response 
of the video i-f amplifier as shown in 
Fig. 10. These frequency ranges are 
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1 IG. 9. Shifting of resonant frequencies and proper control of gain to obtain 
desired asymmetrical video i-f response. 

typical for the modern television re¬ 
ceiver. Notice that the position of the 
picture i-f carrier frequency of 45.75 
me is at the 50%; point on the re¬ 
sponse curve. We have also shown va¬ 
rious key frequencies at the end of 
the linear portions of the sidebands 
as well as the location of the sound i-f 
carrier. 

Now, referring to Fig. 10, let us 
demonstrate briefly what we have 
learned about the partial sideband 
suppression system. Let us assume we 
are to transmit a ,75-mc component 
and a 2-mc component of video in¬ 
formation, originating with equal am¬ 
plitude at the output of the camera. 
If we were modulating a channel 2 
station, the 2-mc component would 
produce a sideband at 57.25 me, or 2 
me above carrier frequency. There 
would be no low-frequency sideband 
because it would be removed by the 
transmitter. The .75-mc signal com¬ 
ponent would produce a high-fre¬ 
quency sideband at 56 me, and a low 
frequency sideband at 54.5 me. At the 
receiver, these two sidebands would 
heterodyne with the local oscillator 
frequency of 101 me to produce an 
i-f sideband at 43.75 me for the 2-mc 

video component, and two i-f side¬ 
bands, at 45 me and 46.5 me, for the 
,75-mc component. 

As shown in Fig. 10, the 45-mc side¬ 
band is given 90% of full amplifica¬ 
tion and the 46.5-mc component only 
10% of full amplification. At the out¬ 
put of the video detector, the ampli-
tudte of these two sidebands will be 
added, so that it will equal the ampli-

l-F 
SPECTRUM 

FIG. 10. Frequencies for typical asym¬ 
metrical i-f response. The receiver is 
tuned to channel 2; the local oscillator 

is operating at 101 me. 
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tude of the 43.75-mc sideband which 
is given full amplification, matching 
the original relative amplitudes at the 
output of the camera. 

SELECTIVITY AND REJECTION 
OF INTERFERENCE 

We have discussed the need for a 
wide-band amplifier, how we get the 
various frequencies that make up the 
response curve, and how the curve is 
properly shaped to take care of the 
partial sideband suppression. The next 
factors to be considered are the proper 
positioning of the sound information, 
and finally, the location of response 
rejection frequencies to prevent ad¬ 
jacent channel signals from causing 
interference with the desired signal. 

Positioning the Sound Informa¬ 
tion. The system of sound and pic¬ 
ture separation used in the modern 
television receiver is referred to as 
“intercarrier” because the sound i-f 
is the difference frequency between 
the sound and picture carriers in the 
video i-f system. Note that the fre¬ 
quency difference between the picture 
and sound carriers in the original 
transmission shown in Fig. 10 is 4.5 
me. This difference between the 41.25-
mc sound i-f carrier and the 45.75-mc 
picture i-f carrier is also 4.5 me. 

The 41.25-mc sound i-f signal and 
the 45.75-mc video i-f signal beat to¬ 
gether in the video detector to pro¬ 
duce a 4.5-mc signal that is amplitude-
modulated with the video information 
and frequency-modulated with the 
sound information. For example, 
when the original sound carrier fre¬ 
quency of 59.75 me is deviating the 
full 25 kilocycles, the sound i-f car¬ 
rier of 41.25 me will also deviate the 
full 25 kc. In like manner the 4.5-mc 
signal produced in the detector will 
contain the same deviation. As a re¬ 
sult, the 4.5-mc signal can be ampli¬ 

fied and applied to an FM detector 
to reproduce the original audio in¬ 
formation. 
An advantage of the intercarrier 

system is that the sound i-f carrier 
will always be constant at 4.5 me, 
regardless of drift in the frequency of 
the local oscillator. Consequently, the 
frequency stability of the local oscil¬ 
lator is no longer as much of a prob¬ 
lem as in the earlier television re¬ 
ceivers using a separate sound system. 

A specific problem in the intercar¬ 
rier system is a defect referred to as 
“intercarrier buzz,” an annoying hum 
in the sound output. The amount of 
hum depends on the strength of the 
video signal being received, the type 
of picture information, and the setting 
of the fine tuning and contrast con¬ 
trols of the television receiver. 

Intercarrier buzz is caused by video 
modulation components in the sound 
output. This may be due to improper 
adjustment or drift in the i-f align¬ 
ment, or to improper amplitude rela¬ 
tionships between the sound and pic¬ 
ture carriers on the video i-f response 
curve. To minimize intercarrier buzz, 
the amplitude of the sound i-f carrier 
passing through the video i-f strip 
should be very much lower than that 
of the picture carrier (preferably less 
than IO9Ó of the picture carrier am¬ 
plitude) . 

Sometimes intercarrier buzz occurs 
only when the station is transmitting 
a commercial. This buzz is not due to 
a receiver defect but is due to the 
high modulation level used at the 
transmitter. 

The most important consideration 
for the serviceman in obtaining mini¬ 
mum intercarrier hum in a receiver, is 
the proper alignment of both the sound 
i-f and the video i-f amplifiers. The 
video i-f amplifier must be aligned 
properly to position the sound carrier 
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correctly with respect to the video 
carrier. Proper alignment in the sound 
i-f section and, in particular, proper 
balancing and adjustment of the dis¬ 
criminator or ratio detector will keep 
intercarrier buzz at a minimum. 

It is particularly important that 
an accurately calibrated signal source 
be used to adjust the sound i-f am¬ 
plifier. Since the signal frequency of 
4.5 me is established by the transmit¬ 
ter, the i-f transformers must be 
aligned exactly at this frequency. If 
there is no accurately calibrated sig¬ 
nal generator available, the signal 
from a TV station can be used. 

Adjacent Channel Interference 
Rejection. Still another requirement 
of the video i-f system is to reject in-

FIG. 11. Influence of traps on sharpen¬ 
ing asymmetrical video i-f response, 
indicating adjacent channel sources of 
interference. The solid line shows the 

curve with the traps inserted. 

tcrference from adjacent channels. 
You already know that TV tuners 

are broad-band devices and that they 
do not have enough selectivity to re¬ 
ject interfering signals close to the 
channel to which the receiver is tuned. 
In some localities, it may be possible 
to receive signals from several adja¬ 
cent channels. For example, if the re¬ 
ceiver is tuned to channel 3, and the 
signals from stations on channels 2 
and 4 can also be picked up, the chan¬ 

nel 2 sound signal and the channel 4 
video signal may get through the 
tuner and into the video i-f amplifier. 

When the receiver is set on channel 
3, the local oscillator frequency is 107 
me. The picture carrier frequency is 
61.25, and the sound carrier is 65.75. 
The i-f output frequencies of the tuner 
for channel 3 are indicated in Fig. 11. 

If there is a channel 2 station in 
operation, the 59.75-mc sound car¬ 
rier may pass through the tuner into 
the i-f amplifier. In passing through 
the tuner, it too will mix with 107 me 
to produce an i-f frequency of 47.25 
me. If this 47.25-mc signal is not sup¬ 
pressed, it can beat with the 45.75-mc 
picture carrier frequency to produce 
an interfering 1.5-mc difference fre¬ 
quency at the video detector output. 
The 1.5-mc signal is frequency-modu¬ 
lated, and will produce the herring¬ 
bone pattern shown in Fig. 12. 

This type of interference is called 
adjacent channel sound interference. 
It can be minimized only by making 
certain that the video i-f amplifier 
has a minimum sensitivity to the 
47.25-mc signal. Consequently, it is 
necessary to incorporate various trap 
circuits in the video i-f amplifier to 
reject and/or absorb the frequency 
and prevent its passing through the 
video i-f amplifier. The result of 

FIG. 12. Adjacent-channel sound inter¬ 
ference. 
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FIG. 13. Adjacent-channel picture inter¬ 
ference. 

using such a trap circuit is to alter the 
shape of the video i-f response so it 
has a minimum point located at the 
trap frequency, as can be seen in Fig. 
11. 
A strong picture carrier component 

from a channel 4 station can also 
enter the tuner and pass into the i-f 
strip (with the tuner set on channel 
3) to produce a superimposed picture 
component on the desired signal. This 
is illustrated in Fig. 13. The channel 4 
picture carrier of 67.25 me, when 
mixed with the local oscillator fre¬ 
quency of 107 me, produces an i-f 
interference of 39.75 me. Many re¬ 
ceivers incorporate 39.75-mc traps in 
the video i-f system to make certain 
there is minimum sensitivity in the 
video i-f at this frequency. The effect 
of the traps on the response curve is 
shown by the solid line in Fig. 11. 

The use of a number of traps pre¬ 
vents interference from adjacent chan¬ 
nel stations. However, proper adjust¬ 
ment of the trap circuits is not the 
only factor that can minimize adja¬ 
cent channel interference. The tuner 
response will also affect adjacent 
channel interference. Interference can 
also be kept at a minimum by the se¬ 
lection and careful orientation of a 
highly directive antenna. 

A trap circuit can be either a series 
resonant circuit in shunt with the sig¬ 
nal path (Fig. 14A) or a parallel reso¬ 
nant circuit in series with the signal 
path (Fig. 14B). 

When a series resonant trap is used, 
it is often connected from the grid of 
the tube to ground. The trap acts as a 
short circuit at its resonant frequency 
so that very little voltage at the in¬ 
terfering frequency appears between 
the grid of the tube and ground. 

When it is a parallel resonant cir¬ 
cuit, it has a high impedance and acts 
as a voltage divider because its im¬ 
pedance at the undesired frequency is 
much higher than the grid-to-ground 
impedance of the succeeding stage. 
Therefore, a greater percentage of the 
interfering signal voltage is dropped 
across the trap leaving only a weak in¬ 
terfering signal between the grid of 
the following stage and ground. 

A third type is the absorption trap 
illustrated in Fig. 14C. When it is 
used, it is tuned to the undesired fre¬ 
quency and positioned near one of 
the regular resonant circuits of the 
video i-f amplifier. The trap absorbs 
energy at the undesired frequency 
and dissipates it in the form of a high 
circulating current within the trap 
resonant circuit. The presence of the 
parallel trap coupled near to the regu¬ 
lar resonant circuit reflects, therefore, 
a severe load at that frequency, and 
lowers the Q of the regular tank cir¬ 
cuit to the undesired signal. Conse¬ 
quently, the amplitude of the unde¬ 
sired signal is much less than the de¬ 
sired video signals passing through 
the amplifier. 

A cathode trap is often used to pro¬ 
vide degeneration at the undesired fre¬ 
quency. The trap in Fig. 14D consists 
of a parallel resonant circuit that has 
a high impedance at the undesired 
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FIG. 14. Interference trap circuits. A, a shunt-inserted trap; B, a series-inserted 
trap; C, an absorption trap; D and E, degenerative traps.. 

frequency. The voltage developed 
across the trap is in phase with the 
grid voltage and therefore reduces the 
net grid-to-cathode voltage. As a re¬ 
sult, the stage has little or no gain at 
the undesired frequency, and again, 
the desired video spectrum is made to 
dominate the interference frequency. 
A better control of the response 

shape can often be obtained with an 
inductively coupled trap in the cath¬ 
ode circuit, see Fig. 14E. With this 
high Q trap, the cathode circuit can 
be made to have maximum degenera¬ 
tion at the undesired frequency with¬ 
out causing any attenuation of the 
nearby desired frequencies that carry 
the video detail. 

Typical I-F 
Three basic types of video i-f ampli¬ 

fiers are used in television receivers. 
There are two intercarrier types, the 
wide-band, high-detail i-f amplifier 
and the economy-type, narrow-band 

Amplifiers 
i-f amplifier. In the older receivers, an 
i-f system, referred to as a dual-chan¬ 
nel i-f, was commonly used. Let us 
discuss in detail a typical example of 
each basic type. 
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VIDEO AMPLIFIER 

FIG. 15. Stagger-tuned wide-band i-f 
system. 

WIDE-BAND INTERCARRIER 
I-F AMPLIFIER 

The wide-band intercarrier i-f sys¬ 
tem generally uses four amplifier 
stages to obtain the necessary sensi¬ 
tivity for the wide band of frequencies 
to be passed. In the wide-band system, 
a number of individual traps must be 
used to obtain the necessary selec¬ 
tivity and proper positioning of pic¬ 
ture and sound carriers on the re¬ 
sponse curve. A typical circuit is 
shown in Fig. 15. 

The first i-f stage is spaced a short 
distance from the output of the tuner 
and therefore impedance coupling is 
used between the tuner and the i-f 
stage input. This minimizes signal at¬ 
tenuation and reduces the tendency of 
the first i-f stage to oscillate because 
of feedback into the input of this 
stage. The circuit has two separate 
transformers; the first one is located 
in the tuner. Its secondary is con¬ 
nected to the primary of the input 
transformer T104, which is located 
close to the first i-f tube. The response 
curve produced by the two transform¬ 
ers is the typical double-hump, over-
coupled response curve. The small 
capacitor C121 acts as a fine adjust¬ 
ment for proper positioning of the 
sound carrier frequency on the re¬ 
sponse curve. An absorption trap is 
associated with the second transformer 
T104 and is tuned to 39.25 me, the 
adjacent channel picture frequency. 
Loading resistors R120 and R125 re¬ 
duce the Q of the primary and second¬ 
ary windings of T104 to give the de¬ 
sired band width. 

AGC bias is supplied to the grids of 
the first and second i-f stages through 
the decoupling filters consisting of re¬ 
sistors R126 and R133 and capacitors 
C126 and C133B. Remember, it is the 
automatic bias applied to these stages 
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that permits the i-f amplifier to pre¬ 
sent peak sensitivity to a weak signal 
and still not overload on a strong sig¬ 
nal. 

An over-coupled transformer serves 
as the coupling link between the first 
and second i-f stages. Note that the 
primary and secondary are mounted 
in separate shields, and therefore, 
there is no inductive coupling between 
the two sections. However, it is pos¬ 
sible to obtain over-coupling between 
two resonant circuits by using a com¬ 
mon mutual element as shown in Fig. 
16A. This mutual element can be a 
capacitor, an inductor, or a combina¬ 
tion of both, such as the traps used 
in the circuit of Fig. 15. 

The series trap adjustment in T105 
permits proper setting of the 41.25-mc 
sound so it can be positioned at a 
point on the response curve that is 
less than 2% of the amplitude of the 
picture carrier. To minimize adjacent-
channel sound interference, a series 
resonant trap is included as part of 
T106. This trap is tuned to 47.25 me, 
the adjacent channel sound i-f. 

Note that the cathode resistors of 
the first three stages in Fig. 15 are 
not by-passed. Although this causes a 
slight reduction in gain, it improves 
the stability of the amplifier system 
by making it less subject to oscilla¬ 
tion. It also minimizes changes in in¬ 
put capacity of the individual stages 
with changes in bias. Therefore, the 
response curve shape does not change 
appreciably with variations in applied 
signal strength and age. 

The input capacity of each individ¬ 
ual stage, of course, is a part of the 
resonant circuit. If the capacity 
changes, it shifts the frequency of the 
resonant circuits of which it is a part, 
and could upset over-all response. 
Notice also how thoroughly each plate 
and screen voltage supply point is de-

FIG. 16. Overcoupled transformers— 
the circuit used between VI and V2 of 
Fig. 15 is a modification of the circuit 
shown in A, but sometimes the arrange¬ 

ment shown in B is used. 

coupled to prevent instability and 
feedback through the common power 
circuits. 

The following three stages of the i-f 
amplifier contain single-tuned trans¬ 
formers. Although each one has two 
separate windings, they function as 
one because of the very tight coupling 
obtained by interlacing the primary 
winding with the secondary winding. 
This coupling method is called “bi-
filar” winding. It eliminates the need 
for a coupling capacitor, which with 
the grid resistor would produce a long 
time-constant grid circuit. If the grid 
circuit had a long time constant 
strong noise impulses would increase 
the bias on the stage and reduce the 
gain of the i-f system. Because there 
is no coupling capacitor, each grid cir¬ 
cuit has a very fast time constant so 
that the action of each stage is in¬ 
stantaneous. Therefore, the stage gain 
does not change during bursts of high-
amplitude noise. 

The bi-filar tuned circuits are stag¬ 
ger-tuned and loaded by resistors to 
obtain proper band width. The final 
bi-filar transformer is loaded by a re¬ 
sistor across the primary. The crystal 
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HG. 17. Overall i-f response for tlie 
i-f system shown in Fig. 15 

video detector is the load across its 
secondary. Later in this lesson we will 
discuss the video detector in detail. 

The desired over-all response of 
this video i-f system is shown in Fig. 
17. This response curve and the influ¬ 
ence the individual circuits have on 
the response curve will be discussed 
in detail in the alignment section. 

NARROW-BAND 
INTERCARRIER I-F AMPLIFIER 
The narrow-band, economy-type i-f 

system used for an intercarrier re¬ 
ceiver generally consists of just three 
i-f stages, as shown in Fig. 18. It 
has a linear response that may extend 
out to as much as 2.75 me (26.2 me 
to 23.5 me), with 3 to 3.25 me between 
the 50% down points on the response 
curve (Fig. 19). This type of i-f am¬ 
plifier can be made to have almost the 
same sensitivity as a four-tube wide¬ 
band system, but at a sacrifice in fre¬ 
quency response and picture detail. 

FIG. 19. Response curve for the narrow-
hand intercarrier i-f system shown in 

Fig. 18. 

The advantages of the narrow-band 
i-f system, however, are simplicity of 
design and ease of alignment. Because 
of the narrow band width, it is not as 
subject to adjacent-channel interfer¬ 
ence, so adjacent channel traps are 
not always used. 

In the circuit shown, there are three 
transformers: The first two are single¬ 
tuned with tightly coupled windings. 
A third single-tuned circuit couples 
the output of the last i-f stage to the 
cathode of the video detector. Asso¬ 
ciated with this final transformer is 
an absorption trap tuned to the sound 
carrier frequency. It is adjusted to 
bring the sound carrier to the proper 
amplitude on the response curve. 

AGO bias is applied to the first 
two stages, and plate and screen sup¬ 
ply voltage lines are filtered with in-

FIG. 18. Narrow-band i-f system. 
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dividual decoupling circuits. The 
cathode resistors of the first two stages 
are un-bypassed to improve the i-f 
stability. Also, each filament is fil¬ 
tered with an inductor-capacitor com¬ 
bination. 

DUAL CHANNEL I-F SYSTEM 
In the older television receivers, a 

system of dual channel amplification 
of picture and sound information is 
used. This system is shown in block 
form in Fig. 20. In the dual channel 
system, the sound i-f may be sepa¬ 
rated from the picture i-f at the out¬ 
put of the mixer, at the input of the 
first i-f stage, or at the output of the 
first or second i-f amplifier. Generally, 
the sound signal is removed with an 
absorption take-off resonant circuit 
and applied to the first sound i-f am¬ 
plifier. Instead of being tuned to the 
intercarrier difference frequency of 4.5 
me, as in the systems discussed pre¬ 
viously, the sound i-f amplifier is 
tuned to the actual sound carrier in¬ 
termediate frequency. Notice that the 
sound i-f is 21.25 me and the picture 
i-f is 25.75 me. Frequencies of this 
order were used in most early model 
TV sets using this type of sound sys¬ 
tem. 
The video i-f system has a band 

width that accommodates both the 
picture carrier and its sidebands. It 
also includes various sound i-f traps, 
which attenuate any sound i-f com¬ 
ponent that might be passing through 
the video i-f amplifier after the sound 
take-off point. Consequently, there 
will be no sound interference in the 
picture signal at the output of the 
video i-f amplifier. 

One advantage of the dual channel 
system is that it is possible to obtain 
a very flat wide band response with 
good high-frequency detail up to near 
the 4-mc limit. A disadvantage of the 

TO FM 
DEMODULATOR 

TO 
VIDEO 
DETECTOR 

FIG. 20. Block diagram of a dual i-f 

system. 

dual channel system is the added cost 
and the closer tolerance on local oscil¬ 
lator frequency drift. In the intercar¬ 
rier system, the sound i-f frequency is 
always constant because it is the fre¬ 
quency difference between the trans¬ 
mitted picture and sound carriers. In 
the dual channel receiver, the sound 
i-f is the difference between the ar¬ 
riving sound carrier frequency and 
the local oscillator frequency. Conse¬ 
quently, the sound i-f produced in the 
mixer is dependent on the local oscil¬ 
lator frequency stability. The dual 
channel i-f system, however, is not 
subject to intercarrier buzz because 
picture modulation components are 
not present in the sound information. 

A typical dual-channel picture i-f 
system with four stagger-tuned i-f 
stages is shown in Fig. 21. The input 
circuit is again a dual transformer ar¬ 
rangement which permits low impe¬ 
dance and low-loss coupling between 
the tuner and the i-f input. Notice 
that a trap is associated with each 
transformer. These traps assist in 
minimizing possible sources of inter¬ 
ference and, at the same time, permit 
proper shaping of the response curve 
to obtain the wide-band video re¬ 
sponse shown in Fig. 22. Notice that 
the video i-f response is flat to almost 
22.1 me. Therefore, when properly 
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aligneu, « certainly can handle video 
detail up to 4 me. 

The trap associated with the input 

FIG. 21. A dual-channel video i-f 

system. 

transformer tunes to 19.75 me, the ad¬ 
jacent channel picture frequency. The 
trap between the first and second i-f 
stages tunes to 27.25 me, the adjacent 
channel sound frequency. The sound 
take-off point in this circuit is located 
in the plate circuit of the second i-f 
stage. It is an absorption type trap. 
The trap functions both as the source 
of the sound i-f signal for application 
to the sound i-f channel and as a 
sound trap to prevent the sound signal 

PICTURE I-F 
SYSTEM RESPONSE 

FIG. 22. Response curves for the dual-
channel video i-f system shown in Fig. 

21. 

from passing into the rest of the video 
i-f section. An adjacent channel sound 
trap is located at the output -of the 
third i-f stage, and an additional ad¬ 
jacent-channel picture trap is located 
at the input to the video detector. To 
further attenuate any sound-carrier 
component that may have entered the 
picture i-f section, a cathode trap is 
located in the cathode circuit of the 
fourth picture i-f stage. In other re¬ 
spects, this system is similar to the 
i-f systems discussed previously—age 
bias is applied to the first and third 
i-f amplifier stages, the first three 
stages do not have cathode by-pass 
capacitors, and the plate and screen 
supply voltage circuits are carefully 
decoupled. 
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Video Detectors 
The final requirement of the video 

i-f system is to detect or demodulate 
the video i-f carrier to obtain the de¬ 
sired picture information. Since the 
video carrier signal is amplitude-mod¬ 
ulated, we can use a conventional di¬ 
ode type detector. However, the diode 
must be connected to obtain the 
proper output polarity, and the diode 
load resistor must be low enough in 
value to prevent the loss of the high-
frequency components of the video in¬ 
formation. In addition, the video de¬ 
tector circuit must be designed to ob¬ 
tain proper filtering of the intermedi¬ 
ate frequencies and their harmonics 
and to keep radiation at a minimum. 
We will investigate each of these re¬ 
quirements in detail later in this les¬ 
son. 
The modulation information ap¬ 

plied to the video detector is in the 
form of an envelope with positive and 
negative excursions about the zero 
axis, as shown in Fig. 23. The greatest 

FIG. 23. The modulation information 
applied to the video detector is in the 
form of an envelope, as shown here. 

peak-to-peak amplitude variation oc-
curs during the sync pulse interval. 
During the transmission of the blank¬ 
ing pedestal, the amplitude declines 
to 75% of the sync pulse value. The 
amplitude of the blanking interval is 
the same as the maximum amplitude 
of the video signal, which occurs when 
black is being transmitted. 

As the screen brightness increases, 
the peak-to-peak variation of the i-f 
signal falls and reaches a minimum 
value of about 15% of the peak sync 
pulse amplitude. This minimum value 
corresponds to the most intense white 
portion of the picture. The method of 
transmission in which the greatest 
signal amplitude is for black and the 
least amplitude is for white, is re¬ 
ferred to as negative transmission. 

Let us now observe how this modu¬ 
lation envelope and the relative peak-
to-peak variations influence the out¬ 
put of a typical diode detector. 
When the modulation in the form 

of an envelope, as shown in Fig. 23, is 
applied to the plate of the video de¬ 
tector shown in Fig. 24A, the detector 
will conduct only on the positive por¬ 
tion of the envelope. During the nega¬ 
tive half of each cycle, the plate will 
be negative with respect to the cath¬ 
ode and the diode will not conduct. 
The output of the video detector 

will therefore be a series of pulses 
produced by the positive half of the 
video i-f carrier. The amplitude of 
the pulses will vary with the modu¬ 
lation. For example, during any of the 
sync pulses, the voltage applied to the 
diode plate is maximum, and there¬ 
fore, the diode draws maximum cur¬ 
rent. When this current flows through 
the diode load resistor, it develops a 
positive output voltage with the sync 
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pulse itself being the most positive 
part of tlie output signal. For white 
information, the peak diode current is 
substantially less. Therefore, the posi¬ 
tive voltage developed across the 
diode load resistor is substantially 
smaller, as you can see in the wave¬ 
form drawing. 

It is also possible to connect a diode 
so that it conducts on the negative 
half of the modulation envelope in¬ 
stead of on the positive half. In other 
words, the diode conducts when a 
negative signal is applied to its cath¬ 
ode. but does not conduct when a 
positive signal is applied. This circuit 
is shown in Fig. 24B. 

As far as producing the video sig¬ 
nal is concerned, it does not matter 
whether the negative or the positive 
portion of the envelope is used. Both 
halves contain the same modulation 
information, but the polarity of the 
output signal changes. With the diode 
conducting on the negative portion of 
the modulation envelope, the output 
also swings negative. Consequently, 
during the sync pulse interval, the 
highest negative voltage is developed 
across the diode load resistor. You 
can see that the output voltage will 
be negative with respect to ground by 
studying the direction of current flow 
in Fig. 24B. During the blanking ped¬ 
estals, this negative voltage pulse 
drops to 75% of the sync level. When 
transmitting an intense white, it drops 
to 15% of the sync pulse level. 

In the circuits in Fig. 24, notice 
that the two output signals from both 
diode detectors are identical, except 
they are of opposite polarity. By 
properly connecting the diode detec¬ 
tor, it is possible to obtain either a 
negative or a positive composite video 
signal at the output to meet the re¬ 
quirements of the entire system fol¬ 
lowing the video detector. 

dark portions 
OF PICTURE 

FIG. 24. The output of the diode detec¬ 
tor shown at A is a composite signal 
with positive polarity and negative pic¬ 
ture phase. The diode detector at B is 
connected so the composite signal out¬ 
put has negative polarity and positive 

picture phase. 

The uni-directional characteristic 
of the diode (current can flow in just 
one direction) permits the detector to 
demodulate the video information of 
the i-f signal. However, to reproduce 
this information faithfully, it is neces¬ 
sary to filter out the i-f signal that 
carries the modulation. This is accom¬ 
plished by a filter consisting of the 
diode load resistor and its shunt ca¬ 
pacity. The time constant of this filter 
is much longer than the period re¬ 
quired for the individual i-f cycles. 
Therefore, the capacitor discharges 
very little during successive cycles of 
the i-f signal. However, the time con¬ 
stant must be short enough to fol¬ 
low any high-frequency video signals 
present in the detector output. 

Although we will discuss the sub¬ 
ject of time constant in detail in the 

20 



video amplifier lesson, let us consider 
briefly its significance in relation to 
the circuits in Fig. 24. When a ca¬ 
pacitor charges through a series re¬ 
sistor, it requires a certain amount of 
time for that capacitor to charge. 
After a capacitor has been charged, it 
requires a specific amount of time to 
discharge as well. Since the series re¬ 
sistor limits the flow of current, we can 
control both the charging time and 
the discharging time of a capacitor 
by varying the value of the resistor. 

In the circuits in Fig. 24A, the 
charging time of capacitor C is gov¬ 
erned primarily by the resistances of 
the tube and the components in the 
plate circuit. This circuit, then, acts 
as the series resistor. When the signal 
amplitude decreases enough to per¬ 
mit the capacitor to discharge, the 
discharge path must be through resis¬ 
tor R, which is now the series resistor. 
Let us see how the time constant af¬ 
fects the signal in the output circuit 
of the video detector. 

Initially, a number of cycles of the 
i-f frequency arc required to charge 
the capacitor across the output of 
the diode detector. Once it is charged, 
however, the capacitor will not lose 
that charge quickly because the time 
required to discharge through the di¬ 
ode load resistor is longer than the 
time between successive i-f cycles. 
Thus, the charge on the capacitor will 
not vary with the cycle-to-cycle vari¬ 
ations of the intermediate frequency 
signal, and the actual i-f cycles will 
not be present in the output signal. 
The video information, on the other 
hand, occurs at a much lower fre¬ 
quency, and the charge and discharge 
rate of the capacitor is able to follow 
the video frequency modulation in¬ 
formation. Therefore a video signal 
will be developed across the output of 
the diode detector. 

As an example, let us consider what 
occurs during the sync pulse interval, 
as shown in Fig. 25. The sync pulse 
itself is approximately 5 microseconds 
long. During this time, several hun¬ 
dred individual i-f cycles occur in the 
modulation envelope (for purposes of 
illustration, we have shown only 

SYNC 

FIG. 25. Demodulation action during 
blanking-sync interval. A, the individual 
cycles that make up the Interval. (We 
have shown only a few cycles although 
actually there are over 500.) B, after 
rectification and filtering. The dashed 
lines indicate the previous position óf 

the i-f cycles, now filtered. 

three). When this envelope is applied 
to the plate of the detector, as in the 
circuit of Fig. 24A, the detector draws 
current only during the positive half 
of each i-f cycle. This current flow 
charges the capacitor C in the output 
circuit of the detector. Because of the 
long time required to charge and dis¬ 
charge the output capacitor, the volt¬ 
age remains essentially constant at a 
value that corresponds to the peak 
amplitude of the i-f cycles during the 
sync pulse period. Notice in Fig. 25 
that the output is in the form of a 
pulse and that it does not follow the 
individual i-f cycle variations, indi¬ 
cated by the dashed lines. 
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SIGNAL POLARITY AND 
PICTURE PHASE 

The terms signal polarity and pic¬ 
ture phase may be somewhat confus¬ 
ing. When speaking of the polarity of 
the composite video signal, it is cus¬ 
tomary to assign to it the polarity of 
its sync pulse. For example, the out¬ 
put of the diode shown in Fig. 24A, 
with the sync pulses of the composite 
signal swinging positive, is referred to 
in these three ways: sync positive 
composite signal, positive-going com¬ 
posite signal, or positive-going sync 
signal. Notice that each expression as¬ 
signs a polarity to the over-all signal 
that corresponds to the polarity of the 
sync pulse. 

The term picture phase, on the other 
hand, refers to the polarity of the 
picture information (the scene and 
picture tube brightness). When we say 
the video signal has a negative picture 
phase, we mean that the negative part 
of the video signal represents the 
bright portions of the scene, while the 
positive part of the same video signal 
represents the dark portions of the 
transmitted scene. Conversely, when 
we say the video signal has a positive 
picture phase, we mean that the posi¬ 
tive part of the signal represents the 
bright portions of the scene, while the 
negative part of the signal represents 
the dark portions of the scene. 

The signal at the output of the de¬ 
tector shown in Fig. 24A is a positive-
going composite signal and has a neg¬ 
ative picture phase; the output shown 
in Fig. 24B is a negative-going com¬ 
posite signal and has a positive pic¬ 
ture phase. 

Signal polarity and picture phase 
are important because the composite 
signal must be applied to the picture 
tube with the proper polarity. The 
bright portions of the scene must cause 
the beam current in the picture tube 

to increase, while the dark portions 
must cause it to decrease. When we 
apply the composite video signal to 
the grid of the picture tube, it must 
have a negative-going polarity be¬ 
cause the blanking pulse must drive 
the beam current to cut-off. The less 
negative portions of the video signal 
cause the screen to light up until we 
have maximum brightness at 15% of 
the sync pulse interval. This negative-
going composite signal is one that has 
a positive picture phase, because the 
most positive portion (or least neg¬ 
ative portions of the signal) represent 
maximum brightness or maximum 
beam current and full illumination of 
the picture tube screen. 

If we apply the signal to the cath¬ 
ode of the picture tube, it must have 
a positive-going polarity, because we 
cut off the beam by the application 
of a positive blanking pulse. (The 
pulse drives the cathode positive with 
respect to the grid—therefore the grid 
is negative with respect to the cath¬ 
ode.) Thus, the picture phase is said 
to be negative because driving the 
cathode negative causes an increase 
in picture brightness. 

Now, suppose the video amplifier 
system following the detector con¬ 
tains a single amplifier stage. If the 
signal is to be applied to the grid of 
the picture tube, the output of the 
video detector must be of positive 
polarity (negative picture phase). 
Since each amplifier stage reverses 
the phase of the input signal 180°, 
this composite signal appears as a neg¬ 
ative polarity signal (positive picture 
phase) on the grid of the picture tube. 
If the cathode of the picture tube is to 
be driven by the composite video sig¬ 
nal, the output of the video detector 
would have to be of negative polarity, 
so that after reversal by the single 
video amplifier stage, a positive polar-
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ity signal would be present at the 
cathode of the picture tube. 

When a two-stage video amplifier 
is used, the polarity of the output of 
the video detector must be the same 
as the signal needed to drive the pic¬ 
ture tube, so that after two reversals, 
the picture phase at the output of the 
video amplifier will be the same as 
the picture phase at the video detec¬ 
tor output. 

FREQUENCY RESPONSE OF 
VIDEO DETECTOR OUTPUT 

CIRCUITS 
The video detector, because of the 

small value of the load resistor, is not 
nearly as efficient as the same type of 
detector in an AM radio. The diode 
load resistor in an average radio re¬ 
ceiver may be a megohm or more. 
But in a video detector, it is limited 
to a few thousand ohms to help pre¬ 
vent the loss of the high-frequency 
components of the video modulation. 
Loss of the high-frequency compo¬ 
nents is also caused by the capacity, 
even though it is small, that shunts 
the diode load resistor. As you have 
learned, the reactance of any capaci¬ 
tor decreases with frequency. There¬ 
fore, the higher the frequency, the 
lower the reactance, and the more 
shunting effect the capacitor has on 
the diode load resistor. 

Although we will take up frequency 
response in more detail in the follow¬ 
ing lesson on video amplifiers, let us 
consider some of the basic facts now 
so that we can better understand the 
operation of the video detector output 
circuit. 

Let us assume that the value of the 
diode load resistor in Fig. 26 is 30,000 
ohms. If there is a small capacity of 
only 15 mmf shunting this resistor, 
the effective load impedance of the 
diode circuit at low frequencies will 

FIG. 26. A typical diode video detector 
output circuit. 

be 30,000 ohms—the value of the load 
resistor. The reactance of the capaci¬ 
tor will be so high that it will have 
very little effect on the total impe¬ 
dance of the circuit. However, as the 
frequency of the signal increases, the 
reactance of the capacitor decreases, 
until at a frequency of approximately 
350 kilocycles, the reactance of the 
capacitor has fallen to a value of 
30,000 ohms. 

We might at first conclude that with 
two 30,000-ohm components in paral¬ 
lel, the resultant impedance would be 
15,000 ohms, and the signal would be 
effectively half what it would be with 
30,000 ohms. However, since we aro 
placing a resistance and a reactance 
in parallel, when the two are equal, 
the impedance, instead of dropping 
50%, drops 30%, so the response of 
the video detector output circuit is 
30% less at 350 kilocycles than it is 
at the lower frequencies where the ef¬ 
fective impedance is nearer to 30,000 
ohms. Since the video information 
contains useful variations up to ap¬ 
proximately 4 me, the attenuation of 
these higher frequencies in the output 
circuit is much greater because the 
reactance of the small capacitor is 
much lower. 

If we reduce the value of the diode 
load resistor from 30,000 to 3000 
ohms, the capacitor will have little in¬ 
fluence on the response at 350 kc, be¬ 
cause its reactance will be ten times 
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as high as the resistance of the diode 
load resistor. In fact, not until the 
frequency reaches 3.5 me will the re¬ 
actance of the capacitor equal the re¬ 
sistance of the resistor. Consequently, 
with the new low value of video de¬ 
tector load resistor, the output re¬ 
sponse does not drop 30^i> until a fre¬ 
quency of 3.5 me is reached. This 
more nearly meets the requirements 
for the demodulation of the high-fre¬ 
quency component of video informa¬ 
tion. 

Note, however, that to obtain this 
more linear wide-band frequency re¬ 
sponse, we have been forced to lower 
the value of the diode load resistor, 
which in turn lowers the efficiency and 
output of the video detector. There¬ 
fore, to obtain a wide-band response 
from any amplifier circuit, we must 
sacrifice gain to obtain linear output 
over a wide range of frequencies. This 
factor again demonstrates the need for 
a multi-stage i-f amplifier in order to 
build up the i-f signal to a suitable 
level for producing a usable output 
from the video detector. 

The high-frequency response at the 
output of a video detector can also be 
improved by placing small inductors, 
called peaking coils, either in series 
or in shunt with the detector output 
circuit. The peaking coils have an in¬ 
ductive reactance that either cancels 
or isolates the influence of the capaci¬ 
tive reactance on the output load cir¬ 
cuit. Peaking will be discussed at 
length in the lesson on video amplifi¬ 
cation. At this point, let us just state 
that the function of the peaking coil 
is to improve the high-frequency re¬ 
sponse in the video amplifier system 
by compensating for the tendency to 
high-frequency losses because of the 
shunt capacities in the circuit. 

CRYSTAL VIDEO DETECTORS 
A crystal diode may also be used 

as a video detector in a television 
receiver. Like the vacuum tube de¬ 
tectors described previously, the crys¬ 
tal, which is actually a small block, 
or wafer, of germanium, conducts cur¬ 
rent well in one direction, but it will 
pass only a very limited current in 
the opposite direction. The germanium 
crystal, therefore, is said to have a 
low forward resistance but a high re¬ 
verse, or back resistance. 

The typical germanium crystal di¬ 
ode, shown in Fig. 27A, consists of the 
following basic components: (1) A 
small germanium wafer, (2) a contact 
whisker, (3) insulating structure, and 
(4) external contact leads. In the ex¬ 
ample, the entire area of one side of 
the crystal wafer, corresponding to 
the cathode in a vacuum tube diode, 

detector. 
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is in contact with a small sheet of 
metal. A lead connects to the metal 
base and serves as one of the external 
contact leads. A cat whisker (fastened 
to the second external lead) estab¬ 
lishes a point-contact on the second 
side of the wafer, and corresponds to 
the vacuum tube diode plate. 
When a modulation envelope, as 

shown in Fig. 23, is applied to a crys¬ 
tal diode, the diode functions just like 
a vacuum tube diode detector. A high 
current flows when the modulation ap¬ 
plied to its plate is positive, but no 
current (or a very small amount) 
flows when the modulation applied to 
the plate is negative. 

The crystal detector has a number 
of advantages insofar as television ap¬ 
plication is concerned. Since it is small, 
it lends itself to compact mounting 
and shielding. The crystal and its out¬ 
put circuit can be enclosed in the same 
can with the last output tuned circuit 
of the video i-f system. It requires no 
filament power. Therefore, possible 

FIG. 28. Video detector assembly. 

FIG. 29. Typical video detector using 
crystal diode. 

radiation of spurious frequencies 
through the heater circuit can be mini¬ 
mized. In addition, the crystal diode 
has little effect on the high-frequency 
response because its capacity is much 
less than that of vacuum tube diodes. 

When replacing a crystal diode in 
a television receiver, remember that 
the plate of the detector is always 
represented by the triangle, as in Fig. 
27B. Thus, to obtain a positive polar¬ 
ity video signal at the output of the 
crystal detector circuit, the triangle 
must be connected to the top of the 
last i-f coil as shown in Fig. 27B. For 
a negative-going composite signal at 
the output, connect the flat bar (cath¬ 
ode) to the top of the i-f coil as in 
Fig. 27C. 

A crystal detector can be cheeked 
with an ohmmeter. When the detector 
is normal, the forward resistance will 
be just a few hundred ohms while the 
reverse resistance will be more than 
10,000 ohms. However, this test is not 
always conclusive. When a crystal 
fails to pass the test, it should be re¬ 
placed. Even when a crystal does pass 
the test, if all indications point to a 
defective crystal, try a new one in the 
circuit. 

TYPICAL VIDEO DETECTOR 
CIRCUITS 

A typical crystal detector and filter 
assembly for a 45-mc i-f strip is illus¬ 
trated in Fig. 28 and shown sche¬ 
matically in Fig. 29. The entire unit, 
consisting of the final picture i-f 
transformer, the crystal detector and 



holder, and the output filter section, 
is enclosed within a shield can. Notice 
in Fig. 28 that the crystal can be 
quickly and easily replaced by remov¬ 
ing the small shield, which is a part 
of the assembly. 

Any type of demodulator generates 
harmonics. In this arrangement the 
entire detector assembly is completely 
shielded. Therefore, harmonics of the 
i-f cannot radiate and interfere with 
the performance of the receiver. The 
complete shielding and the thorough 
filtering by the low-pass filter out¬ 
put circuit also attenuates any other 
frequency above the i-f range that 
might be generated and reach the 
video detector output circuit. If the 
harmonics of the i-f were not attenu¬ 
ated, they would cause interference 
on the high-band channels or at the 
high-frequency end of the low-band 
channels. 

A similar crystal video detector is 
used in the video i-f amplifier of Fig. 
15. In this circuit, the crystal de¬ 
tector is connected so that a negative 
polarity composite signal is developed 
across the diode load resistor and ap¬ 
plied to the grid of the video amplifier. 
This video amplifier stage, in turn, 
supplies a positive polarity composite 
signal from its plate circuit to the 
cathode of the picture tube. In this 
assembly, too, the i-f transformer, the 
crystal detector, and the output filter 
are enclosed in the shield. 

Notice in Fig. 15 that at the output 
of the video detector, a series resonant 
circuit is tuned to 4.5 me and used as 
the take-off point for the sound i-f 
system. You learned that the net volt¬ 
age drop across a series resonant cir¬ 
cuit is at a minimum at the resonant 
frequency. However, the series current 
is high, which develops an appreciable 
voltage across each one of the ele¬ 
ments individually. Consequently, it is 

possible to tap off a strong 4.5-mc 
component from across the inductor of 
this resonant circuit and use it as ex¬ 
citation for the grid of the first sound 
i-f amplifier. The series resonant cir¬ 
cuit also functions as a 4.5-mc trap to 
prevent 4.5-mc interference or tweets 
on the reproduced picture. This inter¬ 
ference produces dark diagonal lines 
across the picture. Whether or not the 
series resonant circuit is shielded de¬ 
pends on the design requirements of 
the receiver. 

Proper tuning of this take-off point 
is very important. The adjustment 
should be performed either with a re¬ 
ceiver signal or an accurate 4.5-mc 
crystal-controlled signal source. Im¬ 
proper tuning of the trap can cause 
either an interference beat on the pic¬ 
ture or a high level of intercarrier 
buzz. 

Going back to Fig. 18, we see an 
example of a vacuum tube type video 
detector. Again the diode detector is 
connected so that a negative-going 
composite signal is developed across 
the diode load resistor. Both series 
and shunt peaking are employed to 
avoid attenuation of the high video 
frequencies. The sound is removed 
through a small 1.5-mmf capacitor 
and applied to a parallel resonant 
circuit at the grid of the first sound 
i-f amplifier. This resonant circuit is 
tuned to 4.5 me. Likewise, a cathode 
degenerative trap is connected in the 
cathode circuit of the first video am¬ 
plifier to minimize the feed-through 
of the 4.5-mc component into the 
video amplifier. 

In some of the earlier intercarrier 
receivers, the sound take-off is in the 
plate circuit of the video amplifier. It is 
in the form of a parallel resonant cir¬ 
cuit. The 4.5-mc component at this 
point is quite strong because of the 
added gain contributed by the first 
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video amplifier, making it difficult to from the picture, so this method is not 
remove all of the 4.5-mc interference used in newer receivers. 

I-F Amplifier Response Curves 
and Alignment 

We have discussed at length the 
techniques used to obtain a desired 
response curve in a video i-f system. 
We learned that the response curve 
indicates much about the perform¬ 
ance of a video i-f system. Therefore, 
from the curve, you will not only be 
able to align the i-f system for peak 
performance but you will also be able 
to recognize defects in this system by 
observing the response curve. 
The easiest and most accurate 

method of obtaining a visual response 
curve at the output of an i-f ampli¬ 
fier system is, of course, with a sweep 
generator and an oscilloscope. To 
understand how the curve is obtained 
on the oscilloscope screen, let us first 
consider a very basic method of plot¬ 
ting the response curve. 

OBTAINING A RESPONSE 
CURVE 

When a signal (having a frequency 
within the range of the i-f amplifier) 
is applied to the input of the ampli¬ 
fier system, it causes a direct current 
to flow in the video detector circuit, 
which in turn produces a voltage drop 
across the diode load resistor. The 
voltage developed across the diode 
load resistor will depend on the gain 
of the video i-f amplifier at the fre¬ 
quency to which the signal generator 
is set, and on the amplitude of the 
input signal. 

If the signal generator (the fre¬ 
quency source) is tunable throughout 
the frequency range of the video i-f 

amplifier system, and we vary the fre¬ 
quency of the generator in half-mega¬ 
cycle steps and carefully measure the 
voltage across the load resistor with 
a voltmeter, we can obtain a series of 
voltage readings across the video de-

FREQUENCY 

FIG. 30. Response curve plot. 

tector load resistor in half-megacycle 
steps throughout the pass band. If the 
signal amplitude at the output of the 
signal generator is kept constant for 
each frequency that is applied to the 
video i-f input, the de voltage read¬ 
ings across the video detector load 
resistor represent the relative gain in 
the video i-f signal for each, of the 
frequencies applied to the input. 
Therefore, after accurately reading 
the meter, and plotting the readings 
on a graph, we can draw a line con¬ 
necting the dots and obtain a response 
curve for the video i-f system. A typi¬ 
cal response curve obtained in this 
manner is shown in Fig. 30. 

This method of plotting a response 
curve is extremely tedious. Further¬ 
more, unless the amplitude of the fre¬ 
quency at the input is exactly the 
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same for each checked frequency, and 
the signal generator is accurately cali¬ 
brated so that the check points are 
exactly as indicated, the resulting 
curve will not be correct. Another dis¬ 
advantage of this method is that it 
permits precise measurements only at 
the actual checked frequencies. 
A speedier and more accurate 

method of obtaining a response curve 
is with the use of a sweep generator 
and an oscilloscope. The sweep oscilla¬ 
tor (in the sweep generator) is set to 

MG. 31. A typical response curve ob¬ 
tained with an oscilloscope and a sweep 

signal generator. 

vary the output frequency of the 
sweep generator over the video i-f 
pass band at a specific rate. 

For example, the sweep oscillator 
can be adjusted so that its output 
changes in the frequency range be¬ 
tween 40 me and 50 me. All frequen¬ 
cies within that range are applied to 
the video input. Usually, the rate at 
which the frequencies are scanned is 
120 times per second. With an oscil¬ 
loscope connected to the output of the 
diode detector and properly adjusted, 
this signal, having the shape shown in 
Fig. 31, will be reproduced on the 
screen. Since each of the frequencies 

within the range from 40 to 50 me is 
being applied to the i-f amplifier, the 
resultant response curve on the oscil¬ 
loscope screen represents the gain of 
the system for each frequency applied 
to the input. 

1 ou can readily see, therefore, that 
any variation in the performance of 
the video i-f amplifier will be indi¬ 
cated in the response curve. By com¬ 
paring it to the curves given in the 
manufacturer’s diagrams for the re¬ 
ceiver, you will be able to determine 
the alignment, frequency response, 
and gain of the system, as well as to 
detect the presence of noise and inter¬ 
ference signals. 

ALIGNMENT 

A very detailed explanation of the 
television alignment procedures will 
be given in a future lesson. There¬ 
fore, in this lesson, we will describe 
only briefly the equipment used, the 
methods of inter-connecting the align¬ 
ment equipment, and the alignment 
procedures for the video i-f system. 
There are two basic methods that 

you may use to interconnect the 
alignment equipment to obtain the re¬ 
sponse curve. The first method, shown 
in Fig. 32A, uses a marker generator, 
a sweep generator, and an oscilloscope. 
The sweep output of the generator is 
connected to the amplifier to be 
aligned or tested, and the output from 
the video detector is applied to the 
vertical input terminal of the oscillo¬ 
scope. To synchronize the motion of 
the oscilloscope scanning beam with 
the rate of the frequency change at 
the output of the sweep generator, the 
horizontal deflection voltage is gen¬ 
erated in the sweep generator and ap¬ 
plied to the horizontal amplifier of 
the oscilloscope. The internal oscillo¬ 
scope sweep generator, therefore, must 
be turned off when this method is used. 
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FIG. 32. How to interconnect 

The second method of interconnec¬ 
tion is shown in Fig. 32B. The internal 
sine-wave generator in the oscilloscope 
is used together with its associated 
phasing adjustment. Therefore, it is 
not necessary to run a line between 
the sweep generator and the oscillo¬ 
scope. Since the frequency changes in 
the average commercial sweep genera¬ 
tor follow a sine wave, it is possible to 
obtain proper synchronized motion be¬ 
tween the oscilloscope beam and the 
frequency change at the output of the 
generator. 
When using the equipment shown 

in Fig. 32, certain precautions must 
be taken to obtain a good response 
pattern. For example, it is extremely 
important that you have a good 

equipment to obtain a response curve. 

ground system between the various 
units. If the system is inadequate, the 
response pattern can be distorted. The 
signal level applied to the amplifier 
being tested or aligned must be no 
higher than necessary so that the sig¬ 
nal does not overload any of the video 
i-f stages. Methods of setting bias and 
signal levels vary. You should always 
follow the manufacturer’s recommen¬ 
dations. If the stages are overloaded, 
the response pattern will be distorted. 

Study the response curves in Fig. 
33. The curve at A illustrates a nor¬ 
mal response pattern. The curve at B 
may seem to indicate a very good flat 
response. However, this curve was ob¬ 
tained by increasing the signal gen¬ 
erator output until some of the video 
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I' IG. 33. Normal video i-f curve, A; i-f 
amplifier overloaded by too strong sweep 
signal, I?; change in shape of response 
curve by poor grounding, C; noisy pat¬ 
tern—no capacitor across scope input, D. 

i-f stages were overloaded, causing 
the signal to be clipped as it gees 
through the amplifier system. The re¬ 
sponse curve, therefore, is not a true 
indication of the video i-f response. 
This can be corrected by increasing 
the attenuation at the output of the 
sweep generator until the i-f stages 
are no longer overloaded. 

The shape of the response curve in 
Fig. 33C indicates that the equipment 
is poorly grounded. Hum fields, either 
60-cycle or 120-cycle, are causing the 
sharp dip in the curve. The pattern in 
Fig. 33D indicates that a higher than 
normal amount of noise is getting 
through the system. This can be elimi¬ 
nated by shunting the input of the 
oscilloscope with a capacitor of 1000 
to 5000 mmf. 

How to Mark the Response 
Curve. When accurate alignment is 
required, especially in color television 
receivers, you should use a marker 
system. In Fig. 32, a marker genera¬ 
tor is used in both set-ups. The pur¬ 
pose of the marker is to place small 
pips on the response curve to identify 
frequencies on the curve. 

Usually, the signal that causes the 
pip is produced by a crystal oscil¬ 
lator or an accurately calibrated vari¬ 
able-frequency oscillator. It is very 
weak so that it does not distort the 
shape of the response curve ; it is used 
merely to indicate and locate various 
points on the curve. When inserting 
the marker signal into the circuit, you 
must choose the point of attachment 
and the method of insertion that pre¬ 
vents any mis-shaping of the response 
curve. The amplitude of the marker 
should always be controlled so that 
the pip can just be seen on the curve. 

The proper amplitude and point of 
connection of the marker generator 
will produce the shape of the pip 
shown in Fig. 34A. Note that it is 
clear and that it can just be seen. The 
illustration in Fig. 34B indicates that 
the marker has been applied at a loca¬ 
tion where it distorts the shape of the 
response curve. 

As stated previously, the amplitude 
of the marker signal should be kept 
extremely low. Otherwise, the pip will 
appear on the curve as shown in Fig. 
34C. If the shunt capacitor is not 
present at the input of the oscillo¬ 
scope, the marker pip spreads out and 

FIG. 34. Appearance of marker on re¬ 
sponse curve. A, good marker presenta¬ 
tion; B, marker inserted improperly; C, 
marker amplitude too high; D, no scope 

capacitor causes marker to spread. 
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hides the true shape of the response 
curve. This is shown in Fig. 34D. 

From the illustrations in Figs. 33 
and 34, you can see that accurate ad¬ 
justment of the signal generator and 
marker and the proper interconnec¬ 
tion of the pieces of equipment are 
extremely important. 

ALIGNMENT PROCEDURES 

In a later lesson we will make a de¬ 
tailed study of typical alignment pro¬ 
cedures. However, the following gen¬ 
eral alignment information should 
help you to understand video i-f am¬ 
plifiers and also give you a general 
idea of how they are aligned. 

The first, and perhaps the most im¬ 
portant step in aligning a television 
receiver is to obtain a copy of the 
manufacturer’s service information. 
Practically all manufacturers provide 
detailed alignment instructions. If you 
follow the instructions stop by step, 
you should have no difficulty in align¬ 
ing the receiver. The alignment infor¬ 
mation is generally prepared by the 
manufacturer to give the serviceman 
information on the simplest and most 
direct way of aligning the receiver. 
There is no doubt that the exact order 
with which the steps are carried out 
can be varied somewhat, but this often 
leads to difficulties. 

In most cases the manufacturer will 
recommend applying a fixed bias to 
the age controlled tubes. The exact 
value of bias and information on when 
it should be applied will be given in 
the alignment instructions. 

In general, the alignment procedure 
recommended by most manufacturers 
for the video i-f section of a television 
receiver is in this order: 

Alignment of traps, adjustment of 
individual tuned circuits of the video 
i-f section, and finally a touch-up of 
the video i-f alignment using a sweep 
generator and oscilloscope. 

To adjust the traps, you will need 
an accurately calibrated signal gen¬ 
erator or a marker generator and a 
voltmeter. The voltmeter is connected 
across the video detector load resistor 
and the unmodulated output of the 
signal generator fed into the i-f am¬ 
plifier. The signal generator is set to 
the frequency to which the trap is to 
be adjusted, and then the trap is ad¬ 
justed for minimum voltage across the 
detector load resistor. 

When adjusting the trap, the out¬ 
put from the signal generator should 
be set to give a reasonable indication 
on the voltmeter. If the trap is ad¬ 
justed and the reading on the volt¬ 
meter decreases, it may be necessary 
to increase the output from the sig¬ 
nal generator. When the trap is set so 
that there is minimum voltage across 
the detector load resistor, the trap 
offers maximum resistance to the fre¬ 
quency to which the signal generator 
is tuned. 

After the traps have been adjusted, 
the individual tuned circuits in the 
video i-f amplifier should be adjusted. 
Again, to adjust the tuned circuits 
you will need an accurately calibrated 
signal generator or a marker genera¬ 
tor and a voltmeter. The voltmeter is 
connected across the video detector 
load resistor as before, and the output 
from the signal generator is fed into 
the video i-f amplifier. 

The manufacturer will usually in¬ 
dicate the frequencies to which the 
various tuned circuits should be ad¬ 
justed. The normal procedure is to 
start with the last tuned circuit—in 
other words, the tuned circuit between 
the video detector and the last video 
i-f stage. The signal generator is set 
to the frequency to which the circuit 
is to be tuned, and then the resonant 
circuit is adjusted for maximum volt¬ 
age across the detector load resistor. 
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When adjusting the tuned circuit, 
the output from the signal generator 
should be adjusted to get a reason¬ 
able indication on the voltmeter. As 
the circuit is brought to resonance, the 
output on the meter will increase. As 
the meter reading increases, the out¬ 
put from the signal generator should 
be decreased, until the final adjust¬ 
ment is made using as small a signal 
from the signal generator as possible. 
If the output from the signal gen¬ 
erator is too high it may be impos¬ 
sible to peak the circuit correctly. 

Sweep alignment. After the traps 
and the i-f coils have been adjusted, 
the response should then be checked 
using a sweep signal generator and 
an oscilloscope. In some receivers it 
may be necessary to align one or more 
of the tuned circuits with the sweep 
generator. However, in most cases 
some preliminary adjustment can be 
made with a marker generator or a 
signal generator and then only a 
touch-up adjustment will be required 
with a sweep signal generator. The 
adjustment should be made to make 
the response curve resemble as closely 
as possible the response curve shown 
by the manufacturer. 

One important point to keep in mind 
when touching up the i-f alignment is 
that if the response curve is distorted, 
the chances are that the distortion 
can be corrected by the adjustment of 
one of the coils peaked at or near the 
frequency at which the distortion oc¬ 
curs. For example, notice that with the 
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FIG. 35. Alignment response curves. 

exception of the falling off near 42 me 
the response curve in Fig. 35B is simi¬ 
lar to the curve in Fig. 35A. If the 
manufacturer’s response curve is like 
Fig. 35A and you obtain a curve simi¬ 
lar to Fig. 35B, more than likely the 
variation in the curve is due to the 
fact that one of the resonant circuits 
that should be peaked near 42 me 
is not properly adjusted. Adjusting 
this circuit will probably clear up the 
trouble. On the other hand, adjust¬ 
ment of the circuits normally tuned 
around 45 me will only distort the 
curve at this frequency and will do 
nothing toward improving the re¬ 
sponse curve at 42 me. Therefore the 
frequency at which the curve varies 
from the curve shown by the manu¬ 
facturer usually indicates which reso¬ 
nant circuit should be adjusted to 
clear up the difficulty. Of course, there 
may be some interaction between cir¬ 
cuits and it might be necessary to ad¬ 
just more than one of the circuits to 
obtain best results, but at least by 
studying the curve you should be able 
to determine where to start in order 
to improve the response curve. 
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Troubleshooting in the 
Vidro I-F System 

Troubleshooting in the video i-f sys¬ 
tem can best be accomplished using 
two basic techniques: signal tracing 
and observing the response curve on 
an oscilloscope. The technique to use 
depends on the type of disturbance 
that appears on the picture tube 
screen. 

As in most electronic servicing, the 
first step is to check the tubes. In the 
video i-f system, checking the tubes 
by substitution is the most common 
method, because many tube checkers 
do not locate all the possible tube 
variations that could influence the 
performance of the video i-f system. 
If all the tubes are good, and there is 
every indication that there is a dead or 
weak i-f stage, you can go on to con¬ 
ventional signal-tracing techniques. 

In signal tracing you can use the 
regular marker generator or any type 
of signal generator that covers the 
i-f frequency range of the receiver. 
There are three output indicator pos¬ 
sibilities: An oscilloscope, the picture 
tube itself, or a de vacuum tube volt¬ 
meter. If an oscilloscope or the picture 
tube is used as an output indicator, 
the signal from the signal generator 
must be modulated. The signal gener¬ 
ator can be connected first to the grid 
of the last i-f stage, and then moved 
back through the individual stages of 
the i-f system until the dead or weak 
stage has been located. If an oscillo¬ 
scope or a vacuum tube voltmeter is 
used, it must be connected across the 
detector load resistor. 

The response curve tells practically 
everything about the operation of the 
video i-f system. Therefore, the more 
obscure troubles in the system can 
best be located by observing the re¬ 

sponse pattern on an oscilloscope. 
This involves setting up the sweep 
generator, marker generator, and oscil¬ 
loscope. Any changes in the operation 
of the system are made apparent im¬ 
mediately on the response curve. 

One of the difficulties in locating a 
defect in the i-f system is that the dis¬ 
turbance that appears on the picture 
tube screen may be caused by a de¬ 
fect in the tuner or video amplifier 
system as well as in the i-f system. 
Thus, when servicing the receiver, you 
must first isolate the defect to one 
section of the three. 

For example, if a receiver has a 
normal raster and a weak picture or 
no picture, accompanied by weak 
sound or no sound, we can isolate the 
defect to either the tuner or the i-f 
system. However, this is as far as we 
can go without performing some test 
to isolate the defect further. By trying 
to pass a signal from a signal gen¬ 
erator through the video i-f stage, we 
can soon isolate the trouble to either 
the i-f or the tuner. 

A weak picture or no picture ac¬ 
companied by a good sound output 
can often be isolated to trouble in the 
video amplifier instead of in the video 
i-f system. This is true, in general, 
for the intercarricr type of receiver. 
For a dual channel i-f system where 
the sound i-f is separate from the 
video i-f, a defect in the video i-f 
system may not affect the sound. 

If the receiver operates normally 
when a weak signal is received, but 
becomes unstable and at times pro¬ 
duces a reverse picture for a strong 
signal, you can trace the defect to the 
age system. Overloading the i-f sys¬ 
tem in this manner produces the pic-
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FIG. 36. Picture i-f overload, poor sync 

stability, and picture reversal. 

ture shown in Fig. 36. As you learned, 
the action of the modern age system 
must permit the video i-f amplifier to 
present maximum sensitivity to a 
weak signal, but when a strong signal 
is received, the gain of the amplifier 
must be reduced sharply to prevent 
overload. If the age system is not 
functioning properly, the reduction in 
video i-f gain does not occur. Thus, 
the sync pulses are clipped or the pic¬ 
ture appears to have too much con¬ 
trast because the last or the last two 
video i-f stages are overloaded. 

Poor picture quality can be caused 
by a defect anywhere from the an¬ 
tenna through the video amplifier. 
However, such a disturbance within 
the video i-f system can usually be 
isolated by observing the response 
curve. For example, smear and loss of 
resolution in the picture can be caused 
by a drop-off in the response at the 
high-frequency end of the curve, or by 
improper placement of the video i-f 
carrier. If the carrier is too far above 
the 40% to 60% level, the low end of 
the video spectrum will be empha¬ 
sized. This results in poor high-fre¬ 
quency detail. 

Often a picture will have trailing 

whites or echoes that may be caused 
by too fast a drop-off of the response 
at the high-frequency end or reso¬ 
nance at some intermediate frequency 
in the i-f range. Any defect of this 
kind will be apparent on the response 
curve. Therefore, you will know 
whether you should service the video 
i-f section or some other part of the 
receiver. 

REDUCTION OF 
INTERCARRIER BUZZ 

Complaints of intercarrier buzz at 
the audio output are common for in¬ 
tercarrier receivers. Since it is caused 
by interaction between the sound car¬ 
rier and video modulation compo¬ 
nents, this type of disturbance can 
arise in a number of sections of the re¬ 
ceiver. Perhaps the most common rea¬ 
son for a high buzz level is improper 
alignment of the FM demodulator. In 
the modern receiver, however, a spe¬ 
cial balance control often is associ¬ 
ated with the demodulator to permit 
tuning for minimum buzz level. As 
far as the video i-f system is con¬ 
cerned, the buzz level can rise if the 
sound take-off trap is not tuned pre¬ 
cisely to the 4.5-mc intercarrier fre¬ 
quency. Likewise, any resonant traps 
between the video detector output and 
the input to the video amplifier sys¬ 
tem must be set carefully on 4.5 me. 

As mentioned in the discussion of 
the response curve, there are specific 
resonant circuits in the video i-f sys¬ 
tem that control the position of the 
sound carrier. To obtain minimum in¬ 
tercarrier buzz, these circuits must be 
aligned precisely. In addition, im¬ 
proper operation of the age system 
and consequent overloading of the i-f 
system can also raise the intercarrier 
buzz level. 
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Video I-F System of a Color 
Television Receiver 

Although the i-f system of a color 
television receiver is essentially the 
same as that of a monochrome re¬ 
ceiver, except for the addition of one 
or two stages, it must be able to am¬ 
plify the additional chrominance, or 
color, information that is contained 
in the identical band of frequencies 
transmitted for monochrome recep¬ 
tion. (The width of the channel used 
to transmit a color picture is no wider 
than the channel used to transmit 
black and white pictures.) As a result, 
the i-f system must have a broader 
band width; economy-type i-f sys¬ 
tems, however, have been used in some 
color receivers. The alignment of the 
i-f system, in particular, is much more 
critical than in the black and white 
receiver. 

To transmit a color program, there 
must be three separate carrier signals: 
the regular picture and sound carriers 
and the chrominance subcarrier, which 
is modulated by the color information. 
The placement of these signals within 
the 6-mc channel is shown in Fig. 37. 
We refer to the monochrome informa¬ 
tion that amplitude-modulates the pic¬ 
ture carrier as the luminance compo¬ 
nent of the color signal. It carries the 
brightness variation of the color scene 
and establishes the picture detail. The 
chrominance subcarrier does not con¬ 
vey brightness detail, but it does carry 
information in regard to the hue and 
saturation of the color signal. Hue re¬ 
fers to the degree of redness, yellow¬ 
ness, etc., in the picture, while satur¬ 
ation refers to the purity of the color 
and determines whether it is a deep or 
a pastel shade. 

A detailed discussion of the color 
signal is given elsewhere in your 
course. Remember only a narrow band 
of frequencies is required to convey 
the chrominance information (about 
a 1.5-mc band on the low-frequency 
side of the chrominance sub-carrier 
and about a 600-kc band on the high-
frequency side of the chrominance 
subcarrier), as shown in Fig. 37. 

FIG. 37. Distribution of signal infor¬ 
mation for color transmission. 

To minimize interference between 
the picture carrier and the chromi¬ 
nance subcarrier, the subcarrier is lo¬ 
cated at the high-frequency end of 
the video spectrum, and at a fre¬ 
quency of 3.58 me above the picture 
carrier. The frequency of the chromi¬ 
nance subcarrier has also been chosen 
so that the information it conveys has 
the least opportunity to interfere with 
the luminance detail that is also trans¬ 
mitted over the same frequency spec¬ 
trum. 
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REQUIREMENTS OF THE 
VIDEO I-F SYSTEM 

The additional information con¬ 
tained in the same 6-mc channel, 
along with its position at the high-
frequency end of that channel, im¬ 
poses a strict band width characteris¬ 
tic on the i-f system. For example, 
when a channel 2 station is transmit¬ 
ting a color picture, the sound and 
picture carriers are located at 59.75 
me and 55.25 me respectively. In 
addition, a chrominance subcarrier is 
present on a frequency 3.58 me above 
the picture carrier (58.83 me). In the 
i-f system there are the picture and 
sound carriers at 45.75 me and 41.25 
me, plus an additional subcarrier at 
42.17 me. Therefore, the video i-f re¬ 
sponse, shown in Fig. 38, must be 
linear up to 42.17 me, and approxi¬ 
mately 500 to 600 kilocycles beyond. 
In other words, the video i-f must 
have a flat response between 45 me 
and 41.65 me. 

Furthermore, to minimize sound in¬ 
terference or intercarrier problems, the 
response must drop from 41.65 me to 
a very minimum at the sound carrier 
frequency of 41.25 me (in just 400 
kc). You can see, therefore, that the 
video i-f system must be accurately 
aligned. To accomplish this, an ac¬ 
curate marker system is a necessity. 

TYPICAL COLOR VIDEO 
IF SYSTEM 

A typical video i-f system for a 
color receiver will have four or five 

i-f stages to obtain the proper sen¬ 
sitivity. In addition, the band width 
of each individual stage will be some¬ 
what greater than in a monochrome 
receiver, and the alignment procedures 
more exacting. 

The one major circuit difference be¬ 
tween the video i-f system of a color 
receiver and that of a standard mono¬ 
chrome receiver is a result of the in¬ 
tercarrier sound technique. Note in the 
distribution curve in Fig. 37 that the 
separation between the chrominance 
subcarrier and the sound carrier is 
only 920 kc. Consequently, if any 
sound component enters the video sec¬ 
tion, it can set up an interference beat 
with the chrominance subcarrier ami 
cause annoying 920-kc lines to appear 
on the picture. The sound information, 
therefore, must be completely blocked 
from the video channels of the color 
receiver. To accomplish this, the sound 
take-off point for a color receiver is 
not at the video detector or video am¬ 
plifier, but at one of the video i-f 
stages preceding the detector. 

FIG. 38. Typical video i-f response for 
a color receiver. 
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Lesson Questions 
Be sure to number your Answer Sheet 53B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time, or you may run out of lessons before new ones can 
reach you. 

1. Why is partial sideband suppression used in television? 

2. In a resonant circuit, how does resistive loading affect (a) the band width; 
(b) the gain? 

3. What is the function of age voltage in a video i-f amplifier? 

4. What is the difference frequency between sound and picture carriers at 
the station? 

5. What is the difference frequency between sound and picture carriers in 
the video i-f amplifier? 

6. How is adjacent channel interference minimized? 

7. What is an absorption trap? 

8. Why are un-bypassed cathode resistors used in some video i-f stages? 

9. Do we connect the plate or the cathode of a diode detector to the top of 
an i-f coil to obtain a negative-going composite signal at the output? 

10. When adjusting a trap, should you adjust for maximum or minimum volt¬ 
age across the video detector? 
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Get Along With People 

“What single ability is most essential to success?” 
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The almost unanimous answer was: 

THE ABILITY TO GET ALONG WITH PEOPLE. 

You will agree with this, I am sure. 
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his technical abilities. 
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abilities in this “art”—and will profit by doing so. 

In a recent study covering the activities of several 
hundred successful men, this question was asked: 

Keep this 
getting along 
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The successful technician—engineer—businessman— 
must get along with other people, if he is to gain the 
greatest success, and earn the greatest profit from 

in mind in your everyday life. Practice 

with people. We can all improve on our 
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STUDY SCHEDULE NO. 54 

For each stud) step, read the assigned pages first at your 
usual speed, then reread slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

QJ 1- Introduction . Pages 1-3 
A review of the basic facts about resistance-coupled amplifiers is 
given here. 

□ 2‘ Broad-Band Video Amplification . Pages 3-13 
Here you study the amplification of low frequencies and of high fre¬ 
quencies, and how the high-frequency response can be improved. 

3. The Effect of Time Constants on the Video Signal .... Pages 13-19 
Learning about time constants will give you a better understanding 
of the factors that limit the response of a video amplifier. 

4. Requirements of Signal Applied to Picture Tube .... Pages 19-21 
This section explains how a signal of the proper polarity is obtained, 
depending upon whether it is to be applied to the grid or to the 
cathode of the picture tube. 

□ 5-Retaining the DC Component of the Video Signal .... Pages 21-28 
Two general methods are used to restore the de component of the 
video signal: the use of a de amplifier to retain the de component, 
and the use of de restoration. 

6. Typical Video Amplifier Systems . Pages 28-33 
Single-stage direct-coupled amplifiers, two-stage capacity-coupled am¬ 
plifiers, single-stage amplifiers without de restoration, and a color 
TV video amplifier are discussed. 

□ 7‘ Troubleshooting in the Video Amplifier . Pages 34-36 
You learn how to isolate and test for defects in the video amplifier. 

Answer Lesson Questions. 

□ Start studying the Next Lesson. 
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THE VIDEO amplifier of the 
television receiver follows the 

video i-f system and the demodulator. 
It must increase the amplitude of the 
signal at the output of the video de¬ 
tector to the peak-to-peak voltage 
necessary to drive the picture tube. 
It must amplify linearly a range of 
video frequencies from 30 cycles up 
to 4 megacycles. 

There are a number of other things 
the video amplifier must do. It must 
retain the average brightness level of 
the received picture, and it must re¬ 
produce the picture with the proper 
contrast range. For example, the video 
information must not be compressed 
in the white or black regions or the 
various shades of gray will not be 
faithfully reproduced. 
The contrast and brightness con¬ 

trols are associated with the video 
amplifier and the grid circuit of the 
picture tube. The contrast control 
usually varies the gain of the video 
amplifier system so that the gain will 
be high when the input signal is weak, 
and low when the signal is strong. The 
contrast and brightness controls are 
adjusted jointly for the most pleasing 
picture. 

The intercarrier sound take-off 
point is located in the video amplifier 
input, and must be planned, as dis¬ 
cussed in a previous lesson, to pre¬ 
vent sound interference from enter¬ 
ing the video amplifier, and picture 
modulation components from passing 
into the sound channel. 

The sync take-off point, where part 
of the composite signal is channeled 
into the synchronizing circuits, is also 
located in the video amplifier. The 
sync take-off circuit, which we will 
discuss later, must be arranged to 
supply the composite signal to the 
sync circuits without causing any loss 
in picture detail in the video ampli¬ 
fier. 

RESISTANCE-COUPLED 
AMPLIFIERS 

Before you study video amplifiers, 
you must understand how simple re¬ 
sistance-coupled amplifiers work. Let 
us review a few of the basic facts 
about resistance-coupled amplifiers so 
that you will understand the problems 
of video amplification. 

A typical amplifier consisting of a 
vacuum tube and its associated re¬ 
sistors and capacitors is shown in Fig. 
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1. When a signal is applied to the in¬ 
put of the amplifier it causes the grid 
voltage to vary. This, in turn, causes 
a change in the plate current, which 
flows through the tube, the plate load 
resistor R4, and the cathode resistor 
R2. Voltage changes across the cath¬ 
ode resistor R2 are prevented, despite 
the changing current, by capacitor 
Cl. However, the change in plate cur¬ 
rent does produce a voltage change 
across the plate resistor R4. There¬ 
fore the plate voltage (voltage be¬ 
tween plate and ground) varies to pro¬ 
duce a voltage output from the stage. 
The gain of the stage depends on 

the tube, the operating voltages, and 
the parts values. However, it is de¬ 
termined mainly by the mutual con¬ 
ductance of the tube (Gm) and the 
value of the plate resistor. The Gm 
of a tube is a measure of how effec¬ 
tively it changes a grid-voltage varia¬ 
tion into a plate-current variation. It 
is apparent that the greater the plate 
current variation, the greater will be 
the output voltage. The size of the 
plate resistor also determines the out¬ 
put voltage. The larger the value of 
the resistor (for a given plate current 
change), the greater will be the out¬ 
put voltage from the stage. You will 
soon see that the resistance of the 
piste resistor must be kept low in a 
video amplifier, so we must use a 
vacuum tube with a hisrh Gm. 

Before we study a video amplifier, 

let us review the circuit shown in Fig. 
1 and the purpose of each of the parts 
in the circuit. 
Grid Resistor, RI—The input 

signal is developed across the grid re¬ 
sistor, which provides a return path 
to the cathode for any electrons that 
strike the grid, thus preventing an ac¬ 
cumulation of electrons on the grid 
from blocking and interfering with 
the operation of the tube. 

Cathode Resistor, R2—The di¬ 
rect current (plate and screen cur¬ 
rent) that flows through the cathode 
resistor develops a de voltage that 
biases the cathode positive with re¬ 
spect to the grid. (In other words, the 
grid is negative with respect to the 
cathode.) 
Cathode Capacitor, Cl—The 

cathode capacitor is a filter that pre¬ 
vents any variation in the plate cur¬ 
rent flowing in the cathode resistor 
from developing a varying voltage 
across the cathode resistor. If such a 
varying voltage did exist across the 
cathode resistor, it would be out of 
phase with the signal voltage applied 
to the grid. This would reduce the 
effective input voltage and hence the 
over-all gain. 

Plate Resistor, R4—The plate 
current variation through the plate 
resistor develops a varying voltage 
drop across the plate resistor that fol¬ 
lows the changes of the grid signal. 
Since the plate current variations are 
substantial and the value of the plate 
resistor is reasonably high, the vary¬ 
ing voltage produced between the 
plate and ground is greater than the 
input signal applied to the grid. The 
ratio of the output signal to the input 
signal is the gain of the stage. 

Screen Resistor, R3—The screen 
resistor drops the supply voltage to 
the proper value for application to the 
screen grid of the amplifier. 
Screen Capacitor, C2—The 
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screen capacitor acts as a filter that 
prevents the screen current variation 
from producing a screen voltage vari¬ 
ation that could be degenerative and 
lower the effective gain of the stage. 
Coupling Capacitor, C3—The 

coupling capacitor provides a low re¬ 
actance path for the ac signal in the 
plate circuit of VI to the grid of V2. 
The coupling capacitor also prevents 
the de plate voltage on VI from ap¬ 
pearing on the grid of the next stage. 

Broad - Band Video Amplification 
A video amplifier is identical in 

theory of operation to the vacuum 
tube amplifier just discussed except 
for more carefully chosen parts values 
and the addition of a few other com¬ 
ponents to improve the performance 
of the amplifier at frequencies above 
and below the audio range. 
The wide-band response necessary 

in a video amplifier is obtained by 
modifying the basic resistance-
coupled audio amplifier. A good qual¬ 
ity audio amplifier might have a fre¬ 
quency range extending between 100 
cycles and 10,000 cycles, but a video 
amplifier must amplify linearly a 
span of frequencies from 30 cycles to 
4 megacycles—over 400 times the 
range of the audio amplifier. 
We have already mentioned that 

the frequency range of the video sig¬ 
nal covers the frequencies from 30 
cycles per second up to 4 megacycles. 
A good video amplifier must be able 
to amplify equally any frequencies 
within this range. In other words, if 
we have a video amplifier with a gain 
of 10 and feed a 1-volt signal to the 
input of the amplifier, the output 
should be 10 volts, regardless of 
whether the frequency of the signal 
is 30 cycles or 4 megacycles. 

If the video amplifier cannot am¬ 
plify the various video frequencies 
equally, the quality of the reproduced 
picture will suffer. If the gain of the 

video amplifier falls off at higher fre¬ 
quencies so that a high-frequency 
video signal is either lost completely 
or does not receive the same amplifi¬ 
cation as the low-frequency or mid¬ 
dle-frequency video signals, the re¬ 
produced picture will not contain the 
detail being sent by the transmitter. 

If, on the other hand, the video am¬ 
plifier operates satisfactorily at the 
middle and higher video frequencies, 
but the gain falls off at the low fre¬ 
quencies, large objects in the picture 
will be smeared. In addition, if the 
synchronizing signal is taken off at 
the output of the video amplifier, the 
vertical synchronizing signal will be 
affected and as a result, the stability 
of the vertical oscillator will be poor. 
A careful examination of the re¬ 

produced picture will usually permit 
you to classify video amplifier defects 
as follows: 

(1) Dead stage. 
(2) Poor low-frequency response. 
(3) Poor high-frequency response. 
The first defect is likely to be 

caused by the same defects that could 
cause a similar complaint in an audio 
amplifier. In other words, you may 
have a defective tube, an open resis¬ 
tor, a shorted capacitor, no plate or 
screen voltage on the tube, etc. How¬ 
ever, the second and third classes of 
defects may be somewhat more dif¬ 
ficult to localize. In the following sec-
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tions you will learn how the required 
broad-band amplification is obtained. 
You will study the function of the va¬ 
rious components in the circuit, par¬ 
ticularly the components that limit 
the video amplifier response, and 
learn what steps are taken to improve 
it. When you run into a video ampli-

o o 

E 

FIG. 2. Vector diagrams of voltage and 
current. In A. the voltage and current 
are in phase, but in B. the current leads 

the voltage by 90°. 

fier lacking the required broad-band 
response, once you can identify the 
defect as either poor high-frequency 
response or poor low-frequency re¬ 
sponse, you will know what parts are 
likely to be causing the trouble. 

AMPLIFICATION OF LOW 
FREQUENCIES 

In amplifying the low-frequency 
video signals, there are two types of 
distortion that must be avoided. 
These are amplitude distortion and 
phase distortion. 

Both of these types of distortion 
may be caused by the coupling capac¬ 
itor that feeds the signal from the 
plate of one stage to the grid of the 
following stage. The cathode by-pass 
capacitor may also introduce degen¬ 
eration in the stage, which will re¬ 
sult in a falling off in the low-fre¬ 
quency gain of the stage. Before we 
go into detail about the steps taken 
to eliminate the difficulty, let us re¬ 
view a few basic points about capac¬ 
itors, and circuits consisting of capac¬ 
itors and resistors in series. 

You already know that if a voltage 
is applied to a circuit that contains 

pure resistance, the current flowing in 
the circuit will be in phase with the 
voltage. In other words, as an ac sig¬ 
nal starts at zero and the voltage 
builds up to a maximum, the current 
will be exactly in step with the volt¬ 
age, starting at zero at the same time 
as the voltage and reaching the maxi¬ 
mum when the voltage reaches the 
maximum. 

In a circuit that contains nothing 
but capacitance, the current flowing 
in the circuit will lead the voltage by 
90*. This means that when the voltage 
is zero, the current will be at the 
maximum. As the voltage builds up 
toward a maximum, the current will 
decrease until at the instant when the 
voltage has reached a maximum, the 
current will be at zero. 

For convenience, phase relation¬ 
ships of this type are often repre¬ 
sented by means of vector diagrams. 
Fig. 2A is a vector representation of 
the current and voltage in a circuit 
containing only resistance. Since the 
current and voltage are in phase, the 
current vector falls on top of the volt¬ 
age vector. A vector representation of 
the current and voltage in a capac¬ 
itive circuit is shown in Fig. 2B. The 
current leads the voltage by 90°. This 
is represented by drawing the current 

FIG. 3. Capacitor C3 and resistor R5 
form a voltage divider so that E2 will 
be less than El when the reactance of 

C3 becomes appreciable. 

vector at an angle of 90* counter¬ 
clockwise with respect to the voltage 
vector. 

In the amplifier shown in Fig. 1. 
the voltage developed between the 
plate of VI and ground is applied to 
a series circuit consisting of C3 and 
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FIG. 4. A vector representation of the 
attenuation and phase shift in the coup¬ 
ling network of Fig. 3. A shows the re¬ 
lationship between El and E2 when the 
reactance of C3 is small compared to the 
resistance of R5 and the circuit acts al¬ 
most like a pure resistance. B shows the 
relationship when the reactance of 03 
is equal to the resistance of R5. C shows 
the relationship when the reactance of 
(.3 is much larger than the resistance of 
R5 so the circuit acts almost like a pure 

capacitance. 

R5. This circuit is shown in Fig. 3. 
The voltage El represents the voltage 
between the plate of VI and ground, 
and the voltage E2 represents the 
voltage between the grid of V2 and 
ground. 

In the circuit shown in Fig. 3, we 
have a series circuit consisting of 
C3 and R5. When a voltage is applied 
to a series circuit consisting of re¬ 
sistance and capacitance, the phase 
relationship between the voltage and 
the current flowing in the circuit will 
depend upon the reactance of the ca¬ 
pacitor and the resistance of the re¬ 
sistor. If the reactance of the capaci¬ 
tor is extremely small and the 
resistance of the resistor is high, the 
circuit will act almost like a pure 
resistance circuit, and the current will 
be almost in phase with the voltage. 
The voltage is represented by El and 
the current by I in Fig. 4A. 
We know that the voltage across 

the resistance element in the circuit 
will be in phase with the current. 
Therefore, we have drawn the vector 
E2 representing the voltage across the 
resistor coinciding with the current 
vector. Since the circuit is almost a 
pure resistance circuit and the current 
leads the voltage only slightly, the 

voltage E2 will be only slightly ahead 
of the voltage El. The voltage across 
the capacitor will lag the current by 
90° and therefore Ec is drawn 90* be¬ 
hind the current I and voltage E2. 

There are two important things you 
should notice in Fig. 4A. First, that 
E2 is almost equal to El, and second, 
that it is almost in phase with it. 
At middle and high video frequencies, 
the reactance of C3 will be so small 
that for all practical purposes we can 
say E2 is equal to El and in phase 
with it. 

Now let us investigate what hap¬ 
pens when the reactance of the ca¬ 
pacitor is equal to the resistance of 
the resistor. In this case, the charac¬ 
teristics of the circuit will be mid-way 
between those of a circuit having pure 
resistance and those of a circuit hav¬ 
ing pure capacitance. The current will 
lead the voltage by 45*. This is shown 
in Fig. 4B. Notice that we have drawn 
E2 45’ ahead of El (counter-clock¬ 
wise), because the voltage E2 will be 
in phase with the current and there¬ 
fore it will coincide with the current 
vector. The voltage Ec is drawn 90* 
behind E2—the voltage across the 
capacitor will be 90* behind the cur¬ 
rent through it. 
In comparing Figs. 4A and 4B, 

there are two things that you should 
notice in each one. In Fig. 4A, the 
voltage vector E2, which is the out¬ 
put voltage, is almost equal to the 
input voltage, El, and the phase angle 
between the two voltages is compara¬ 
tively small. However, in Fig. 4B, E2 
leads El by an appreciable angle and 
E2 is considerably shorter than El. 
This means that the output voltage 
E2 is smaller in amplitude than El 
and also that an appreciable phase 
shift has been introduced. 

The vector diagram is Fig. 4C rep¬ 
resents a circuit where the reactance 
of the capacitor is much larger than 



the resistance of the resistor. The cir¬ 
cuit acts almost like a pure capacitor. 
The current I is almost 90° ahead of 
the voltage El. Again, since E2 will 
be in phase with the current flowing 
in the circuit, the voltage E2 is drawn 
coinciding with the current vector and 
then Ec is drawn 90° behind it. No¬ 
tice that in this figure, the voltage E2 
is much smaller than El and that it 
leads it by almost 90*. 

We do not need to go into a great 
deal of vector theory in order to 
understand what happens to a circuit 
similar to Fig. 3. The important thing 
to understand is that if the reactance 
of the capacitor is small in compari¬ 
son to the resistance of the resistor, 
the output voltage E2 will be almost 
equal to El, and it will be almost in 
phase with it. However, as the re¬ 
actance of the condenser increases, 
the output voltage decreases, and at 
the same time, an appreciable phase 
angle between E2 and El develops. 
You will remember that the re¬ 

actance of a capacitor varies inver¬ 
sely with frequency. In other words, 
for a given size capacitor, as the fre¬ 
quency of the ac signal decreases, the 
reactance of the capacitor increases, 
and conversely, if the frequency in¬ 
creases, the reactance decreases. 
Therefore, if in Fig. 3, the frequency 
of the input voltage El is high, the 
reactance of C3 will be low, and E2 
will be for all practical purposes equal 
to El and in phase with it. However, 
if the frequency is low, then the re 
actance of C3 may be high enough to 
be either equal to or greater than R5. 
When this happens, the output volt¬ 
age E2 will be much smaller than the 
input voltage El, and it will lead it by 
an appreciable phase angle. 

If the coupling network consisting 
of C3 and R5 had to pass only one 
frequency, we would not have to be 
concerned about attenuation and 

phase shift that might be introduced. 
However, since it must pass a wide 
range of video frequencies, attenua¬ 
tion and phase shift become a serious 
problem because they will change as 
the frequency changes. The lower the 
frequency of the input signal applied 
to the network, the greater the at¬ 
tenuation and phase shift will be. 
This means that there will be a time 
displacement of the low-frequency 
video signals. In other words, if low-
frequency and high-frequency video 
signals are fed into the input at the 
same time, they will not appear across 
the output at exactly the same in¬ 
stant. 

The effect of low-frequency atten¬ 
uation and phase shift is shown in 
Fig. 5. Notice, that there is a general 
displacement of picture information. 
This is shown in particular by the 
long trailers that follow low-fre¬ 
quency information (large letters). 
Phase shift is not difficult to under¬ 
stand if we consider it in terms of 
the delay it causes between a com¬ 
ponent of one frequency, and another 
component of a higher or a lower fre¬ 
quency. Some portions of the signal 
are displaced with respect to other 
portions, and information is not po-

FIG. 5. Attenuation and phase shift 
caused by poor low-frequency response 
in the video amplifier. 
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FIG. 6. A circuit that is often used for 
low-frequency compensation. 

sitioned on the picture tube screen in 
exactly the same order as it was re¬ 
leased at the camera. 

The cathode by-pass capacitor also 
causes some difficulty. Its purpose is 
to by-pass the cathode resistor. At 
low video frequencies, its reactance 
may be as high as or higher than the 
resistance of the cathode resistor. 
Needless to say, under these condi¬ 
tions it will not by-pass the resistor, 
and degeneration will occur. 
Low-Frequency Compensation. 

By proper choice of circuits and com¬ 
ponent parts, low-frequency response 
can be extended so that satisfactory 
results can be obtained at the lowest 
video frequency to be amplified. In 
the interstage coupling circuit, the 
value of the capacitor and the resistor 
must be made sufficiently large to pre¬ 
vent serious degeneration of low fre¬ 
quencies. Usually the results will be 
satisfactory if the reactance of the 
capacitor is smaller than the resist¬ 
ance of the resistor. Therefore either 
increasing the size of the grid resistor, 
or increasing the size of the coupling 
capacitor, which will reduce the re¬ 
actance, will improve the low-fre¬ 
quency response. If it is necessary to 
use a rather low value of cathode re¬ 
sistor to obtain proper bias for a 
video stage, that resistor must be 
shunted by a large value cathode ca¬ 
pacitor to maintain a linear frequency 
response down to the low-frequency 
limit. 

Some video amplifier stages that 
have a cathode resistor do not have 
any cathode capacitor. This method 
of operation prevents low-frequency 
attenuation, because although the 
over-all gain of the video amplifier is 
reduced by degenerative action, all 
frequencies are equally affected, and 
the band width remains essentially 
linear. When the cathode resistor is 
left un-bypassed, the size of the re¬ 
sistor is kept small to avoid intro¬ 
ducing too much degeneration into the 
circuit. 

It is possible to use a special com¬ 
pensating circuit to emphasize the 
low-frequency range. Such a compen¬ 
sating circuit is generally in the form 
of a resistor-capacitor combination in 
the plate circuit of the video stage 
as shown by R5 and C2 in Fig. 6. 

The values of C2 and R5 are such 
that at high frequencies the reactance 
of C2 is negligible so that the load 
impedance of VT1 is equal to the re¬ 
sistance of RI. When frequencies low 
enough to be attenuated by coupling 
and/or degeneration losses are being 
amplified, the reactance of C2 be¬ 
comes appreciable, and the load im¬ 
pedance of VT1 consists of RI and 
the impedance of the parallel com¬ 
bination of C2 and R5. The increase 
in load impedance increases the gain 
of the stage, compensating for the 
losses due to coupling and degenera¬ 
tion. The capacity and resistance 
values of C2 and R5 must be care¬ 
fully selected to provide the correct 
amount of compensation. 

AMPLIFICATION OF 
ITIGÏI FREQUENCIES 

The problem of extending the re¬ 
sponse of a resistance-coupled ampli¬ 
fier so that it will amplify the high 
video frequencies is somewhat similar 
to that of extending the range to am¬ 
plify low-frequency signals. However, 



FIG. 7. Equivalent circuit of the am¬ 
plifier in Fig. 1 is shown in A. Simplified 
equivalent circuit at high frequencies is 

shown in B. 

the difficulties that are encountered at 
high frequencies are somewhat differ¬ 
ent from those encountered at low 
frequencies, and therefore they must 
be corrected in a different way. 

Attenuation. High frequencies are 
attenuated by any capacity that 
shunts or is placed in parallel with the 
signal path. Thus there is need of 
low-capacity tubes, low-capacity wir¬ 
ing, and small low-capacity compo¬ 
nents in a video amplifier stage. 

In a video amplifier there are a 
number of capacities that shunt the 
signal path. The shunt capacity is 
made up of the output capacity of the 
first stage, the input capacity of the 
second stage, the wiring capacity be¬ 
tween stages, the capacity of the in¬ 
dividual parts to ground, and any 
other stray capacities. This capacity 
must be held to a minimum to obtain 
linear amplification of the wide range 
of video frequencies. 

The effect of the distributed cir¬ 
cuit capacity on a typical amplifier 
can best be seen by drawing the 
equivalent circuit of the amplifier 
shown in Fig. 1. 

The equivalent circuit of the ampli¬ 
fier shown in Fig. 1 can be shown by 
using a constant current generator as 
a source as in Fig. 7A. A constant 
current generator generates a constant 

current regardless of the load placed 
across it. A pentode tube very closely 
resembles a constant current genera¬ 
tor. 

In an analysis of this type, the 
plate load resistor and the tube plate 
resistance are drawn in parallel with 
the generator. Similarly, the plate-to-
cathode capacity of VI, which is in 
effect in parallel with R4, is drawn 
in parallel with the generator. 

The plate of VI is coupled to the 
grid of V2 by C3, and R5 is connected 
from the grid of V2 to ground. C3 and 
R5 are therefore drawn as shown in 
Fig. 7A, and the grid-to-cathode ca¬ 
pacity of V2 is drawn in parallel with 
R5. 

The current from the generator will 
be Ip regardless of the load, because 
the generator is a constant current 
generator. In Fig. 7A, the current Ip 
divides among Rp, R4, Cpk, and the 
series parallel combination of C3 in 
series with the parallel combination 
of R5 and Cgk. 

At middle and high video frequen¬ 
cies, the coupling capacitor C3 acts 
as a short circuit, and therefore R4, 
Rp, and R5 are all in effect in paral¬ 
lel. However, the resistance of R5 is 
usually about 100 times the resistance 
of R4. Similarly, the plate resistance 
of the tube is usually 100 times or 
more the value of the load resistor 
R4. The total resistance of the paral¬ 
lel combination of R4, Rp, and R5 is 
equal to R4 for all practical purposes. 
Cpk and Cgk are also in parallel and 
therefore we can draw a simplified 
equivalent diagram as shown in Fig. 
7B. In the simplified circuit the gen¬ 
erator current flows through R4, and 
the capacitor Ct is made up of the 
plate-to-grid capacity of VI, the grid-
to-cathode capacity of V2, and any 
additional capacity to ground that 
may be present in the circuit. 
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As long as the generator frequency 
is not too high, the reactance of Ct 
will be high, and it will have no 
shunting effect on R4. However, at 
the higher video frequencies the re¬ 
actance of Ct may become quite low, 
and as a result, the current begins 
to divide between the capacitor and 
the load resistor. Eventually, as the 
frequency is increased, a point will 
be reached where an appreciable por¬ 
tion of the current will be flowing 
through the capacitor. 

Since the current is generated from 
a constant-current source, the gener¬ 
ator current remains the same at all 
times. Therefore as a part of the cur¬ 
rent begins flowing through the shunt 
capacity, the current flowing through 
the plate load resistor will decrease. 
The output voltage, E2, will be equal 
to the product of the resistance of R4 
and the current flowing through it. As 
you can see, as the current flowing 
through the resistor decreases, the 
output voltage will decrease. 
Eventually a frequency will be 

reached where the reactance of the 
condenser is lower than the resistance 
of the resistor. When this happens, 
there will be more current flowing 
through the capacity than through the 
resistor, and the output voltage will 
drop to a very low value. 

Phase Distortion. In studying 
the amplification of low frequencies 
we pointed out that a phase shift will 
occur in any circuit containing both 
resistance and capacitance. This 
phase shift occurs at high video fre¬ 
quencies, with the result that the 
high-frequency video information will 
be displaced so that it does not fall 
at the proper place in the reproduced 
picture. This difficulty is even more 
troublesome than the attenuation of 
the signal. The phase shift is caused 
by the lag or time delay in the charge 

and discharge of a capacitor—in this 
case, the capacitor is the total dis¬ 
tributed circuit capacity. 
At the low and middle video fre¬ 

quencies, the total distributed capac¬ 
ity of the circuit is so small that 
it has a very high reactance, and the 
voltage variation across the plate re¬ 
sistor follows the plate current varia¬ 
tion instantaneously. This can be seen 
in the vector diagram of Fig. 8A. The 
reactance of the distributed capacity 
is so high that all the current flows 
through the plate load resistor, R4 
of Figs. 1 and 7. The output voltage 
E2, will therefore be the voltage 
across the resistor. The voltage across 
the resistor is always in phase with 
the current flowing through it, and 
therefore E2 is in phase with Ip. 

At high video frequencies, however, 
the filtering action of the shunt ca¬ 
pacity becomes apparent. At some 
frequency, the reactance of the shunt 
capacity will be equal to the resist¬ 
ance of the plate load resistor. When 
this happens, half the plate current 
will flow through the load resistor and 
half through the capacitor. This will 
result in the situation shown in Fig. 
8B. Again, the voltage developed 
across the plate load resistor will be 
in phase with the current flowing 
through it. However, the current 
through a capacitor leads the voltage 

FIG. 8. Vector diagrams showing the 
phase shift that occurs at high video 

frequencies. 
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by 90°. Therefore, the voltage across 
the capacitor will be 90* behind the 
voltage across the resistor as shown in 
Fig. 8B. The resulting output voltage 
will be the vector sum of the voltages 
Er and Ec. The sum of these two 
voltages is the voltage E2, which lags 
the plate current by 45°. 

If the frequency is increased still 
further, more than half the current 
will flow through the capacitor, with 
the result shown in Fig. 8C. Notice 
that the voltage E2 lags the plate 
current by an even greater angle than 
in Fig. 8B and also notice that the 
amplitude of the voltage is consider¬ 
ably less than it was. 
The displacement of the high-fre¬ 

quency video component may cause 
smearing of the fine detail or a com¬ 
plete loss of the fine detail in the 
picture. The loss of picture detail 
is due to the inability of the video 
amplifier to follow rapid changes or 
high-frequency changes in brightness. 

It is important for the technician 
to recognize that both high- and low-
frequency losses are not confined to 
the video amplifier. Similar deficien¬ 
cies in frequency response in the video 
i-f system, tuner, or antenna system 
can result in the same degradation of 
the picture. 

IMPROVING THE HIGH-
FREQUENCY RESPONSE 

In Fig. 8B we have shown, by 
means of vectors, what happens when 
the video frequency is high enough for 
the reactance of the distributed ca¬ 
pacities in the output of a video am¬ 
plified to equal the resistance of the 
plate load resistor. Notice that the net 
voltage developed across the circuit, 
E2, lags the plate current by 45*. It 
so happens that the output voltage 
will be equal to .707 of the voltage ob¬ 
tained in the middle video frequency 
range. If the video amplifier can be 

designed so that the highest video 
frequency to be handled receives no 
more attenuation and phase shift than 
this, the results will usually be satis¬ 
factory. 

For a fixed value of capacity in the 
circuit, the frequency at which the 
reactance will be equal to the plate 
load resistance depends upon the 
value of the plate load resistance. In 
other words, if the plate load resistor 
is a 10,000-ohm resistor, and the re¬ 
actance is equal to 10,000 ohms at a 
frequency of 1 megacycle, we could 
increase the frequency at which the 
reactance will be equal to the resist¬ 
ance simply by reducing the size of 
the plate load resistor to 5000 ohms. 
Now the reactance will be equal to 
the resistance at a frequency of 2 
megacycles. From this you can see 
that the frequency that the video am¬ 
plifier can handle can be increased 
by reducing the size of the plate load 
resistor. Of course, this reduces the 
gain of the video amplifier at low and 
middle frequencies, but gain must be 
sacrificed in order to obtain a wide¬ 
band amplifier. 

The first step, therefore, in improv¬ 
ing the response of the video amplifier 
is to use a low value of plate load re¬ 
sistor. Let us look into some addi¬ 
tional steps that can be taken to give 
us still better response at high video 
frequencies. 

High-Frequency Peaking. Spe¬ 
cial inductors, such as LI and L2 in 
Fig 9, can be used to boost and im¬ 
prove the gain of the video amplifier 
in the high-frequency range. The two 
basic methods of peaking are referred 
to as shunt peaking and series peak¬ 
ing. In Fig. 9A, inductor LI is re¬ 
ferred to as a “shunt peaking coil” 
because it is across the signal path. 
The peaking coil, which at the most 
has an inductance of just a few hun¬ 
dred microhenrys, has a very low re-
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I IG. 9. Circuit arrangement for shunt peaking (A), and series peaking (B). 

actance over the middle and low fre¬ 
quency range of the video spectrum. 
However, at high frequencies, the in¬ 
ductive reactance increases, and adds, 
in series, with the plate resistor RI. 
Consequently, the impedance of the 
plate circuit increases, and the gain 
of the video amplifier rises. 

The peaking coil LI, along with the 
distributed circuit capacity Ct, forms 
a circuit that is broadly resonant at 
the upper end of the video spectrum. 
This resonant circuit peaks the gain 
of the amplifier at the high-frequency 
end. As you have learned, the impe¬ 
dance of a parallel resonant circuit is 
largely resistive over its band-pass. 
As a result, the presence of the peak¬ 
ing coil not only adds to the plate 
impedance to raise the gain of the 
stage at the high-frequency end, but 
also reduces the phase distortion in¬ 
troduced by the distributed circuit 
capacity. 

When the peaking coil is inserted 
in series with the signal path, as in 
Fig. 9B, it is called a “series peaking 
coil.” A series peaking coil isolates 
the output capacity of one stage from 
the input capacity of the succeeding 
stage. Thus, the total distributed ca¬ 
pacity is divided into input and out¬ 
put components, Co and Cin. In fact, 
a low-pass filter results. This low-pass 
filter passes all frequency components 
up to a specific high-frequency limit. 

To pass the high end of the video 
spectrum, inductor L2 and the input 
capacity of the succeeding stage be¬ 
come series resonant, and permit 
maximum transfer of signal energy 
over this spectrum. It might at first 
appear that the rising inductance of 
L2 would act as a voltage divider and 
attenuate the high-frequency seg¬ 
ments of the desired video spectrum. 
However, the series resonant relation¬ 
ship between the inductor and the in¬ 
put capacity permits the voltage 
across Cin to rise as the frequency is 
increased, peaking the response over 
the necessary range to compensate for 
the presence of the output capacity. 

The effective isolation offered by 
the peaking coil between input and 
output capacities permits the use of a 
higher value of plate resistance for 
a given high-frequency limit than the 
shunt peaking coil arrangement. Con¬ 
sequently, series peaking not only 
peaks the video amplifier gain at the 
high-frequency end of the video spec¬ 
trum, but also permits an improve¬ 
ment in the over-all gain of the video 
amplifier stage. 

Series-Shunt Peaking. The most 
common form of peaking in commer¬ 
cial video amplifiers is combination 
series-shunt peaking. The combina¬ 
tion of both types of peaking in a 
video amplifier, as shown in Fig. 10, 
permits a higher value of plate re-
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FIG. 10. Two-stage video amplifier with series-shunt peaking. 

sistor for a given high-frequency 
limit, and provides best control of 
high-frequency response. The higher 
permissible value of plate resistor re¬ 
sults in a higher gain per band width 
than other types of peaking. 

The series-peaking coil, inductor 
L2 of Fig. 10, is made series resonant 
with the input capacity of the suc¬ 
ceeding stage, at some frequency at 
the high end of the video spectrum. 
The shunt peaking coil, inductor LI, 
is made resonant with the total dis¬ 
tributed circuit capacity at a some¬ 
what lower frequency. The combina¬ 
tion of both peaking coils gives a 
linear and extended high-frequency 
response with substantially higher 
gain than could be obtained with 
either of the two types of peaking 
alone. 

The band width and the flatness of 
the shunt peaking characteristic de¬ 
pends on the loading of the parallel 
resonant combination by the plate re¬ 
sistor R4. The plate resistor acts as a 
loading resistance for the parallel res¬ 
onant circuit, lowering its Q and ex¬ 
tending its band width over the high 
end of the video spectrum without 
causing a serious resonant peak. The 
series peaking coil, however, is not 
loaded by the plate resistor, because 
of its location in series with the sig¬ 

nal path. It could have a very high 
Q, and therefore it is shunted with a 
resistor to lower its Q and prevent 
sharp resonant peaks in the video re¬ 
sponse curve. The loading of the 
peaking coil extends the band width 
and keeps the response flat and linear 
over the high end of the video spec¬ 
trum. 
Video Amplifier Defects. We 

have already pointed out that you 
will encounter defects such as dead 
stage, low gain, etc., in video ampli¬ 
fiers. These defects are serviced in 
exactly the same way as similar de¬ 
fects in audio amplifiers. In addition 
to these defects, there are five dis-

FIG. 11. Loss of fine detail due to loss 
of high frequencies. 
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FIG. 12. Grainy appearance and repeat 
lines caused by emphasis of highs. 

turbances that affect the picture reso¬ 
lution. They are the less of lows, loss 
of highs, overemphasis of lows, over¬ 
emphasis of highs, and sharp peaking 
at some high frequency. 

The loss of low frequencies, shown 
in Fig. 5, can be caused by a defec¬ 
tive interstage coupling circuit or in¬ 
adequate low-frcquency filtering at 
some portion of the circuit. A loss of 
high frequencies, Fig 11, is most often 
caused by capacitive loading at seme 
point in the video circuit (tube or a 
signal take-off point), or a defect in 
one of the peaking circuits. 

It is also possible to have a video 
amplifier circuit defect that empha¬ 
sizes the low-frequency components of 
the video information. Such a de'ect 
could be caused by an open or low-
capacity decoupling or filter circuit 
in the supply voltage lead. The same 

disturbance might also cause addi¬ 
tional attenuation of the highs. 

Still another defect, as shown in 
Fig. 12, would be caused by empha¬ 
sis of certain high frequencies. This 
effect may be due to peaking circuits 
with too high a Q, or to a change 
in loading of the peaking circuits. 

A change in the distributed capac¬ 
ity can shift the resonant frequency 
of one of the peaking components, and 
produce a high-frequency rise at some 
point in the response curve. This 
sharp emphasis of a particular fre¬ 
quency range could make the ampli¬ 
fier subject to transient oscillation in 
this frequency range. Whenever video 
signals of this frequency range passed 
through the amplifier, they would pro¬ 
duce a series of oscillations that could 
contribute added information on the 
reproduced picture in the form of re¬ 
peats or echoes as shown in Fig. 13. 

It is important to realize that most 
defects in the video amplifier causing 
poor resolution are apparent in the 
reproduced picture. Thus the picture 
itself is the best indicator for trouble¬ 
shooting in the video amplifier. 

FIG. 13. Echoes and resonant repeats 
caused by high-frequeney peaks. 

The Effect of Time Constants on 
the Vifleo Signal 

One of the important factors that 
engineers must consider in designing 
video amplifiers is how the various 
R-C networks will affect the shape of 

the video signal. As a serviceman, 
you need not go into the design of 
these circuits, but you should have a 
general idea of how the video signal 
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may be affected by these networks so 
that when a defect occurs, you will 
have a good idea of what type of 
trouble to look for. 
We have already discussed the ef¬ 

fect of the coupling capacitor on the 
low-frequency response of the video 
amplifier and also the effect of the 
shunt capacities on the high-fre¬ 
quency response of the amplifier. Now 
let us take another look at the video 
amplifier, and this time consider the 
time constants of the circuits involved 
in order to get a better understanding 
of the factors that limit the response 
of a video amplifier. 

THE VIDEO SIGNAL 

In discussing audio amplifiers, we 
generally consider their response in 
terms of sine-wave response. This is 
logical, because the electrical equiva¬ 
lent of a 400-cycle tone is a 400-cycle 
sine-wave signal. More complex 
sounds are simply made up of com¬ 
binations of sine-wave signals. 

Video signals are in general much 
more complex than audio signals. If 
the scene shown in Fig. 14A is tele¬ 
vised, the video signal produced will 
be a square wave as shown in Fig. 
14B. In Fig. 14A, the scene is simply 
divided into two parts, one black and 
the other white. To reproduce this 
scene, as the electron beam scans 
across the picture tube, we must have 
a signal that will turn the beam com¬ 
pletely off during the first half of a 
line and then switch it to maximum 
brightness during the second half of 
the lino. This will require a signal like 

FIG. 14. The video signal resulting 
from the scene at A is shown in B. The 
effect of poor low-frequency response on 
a scene like Fig. 13A is shown at C. 

Fig. 14B where the voltage rises al¬ 
most immediately to a maximum, 
then remains constant for the first 
half cycle and switches polarity al¬ 
most instantly, remaining constant 
for the second half and then dropping 
back to zero. 

A signal of the type shown in Fig. 
14B is usually referred to as a square 
wave. By means of mathematics, we 
can show that a square wave actually 
consists of a fundamental sine-wave 
plus an infinite number of odd har¬ 
monics. Therefore in studying the re¬ 
sponse of a video amplifier to a wave 
of this type, we can study the re¬ 
sponse of the video amplifier to a sine 
wave and its odd harmonics. This 
greatly simplifies our study of video 
amplifiers. 

The video signal consists of pulses 
similar to the pulse shown in Fig 14B. 
Of course, the pulses may occur at a 
much faster rate. For example, if the 
video scene consisted of ten vertical 
bars, then we would have ten cycles 
during each line instead of one cycle. 
Similarly, if there were a hundred 
vertical lines, we would have a hun¬ 
dred cycles per line. 

A video amplifier cannot respond to 
instantaneous changes like those 
shown in Fig. 14B. It takes some time 
for the signal to go from zero to a 
maximum value. However, the shorter 
the time required, the better will be 
the quality of the reproduced picture. 
Another important point to notice 

about the signal shown in Fig. 14B is 
that both the top and the bottom of 
the signal arc flat. In other words, 
the signal very closely resembles a de 
voltage that has one polarity for the 
first half cycle and the opposite polar¬ 
ity for the second half cycle. To main¬ 
tain the top and the bottom of the 
signal flat, any coupling network used 
between video amplifier stages must 
have a good low-frequency response. 
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FIG. 15. In a square puise, the edges are formed by high frequencies, and the top 

by low frequencies as shown in A. Attenuation of high frequencies slopes the edges 

(It), and attenuation of low frequencies slopes the top (C). 

If the low-frequency response is poor, 
both the top and the bottom of the 
square wave will slope. The repro¬ 
duced picture, instead of being totally 
black on one side and totally white 
on the other will be shaded, going 
from total black on the left to a gray 
toward the center and then shifting to 
a white and then again drifting to¬ 
ward a gray at the right side as 
shown in Fig. 14C. 

Of course, in addition to the video 
signal, the video amplifier must also 
pass the horizontal and vertical syn¬ 
chronizing pulses. Again, in order to 
pass these pulses, the video amplifier 
must be capable of passing a wide 
band of frequencies. 

Let us briefly review what we have 
learned about pulses and how the 
video amplifier can affect the shape 
of the pulse. The high-frequency com¬ 
ponents of the pulse must be passed 
to prevent mis-shaping of the leading 
and trailing edges of the pulse. The 
leading and trailing edges represent a 
fast change in voltage in a short 
period of time; and therefore consti¬ 
tute high-frequency voltage changes. 

To prevent changing the shape of 
the tip or flat top of the pulse, the 
low-frequency components of the 
pulse must be passed, because the flat 
top of a pulse is formed mostly by the 
low-frequency sine wave. Conse¬ 
quently, as shown in Fig. 15A, the 
high-frequency response of an ampli¬ 

fier determines how well the sides A-B 
and C-D are passed; while the low-
frequency response of the amplifier 
determines how well the pulse section 
B-C is passed. 

If the high-frequency response of 
the amplifier passing the pulse is poor, 
the leading and trailing edges of the 
pulse are distorted as shown in Fig. 
15B. A slight loss of high-frequency 
response results in a slight rounding 
of the pulse at points B and D as 
demonstrated by curve 1 

A more severe loss of high frequen¬ 
cies causes a greater distortion of the 
pulse as shown by curves 2 and 3. 
For example, in curve 3, the high-fre¬ 
quency response is so poor that the 
leading and trailing edges of the pulse 
have been lost almost completely. 
Note that not only is the pulse at¬ 
tenuated and its shape changed, but 
also, it has been effectively extended 
and is now a longer signal (lasts 
longer) than the original pulse. This 
displacement of the information con¬ 
tained in the pulse is a result of phase 
shift and time delay. It follows that 
if a certain part of the video informa¬ 
tion were spread out as shown by 
curve 3 of illustration 15B, it would 
cause a blurred picture because of the 
presence of additional information to 
the right of the proper position for 
the information on the screen. 

When the low-freuqency response 
of the amplifier is poor, it is not pos-
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sible to hold the constant voltage level 
represented by the flat top B-C of 
Fig. 15A. A slight loss of lows causes 
the flat top to tilt away from point B 
as shown in curve 1, Fig. 15C, and 
also a drop of the trailing edge below 
point D, and then a return to the 
base line. A more severe loss of low 
frequency response causes a very de¬ 
cided drop off of the flat top of the 
pulse as demonstrated in curves 2 and 
3. The dotted curve 3 represents a 
severe loss at low frequencies and a 
very fast drop off of voltage from 
point B of the original pulse. It is 
again to be noted that a loss of low 
frequencies not only changes the 
shape of the pulse for the duration of 
the pulse, but adds information fol¬ 
lowing after the pulse as well. This 
information, which is again a result 
of phase shift and time displacement 
of the signals that make up the pulse, 
causes additional information and 
brightness variations following the 
actual signal. 

TIME CONSTANT 
The response of an amplifier to 

pulses can also be interpreted in terms 
of the time constants of various re¬ 
sistor-capacitor combinations within 
the amplifier circuit. Time constant is 
the time required by a capacitor to 
charge to a prescribed voltage. 

You will recall that when a de volt¬ 
age is applied to a resistor-capacitor 
combination such as shown in Fig. 
16, a certain time is required for the 
capacitor to charge through the re¬ 
sistor. The higher the capacity the 
longer the time required to charge the 

FIG. 16. A series R-C circuit. 

capacitor to full applied voltage be¬ 
cause the larger the capacity the more 
electrons can be stored. Likewise, the 
higher the value of the resistor, the 
longer the time required to charge the 
capacitor because the resistor retards 
motion of electrons into the capacitor. 
The product of the capacitance times 
the resistance is referred to as the 
time constant of the circuit because 
the time required to charge the ca¬ 
pacitor depends on the values of the 
capacitor and the resistor. 

When the voltage is removed there 
is again a time lag before the voltage 
drops to zero across the capacitor. In 
other words, the capacitor voltage de¬ 
clines only as fast as the electrons can 
move through the resistor. Again, the 
higher the capacity, and the higher 
the resistance, the longer the time of 
discharge. 

An RC product that is low (small 
capacitor and low value resistor) is 
referred to as a short time constant, 
because the capacitor charges and dis¬ 
charges quickly. If the product is high 
(large capacitor and high value re¬ 
sistor) it is called a long time con¬ 
stant because the capacitor charges 
and discharges slowly. 
To understand the action of these 

resistor-capacitor combinations on 
pulses better, let us consider a pulse 
as a de voltage that is applied to the 
circuit for only a short time. The 
leading edge of a pulse is the sudden 
closing of the switch and the applica¬ 
tion of the voltage; the trailing edge 
is the sudden opening of the switch 
and removal of the voltage. The pulse 
differs from a switched de voltage only 
in the speed of the switching action— 
switching can occur a great many 
times in a second. 

We have learned that the shunt ca¬ 
pacity of a video circuit causes a loss 
of high frequencies. Another way to 
consider the same condition is that 
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FIG. 17. The R-C circuit made up of 
the plate load resistor RI and the shunt 
capacity Ct in A must have a short time 
constant to avoid the distortion shown. 
On the other hand, an R-C circuit such 
as the one made up of coupling capacitor 
Ce and grid resistor Rg in B must have 
a long time constant, to avoid the distor¬ 

tion shown. 

the presence of shunt capacity cre¬ 
ates too long a time constant. Thus 
there is a lag between the change in 
plate voltage and the change in signal 
current because of the time required 
to charge Ct as shown in Fig. 17A. 
The influence of this shunt capacity is 
more detrimental on the high frequen¬ 
cies, because of the very fast change 
in signal current that accompanies 
high-frequency variations. The lead¬ 
ing and trailing edges of a pulse rep¬ 
resent fast changes in signal or high 
frequencies. Thus the time of signal 
change is very short and the time con¬ 
stant of the output circuit must be 
very fast to follow this signal current 
change. If there is a lag introduced by 
the shunt capacity (too long a time 
constant) the output voltage will not 

follow the signal current, because the 
output voltage build-up will not be 
able to follow the fast rise time of 
the pulse. Likewise the fast drop 
off of the pulse will not be followed 
faithfully because of the time re¬ 
quired to discharge the shunt capac¬ 
ity. Consequently, the output voltage 
will lag behind the trailing edge of the 
pulse. The manner in which the pulse 
may be distorted is shown in Fig. 17A. 

The time constant of a series com¬ 
bination of resistor and capacitor that 
must convey the pulse from one stage 
to another must be long enough to 
prevent distortion of the low-fre¬ 
quency components of that pulse. For 
example, in an interstage-coupling 
circuit such as the one shown in Fig. 
17B, it is advisable not to let the 
charge on the coupling capacitor vary 
with signal voltage variations because 
this would represent a voltage across 
the coupling capacitor that did not 
reach the grid of the succeeding stage. 
Thus the time constant is made long 
enough to prevent the coupling capac¬ 
itor from charging and discharging 
during the time of the pulse. If the 
time constant (t=RC) is made much 
longer than the duration of the pulse, 
the capacitor is not able to accum¬ 
ulate an appreciable charge during 
this interval. Consequently, the pulse 
will appear in its entirety across the 
resistor. If, however, the time con¬ 
stant of the coupling combination is 
too short, a charge does accumulate 
on the capacitor and substracts from 
the pulse that should appear across 
the resistor. This substraction is best 
shown in the curves of Fig. 17B, which 
show the drop off of the curve as a 
charge builds up on the coupling ca¬ 
pacitor. 

Up to this time we have been dis¬ 
cussing the disadvantages and prob¬ 
lems created by circuits that may 
change the shape of a pulse. However, 
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sometimes the shape of a pulse is in¬ 
tentionally changed by using R-C 
circuits. The sync pulses are shaped 
in the sync circuits to obtain positive 
control of the sweep oscillators. An 
R-C circuit that can be used to shape 
a pulse is shown in Fig. 18. 

If the series resistor-capacitor com¬ 
bination has a long time constant and 
a pulse is applied to its input, the 
pulse is developed almost in its en¬ 
tirety across the resistor, because the 
time constant is so long that there 
is not sufficient time for the capacitor 
to accumulate a charge during the 
pulse time. If the time constant is 
made longer than the pulse duration, 
the pulse can be passed without 
serious distortion. 

When the time constant is short¬ 
ened, it is possible for the capacitor 
to charge and discharge a significant 
amount. As a result, a charge builds 
up on the capacitor for the duration 
of the pulse. Whatever charge ap¬ 
pears on the capacitor must be sub¬ 
tracted from the pulse and what re¬ 
mains is across the resistor. Conse¬ 
quently, the top of the pulse as it ap¬ 
pears across the resistor begins to tilt 
down. The amount of tilt depends on 
how much charge accumulates on the 
capacitor, and this in turn, depends 
on the time constant of the circuit. 

In television we speak of the volt¬ 
age across the capacitor as being an 
integrated voltage. Integration is a 
process used in preparing the vertical 
sync pulses for proper synchroniza¬ 
tion of the vertical deflection system. 
This will be discussed in detail in a 
later lesson. 
When the time constant is very 

short, the capacitor charges and dis¬ 
charges almost completely during the 
pulse. (A small capacitor charges 
quickly through a low value resistor.) 
The voltage across the resistor is pres¬ 
ent only when current flows, which 
is during the rise and fall of the ap¬ 
plied pulse. As soon as the capacitor 
is charged full, current no longer 
flows, and the voltage across the re¬ 
sistor drops to zero. The leading edge 
of the pulse in Fig. 18 produces the 
sharp positive differentiated pulse 
across the resistor as shown. Current 
once more flows in the resistor when 
the capacitor discharges at the trail¬ 
ing edge of the pulse. Once it is dis¬ 
charged, current again ceases. The 
discharge current, of course, flows in 
the opposite direction through the re¬ 
sistor, and consequently develops the 
sharp negative spike across the re¬ 
sistor. 

The process of differentiation is 
used in the sync circuits of the tele-
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vision receiver to develop a sharp 
pulse voltage to synchronize the hori¬ 
zontal deflection system. The hori¬ 
zontal and vertical sync pulses that 
have passed together through the 
tuner, the video i-f, the video de¬ 

tector, and part of the sync system 
can then be separated by differentia¬ 
tion and integration and used separ¬ 
ately to synchronize the horizontal 
deflection system and the vertical de¬ 
flection system. 

Requirements of the Signal Applied 
to the Picture Tube 

The video amplifier is connected 
between the video detector and the 
picture tube. It amplifies the weak 
signal at the video detector output 
and feeds the amplified signal to the 
picture tube. The signal can be ap¬ 
plied to either the grid or the cathode 
of the picture tube. However, the sig¬ 
nal must be applied with the proper 
polarity. 

SIGNAL POLARITY 
When the composite video signal is 

applied to the grid of the picture tube, 
the signal must be negative-going so 
that the blanking level drives the tube 
beyond beam cut-off. With negative¬ 
going sync pulses, the video informa¬ 
tion has a positive picture phase 
which will drive the grid in a positive 

direction (less negative) for white 
portions of the scene and cause max¬ 
imum beam current and illumination. 

When the video signal is applied to 
the cathode of the picture tube the 
composite signal must be positive¬ 
going; this drives the grid circuit to 
cut-off during blanking, as it should. 
In other words, a positive-going sync 
signal on the cathode has the same 
effect as a negative-going sync signal 
has on the grid. 

In the circuit shown in Fig. 19, the 
video signal is applied to the grid of 
the picture tube. Therefore the sync 
pulses must swing negative, as shown, 
to drive the picture tube to cut-off 
during the blanking interval. Since 
each vacuum tube reverses the signal 

FIG. 19. A two-stage video amplifier connected between the video detector and the 
picture tube, showing the phase reversal that occurs in each stage. 
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-VOLTAGE 

FIG. 20. The output signal of a single-
stage amplifier is opposite in phase to 

the input signal. 

phase by 180°, the sync pulse must 
have the opposite polarity at the in¬ 
put to V2. Similarly, VI will reverse 
the signal phase 180° and therefore 
the input to VI must be 180° out of 
phase with the input of V2—this 
means that the input to VI must have 
the same phase as the signal applied 
to the picture tube. Therefore, the 
video detector must be connected to 
develop a negative-going composite 
signal at its output for application 
to the grid of the first video stage, 
VI. When there are two video stages, 
as there are here, the polarity of the 
signal at the output of the video de¬ 
tector must be the same as that re¬ 
quired at the grid of the picture tube. 
If in the circuit of Fig. 19 the signal 
were applied to the cathode of the pic¬ 
ture tube, a positive-going composite 
signal would be needed at the picture 
tube. This would require a positive-
going composite signal at the output 
of the video detector. 

When a single video amplifier stage 
is used, the composite signal at the 
output of the video detector must be 
of opposite polarity to that required 
at the input to the picture tube as 
shown in Fig. 20. In this example, the 
composite signal is being applied to 
the cathode of the picture tube, so it 
must be positive-going. Therefore, the 
output of the video detector must be 
a negative-going composite signal. If 
the composite signal were being ap¬ 

plied to the grid of the picture tube 
with a single-stage video amplifier, a 
positive composite signal would be 
needed at the output of the video de¬ 
tector to give a negative composite 
signal at the grid of the picture tube. 

BRIGHTNESS AND CONTRAST 
CONTROLS 

The brightness control is associated 
with the picture-tube grid-cathode 
circuit. It sets the de component of 
the bias between the grid and the 
cathode, and thus controls the over¬ 
all brightness of the picture. The 
brightness control is adjusted to the 
level required by the room lighting. 
In a very bright room, the brightness 
must be set higher. In a darkened 
room, the brightness should be lower. 

Still another requirement for proper 
picture tube operation is a means of 
controlling the amplitude of the video 
signal applied to the grid of the pic¬ 
ture tube. The brightness control 
sets the over-all brightness of the re¬ 
produced picture, but a second con¬ 
trol, referred to as the “contrast con¬ 
trol,” regulates the peak amplitude of 
the video signal applied to the grid 
circuit. The setting of the contrast 
control required for best picture will 
depend on the strength of the signal 
and on the setting of the brightness 
control. 

If the peak amplitude of the sig¬ 
nal is not great enough at the grid 
of the picture tube, the picture will 
have an underexposed appearance, 
with an insufficient brightness range 
between the brightest part of a scene 
and the darkest part. If the peak am¬ 
plitude of the video signal is too high, 
the picture will have an over-exposed 
look with excessive contrast. With 
too much signal, there is a lack of 
half-tone or gray-scale range in the 
reproduced picture and the video in¬ 
formation is crowded at the very 
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bright range and the very dark range. 
The two most common contrast 

control methods are shown in Figs. 
19 and 20. Fig. 19 shows the method 
of controlling the amplitude of the 
video signal by using a degenerative 
cathode circuit. In such an arrange¬ 
ment, the contrast control regulates 
the resistance between cathode and 
ground, and thus controls the amount 
of feedback. When there is a high 
cathode resistance, the feedback is 
greatest and the stage gain is at a 
minimum. With low cathode resist¬ 
ance, the degeneration is minimized, 

and the video amplifier has maximum 
gain. 

The contrast control system shown 
in Fig. 20 is simply a voltage divider 
between the output of the video am¬ 
plifier and the input circuit of the 
picture tube. In this type of voltage¬ 
divider contrast-control system, it is 
necessary that the divider arrange¬ 
ment be properly designed to prevent 
frequency discrimination. In other 
words, adjusting the gain control 
should result in equal regulation of 
the low and the high frequencies in 
the video signal. 

Retaining the DC Component of 
the Video Signal 

The video signal at the output of 
the video detector is actually a puls¬ 
ating de voltage. That is, it consists 
of voltage variations either above or 
below a zero reference level, depend¬ 
ing on whether the signal is negative 
or positive-going, but never on both 
sides of the zero reference level. Such 
a signal is shown at the left in Fig. 21. 
Note that the sync tips and the blank¬ 
ing pulses are always at the same 
voltage level, but the average bright¬ 
ness voltage for each line varies. This 
same type of video signal voltage 
must be applied to the picture tube, 
although in some cases it may be re¬ 
versed in polarity. 

However, if an ordinary resistance-

coupled amplifier is used, the signal 
must pass through coupling capac¬ 
itors. You will recall that a capacitor, 
while it provides a path for ac, blocks 
de. Therefore, only the ac component 
of the video signal is passed through 
a coupling capacitor. The de compo¬ 
nents are blocked. The signal at the 
right in Fig. 21 shows what happens 
when the de component is lost. 

Note that the zero reference level 
becomes the average brightness level 
for all three lines shown. Also, the 
blanking and sync pulses no longer 
line up, but are at three different 
levels. This signal would produce a 
flat picture lacking in contrast. The 
background tones in the picture would 

AVERAGE 
BRIGHTNESS LEVELS 

BLANKING LEVEL 

FIG. 21. The pulsating de signal (left) is changed to an ae signal 
when passed through a capacitor. 
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always be the same brightness. There¬ 
fore, it is generally considered neces¬ 
sary to retain or restore the de com¬ 
ponent of the video signal. 
Two general methods are used to 

retain the de component. One of the 
easiest methods is to use a de ampli¬ 
fier, thereby eliminating the trouble¬ 
some coupling capacitors. This is 
quite satisfactory, but in some cases 
the power requirements for a de am¬ 
plifier are quite rigid. The second 
method is to amplify the ac compo¬ 
nent with an ordinary resistance-
coupled video amplifier and then re¬ 
store the de component when the 
signal is applied to the picture tube. 
This is called “de restoration” or 
“clamping.” 

There are television receivers that 
have no provision for either the re¬ 
tention or restoration of the de com¬ 
ponent. They are built on the prin¬ 
ciple that in present studio practice 
the average brightness of a trans¬ 
mitted scene or sequence of scenes is 
essentially constant. However, this 
theory does not take into considera¬ 
tion the transmission of very slow 
changes in average brightness and 
other special effects that can be 
rendered more properly when a de 
component is present. 

DC AMPLIFTERS 
The schematic diagram for a single-

stage direct-coupled video amplifier is 

shown in Fig. 22. Since there is no 
coupling capacitor at the input of 
VI, both the ac and the de compo¬ 
nents of the video signal will be ap¬ 
plied across RI, the grid resistor of 
VI. The de component of the signal 
will add to or subtract from the normal 
grid bias and faithfully reproduce 
the proper sync pulse, blanking pulse, 
and average brightness levels at the 
plate of VI. The signal will, of course, 
undergo the usual 180’ phase shift 
in the stage. 

In order to use direct coupling be¬ 
tween the plate circuit of the video 
amplifier and the cathode circuit of 
the picture tube, it is necessary to set 
up a voltage-divider arrangement so 
that the proper negative de voltage is 
applied between the grid and the 
cathode of the picture tube, and the 
proper positive voltage between the 
plate and the cathode of the video 
amplifier tube. A voltage divider net¬ 
work consisting of resistors R2 
through R6, connects two supply volt¬ 
age points with each other and then 
to ground. A + 125-volt source sup¬ 
plies voltage for the brightness con¬ 
trol circuit through potentiometer 
R5 to ground. This arrangement per¬ 
mits proper biasing of the grid as well 
as a means of controlling brightness. 
The same + 125 volts is present on 
the screen of VI and is also connected 
through the voltage divider circuit 

FIG. 22. A single-stage, direct-coupled video amplifier. 



-120 B + 

I' IG. 2.3. lhe direct-coupled equivalent of the video amplifier shown in Fig. 19. 

consisting of resistors R4, R3, and R2 
to a + 560-volt source. See Fig. 22. 
T h i s voltage-divider arrangement 
supplies a positive voltage to the 
cathode of the picture tube so that 
the cathode will be positive with re¬ 
spect to the grid, or in other words, 
the grid will be negative with respect 
to the cathode. In addition, the posi¬ 
tive supply voltage, through divider 
action, is reduced to the correct value 
for the video amplifier stage. Capac¬ 
itor Cl serves as a low coupling re¬ 
actance for the ac components of 
video signal, permitting resistor R3 
to function simply as a de divider 
resistor. 

The presence of resistor R4 in the 
plate circuit of the video amplifier as 
well as in the voltage-divider circuit 
of the picture tube, presents the 
means of transferring the de compo¬ 
nent of average brightness to the pic¬ 
ture tube. Both the ac and the de 
components of the amplified video 
signal at the output of VI are de¬ 
veloped across R4 and thereby add to 
or substract from the difference of 
potential existing between grid and 
cathode of the picture tube. 
Another advantage of a system of 

direct-coupling is improvement in 
low-frequency response. If the low-

frequency response is poor, as it is 
with the average resistor-capacitor 
coupling combination, slow changes in 
brightness that can occur in a se¬ 
quence of scenes will not be faithfully 
reproduced. 

In some receivers, a two-stage di¬ 
rect-coupled amplifier is used between 
the video detector and the picture 
tube. The major problem in the plan¬ 
ning of a two-stage, direct-coupled 
video amplifier is distribution of sup¬ 
ply voltages so that the proper de 
bias can be established between grid 
and cathode and so that sufficient 
plate and screen voltage is available 
for each tube. The video amplifier 
shown in Fig. 19 can be changed over 
to a direct-coupled version by mak¬ 
ing the changes shown in Fig. 23. 

In the direct-coupled version shown 
in Fig 23, the output of the video de¬ 
tector instead of being returned to 
ground, is returned to a -120 volt 
source. Likewise the cathode of the 
first video stage is returned to -120 
volts. Resistor RI has a very high 
value so that the de voltage on the 
grid of VI is just slightly negative 
with respect to the de voltage at the 
cathode. Consequently, the first video 
stage has the proper de grid voltage. 
This de voltage varies with the aver-
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age brightness of the signal detected 
by the crystal diode, while the ac grid 
voltage also varies instantaneously 
with the ac components of the video 
signal. 

Since the grid and cathode are at a 
high negative potential, only a very 
low supply voltage needs to be ap¬ 
plied to the screen and plate of VI. In 
fact, the plate and screen voltage is 
slightly negative with respect to 
ground, because of the voltage-divider 
network that returns to a low B plus 
source, and the fact that tube plate 
current flows in a direction to develop 
a negative voltage drop across resistor 
R2. Thus the actual plate voltage of 
the first video stage is slightly nega¬ 
tive with respect to ground, but still 
more than 100 volts positive with re¬ 
spect to the cathode. At the same 
time the de component of the grid 
voltage on V2 is slightly negative. 
The second tube is biased by the 

cathode circuit and the negative de 
voltage is applied to the grid. The 
second video stage operates almost as 
a conventional amplifier with a high 
B plus supplied to its screen and plate 
circuit, and with the cathode near 
ground potential. A network of 
bleeder resistors. R3 through R5, di¬ 
rect-couple the plate circuit of the 
video amplifier to the grid of the pic¬ 
ture tube. Notice that a negative volt¬ 
age is supplied to the grid resistor R5. 
The negative voltage is applied to 
the grid, because the grid must be 
negative with respect to the cathode. 
In the single-stage direct-coupled am¬ 
plifier shown in Fig. 22. the grid re¬ 
sistor is returned to a plus supply 
voltage source, because the signal is 
being applied to the cathode. 

In Fig. 23, the cathode of the pic¬ 
ture tube is returned to a plus volt¬ 
age source at the brightness control so 
that the cathode voltage can be ad¬ 
justed to obtain the negative bias 

voltage between grid and cathode for 
proper operation of the picture tube. 
Capacitors Cl and C2 shunting re¬ 
sistors R4 and R6, permit the low re¬ 
actance transfer of the ac components 
of the video signal, and the resistors 
act as de voltage dividers. 

Insofar as servicing a de amplifier 
is concerned, it is somewhat more dif¬ 
ficult than servicing a capacitor-
coupled amplifier, because a defect 
does not confine itself to a single 
stage. If a defect that occurs in the 
grid circuit of the first video amplifier 
causes a change in the de voltage at 
the grid of the first stage, the voltages 
throughout the entire amplifier will 
be affected. 

In many receivers, the sync take¬ 
off is also direct-coupled to the video 
amplifier. Consequently, a defect in 
the first video amplifier stage can be 
felt as far as the sync circuits and 
even the age system. In other words, 
a defect that might appear to be a 
fault in the sync or age circuits might 
be originating back in the video am¬ 
plifier. 

Stable operation of a direct-coupled 
system depends to a great extent 
on power-supply regulation, because 
slight changes in supply voltage are 
reflected through the direct-coupled 
system. Thus, power-supply defects 
in particular can cause erratic opera¬ 
tion of a direct-coupled video ampli¬ 
fier system. A weak low-voltage recti¬ 
fier tube that causes the output of the 
low voltage power supply to vary 
substantially with line-voltage fluctu¬ 
ation is a common trouble-maker. 

DC RESTORATION 
The process of de restoration per¬ 

mits reinsertion of a de brightness 
level after it has been lost. A tech¬ 
nique often used in video amplifiers 
is to increase the amplitude of the ac 
portion of the composite video signal, 
using conventional amplifiers with 
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FIG. 24. Diode de restorer circuit. Note that the sync pulses are not lined up at 
the plate of VT1, as shown in the waveform at A. The action of the de restorer VT2 
has the effect of aligning the pulses at the grid of the picture tuhe as shown in 

waveform B. 

capacitive coupling between stages. 
After the signal has been amplified 
to a sufficient level, it is applied to a 
circuit that contains a de restorer, 
which evaluates and re-establishes the 
de brightness component. It does so 
by causing the sync tip and blanking 
levels to line up again. If this is done, 
the average signal again varies with 
changes in average brightness, while 
the blanking and sync tips remain 
constant. 

When the composite video signal is 
transferred by a coupling capacitor, 
it loses its de component as shown in 
Fig. 21, and the entire signal averages 
about a single axis. This action in no 
way affects the peak-to-peak ampli¬ 
tude or ac components of each in¬ 
dividual signal. A de restorer circuit 
inserted in a video amplifier is able 
to re-establish the condition where 

the sync tip and blanking levels line 
up as shown on the left in Fig. 21. 

A typical video amplifier having a 
diode restorer tube is shown in Fig. 
24. After the signal has been coupled 
by conventional means through the 
video amplifier, it appears at the plate 
of the last video amplifier, VT1, with 
the de components of brightness lost, 
as shown in waveform A. Since the 
composite signal is being applied to 
the grid of the picture tube, it must 
have negative polarity. The signal is 
applied to the grid of the picture tube 
and to the cathode of VT2, which con¬ 
nects to the grid of the picture tube 
through R6. 

The negative signal applied to the 
cathode of VT2 causes it to conduct 
and establish a positive charge on ca¬ 
pacitor C3 that is in proportion to 
the peak amplitude of the composite 
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FIG. 25. Action of <lc restorer. 

signal. Since the peak amplitude of 
the signal for a high-brightness scene 
is greater than for a low-brightness 
scene, a more positive charge is devel¬ 
oped on capacitor C3 for the high-
average-brightness scene than for the 
low-average-brightness scene. Thus 
the voltage across capacitor C3 varies 
with the average brightness of the 
scene. 

The charge on this capacitor is ap¬ 
plied to the grid of the picture tube 
through resistor R6 causing a change 
in the picture tube bias. As a result, 
the de bias on the picture tube 
changes with the average brightness 
of the scene almost as it would if a 
direct-coupled video amplifier were 
used. 

Let us consider in more detail the 
action of the de restorer diode VT2 in 
Fig. 24. If the peak amplitude of the 
composite video signal applied to the 
de restorer circuit is 50 volts, as 
shown in Fig. 25, it means that ca¬ 
pacitor C3 will charge to 50 volts 
through the diode. The charging of the 
capacitor to the peak value of the 
pulse is almost instantaneous because 
of the very short time constant pre¬ 
sented by the capacitor and the low 
resistance of the conducting diode. 
The charge on the capacitor will be 
positive on the tube side because of 

the flow of electrons off this side of the 
capacitor down through the conduct¬ 
ing diode. 

At the conclusion of each sync tip 
the diode stops conducting. The tube 
is cut off by the high positive charge 
placed on capacitor C3 and on the 
cathode of the diode. This charge 
keeps the diode cut off until the ar¬ 
rival of the next sync pulse. The diode 
is held non-conducting for this inter¬ 
val because the long time constant of 
C3 and R7 does not permit the charge 
to leak off C3 before the next sync 
pulse arrives. The diode itself does 
not enter into this time constant be¬ 
cause it is now in a non-conducting 
state. 

When the next sync pulse arrives, it 
causes the diode to conduct again. It 
conducts just enough to restore the 
original 50 volts on the capacitor, 
which has declined only slightly dur¬ 
ing the discharge interval. Thus the 
charge on capacitor C3 is really a de 
voltage, the amplitude of which varies 
with the average brightness of the re¬ 
ceived picture. This de voltage can be 
used to bias the grid of the picture 
tube and cause the average beam cur¬ 
rent to vary with the average bright¬ 
ness of the picture. As a result, the 
average illumination on the picture 
tube screen follows the average 
brightness changes of the received 
picture. 
Now, let us follow the signal 

through the circuit shown in Fig. 24. 
When there is a change from a low 
average brightness signal to a high 
average brightness signal, the peak 
amplitude of the composite video sig¬ 
nal increases as you see from the plate 
waveform shown at A. When this sig¬ 
nal is applied to the de restorer, VT2, 
it causes the de restorer to conduct 
and charge capacitor C3. Inasmuch as 
the peak amplitude of the composite 
video signal increases in going from 
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the low-average-brightness scene to 
the high-average-brightness scene, the 
peak diode current increases and there 
is a greater positive charge placed on 
capacitor C3. 

The charge on capacitor C3, along 
with the negative voltage at the 
brightness control, presents a nega¬ 
tive net bias between the grid and the 
cathode of the picture tube. With an 
increase in average brightness, the 
charge on capacitor C3 becomes 
higher. Consequently, the grid-to-
cathode bias of the picture tube de¬ 
creases. With a lower negative de 
bias, the beam current increases, and 
with it the screen illumination. This 
is as it should be for an increase in 
brightness of the received signal. 

Resistor R6 acts an an isolating re¬ 
sistor and prevents the relatively high 
capacity of the restorer diode from 
causing attenuation of the high-fre¬ 
quency components of the video sig¬ 
nal. If resistor R6 were not present, 
the cathode of the diode would have 
to be connected to the grid of the pic¬ 
ture tube and would present a high-
capacity load to the video signal 
components. 

Grid-Rectifier DC Restorer. It 
is also possible to restore the average 
brightness of the received signal at a 
stage preceding the grid circuit of 
the picture tube. When this method 
is used, the plate of the last video am-

FIG. 26. Rectifier action between grid 
and cathode of the video amplifier tube 

may be used for de restoration. 

plifier must be direct-coupled to the 
picture tube grid circuit as shown in 
Fig. 26. In this system the grid and 
cathode of the video amplifier func¬ 
tion as a diode producing the restora¬ 
tion action. When a signal is applied 
to the grid of the video stage, the grid 
current flow develops a charge on ca¬ 
pacitor Cl, which acts as the grid 
bias for the tube. This method of us¬ 
ing the signal as a means of generat¬ 
ing the de component of grid bias is 
referred to as “signal biasing.” 
When the peak amplitude of the 

signal applied to the grid decreases, 
so does the grid current and the bias 
charge placed on the capacitor. This 
is an ideal condition for the restora¬ 
tion of a video signal, because as the 
average brightness of the picture 
changes, so does the de charge placed 
on capacitor Cl. 

A composite video signal with posi¬ 
tive polarity applied to the grid ot 
the video stage causes the peak grid 
current drawn during the sync tip in¬ 
terval to charge capacitor Cl nega¬ 
tively. Because of the fast time con¬ 
stant presented by the capacitor and 
the very low resistance of the tube 
when it is drawing grid current, the 
capacitor charges to the peak value of 
the sync tip (as in the previously dis¬ 
cussed example using a diode re¬ 
storer). Between sync pulses, the 
charge on the capacitor remains es¬ 
sentially constant because the tube 
is no longer drawing grid current, and 
the capacitor finds a long time-con¬ 
stant discharge path through the large 
value grid resistor RI. 

If a high average brightness signal 
is applied to the grid, its peak ampli¬ 
tude places a high negative bias on 
the capacitor, while a low average 
brightness scene causes the charge on 
the capacitor to decrease. The bias 
created by the capacitor determines 
the de component of plate current 
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that flows through resistor R2. In 
turn, this de component of voltage 
developed across R2 serves as bias for 
the grid of the picture tube. Conse¬ 
quently, when the average brightness 
of the received signal changes, the de 
plate current changes and also causes 

a change in the de bias applied to the 
picture tube. Again we have a de 
component transferred to the grid of 
the picture tube that can control the 
beam current and the average illumi¬ 
nation of the scene on the picture tube 
screen. 

Typical Video Amplifier Systems 
There are two basic types of video 

amplifiers, direct-coupled and capac¬ 
ity-coupled. Each type may have one 
or two stages. We will now look at 
several typical video amplifiers taken 
from commercial TV receivers. 

SINGLE-STAGE, DIRECT-
COUPLED AMPLIFIER 

One of the most common types of 
video amplifier is shown in Fig. 27. 
It is a single-stage, direct-coupled 
video amplifier that supplies a posi¬ 
tive-going composite signal to the 
cathode of the picture tube. Often a 
crystal-diode detector is used in place 
of a tube. The video detector supplies 
a negative-going signal to the grid of 
the video amplifier stage. The video 
stage uses a high-gain video amplifier 
tube. This type of amplifier tube has 
a very high gain and can build up the 
weak signal output of the video de¬ 

tector to approximately 60-100 volts 
of peak video signal. 

The output of the video detector is 
developed across the diode load re¬ 
sistor RI and peaking coil L2. Excita¬ 
tion for the sound i-f amplifier is re¬ 
moved from across the peaking coil 
and supplied to the input of the sound 
i-f stage. The removal of the sound 
at this low-impedance point prevents 
degeneration of the high-frequency 
components of the video signal and 
permits a lowr-impedance coupling line 
to the sound i-f input. To attenuate 
the sound signal further and prevent 
its entrance into the video amplifier, 
a parallel resonant trap, consisting of 
inductor L3 and capacitor C2, blocks 
the 4.5-megacycle sound component 
from the grid of the video amplifier. 
The positive composite signal at 

the plate of the video amplifier is 

FIG. 27. A direct-coupled single-stage video amplifier. 
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direct-coupled through the picture 
contrast control to the cathode of the 
picture tube. The high frequencies 
are retained by the shunt-peaking coil 
L4 and the series peaking coil L5. 
Both coils are shunted by resistors to 
broaden the response and to prevent 
undesired peaking. 
The amplitude of the composite 

video signal is controlled by a special 
compensating contrast control circuit. 
The compensating circuit consists of 
a resistor-capacitor divider which re¬ 
tains a linear video frequency re¬ 
sponse regardless of the setting of the 
arm of the contrast potentiometer. 
Attenuation of highs is further pre¬ 
vented by capacitors C4 and C3. Ca¬ 
pacitor C4 presents a low reactance 
path to the very high frequencies, but 
a higher reactance at middle and low 
frequencies across resistor R4, result¬ 
ing in some attenuation of the middle 
and low frequencies. Capacitor C3 has 
a very low reactance at high frequen¬ 
cies and therefore serves as a by-pass 
for the cathode resistor. It has an 
appreciable reactance at the middle 
and low-frequency ranges, and there¬ 
fore some degeneration in the video 
stage does exist at these lower fre¬ 
quencies. 

A portion of the video signal is also 
removed at the plate of the video am¬ 
plifier and, through the isolating re¬ 
sistor, R3, supplies composite signal 
to the sync circuits of the television 
receiver. Here the sync pulses are 
removed and used to synchronize the 
deflection generator. The 20K isolat¬ 
ing resistor prevents the capacity at 
the input to the sync circuits from be¬ 
ing shunted from the plate of the 
video stage to ground. Any added ca¬ 
pacity across the output of the video 
stage would result in a loss of high-
frequency components in the video 
signal and a loss of picture detail. 

Proper plate voltage is obtained for 

the video amplifier tube through the 
divider arrangement consisting of the 
plate load resistor R7, R8, the con¬ 
trast control RIO, and Rll. DC volt¬ 
age for the cathode of the picture 
tube is also obtained by a divider 
arrangement which includes resistor 
Rll, and the bottom section of the 
contrast control along with resistor 
R13 and resistor R14. The de bleeder 
arrangement permits the changes in 
voltage drop across the plate resistor 
R7 to be conveyed at proper level to 
the cathode of the picture tube. The 
divider arrangement makes certain 
that the picture tube bias does not 
change over too great a range. The 
divider also prevents excessive volt¬ 
age between the cathode and the 
heater. This could cause picture tube 
defects and leakage between cathode 
and heater. Capacitor C7 across re¬ 
sistor RI 3 serves as a low reactance 
path for the ac components of the 
video signal, but at the same time 
permits resistor R13 to function as a 
de voltage divider. 
The brightness control is in the 

grid circuit of the picture tube. The 
proper voltage is obtained from a 
positive supply source. It is adjusted 
to give the proper bias between grid 
and cathode. 

A vertical blanking pulse is applied 
to the grid of the picture tube through 
capacitor C9 and appears across re¬ 
sistor R15. This pulse is obtained by 
properly shaping the vertical wave¬ 
form present at the output of the 
vertical deflection circuit. The pulse 
occurs during the retrace time of the 
vertical deflection circuit and conse¬ 
quently coincides with the vertical 
retrace motion of the scanning beam 
in the picture tube. The pulse biases 
the picture tube beyond cut-off dur¬ 
ing the vertical retrace interval, thus 
eliminating any possibility that the 
retrace lines will appear. 
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TO SYNC CIRCUITS 

FIG. 28. A two-stagc <Ic restorer type of video amplifier system. 

TWO-STAGE, CAPACITY-
COUPLED AMPLIFIER 

An example of the de restorer type 
of video amplifier system using two 
video stages is shown in Fig. 28. The 
output of the video detector is coupled 
through Cl38 to the grid of the first 
video amplifier stage. The receiver 
from which this circuit was taken uses 
the dual-channel sound system, and 
since sound traps are located in the 
video i-f amplifier, they are not 
needed in the video amplifier. The 
bias for the first video stage is ob¬ 
tained from a 2-volt tap on the power 
supply. 

The plate circuit of the first video 
stage employs series and shunt peak¬ 
ing and conveys the positive-going 
composite signal to the grid of the 
second video stage through capacitor 
C140. 

A conventional diode de restorer is 
used to re-establish the de component 
of the signal. We have already dis¬ 
cussed this circuit in this lesson. The 
sync take-off point is in the de re¬ 

storer circuit. Resistors RI 48 and 
R149 effectively isolate the input of 
the sync circuits from the output of 
the second video amplifier stage. 

You will notice that there is no 
contrast control in this video ampli¬ 
fier. In the receiver that used this 
circuit, contrast was controlled by 
varying the bias on the video i-f 
stages. Many older sets used this sys¬ 
tem, but practically all modern sets 
use age to control the gain of the i-f 
stages, and put the contrast control 
in the video amplifier stage. 

SINGLE-STAGE AMPLIFIER 
WITHOUT DC RESTORATION 
A typical capacitor-coupied video 

amplifier without a de restorer is 
shown in Fig. 29. The negative-going 
composite signal at the output of the 
video detector is applied to the grid 
of the single-stage video amplifier. 
The grid is biased to near zero by 
returning resistor RI to a low B plus 
voltage. This arrangement permits 
peak gain in the amplification of a 
weak signal and also permits the use 
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of the full transfer range of the tube 
characteristic with the amplification 
of a strong signal. Thus, it is less 
likely to compress or clip off the sync 
pulses. A degenerative contrast con¬ 
trol circuit is located in the cathode 
of the video amplifier. 

The plate circuit of the video am¬ 
plifier has series-shunt peaking, using 
inductors LI and L2. They are 
shunted by resistors to obtain the 
proper broad high-frequency re¬ 
sponse. A 4.5-megacycle transformer 
is also located in the plate circuit of 
the video amplifier. It functions both 
as a 4.5-megacycle take-off trans¬ 
former for the intercarrier sound, and 
as a parallel resonant trap to prevent 
the appearance of 4.5-megacycle in¬ 
terference on the picture. 
The sync take-off is made across 

resistor R4 and supplies the com¬ 
posite video for the synchronizing cir¬ 
cuit through the proper isolating 
filter. The composite video signal is 
coupled to the cathode of the picture 
tube through capacitor Cl. The 
brightness control is located in the 
cathode circuit, and negative vertical 
blanking pulses are applied to the grid 
of the picture tube to prevent the 
appearance of vertical retrace lines 

on the screen of the picture tube. 
Let us see how capacitor Cl and 

resistor R5 in the cathode circuit of 
the picture tube work together to 
change the overall brightness of the 
picture according to the video con¬ 
tent. 

The brightness control is set so 
that the screen is a very dark grey 
when no signal is received. The white 
peaks of the video signal at the cath¬ 
ode are negative going. When the 
video signal is applied to the cathode, 
these negative peaks lower the volt¬ 
age at the cathode, which increases 
the beam current. The increased beam 
current increases the voltage drop 
across R5, and reduces the charge on 
Cl. Cl and R5 have a long time con¬ 
stant, which prevents the charge on 
Cl from following the video peaks. 
Instead, the charge on Cl stays at 
the average cathode potential. This 
charge on Cl sets the bias on the pic¬ 
ture tube. 

If the average white level of the 
picture is increased, the average drop 
across R5 will be increased, and the 
average charge on Cl will be de¬ 
creased. This reduces the bias on the 
picture tube, increases the average 
beam current, and makes the overall 

TO 4.5-MC • 
SOUND -4-

FIG. 29. Single-stage video amplifier without de restorer. 
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FIG. 30. Video amplifier section of color receiver. 

picture brighter. If the average white 
level of the picture is reduced, the 
drop across R5 is reduced, and the 
bias is increased. The average beam 
current is reduced, and the overall 
picture is darkened. 

Cl and R5 together give the same 
result as a de restorer in the cathode 
circuit. 
COLOR TELEVISION VIDEO 

AMPLIFIER 
In your lesson on video i-f systems, 

you traced the luminance and chromi¬ 
nance as far as the video detector in 
a color receiver. You learned that the 
luminance information carries the 
brightness variations and picture de¬ 
tail, while the chrominance (color) in¬ 
formation is on a separate 3.58-mega-
cycle sub-carrier. Consequently both 
the luminance and the chrominance 
information are demodulated by the 
crystal video detector and appear on 
the grid of the first video amplifier, 
shown in Fig. 30. The frequency re¬ 
sponse of the first video amplifier is 
shown in Fig. 31A, and it is able to 
amplify both the luminance and 
the chrominance information. 

The first video amplifier has four 
separate outputs to supply the vari¬ 

ous sections of the color television re¬ 
ceiver with signal. First, there is an 
output taken directly off the plate of 
the video amplifier, which supplies 
composite video signal to the sync 
circuits of the receiver. The next out¬ 
put in the plate circuit is via a double¬ 
tuned resonant transformer tuned to 
3.58 meyacycles. This resonant, cir¬ 
cuit is sharply tuned and emphasizes 
the 3.58-megacycle sine-wave burst 
that rides on the back porch of the 
horizontal blanking pulse. The 3.58-
megacycle burst is the signal that 
synchronizes the color channels of the 
television receiver. It is first supplied 

FIG. 31. Video amplifier response 
curves. A, first video amplifier response. 
B, video response after burst take-off. 
C. overall video response. D, bandpass 

amplifier response. 
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to a so-called burst amplifier, which 
removes the color synchronization in¬ 
formation for application to the color 
synchronizing circuits of the receiver. 
A third output of the first video 

amplifier supplies the luminance sig¬ 
nal through a delay line to the second 
video amplifier. The frequency re¬ 
sponse of the first video amplifier 
after the burst take-off point is shown 
in Fig. 31B. Notice that the presence 
of the burst transformer causes the 
frequency response of the rest of the 
amplifier to fall down sharply at the 
3.58-megacycle point. Consequently, 
the luminance signal detail extends 
out linearly to a frequency of only 3.1 
megacycles. 

The function of the delay line is to 
delay the luminance picture detail a 
specified amount so that upon arrival 
at the color picture tube it is still in 
phase with the chrominance or color 
signal components. The output of the 
delay line is supplied to a contrast 
control ami then into the second video 
amplifier. The grid circuit control 
regulates the contrast of the lumi¬ 
nance or brightness components of the 
color television signal. The output of 
the second video amplifier supplies 
luminance information to the adder 
system in which the luminance and 
chrominance component of the signal 
are added together before they are 
applied to the picture tube. The over¬ 
all video response of the two video 
amplifier stages is shown in 31C. 
The fourth output is the chromi¬ 

nance information taken off the cath¬ 
ode circuit of the first video amplifier. 
First there is a 4.5-megacycle trap in 
the cathode circuit which supplies de¬ 
generation at the intercarrier sound 
frequency to keep any trace of the 
4.5-mc sound signal out of the color 
video amplifier system. The excitation 
for the chrominance channel is re¬ 

moved from the cathode resistor and 
supplied to the chrominance contrast 
control. This control is ganged with 
the luminance contrast control to per¬ 
mit over-all adjustment of chromi¬ 
nance and luminance contrast on the 
color picture tube screen. 

The band-pass amplifier amplifies 
the chrominance signal, and its re¬ 
sponse is as shown in Fig. 31D. Note 
that it is centered in the chrominance 
carrier and sideband range, at about 
3.58 megacycles. Thus the band-pass 
amplifier has a poor response at the 
low video frequencies and assists in 
keeping the luminance information 
out of the chrominance channel. The 
output of the band-pass amplifier sup¬ 
plies the signal to the chrominance 
channels of the color receiver. Tn the 
chrominance channels, the hue and 
saturation information are released 
from the two color signals. The color 
synchronization burst arrives through 
the burst amplifier and color synchro¬ 
nization circuits. The output of the 
chrominance channels is also applied 
to the adder. As mentioned, the sig¬ 
nals are arranged properly for ex¬ 
citation of the color picture tube in 
the adder circuits. 

Two additional signals are supplied 
to the band-pass amplifier. One signal 
is in the form of a horizontal retrace 
pulse that cuts off the band-pass am¬ 
plifier during the horizontal retrace 
period. Consequently the synchroniz¬ 
ing pulses do not pass through the 
band-pass amplifier and enter the 
chrominance channel. A second signal 
that can be applied to the band-pass 
amplifier is the so-called killer volt¬ 
age or bias, which also turns off the 
band-pass amplifier whenever a 
standard monochrome signal is to be 
received. Thus there is no interference 
from the chrominance channel in the 
reception of a monochrome signal. 
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Troubleshooting in the Video 
Amplifier 

Video amplifier defects are not usu¬ 
ally difficult to locate. The picture 
tube itself serves as the indicator for 
proper video amplifier operation. As 
in all electronic servicing, the tubes 
should be tested before any other 
steps are taken to isolate trouble. Per¬ 
haps the most difficult task in trouble¬ 
shooting a video amplifier is to isolate 
the trouble to the particular section 
of the receiver. Many video amplifier 
troubles create a picture tube disturb¬ 
ance that could just as well be caused 
by defects in other sections of the 
receiver. 

A typical example of this condi¬ 
tion is 60-cycle hum in the picture as 

FIG. 32. Hum in picture (above), and on 
video signal (below). 

shown above in Fig. 32. This defect 
could just as well have its origin in the 
video i-f or tuner sections of the re¬ 
ceiver as in the video amplifier. An 
oscilloscope is helpful in pinning down 
this type of disturbance because the 
presence of hum in the video will also 
make itself apparent on the waveform 
of the video signal as shown below in 
Fig. 32. To ascertain if the hum is orig¬ 
inating in the video amplifier or at 
some previous stage in the receiver, 
the oscilloscope can be attached to the 
output of the video detector. If no 
hum exists at this point, it indicates 
that the hum pickup occurs some¬ 
where between the output of the video 
detector and the picture tube. 
A loss of gain and a weak picture 

can be caused by a defect in the video 
amplifier, the video i-f section, the 
tuner, or the antenna system. To iso¬ 
late the loss of gain to the video am¬ 
plifier, it is again only necessary to 
attach the oscilloscope to the output 
of the video detector. If sufficient sig¬ 
nal strength is available at this point, 
the loss of gain must occur in the 
video amplifier or picture tube circuit. 
In fact, an oscilloscope that has 
calibration facilities (either internal 
or external) can be used to measure 
the gain of the video amplifier. First 
the video signal is measured at the 
output of the video detector and then 
at either the grid or the cathode pin 
of the picture tube socket. With the 
contrast control set to maximum, the 
peak voltage obtained at the picture 
tube socket divided by the peak volt¬ 
age measured at the input of the 
video amplifier equals the gain of the 
video amplifier. 
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Often a deterioration in the picture 
tube itself gives an indication of a 
weak and washed-out picture of poor 
contrast and brightness. If the am¬ 
plitude of the video signal at the pic¬ 
ture tube socket is normal, and the 
picture tube electrode voltages are 
normal, the picture tube itself is at 
fault. 

ISOLATION OF DEFECTS 
IN RESOLUTION 

Defects affecting the resolution of 
the picture can exist in any portion 
of the receiver between the antenna 
and the picture tube. Thus the first 
job is to isolate the resolution defect 
to its proper section. If the antenna 
system or the tuner is at fault, the 
resolution is generally poor on one or 
two channels, but is acceptable on 
others. Consequently, by observing 
each station and carefully checking 
the resolution of the picture, you can 
usually decide whether the antenna 
system or the tuner is at fault. If the 
resolution is good on any one of the 
channels, it is almost certain that the 
video amplifier is not at fault if the 
received signals are strong enough for 
a picture with good detail. 

If picture resolution is poor on all 
stations, the trouble is generally in the 
video i-f system or in the video am¬ 
plifier. The video i-f section can be 
isolated as a possibility by a check of 
the over-all response curve of the 
video i-f section. 

If the defect is apparently confined 
to the video amplifier, the picture 
tube itself can be used as the indica¬ 
tor in attempting to isolate defective 
components. The photographs shown 
in Figs. 5, 11, and 12 are a clue as to 
what is possibly defective. A knowl¬ 
edge of what component parts influ¬ 
ence the response of the video ampli¬ 
fier to certain video frequencies, can 
help you decide what part to check 
first. 

Voltage measurements sometimes 
assist in locating the defective part 
in the video amplifier. Measurements 
with a vacuum tube voltmeter can be 
of particular help in locating troubles 
in the direct-coupled type of video 
amplifier. 

Testing the Video Amplifier. 
The gain of the video amplifier can 
be checked using a calibrated oscillo¬ 
scope and a received signal. The reso¬ 
lution performance of the video am¬ 
plifier can be ascertained by obser¬ 
vation of the reproduced picture. If a 
calibrated oscilloscope is not avail¬ 
able, a gain measurement can be 
made by using a 60-cycle sine wave 
of low amplitude (2 to 5 volts peak 
to peak) applied to the video am¬ 
plifier input. An accurate and high-
impedance 60-cycle meter can then 
be used to measure the amplitude of 
the 60-cycle sine wave at the picture 
tube socket. 

The response of a video amplifier 
can also be checked with sweep align¬ 
ment equipment. Although this would 
be of only occasional help in the 
servicing of modern monochrome re¬ 
ceivers, it is quite possible that video 
sweep equipment can be of consider¬ 
able help in the adjustment and test 
of the various video sections of a 
color television receiver. 
A video response curve can be ob¬ 

tained with the usual type of service 
equipment. If, as shown in Fig. 33, 
a sweep signal generator and marker 
generator are attached across the 
video detector i-f coil, an actual video 

FIG. 33. Interconnection of equipment 
for video sweep alignment. 
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FIG. 34. Video response curve obtained 
with test equipment connected as shown 

in Fig. 33. 

response can be obtained by attach¬ 
ing an oscilloscope through a crystal 
detector probe at the picture tube 
socket. In using this method, it is a 
good idea to shunt a 300-ohm resistor 
across the video detector i-f coil to 
prevent its response from distorting 
the video response. The detector probe 
should also have a high impedance so 
as not to attenuate the high-frequency 
components of video at the point 
where the response curve is removed 
(output of the video amplifier). 
In performing the sweep alignment, 

the sweep signal is adjusted to the 
center frequency of the i-f range. The 

marker generator is set to exactly the 
same frequency. Consequently, there 
is a heterodyning beat between the 
sweep signal and the marker signal. 
As the sweep signal deviates over its 
range, difference frequencies from a 
very low frequency up to 4 or 5 mega¬ 
cycles are present at the output of the 
video detector. The video frequency 
spectrum is then passed through the 
video amplifier, and because it recurs 
at a 120-cycle rate, the response pat¬ 
tern of the video amplifier can be 
interpreted by attaching a crystal de¬ 
tector probe at the output of the 
video amplifier. 

Actually there is a deviation on 
each side of the zero beat frequency, 
and consequently the response pat¬ 
tern appears as illustrated in Fig. 34 
with the zero frequency point at the 
center, and high frequency points at 
each end of the response curve. The 
pattern can be shifted away from the 
center by adjusting the sweep gen¬ 
erator center frequency slightly. Low 
frequency markers can also be in¬ 
serted to calibrate the response curve. 
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Lesson Questions 

Be sure to number your Answer Sheet 54B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next Lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don I hold your answers 
too long; you mav lose them. Don t hold answers to send in more than 
two sets at a time or you may run out of lessons before new ones can 
reach you. 

1. What two capacitors in a resistance-coupled amplifier cause at¬ 
tenuation of lows? 

2. What capacity limits the high-frequency response of a resistance-
coupled amplifier? 

3. What disturbance does phase distortion cause in the picture? 

4. How does high-frequency attenuation affect the picture’’ 

5. What effect does reducing the value of the plate resistor have on 
the high-frequency response? 

6. What type of video amplifier prevents loss of the de component of 
average brightness? 

7. What information does the de component of the video signal carry? 

8. How can the average brightness component be re-established? 

9. What is meant by a direct-coupled video stage? 

10. What four separate signals are removed from the first video 
amplifier of a color receiver ? 

37 



TAKE TIME 

Take time to be friendly, the road to happi 

be courteous, the mark of time 
gentleman 

Take 
Take 

time 
time 

time to work, 
time to think 

“Take 
ing time 

It is the price of success. 
. It is the source of power. 
It is the fountain of wisdom 

a star. 
“Take time 

to be selfish. 
“Take 
“Take 

joys. 
‘"Take 

look around. It is too short a d 

liess. 
“Take time to dream. It is hitching vour wagon to 

laugh. It is the music of the soul, 
play with children. It is the joy ol 

Here is a quotation from the “Santa Fe Magazine” 
which appealed to me as containing much good, com¬ 
mon sense. I hope you too will enjoy it—perhaps 
profit by it: 

time to live. That is what time is for. Kill-
is suicide. 
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THE sweep, or deflection, system 
of the television receiver generates 

the voltage or current waveforms that 
move the scanning beam across and 
down the fluorescent screen of the pic¬ 
ture tube. When no signal is being 
received, the sweep system forms a 
“raster” of almost 500 individual lines 
from top to bottom of the screen. The 
individual lines that form this raster 
glow with a uniform brightness. When 
a signal is applied to the grid or 
cathode of the picture tube, it varies 
the number of electrons in the beam, 
and as the scanning beam is moved 
across each line by the sweep system, 
the brightness along the line changes. 

Each variation in the applied signal 
represents a brightness change in the 
scene being picked up by the camera 
tube. This signal change causes 
brightness variations on the fluores¬ 
cent screen in the particular section 
toward which the beam is directed at 
that instant. 

The sweep system in the television 
receiver must generate the series of 

lines that form the scanning raster. 
The process of synchronization, which 
will be discussed in detail in another 
lesson, locks in the sweep voltages 
so the position of the scanning beam 
on the picture tube is in exactly the 
same position as the camera tube 
beam scanning the televised scene at 
the station. Thus, if the camera tube 
scanning beam is covering a bright¬ 
ness change at the top right side of 
the image, the scanning beam at the 
picture tube will also be directed to 
the top right part of the raster. 

A block diagram of a sweep system 
is shown in Fig. 1. The sweep system 
is responsible only for the motion of 
the scanning beam and the formation 
of a synchronized raster. The bright¬ 
ness variations along the individual 
lines of the raster are caused by the 
video signal applied to the grid-cath¬ 
ode circuit of the picture tube. An 
understanding of this relationship is 
necessary in rapidly locating troubles 
in the television receiver. 
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FIG. 1. Block diagram of a sweep system. 

HOW THE SCANNING RASTER 
IS FORMED 

The formation of a scanning raster 
can be best understood by recalling 
the formation of figures and patterns 
on an oscilloscope screen. Oscilloscope 
tubes, and even some of the earlier 
small-screen picture tubes, use electro¬ 
static deflection. There are two pairs 
of plates—horizontal and vertical. 
When equal voltages are applied to 
both horizontal plates, and equal volt¬ 
ages are applied to both vertical 
plates, the scanning beam will 
strike the center of the scope or 
picture tube screen. Applying a 
more positive de voltage to the right 
deflection plate than to the left plate 
moves the beam to the right center of 
the screen. By applying proper volt¬ 
ages to the various deflection plates, 
the beam can be moved to any point 
on the screen. 

If a sawtooth voltage is applied to 
the right-hand horizontal deflection 
plate, the beam will move from left 
to right across the screen and then, 
during the much faster sawtooth re¬ 
trace interval, return quickly to the 
left-hand side again, forming a single 
horizontal line as in Fig. 2A. 

If the sawtooth wave is removed 
from the horizontal plate and applied 
to the bottom vertical plate, a single 
vertical line will be formed on the 
screen, as shown in Fig. 2B. More 
important, if at the same time a posi¬ 
tive sawtooth is applied to the right 
plate and a sawtooth of the same fre¬ 
quency and phase is applied to the 
bottom plate, a diagonal line running 
from top left to lower right results as 
shown in Fig. 2C. 

If we increase the frequency of the 
horizontal sawtooth so that it is five 
times as high as the frequency of the 
vertical sawtooth, a number of indi¬ 
vidual diagonal lines or horizontal 
scans are traced before the beam can 
be moved from top to bottom of the 
screen as shown in Fig. 2D. Conse¬ 
quently, a number of horizontal lines 
tilted from left to right are formed 
on the screen. Notice also that fainter 
lines run from right to left to inter¬ 
connect the diagonal lines. The heavy, 
or bright, lines are formed by the 
slow rise of the horizontal sawtooth 
wave and are called “trace” lines, 
and the faint lines running from right 
to left occur during the fast return 
(steep side) of the sawtooth wave and 



are called “retrace” lines. In an ac¬ 
tual television system the horizontal 
blanking pulses that arrive at the grid 
circuit of the picture tube cut off the 
scanning beam during the horizontal 
retrace time so that the retrace lines 
are not visible. 

As the frequency of the horizontal 
sawtooth is increased above the fre¬ 
quency of the vertical sawtooth, more 
and more horizontal lines are formed. 

horizontal frequency so many times 
higher than the vertical, the lines 
appear almost as horizontal lines as 
shown in Fig. 3. The actual tilt of 
the line is not discernible, although 
there must be some slight tilt to per¬ 
mit the formation of one line beneath 
the preceding one. 

A television raster often has bright 
lines streaking from bottom to top. 
These lines occur during the vertical 

In a television receiver, the horizontal 
sawtooth frequency is 15,750 cps and 
the vertical sawtooth frequency is set 
at 60 cps so that 262^2 horizontal 
lines are formed. However, you will 
recall that some of the lines are not 
visible because of the relatively long 
vertical blanking period. With the 

retrace period when the scanning beam 
is returning to the top of the raster 
before beginning a new set of scan¬ 
ning lines. Since the vertical retrace 
period is longer than the time required 
to scan a number of horizontal lines, 
the beam does not return directly from 
bottom to top of the raster but weaves 
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Courtesy Admiral 

FIG. 3. This enlargement of a section 
of a TV picture shows that it is made 
up of a series of lines of varying bright¬ 
ness separated by fine black spaces. 
(Look at it from ten feet away, and you 
will see that the lines blend together.) 

back and forth from bottom to top. 
These retrace lines are visible on the 
screen of many television receivers 
when no signal is being received or 
when the brightness control on the 
receiver is set too high. 
Magnetic Deflection. It is possi¬ 

ble to form a scanning raster with a 
changing magnetic field as well as a 
changing electrostatic field. In fact, 
for a picture of a given area, it is 
possible to position the picture tube 
screen nearer to the electron gun when 
magnetic deflection is used. Thus a 
shorter picture tube can be made. 
Therefore, the picture tubes used in 
most modern television receivers use 
magnetic deflection. 

You have already become familiar 
with the principles of magnetic deflec¬ 
tion from your study of previous les¬ 
sons, and we will not go into detail 
on them here. However, there are a 
few important facts that you should 
remember when studying sweep sys¬ 
tems. 

First, beam deflection is at right 
angles to the magnetic field, therefore 
the horizontal deflection coils are 
mounted above and below the neck of 
the tube and vertical deflection coils 
are mounted on each side. 

Second, to achieve linear motion of 
the electron beam, the sweep system 
must supply sawtooth currents to the 
deflection coils—not sawtooth voltage, 
as with electrostatic deflection. 

Third, the raster is formed in much 
the same manner as with electrostatic 
deflection. Voltages are applied across 
the horizontal deflection coils to pro¬ 
duce a sawtooth current in them at 
the rate of 15,750 cps and across the 
vertical coils to produce a sawtooth 
current at the rate of 60 cps. In this 
manner, sixty 2621/2-line fields are 
produced per second. You will recall 
that there are two fields per frame so 
that the complete raster has 525 lines. 
However, slightly less than 500 are 
visible because of the relatively long 
vertical blanking period between 
fields. 

SYNCHRONIZATION 
In the television receiver the video 

and blanking pulses are used at the 
grid circuit of the picture tube to 
modulate the intensity of the scan¬ 
ning beam. The synchronizing pulses 
are also used to synchronize the de¬ 
flection system. The deflection saw¬ 
tooth waves are generated continu¬ 
ously, whether a signal is being 
received or not. Consequently, when 
the television set is turned on, a scan¬ 
ning raster should always appear, in¬ 
dicating that the horizontal and ver¬ 
tical deflection systems (or sweep 
systems, as they are usually called) 
are operating. 
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The arrival of the horizontal and 
vertical synchronizing pulses at the 
input of the deflection system locks 
in the generation of the vertical and 
horizontal sawtooth components so 
that they operate in phase with, and 
at the same frequency as, the hori¬ 
zontal and vertical oscillators at the 
camera tube. The horizontal sync 
pulse occurs at the start of the hori¬ 
zontal retrace portion of the sawtooth 
wave, as shown in Fig. 4. In fact, the 
horizontal sync pulse is responsible 

on for a period of time after the sync 
pulse. The blanking pulse arrives at 
the grid of the picture tube and shuts 
off the scanning beam just before the 
start of the retrace period. 

We generally speak of beam retrace 
in discussing the scanning process. 
However, if the receiver is working 
properly, the actual beam does not 
retrace, because the blanking pulse 
has biased the tube beyond cut-off 
so that there is no beam. What actu¬ 
ally takes place is that the deflection 

FIG. 4. Comparing the horizontal and 
vertical sawtooth pulses with respect to 

received pulses. 

for the start of the horizontal retrace 
period. Thus, the horizontal sawtooth 
has the same frequency as the arriv¬ 
ing sync pulse and also has the proper 
phase relationship. The vertical sync 
pulse coincides with the vertical re¬ 
trace interval and is responsible for 
the proper cycling of the vertical de¬ 
flection system. Note that the sync 
pulses ride on top of the blanking 
pulses. The blanking pulse starts just 
ahead of the sync pulse and continues 

magnetic fields are reshaped during 
the retrace times. As a result, when 
the beam is turned on once again, at 
the end of the blanking pulse, it is at 
the proper position to start a new 
trace. 

To understand the relationship be¬ 
tween the deflection sawtooth waves 
and the arriving pulses, let us con¬ 
sider how the picture is reproduced 
on the picture tube. During the hori¬ 
zontal trace period, the scanning beam 
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is moved from left to right across the 
screen. At the same time, the video 
signal is applied to the grid of the 
picture tube and modulates the scan¬ 
ning beam in accordance with the 
brightness variations along this single 
line of picture information. The 
blanking pulse arrives just before the 
synchronizing pulse, and shuts off the 
scanning beam at the right-hand side 
of the raster. Next, the horizontal 
sync pulse arrives, at which time the 
horizontal deflection field is reshaped 
to start the next horizontal line. Re¬ 
shaping the deflection field involves 
changing the field from a maximum 
vaiue of one polarity to a maximum 
value of the opposite polarity. 

If the scanning beam were turned 
on, the reshaping of the field would 
cause it to return rapidly to the left 
side of the screen, and it would pro¬ 
duce a visible line from right to left 
across the screen, and cause a deterio¬ 
ration in the quality of the picture. 

The blanking pulse continues after 
the synchronizing pulse to allow suffi¬ 
cient time for complete reshaping of 
the deflection field. At the end of the 
horizontal blanking pulse, the scan¬ 
ning beam is turned on again, and 
starts its motion across (left to right) 
to form the next line. 

The second horizontal line appears 
below the preceding one, because of 
the action of the much slower ver¬ 
tical sweep, which is slowly pulling 
the beam down the screen. The ver¬ 
tical sweep causes the beam to move 
from top to bottom of the screen at 
a 60-cycle rate so that approximately 
250 visible horizontal lines are traced 
<lown the screen during the vertical 

trace period. Just before the arrival 
of the vertical sync pulse, a vertical 
blanking pulse arrives at the grid 
circuit of the picture tube and cuts 
off the scanning beam as it reaches 
the last line at the bottom of the 
raster. During the vertical retrace 
period the vertical sync pulse arrives. 
During the vertical retrace interval, 
the vertical fields are reshaped so that, 
at the conclusion of the vertical blank¬ 
ing pulse, the scanning beam will start 
a new field beginning at the top of 
the raster. The vertical retrace period 
is approximately equal to the time 
required to transmit 20 lines, and 
there are two vertical retrace periods 
for each complete picture. Conse¬ 
quently, our television picture con¬ 
tains about 485 lines instead of 525. 

The vertical blanking pulse con¬ 
tinues after the vertical sync pulse 
to allow time for reshaping the ver¬ 
tical deflection field. At the conclu¬ 
sion of the vertical blanking pulse, 
the beam is turned on once again and 
appears at the top of the raster, 
ready to begin a new field. The equal¬ 
izing pulses that appear before and 
after the vertical sync pulses insure 
precise timing and stable interlace. 
They will be discussed in more detail 
in the lesson on synchronizing systems. 

An understanding of what occurs in 
the deflection system, and the rela¬ 
tionship between the generated saw¬ 
tooth waves and the received pulses 
is very helpful in isolating receiver 
defects. For example, even if no signal 
is being received, it should still be 
possible to obtain a normal raster on 
the picture tube screen, because the 
sync pulses influence the timing of 
the deflection waveform only, and do 
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not actually generate the deflection 
energy. If the raster is normal, but 
it is not possible to lock it in with 
the sync pulses, you know there is a 
sync defect in the receiver. If the 
raster locks in normally, but the pic¬ 
ture information does not appear or 

is very weak, there is some defect 
that prevents the arrival of the full 
amplitude video signal to the grid cir¬ 
cuit of the picture tube. Knowing 
where each signal goes and what it is 
supposed to do is a great help in rapid 
isolation of receiver defects. 

Formation Of A Sawtooth Wave 
The sawtooth voltage is the basic 

deflection waveform. After shaping 
and amplification, the sawtooth volt¬ 
ages are used to excite the deflection 
output stages. These form the saw¬ 
tooth current waves in the two pairs 
of deflection coils to produce hori¬ 
zontal and vertical motion of the 
scanning beam. 

FIG. 5. A simple sawtooth generator. 

A sawtooth voltage can be formed 
by using the simple arrangement 
shown in Fig. 5. The gradual rise of 
voltage across a capacitor charging 
through a resistor can be used to form 
the long side of a sawtooth trace. 
Thus, in the circuit shown, a capacitor 
C is placed across the plate and cath¬ 
ode of a special tube. This capacitor 
attempts to charge to the supply volt¬ 
age (B-f-) through resistor R. The 
rate of charge decreases as the total 
charge increases, making the charg¬ 
ing curve “fall off,” forming an expo¬ 
nential curve as shown by the dotted 

lines of Fig. 5. If all of this curve 
were used, the scanning would not be 
linear. Therefore, only the lower por¬ 
tion, which is almost a straight line, 
is used. The tube is of a special gas-
filled type. The gas becomes ionized 
(becomes conductive) at a certain 
critical voltage. At this point it pro¬ 
vides a low-resistance shunt through 
which the capacitor can discharge 
very rapidly, forming the retrace por¬ 
tion of the sawtooth. When the volt-
tage drops sufficiently, the tube again 
becomes non-conductive, and another 
charging cycle is started. The time 
required for charging is controlled by 
the time constant of the resistor and 
capacitor combination. This is made 
long as compared to the period of the 
trace so that only the initial linear 
part need be used. 

The sync pulse arriving at the grid 
of the tube supplies a trigger action. 
By suddenly increasing the voltage, 
it “trips” the tube, making it con¬ 
ductive at the proper scanning fre¬ 
quency. 

The vertical trace is much longer 
than the horizontal trace, so the time 
constant required is also much longer. 
Fig. 5 shows typical values for using 
the circuit as a horizontal sawtooth 
generator and as a vertical sawtooth 
generator. 
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SAWTOOTH OSCILLATOR 
Although the circuit shown in Fig. 

5 represents the simplest method of 
producing synchronized sawtooth volt¬ 
ages, it has been found that other 
circuits operating on similar princi¬ 
ples are more stable and more eco¬ 
nomical. 

The basic sawtooth oscillators are 
the blocking oscillator and the cath¬ 
ode-coupled multivibrator. The more 
complex oscillators used in modern 
TV receivers are modifications of 
these two basic types. The feedback 
cycle of this type of oscillator is 
such that the tube conducts for a short 
time and is cut off or non-conducting 
for a much longer time. 

FIG. 6. Blocking-tube sawtooth 
generator. 

Blocking Tube Oscillator. A 
blocking tube oscillator is shown in 
Fig. 6. Let us assume that the tube 
is beginning to conduct and the grid 
voltage is swinging in the positive 
direction. The positive grid voltage 
causes a further increase in plate cur¬ 
rent and, at the same time, a drop 
in plate voltage. This drop in plate 
voltage produces a negative voltage 
across the transformer primary. The 
voltage is coupled to the secondary 
with the polarity necessary to cause 
an additional rise in grid voltage in 
the positive direction. As a result, the 
feedback cycle drives the grid positive 

rapidly until it reaches the level where 
a further increase in grid voltage 
causes no further change in plate cur¬ 
rent. This point of no further increase 
in plate current, with an attempted 
rise in grid voltage, is the level at 
which the grid draws current and 
counteracts the attempted rise in grid 
voltage. 

Consequently, for a short interval 
of time, there is no plate voltage 
change to produce feedback, and the 
grid voltage begins to slide back. As 
soon as it does, the plate current 
decreases, and the plate voltage begins 
to increase. This plate voltage change, 
now in the opposite direction, initiates 
a fast feedback cycle of opposite 
polarity. The increase in plate volt¬ 
age across the transformer primary 
causes a secondary voltage that drives 
the grid in the negative direction, 
resulting in a further decrease in 
plate current and rise in plate voltage. 
This new feedback cycle drives the 
grid rapidly to cut-off and beyond, 
because the tube and the transformer 
have amplified the initial grid voltage 
change and, assisted by the collapsing 
field about the transformer (tube has 
been cut off), drive the grid far 
negative. 

The high negative charge on capaci¬ 
tor C2 (result of feedback cycle and 
grid current flow) holds the tube at 
cut-off until the capacitor has dis¬ 
charged through resistor R2, to the 
extent that the negative bias on the 
grid of the tube declines to the point 
at which plate current can flow again. 
The length of time, and therefore the 
frequency of the oscillator, is deter¬ 
mined by the time constant of resistor 
R2 and capacitor C2. The longer the 
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time constant of this combination, the 
lower the frequency of the oscillator, 
because of the greater time required 
to discharge capacitor C2 to the level 
at which the tube begins to conduct. 
Thus, when a blocking tube oscillator 
is used to generate a vertical saw¬ 
tooth, the time constant in the grid 
circuit will be longer than when it is 
used to generate a horizontal saw¬ 
tooth. 

After the grid capacitor C2 has dis¬ 
charged to the conduction level of 
the tube, the plate current begins to 
flow and the plate voltage to decrease 
once again. This initiates another 
feedback cycle that drives the grid 
in the positive direction once again, 
and a new cycle of operation begins. 
It is apparent that the blocking tube 
oscillator is free-running and contin¬ 
ues to oscillate and form an output 
signal. 

The transformer, C2, and R2, func¬ 
tion to make VI serve essentially the 
same purpose as the gas tube in 
Fig. 5. When the blocking tube in 
Fig. 6 is non-conducting, capacitor 
Cl charges toward the B-|- voltage 
through resistor RI. The time con¬ 
stant of RI and Cl is chosen so that 
the charge that accumulates on the 
capacitor during the trace interval 
reaches a peak value of approxi¬ 
mately 35 volts, or 10% of the supply 
voltage. Consequently, the capacitor 
will build up voltage only during the 
more linear portions of the exponen¬ 
tial charge cycle. At about the time 
that the capacitor Cl charge reaches 
35 volts, the grid capacitor C2 has 
discharged to a level where the tube 
begins to conduct and originates a 
feedback cycle. 

During the conduction time of the 
tube, the low resistance of the tube 
is shunted across Cl, discharging it 
rapidly. It does not discharge to zero 
volts, however, because the conduct¬ 
ing tube has a specific resistance 
which depends on the tube type and 
the operating potentials. Let us as¬ 
sume that the plate voltage on the 
tube, when it is conducting, is 20 volts 
and, consequently, the capacitor Cl 
can discharge only to this level as 
shown in the waveform drawing in 
Fig. 6. At the end of the short con¬ 
ducting period of the tube, the grid 
capacitor C2 has been once again 
charged to a negative voltage. Beyond 
this interval the sawtooth-forming 
capacitor Cl begins to charge toward 
the B-b supply potential. It is again 
interrupted by the conduction of the 
tube after it has reached a potential 
near 35 volts. This starts a new feed¬ 
back cycle and sawtooth retrace. 

Sawtooth Amplitude and Frequency. 
The frequency of the sawtooth os¬ 
cillator is controlled mainly by the 
grid time constant; the sawtooth 
amplitude is regulated by the saw¬ 
tooth-forming time constant. Typical 
blocking tube waveforms are illus¬ 
trated by drawings A, B, and C of 
Fig. 7. Waveform A is the grid wave¬ 
form, showing the discharge of capac¬ 
itor C2 through resistor R2 until the 
conduction point is reached. At this 
instant the grid voltage swings posi¬ 
tive to the saturation and limiting 
level, and then sharply negative be¬ 
yond cut-off. Consequently, during the 
pulse portion of the grid waveform, 
the tube is conducting and the feed¬ 
back cycle occurs. A negative pulse 
is developed in the plate circuit that 
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FIG. 7. Blocking-tube waveforms and 
frequency change. 

corresponds in time position to the 
positive swing of the grid voltage, as 
shown in Fig. 7B. There is also a 
sharp positive pulse in the plate cir¬ 
cuit that occurs during the collapse of 
the field about the blocking tube 
transformer, and is instrumental in 
driving the grid circuit far beyond 
cut-off. 
Waveform C represents the saw¬ 

tooth wave as it is developed across 
capacitor Cl. During the cut-off 
period of the tube, capacitor Cl is 
charging through resistor RI. How¬ 
ever, at the instant the grid swings 
into the conduction range, the low 
resistance of the blocking tube dis¬ 

charges capacitor Cl. As a result, the 
retrace portion of the sawtooth wave 
is formed. 

To increase the frequency of the 
blocking tube, the time constant in 
the grid circuit is reduced; to decrease 
the blocking tube frequency, the time 
constant is increased. When there is 
a lower grid time constant, such as 
can be obtained by reducing the value 
of capacitor C2 or resistor R2, there 
is a faster discharge of the voltage 
on capacitor C2. Usually the fre¬ 
quency of the blocking tube is regu¬ 
lated by varying the value of resistor 
R2. When an increase in frequency 
is desired, resistor R2 is reduced in 
value. Consequently, capacitor C2 
will lose its cut-off voltage at a faster 
rate, and the conduction level of the 
tube will be reached in a shorter inter¬ 
val of time, as shown by waveform 
D of Fig. 7. The blocking tube will 
be driven into conduction earlier than 
shown in waveform A. The retrace 
will occur sooner, and the new trace 
will begin earlier. As shown in wave¬ 
forms D and E, the shorter time con¬ 
stant in the grid circuit causes the 
generation of a higher frequency saw¬ 
tooth wave. 
The grid time constant also has 

some limited influence on the ampli¬ 
tude of the sawtooth wave formed in 
the plate circuit. If the discharge time 
is faster, the amplitude of the saw¬ 
tooth wave is not quite as high be¬ 
cause it is not allowed as much time 
to charge. Consequently, in making 
receiver adjustments, there will be 
interaction between control settings, 
particularly with relation to the fre¬ 
quency, linearity, and amplitude ad¬ 
justments of the sawtooth waves. 
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FIG. 8. Control of sawtooth amplitude. 

The amplitude of the sawtooth wave 
is most often controlled by regulating 
the B¿- value toward which the saw-
tooth-forming capacitor attempts to 
charge. For example, if a potenti¬ 
ometer were connected in the B-f- cir¬ 
cuit of Fig. 6, it would be possible to 
control the amplitude of the generated 
sawtooth wave as shown in Fig. 8. 
During the discharge cycle of the grid 
waveform, the sawtooth capacitor Cl 
is charging toward the B-|- voltage. 
With a fixed amount of time for the 
charge, the actual amplitude of the 
final voltage on the capacitor depends 
on the supply voltage toward which 
the capacitor is attempting to charge. 
For example, for this solid-line saw¬ 
tooth wave, the capacitor is attempt¬ 
ing to reach a supply voltage of plus 
300 volts; for the dotted-line sawtooth 
wave, it is attempting to charge to 
plus 325 volts. By regulating the volt¬ 
age supplied to the sawtooth-forming 
circuit, it is possible to include a 
means of regulating the sawtooth am¬ 
plitude. The frequency of the saw¬ 
tooth wave remains essentially con¬ 
stant, and the amplitude changes only 
with changes in the supplied voltage. 

In a TV receiver, the controls that 
regulate the amplitude of the sawtooth 
generators are referred to as width 

and height or “size” controls, while 
the controls that set the frequency of 
the generated sawtooth waves are 
called the frequency or “hold” con¬ 
trols. 
Cathode-Coupled Multivibrator. 

Another basic sawtooth generating 
circuit is the cathode-coupled multi¬ 
vibrator illustrated in Fig. 9. In this 
circuit the sawtooth voltage is devel¬ 
oped across capacitor Cl, and the 
frequency of the multivibrator is de¬ 
termined mainly by capacitor C2 and 
resistor R2. The second section of the 
triode functions very much the same 
as the blocking tube, because the saw¬ 
tooth trace is formed on capacitor Cl 
when the tube is non-conducting, and 
the retrace is formed when the tube 
conducts and discharges capacitor Cl. 
The cut-off time of the tube is con¬ 
trolled by the time constant of the 
grid capacitor C2 and grid resistor 
R2, just as in a blocking oscillator. 
In fact, the first section of the multi-

FIG. 9. Cathode-coupled multivibrator. 
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vibrator has the same purpose as the 
transformer of the blocking tube oscil¬ 
lator—mainly to initiate a feedback 
cycle. 

The cycle for the cathode-coupled 
multivibrator is as follows: Let us 
assume that capacitor C2 is discharg¬ 
ing and the grid voltage has reached 
the level at which the second section 
of the tube begins to conduct. 

The rise in plate current, when the 
second section of the tube conducts, 
develops a more positive voltage 
across cathode resistor R3. The higher 
cathode voltage results in an increase 
in negative bias on the first section. 
The plate current of the first section 
decreases, and its plate voltage 
increases. 

The plate circuit of the first section 
is coupled through capacitor C2 to 
the grid of the second section. There¬ 
fore, the rise of plate voltage on the 
first section causes a further increase 
in positive grid voltage on the second 
section. 

This feedback arrangement causes 
the grid voltage of the second section 
to rise rapidly and almost instantane¬ 
ously, driving the grid of the first sec¬ 
tion toward cut-off and the grid of 
the second section positive to the level 
where a further increase in grid volt¬ 
age causes no further increase in the 
plate current of the second section. 
At this instant, no further feedback 
occurs, because there is no change in 
plate current in the second section. 
With no feedback to support it, the 
grid voltage of the second section be¬ 
gins to slide back and reverses the 
feedback cycle. 

This time the grid voltage of the 
second section decreases, causing a 
decrease in plate current, and a less 
positive voltage across the cathode 

resistor R3. Thus, the bias on the 
first section of the tube begins to 
decrease and there is an increase in 
the plate current of the first section. 
The resultant decline in the plate 
voltage of the first section drives the 
grid of the second section further in 
the negative direction. In fact, feed¬ 
back operation, assisted by the ampli¬ 
fication by the first section, drives the 
second section beyond cut-off. As a 
result, the second section is held at 
cut-off by the high negative charge 
placed on capacitor C2, just as the 
negative charge placed on the grid 
capacitor of a blocking tube holds it 
at cut-off. The second section remains 
cut off until capacitor C2 discharges 
through resistor R2 to the bias level 
at which the second section of the 
tube begins to conduct again. As soon 
as the second section begins to con¬ 
duct, a new feedback cycle is orig¬ 
inated. 

During the interval that the second 
section is held at cut-off by the charge 
on capacitor C2, capacitor Cl charges 
toward the B-|- voltage through re¬ 
sistor RI. At the instant the second 
section conducts, this same capacitor 
is discharged through the tube, form¬ 
ing the sawtooth retrace interval. The 
frequency of the generated sawtooth 
is controlled by the grid time constant 
(capacitor C2 and resistor R2), which 
determines the rate of discharge of 
capacitor C2, as shown in the grid 2 
waveform. The faster the time con¬ 
stant, the higher the frequency of the 
sawtooth generated, as explained in 
the blocking tube oscillator discussion. 
The amplitude of the sawtooth wave 
is again controlled by the plate-circuit 
time constant (resistor RI and capac¬ 
itor Cl), and the supply voltage to¬ 
ward which capacitor Cl charges. 
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The feedback characteristic of the 
first section of the triode is illustrated 
by the cathode waveform. This cath¬ 
ode waveform is developed by the 
plate current changes in the second 
section. An amplified version of this 
same waveform appears at the plate 
of the first section, and therefore 
serves as the strong feedback pulse 
that is fed to the grid of the second 
section. Thus, the first section of the 
multivibrator has the same task as 
the blocking tube transformer; name¬ 
ly, to supply the necessary feedback 
pulse that triggers the sawtooth-form¬ 
ing second section. 

FIG. 10. The addition of a resonant cir¬ 
cuit, C3 and LI, stabilizes the multi¬ 

vibrator. 

Stabilized Multivibrators. It is 
possible to improve the frequency 
stability of a cathode-coupled multi¬ 
vibrator by inserting a tuned circuit 
in the plate circuit of the feedback 
tube, as shown in Fig. 10. The reso¬ 
nant circuit, consisting of inductor LI 
and capacitor C3, is tuned to a fre¬ 
quency near the synchronized fre¬ 
quency of the multivibrator. Except 
for the resonant circuit and a special 
modifying resistor in the sawtooth 
output circuit, the multivibrator is the 
same as the one shown in Fig. 9. 

The frequency of a multivibrator 
is controlled by the time constant in 
the grid circuit of the second tube. 
Resistor R4 is variable and acts as 
a horizontal hold control to adjust 
the multivibrator frequency as close 
as possible to that of the incoming 
horizontal sync pulses. The values 
shown are typical for a multivibrator 
that must operate at a line rate of 
15,750 cycles. The sawtooth voltage 
is developed across capacitor Cl as 
it charges through the RI series of 
resistors. The retrace portion of the 
sawtooth is formed when the second 
tube conducts. 

The resonant circuit, C3 and LI, 
improves stability by adding a sine 
wave to the regular grid waveform 
of the multivibrator. The sine wave 
voltage is developed across the reso¬ 
nant circuit by the sharp change in 
plate current of the first tube, and is 
coupled through capacitor C2 to the 
grid of the second section. Also pres¬ 
ent on the grid of the second section 
is the standard multivibrator wave¬ 
form that results from the discharge 
of capacitor C2. The two waveforms 

FIG. 11. The sine wave voltage devel¬ 
oped across the resonant circuit combines 
with the regular multivibrator grid wave¬ 
form (A) to produce the modified form 

at B. 
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combine to form the resultant wave¬ 
form B of Fig. 11. The advantage of 
this type of grid waveform is that 
the discharge cycle of capacitor C2 
near conduction time is separated by 
a substantial voltage from the con¬ 
duction level of the second tube. For 
example, if a small burst of noise 
reaches the grid of the second section, 
as shown in Fig. 11 A, it may reach 
the conduction level and start the 
second tube conducting before the true 
synchronization time. This will start 
the retrace portion of the sawtooth 
too soon, and the next line of video 
information will be displaced on the 
scanning raster. However, with the 
discharge portion of the waveform 
substantially below the conduction 
level, as shown in waveform B, the 
same burst of noise does not reach 
the conduction level and trigger the 
multivibrator incorrectly. 

Thus, the resonant circuit improves 
the stability of the multivibrator by 
preventing stray noises and circuit 
variations from causing a shift in fre¬ 
quency and phase of the sawtooth 
output of the multivibrator. 

Formation of a Modified Saw¬ 
tooth Wave. In almost all magnetic 
deflection systems, it is necessary to 
modify the sawtooth wave with the 
addition of a pulse component in order 
to obtain a linear sawtooth current 
in the deflection coil. The addition 
of a pulse to the sawtooth wave can 
be accomplished at the sawtooth¬ 
forming circuit as shown in Fig. 12. 
When the sawtooth trace is formed, 
capacitor Cl charges slowly toward 
the B-j- potential through the RI 
group of resistors. Since the actual 
charging current is small, it does not 

develop any great voltage across 
resistor RIA, connected between the 
capacitor Cl and ground, because its 
resistance is comparatively low. At 
the time of discharge, however, the 
second section of the multivibrator is 
conducting, and the discharge path is 
through resistor RIA, resistor R5, and 
the resistance of the conducting tube. 
This is a short time constant discharge 
path, so there is a high discharge 
current which flows down through re¬ 
sistor RIA and develops an apprecia¬ 
ble negative pulse as shown in the 
waveforms of Fig. 12. 

FIG. 12. When RIA is added in series 
with Cl, a modified sawtooth voltage is 
produced across the series combination. 

SYNCHRONIZATION OF 
SAWTOOTH OSCILLATORS 
A horizontal sawtooth oscillator can 

be set at the line rate frequency and 
a vertical sawtooth oscillator to the 
field rate frequency of the television 
receiver, but adjusting each oscillator 
to the correct frequency is not enough 
to obtain a stationary, locked-in pic¬ 
ture. The oscillators must be held 
rigidly to a specific frequency and 
must maintain a definite phase rela¬ 
tionship with the scanning beam at 
the camera tube. Consequently, it is 
necessary to convey sync pulses from 
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the transmitter to the receiver, and to 
introduce these sync pulses into the 
deflection system of the receiver. The 
sync pulses lock in the frequency and 
phase of the sweep oscillator. The 
sync pulses do not generate the saw¬ 
tooth wave or determine the frequency 
of the sawtooth wave. They serve to 
hold the oscillator rigidly at the re¬ 
quired frequency and phase. 

This very characteristic is often 
helpful in determining whether a de¬ 
fect is in the synchronization or the 
sawtooth generating sections of a TV 
receiver. Generally, when there is a 
sync defect, it is possible to lock in 
the picture momentarily by varying 
the frequency controls. However, 
with improper sync, the picture re¬ 
mains locked in just for a short time 
and then drifts out again. Usually, 
if there is a sawtooth generating de¬ 
fect, it is not possible to tune the 
defective oscillator to the correct 
frequency. 

The process of synchronization is 
discussed in detail in a later lesson. 
However, a brief introduction to syn¬ 
chronization here will give you a 
better understanding of the operation 
of the deflection system in a television 
receiver. There are two basic methods 
of establishing rigid control of the 
frequency and phase of a sawtooth 
oscillator—by application of the sync 
pulses to the oscillator and by the 
establishment of a de voltage at the 
sawtooth oscillator that depends on 
the incoming sync pulses. 
When a sync pulse is introduced 

into the grid circuit of a blocking tube 
oscillator, and the hold control is 
adjusted to bring the frequency of 
the oscillator near to that of the 

arriving sync pulses, synchronization 
occurs as shown in Fig. 13A. The 
sync pulse, which is very much lower 
in amplitude than the normal grid 
waveform of the blocking tube oscil¬ 
lator, is applied to the grid. When the 
oscillator is properly adjusted, the 
positive sync pulses will extend above 
the trigger level and drive the block¬ 
ing tube into conduction, thus initiat¬ 
ing the retrace portion of the gener¬ 
ated sawtooth wave. 
A hold control is necessary to 

permit adjustment of the frequency of 
the oscillator to the frequency at 
which the sync pulses can establish 
rigid control of the oscillator. The 
direct application of the vertical sync 
pulses to the vertical blocking oscil¬ 
lator is the most common method of 
synchronizing the vertical deflection 
system. 

The horizontal deflection system is 
more often synchronized by a de volt¬ 
age. This de voltage is established 
initially by comparing the frequency 
of the sync pulses with the frequency 
of the horizontal deflection waveform. 
When there is any difference in fre¬ 
quency or phase between the two sig¬ 
nals, the de voltage changes, causing 
a correction in the frequency of the 
sawtooth oscillator. The manner in 
which this de voltage is produced is 
discussed in more detail in your lesson 
on the sync system. 

With this method of synchroniza¬ 
tion it is not necessary to apply the 
sync pulses to the sawtooth oscillator 
directly. Instead, the sync pulses are 
applied to the comparison circuit that 
develops the de voltage. This voltage 
is then applied to the oscillator, as 
shown in Fig. 13B. 
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FIG. 13. Synchronization of sawtooth oscillators. 
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The waveforms in Fig. 13B illus¬ 
trate how a de voltage can be used 
to vary and correct the frequency of 
a blocking tube oscillator. The nega¬ 
tive charge placed on the grid capaci¬ 
tor Cl establishes a bias voltage that 
must be discharged to the conduction 
level before the blocking tube again 
conducts. If a de voltage is introduced 
in conjunction with this negative 
capacitor charge, the time required 
to discharge to the conduction level 
can be altered. For example, when a 
high positive de voltage is supplied, 
the capacitor discharges from a less 
negative voltage, and it reaches the 
conduction level earlier. Inasmuch as 
the discharge time has been made 
shorter with the introduction of the 
positive voltage, the frequency of the 
blocking tube rises. 

If the applied de voltage is now 
reduced, the capacitor discharges from 
a higher negative voltage, and the 
time of discharge to reach the conduc¬ 
tion level is longer, lowering the 
frequency of the blocking tube. 

Thus, limited changes in an intro¬ 
duced de voltage vary the frequency 
of the oscillator over a limited range 
to permit it to follow the frequency 
and phase of the sync pulses. 

Just as in the blocking tube oscil¬ 
lator shown in Fig. 13A and 13B, it 
is possible to control the frequency 
of a multivibrator either with the 
direct application of sync pulses or 
with the use of a de control voltage. 
When a multivibrator is synchronized 
directly with pulses, they arrive as 
small positive spikes at the grid of 
the second section as shown in Fig. 
13C. Again they add to the normal 
grid waveform of the multivibrator 

and start the retrace portion of the 
generated sawtooth by driving the 
second section into conduction at the 
instant of their arrival. 

The schematic diagram in Fig. 13D 
shows how the frequency of the 
multivibrator is controlled by a de 
voltage applied to the grid of the first 
section. A de voltage so applied acts 
as a grid bias and determines the 
plate current of the first section. 
The plate current in turn determines 
the voltage drop across the plate load 
resistor, and hence the voltage level 
to which C2 must discharge. A posi¬ 
tive voltage on the grid of the first 
section will cause the plate voltage 
to drop to a lower value, and hence 
C2 must discharge to a lower value. 
This will increase the time required 
for C2 to discharge to a level that 
will permit V2 to conduct, and hence 
will increase the time constant of the 
circuit and reduce the oscillator fre¬ 
quency. When a negative voltage is 
applied to the grid of VI, the opposite 
effect is produced and the oscillator 
frequency will increase. 

In some of the earlier TV receivers, 
sine-wave oscillators were often used 
in the horizontal deflection system. 
The sine-wave output oi this oscil¬ 
lator was compared with the incoming 
sync pulse, and the resultant com¬ 
parison voltage was used as grid bias 
on a reactance tube. The reactance 
tube in turn controlled the frequency 
of the sine-wave oscillator so that it 
would be the same as that of the 
incoming horizontal sync pulses. The 
sine-wave oscillator, shown in Fig. 14, 
also controlled the generation of the 
sawtooth wave. 
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FIG. 14. Sine wave sweep generator. 

The sine-wave oscillator is basically 
an electron-coupled oscillator with the 
screen grid, control grid, and cathode 
forming a Hartley oscillator. The 
strength of the oscillations and the 
biasing of the oscillator tube are such 
that the plate current reaches satura¬ 
tion on the crest of the sine-wave 
cycle. Thus, the top of the sine wave 
as it appears across resistor R3 has 
been flattened into a crude square 
wave. This signal is then applied 
through a differentiating circuit con¬ 
sisting of capacitor C3 and resistor 
R4 to the grid of the sawtooth-forming 
discharge tube. The differentiated 

waveform appears as shown in Fig. 
14, at the input of V2. 

The positive spike of the differenti¬ 
ated signal corresponds to the retrace 
time, and triggers the discharge tube 
into conduction. When the discharge 
tube conducts, the sawtooth-forming 
capacitor Cl is discharged. Between 
positive grid spikes, the discharge 
tube is held at cut-off, and the saw¬ 
tooth trace is formed on capacitor Cl, 
as it charges through resistor RI, 
toward the B-|- supply voltage. Thus 
the sine-wave output of an oscillator, 
if properly shaped, can be used to 
trigger a discharge tube. 
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Magnetic Deflection Amplifiers 
The purpose of the deflection am¬ 

plifiers (horizontal and vertical out¬ 
put stages) is to produce sawtooth 
current waves in the deflection coils. 
The deflection coils are attached 
around the neck of the tube so that 
their magnetic fields penetrate the 
glass envelope and deflect the electron 
beam. The excitation or drive for the 
deflection output stages is the modi¬ 
fied sawtooth voltages generated by 
the sawtooth oscillators. 

The deflection or sweep output stage 
is similar in some respects to an audio 
output stage. It consists of a power 
amplifier tube and an output trans¬ 
former system in which the plate 
current change in the tube causes a 
substantial current change in the 
deflection coil. The large current 
change is necessary to create a chang¬ 
ing magnetic field of sufficient strength 
to deflect the scanning beam as it 
passes along the neck of the picture 
tube toward the screen. Since the 
horizontal scanning rate is much 
higher in frequency than the vertical 
scanning rate, much more output 

power is required for horizontal than 
for vertical deflection. In addition, at 
the higher-frequency horizontal rate, 
there are added circuit and trans¬ 
former losses to be overcome. The 
power required for horizontal deflec¬ 
tion is generally several hundred times 
greater than that necessary for ver¬ 
tical deflection. 

To obtain the necessary peak effi¬ 
ciency in the deflection output cir¬ 
cuits, it is necessary to use a 
transformer or an auto-transformer 
arrangement, as shown in Fig. 15, to 
reflect the proper load to the output 
tube from the low-impedance deflec¬ 
tion coils. 

The technician must realize that 
the high efficiency and high power 
required by the output stages make 
them subject to defects caused by 
minor disturbances in the operation 
of the sawtooth generators or in the 
power supply system of the television 
receiver. Improper excitation or im¬ 
proper voltages in the deflection 
output circuit influence the size and 

FIG. 15. Basic magnetic deflection amplifiers (A) using transformer in output, 
(B) using auto-transformer. 
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FIG. 16. How a sawtooth current can be made to flow in a perfect coil. 

linearity of the picture. A very com¬ 
mon defect in television receivers is 
a weak rectifier tube in the low-volt-
age power supply. This tube is per¬ 
haps the first tube to check and 
replace when the picture does not fill 
the entire screen. A power supply 
defect can cause an appreciable 
change in picture size with just minor 
fluctuations in line voltage, whereas 
if the power supply is operating prop¬ 
erly, the line voltage changes usually 
will not cause any noticeable change 
in picture size. 

TRAPEZOIDAL WAVES 
Since the deflection field in an elec¬ 

tromagnetic system is proportional to 
the current through the coils, we need 
a sawtooth current to produce the 
proper deflecting action. Because a 
coil resists sudden changes in voltage, 
such a sawtooth current cannot be 
produced by applying a sawtooth volt¬ 
age to the coil. Let’s see what shape 
the applied voltage must have to 
make the coil current a sawtooth 
current. 
Let’s suppose we have a perfect 

coil (no resistance) as shown in Fig. 
16A and want the sawtooth current 
shown in Fig. 16B to flow through it. 

If we apply a de voltage (Fig. 16C) 
to a coil, the current through the coil 
will build up as shown in Fig. 16D. 
The rate at which this current rises 
depends on the inductance, on the 
voltage, and on how long the voltage 
is applied. In a perfect coil, this cur¬ 
rent could reach infinity if the voltage 
were applied long enough. 

If we apply the voltage for just a 
short period of time, then cut it off 
for an equal period of time (Fig. 
16E), we will get the triangular cur¬ 
rent flow shown in Fig. 16F. We can 
change this into a sawtooth current 
by finding some way of making the 
right-hand edge of the wave more 
nearly vertical. 

A voltage having the form shown in 
Fig. 1GG will do the trick. The high, 
short negative pulse will make the 
coil current drop suddenly, producing 
the sawtooth current in Fig. 16H. 

The voltage shown in Fig. 16G is 
very similar to the output from a 
blocking oscillator or multivibrator. 
Therefore, if the output of one of 
these devices could cause enough cur¬ 
rent to flow, and if the coil had negli¬ 
gible resistance, we could get a saw¬ 
tooth coil current without using a 
discharge circuit. 
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However, the coils with which we 
are dealing have appreciable resist¬ 
ance (which, as we shall show later, 
is needed to damp out oscillations). 
A practical coil, therefore, is like the 
combination shown in Fig. 17A. 

A voltage having a rather unusual 
wave shape must be applied to get a 
sawtooth current to flow through this 
combination. A voltage having the 
form shown by curve 1 of Fig. 17B 
must be used to create a sawtooth 
current in an inductance, and one 
having the shape shown by curve 2 
must be used to create such a current 
in a resistance; therefore, the two 
voltages must be combined, producing 
the “trapezoidal” wave shown in Fig. 
17C, to create a sawtooth current 
through a combination of inductance 
and resistance. 

The proportion of pulse voltage to 
sawtooth voltage needed in the trape¬ 
zoidal wave depends on the relative 
proportions of inductance and resist¬ 
ance in the coil. Therefore, the cir¬ 
cuits used to shape this trapezoidal 
wave must be designed to suit the 

particular deflection coils to be used 
with them and may be widely different 
in parts values in different receivers. 

VERTICAL DEFLECTION 
SYSTEM 

Since the vertical deflection coil 
must produce a linear deflection at a 
low frequency, a high inductance and 
its corresponding higher resistance is 
used. In the modern receiver, the 
excitation voltage for the vertical 
output tube consists of both a pulse 
and a sawtooth component. A vertical 
deflection output stage fed by a saw¬ 
tooth oscillator is shown in Fig. 18. 
The modified pulse-sawtooth wave is 
formed across capacitor Cl and re¬ 
sistor RIB. This combined waveform 
is coupled through capacitor C2 to 
the grid of the vertical output stage. 
A long time-constant grid circuit is 
required to prevent mis-shaping of 
the very low-frequency vertical saw¬ 
tooth. 

The output of the vertical sawtooth 
amplifier is transformer-coupled to 
the vertical deflection coils. The 

EIG. 17. A trapezoidal voltage wave must be applied to a practical coil to produce 
a sawtooth current. 
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transformer ratio is chosen to reflect 
the proper load to the output tube 
from the low-impedance deflection 
coil. During the long trace period of 
the vertical deflection cycle, it is pos-

a linear sawtooth is developed at the 
plate of the output tube, with the non¬ 
linearity of the tube compensating 
for the non-linearity in the shape of 
the grid sawtooth wave. 

FIG. 18. A blocking tube oscillator (VI) used for vertical deflection fed into a 
vertical deflection output stage (V2). 

sible that the sawtooth may curve 
instead of rise linearly because of 
the non-linear charge on the sawtooth-
forming capacitor, or because of poor 
low-frequency response in the coup¬ 
ling circuit. To correct for any dis¬ 
tortion that might occur in the vertical 
trace, a vertical linearity control is 
inserted in the cathode circuit of the 
vertical output tube. 

The vertical linearity control, as 
shown in Fig. 19, permits the biasing 
of the vertical output stage on the 
non-linear part of the characteristic 
curve. By moving this bias point with 
the linearity control, it is possible to 
choose a point of curvature on the 
curve that will match the rounding of 
the applied sawtooth wave. Therefore, 

At times distortion of the sawtooth 
occurs in the deflection output system, 
and the linearity control must adjust 
the shape of the sawtooth wave before 
the actual distortion occurs. Although 
you might think that if the sawtooth 
applied to the grid of the amplifier is 
linear no linearity control would be 
necessary, the linearity system may be 
necessary to correct for distortion 
later in the deflection system. 

In some vertical output circuits the 
low side of the peaking resistor is 
often returned to the cathode of the 
vertical output amplifier, as shown in 
the optional connection of Fig. 19. 
This connection picks up a low ampli¬ 
tude waveform at the cathode circuit, 
which has an opposite curve to that 
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SWEEP AMP 

FIG. 19. A curve in the trace portion of the sawtooth current may be eliminated 
by adjusting the “Linearity Control” to select the proper bias point on the sweep 

amplifier transfer curve. 

of the generated sawtooth wave. The 
addition of the two components 
through the feedback connection pro¬ 
duces further improvement in the 
sawtooth linearity. 

With a linear sawtooth applied to 
the grid of the vertical output ampli¬ 
fier, the plate current of the tube 
rises linearly, resulting in the transfer 
of the combined waveform to the sec¬ 
ondary of the output transformer. 
However, the step-down transformer 
(the voltage is stepped down but the 
current is stepped up) can have a 
ratio of approximately 10-to-l. There¬ 
fore, a change in sweep amplifier plate 
current might result in a change ten 
times as large in the secondary of the 
output transformer. Thus, at the time 
that the applied sawtooth has reached 
its peak, a very high peak current is 
flowing in the deflection coil, and a 
strong magnetic field surrounds the 
coil. At the peak of the sawtooth 
wave the grid excitation is removed 
suddenly as the tube falls to cut-off. 
Consequently, there is no energy to 
support the magnetic field surround¬ 
ing the deflection coil, and it collapses 
rapidly. In so doing it starts the 

vertical retrace, which reshapes the 
vertical deflection field quickly. How¬ 
ever, the rather high resistance and 
inductance in the deflection coil cir¬ 
cuit extend the retrace time so that it 
continues over an appreciable segment 
of the vertical blanking period. 

The rapid collapse of the magnetic 
field can cause high amplitude oscil¬ 
lations at the self-resonant frequency 
of the deflection circuit, or at other 
leakage self-resonant frequencies. To 
prevent these oscillations from being 
generated and continuing over into 
the trace portion of the vertical period, 
some damping is required, otherwise 
they could cause non-linearity in the 
vertical scanning cycle. 

You have learned that the strength 
and the duration of oscillations depend 
on the Q of the resonant circuit across 
which they occur. Also you know that 
the insertion of resistance in a reson¬ 
ant circuit can lower the Q, and if 
the Q is made low enough, it can 
stop the oscillations abruptly. Serious 
oscillations in the vertical deflection 
circuit can be reduced by the inser¬ 
tion of resistance. The vertical deflec¬ 
tion coils are shunted by damping 

23 



resistors connected across the coils 
and also by the low resistance of the 
output triode which begins to conduct 
again soon after the magnetic field 
collapses. The resistance damping is 
such that the oscillations are sup¬ 
pressed, but the loading is light enough 
to permit full vertical retrace to occur 
during the vertical blanking period. 
Multivibrator Output. A common 

vertical deflection system in the 
modern TV receiver consists of a com¬ 
bination multivibrator sawtooth gen¬ 
erator and deflection output stage. The 
multivibrator consists generally of a 
triode first section and a pentode 
second section, as shown in Fig. 20. 
The pentode second section also serves 
as the vertical deflection output stage. 

The triode section serves as the 
frequency-controlling and sawtooth¬ 
forming stage; the pentode, in addi¬ 
tion to driving the deflection coil cir¬ 
cuit, serves as the feedback tube for 
the multivibrator section. An arrange¬ 
ment is used in which the feedback 
signal goes from the plate of the 

pentode to the grid of the triode, 
instead of the common-cathode ar¬ 
rangement discussed earlier. The 
sawtooth-forming circuit consists of 
capacitor Cl, which charges through 
resistor RI and the height control R2. 
Resistor R3 serves as the peaking ele¬ 
ment to form the modified sawtooth 
waveform used to excite the grid of 
the output section. The peaking re¬ 
sistor is returned to the cathode of the 
output tube to improve linearity. 
Linearity can be adjusted precisely 
with the cathode-bias control. 

The frequency of the multivibrator 
is determined mainly by the grid time 
constant of the triode section, con¬ 
sisting of capacitor C2, resistor R4, 
and the frequency control potentio¬ 
meter R5. This time constant deter¬ 
mines the discharge time of capacitor 
C2; and therefore the length of time 
that the triode is held cut off. During 
the cut-off period of the triode section, 
the sawtooth wave is present on the 
grid of the pentode, and the tube 
plate current is increasing linearly. 

FIG. 20. The pentode section of a multivibrator (V2) also serves as a vertical 
output stage. 
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The output of the pentode section is 
coupled through the vertical output 
transformer to the vertical deflection 
coils. 

Since the waveform at the plate of 
the pentode is trapezoidal, it is dif¬ 
ferentiated by capacitor C3 and re¬ 
sistor R6 so that only the pulse 
portion is fed back to the grid of the 
first section. This pulse is of proper 
polarity to support the feedback cycle 
during the conduction time of the first 
tube. When the triode section con¬ 
ducts, capacitor Cl discharges, and 
the retrace portion of the generated 
sawtooth wave is formed. In addition 
to forming the feedback pulse, the 
network between the plate of V2 and 
the grid of VI attenuates the pulse 
so that it is of proper amplitude to 
excite the triode section, and shapes 
it so as to establish the best synchron¬ 
ization with relation to the incoming 
vertical sync pulses. 

HORIZONTAL DEFLECTION 
SYSTEM 

The horizontal output stage has 
some basic characteristics that are 
similar to those of the vertical output 
stage. However, there are a number 
of added features associated with the 
horizontal sweep amplifier. A typical 
horizontal output stage contains a 
beam power output tube and circuit, 
a horizontal deflection output trans¬ 
former or direct-drive auto-trans¬ 
former, a damper system, and a high-
voltage supply. 

In a horizontal output stage, which 
deflects the beam very rapidly, a small 
inductance will make the inductive 
reactance of the coil sufficiently high. 
To operate efficiently, it is necessary 
to keep resistive losses and stray 

capacities at a minimum. In fact, 
the horizontal deflection system pre¬ 
sents an inductive load to the output 
tube. Despite the very low resistance, 
a very high current is required, and 
it is still necessary to use a slightly 
modified sawtooth voltage as excita¬ 
tion for the output stage. 

The rise of plate current in the out¬ 
put tube during the sawtooth trace 
develops a constant high voltage 
across the secondary, insuring a con¬ 
stant rise of current through the de¬ 
flection coil. At the conclusion of the 
trace, the horizontal output tube is 

FIG. 21. The sawtooth current wave¬ 
form (A) is distorted by oscillations at 
the resonant frequency of the deflection 
coil circuit (B), but with proper damping, 
one-half cycle of these oscillations is 

utilized to assure rapid retrace (C). 

suddenly cut off, and the field about 
the deflection coil collapses. Because 
this is a strong magnetic field, and 
the deflection coil along with its dis¬ 
tributed capacity is resonant to a 
high frequency (approximately 75 to 
100 kilocycles), the abrupt collapse of 
the field causes the secondary to go 
into oscillation. 

If allowed to run freely until over¬ 
come by the circuit resistance, these 
oscillations would cause distortion in 
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the trace portion of the sawtootli cur¬ 
rent waveform as shown in Fig. 21. 
Therefore, some method of damping 
is essential. However, you will note 
that the effects of this oscillation are 
not all bad. If you will compare the 
waveform shown at Fig. 21A carefully 
with that shown at Fig. 21B, you will 
see that when the oscillations exist, 
the initial negative swing is more 
rapid in Fig. 21B. This rapid de¬ 
cline in current would assure com¬ 
plete retrace within the allotted 
blanking period, if there were some 

A modified sawtooth voltage, which 
is a combination pulse and sawtooth 
waveform, is developed across capaci¬ 
tor Cl and the peaking circuit by 
whatever type of sawtooth generator 
is used. The sawtooth voltage is 
coupled through capacitor C2 to the 
grid of the horizontal output tube Vl. 
Capacitor C3, the horizontal drive 
control, regulates the amplitude and 
proportions of pulse to sawtooth of 
the grid waveform. It assists in the 
adjustment of picture width, linearity, 
and over-all brightness. 

FIG. 22. Horizontal output stage. 

way of eliminating the undesirable 
oscillations in the following trace 
portion. A damping system that does 
just this is utilized. The oscillation is 
stopped after the first half cycle so 
that a current waveform similar to 
the one shown at Fig. 21C is obtained. 

The multiple functions of the hori¬ 
zontal output circuit can be better 
understood if we follow a step-by-
step analysis of its operation. This 
analysis is made with reference to the 
circuit shown in Fig. 22. 

In the usual horizontal deflection 
system, the actual plate current does 
not begin to flow until the grid wave¬ 
form has risen to almost the mid-point 
of its trace. The horizontal output 
tube is so biased that a substantial 
portion of the applied grid waveform, 
including the initial part of the trace, 
is below cut-off, as shown in Fig. 23A. 
This does not mean that there is no 
rising current in the horizontal deflec¬ 
tion coil during the initial trace time. 
As will be discussed later, the damping 
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circuit supplies the energy for the 
initial portion of the rising current in 
the deflection coil. 

A largely inductive load is present¬ 
ed to the output tube during the trace 
interval (motion of the beam from 
left to right across the screen). The 
output transformer functions as an 
inductive transformer reflecting the 
proper load to the tube from the 
deflection coil. As the plate current 
of the output tube rises at a linear 
rate, it produces a square-wave volt-

voltage and causes a decline or drop¬ 
off of the square-wave voltage. How¬ 
ever, the plate current, which rises 
with the rising grid waveform of the 
horizontal output tube, continues to 
supply this loss, so there is a linear 
rise of current in the coils. 

The deflection coil current continues 
to rise as the grid is driven more and 
more positive by the signal from the 
horizontal oscillator. After the grid 
waveform has risen to its peak, it 
drops sharply negative and cuts off 

FIG. 23. (A) Drive voltage applied to 
the grid of the horizontal amplifier. (B) 
Square wave voltage that appears across 
the deflection coils. (C) Sawtooth current 

in the deflection coils. 

age (negative polarity) across the 
inductive load, as shown in Fig. 23B. 
This square wave across the secondary 
of the deflection coil circuit causes a 
linear increase in current in the de¬ 
flection coils. As the deflection cur¬ 
rent builds up, the IR drop due to 
the resistance of the transformer, 
deflection coils, and damping circuit 
tends to reduce the amplitude of the 

the output tube. Consequently, there 
is no supporting voltage to sustain the 
build-up of current in the deflection 
coil, and the energy stored about the 
coil is now released. 

Although it is characteristic of an 
inductor to attempt to keep the same 
current flowing when the source of 
voltage is removed, the current falls 
rapidly to a low value through the 



series resistance of the deflection cir¬ 
cuit. The very rapid collapse and 
release of energy in the deflection coil 
develops a very sharp positive volt¬ 
age across the distributed capacity 
of the deflection circuit as shown in 
Figs. 22 and 23; in fact, the abrupt 
change in current in the deflection coil 
circuit tends to produce a series of 
high-amplitude oscillations at the self-
resonant frequency of the deflection 
coil and the total distributed capacity. 

One alternation of this transient 
oscillation is permitted to occur be¬ 
cause the initial sharp positive alter¬ 
nation rapidly reshapes the horizontal 
deflection field. In fact, the resonant 
frequency of the inductance and the 
distributed circuit capacity must be 
made sufficiently high (75 kilocycles 
or higher) to have the positive alter¬ 
nation occur in a time interval which 
is shorter than the horizontal retrace 
period. Thus the half-period of the 
oscillation must be less than the hori¬ 
zontal retrace time between the lead¬ 
ing edge of the sync pulse and the 
conclusion of the horizontal blanking 
pulse. 

If the oscillations are not suppressed 
adequately after the first alternation, 
a series of oscillations will ride on 
the deflection-current sawtooth, caus¬ 
ing the beam to weave back and forth 
as it moves across the screen, produc¬ 
ing vertical bars on the left side of 
the picture. In fact, improper sup¬ 
pression of these oscillations by a 
defect in the damping circuit can pro¬ 
duce such vertical bars right across 
the screen. 
The damping diode must suppress 

the oscillations after the first sharp 
positive alternation that is used to 

reshape the deflection field. As the 
oscillation starts on its first negative 
alternation, the damping tube con¬ 
ducts because its cathode is driven 
negative, as shown in Fig. 22. Thus, 
after the first positive half-cycle of 
oscillation, further oscillations are 
prevented by the conduction of the 
damper tube. The damping tube pre¬ 
sents a low resistance and heavy load 
across the deflection coil. Thus a 
long time-constant circuit is presented 
and the energy is released from the 
coil into the damping circuit at a 
slow rate. 
The slow release of the stored 

energy into the damping circuit after 
the damping tube begins to conduct 
forms a part of the active trace of 
the picture tube beam, because the 
release of current is linear. It is in 
the proper direction to start the 
formation of the magnetic field that 
moves the beam from left to right. 
Thus, the energy stored in the deflec¬ 
tion coil at the end of the previous 
trace is put to use in the formation 
of the start of a new trace. The 
resulting conservation of power re¬ 
duces the power requirements of the 
output tube and circuit. 

The flow of current from the deflec¬ 
tion circuit energy is linear over the 
initial part of the release, but current 
rise gradually tapers off. At this point 
the output tube begins to conduct, as 
shown in the waveform of Fig. 23C, 
and supports the rise of current in the 
deflection coil. 

For a more complete understanding 
of the manner in which the square¬ 
wave voltage and the sawtooth cur¬ 
rent are obtained at the deflection 
coils, let us again study the wave-
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forms shown in Fig. 23 for the circuit 
shown in Fig. 22. The waveform in 
Fig. 23A represents the voltage ap¬ 
plied to the grid of VI. Since approx¬ 
imately half of this excitation, or 
drive voltage, falls below the cut-off 
point of VI, only the upper portion 
of this modified sawtooth is amplified 
by VI. If the plate load on VI were 
a pure resistance, its output voltage 
would take the shape indicated by 
the dotted lines in the voltage wave¬ 
form shown in Fig. 23B. Only the 
upper half of the sawtooth input would 
be amplified and appear at the output 
in essentially the same shape as 
before, but 180° out of phase with 
the input. 

However, the load on VI is largely 
inductive rather than resistive; there¬ 
fore, the voltage output appears to 
be very nearly a square wave. The 
portion of the square wave shown 
between points 1 and 2 in Fig. 23B 
is produced by the horizontal ampli¬ 
fier tube VI. The current rise pro¬ 
duced by this section across the deflec¬ 
tion coils is shown between points 1 
and 2 in Fig. 23C. 

At point 2 in Fig. 23A, the drive 
voltage drops sharply below the cut¬ 
off point of VI. The consequent rapid 
drop of current through V2 initiates 
oscillations. The first half cycle of 
these oscillations appears as the posi¬ 
tive voltage pulse between points 2 
and 3 in Fig. 23B. 

At point 3 in Fig. 23B, the voltage 
on the cathode of the diode damper 
tube, V2, becomes negative with re¬ 
spect to its plate, and V2 begins to 
conduct. When the diode damper 
tube, V2, conducts, it acts as a low 
shunt resistance to prevent further 

oscillation and presents a long time 
constant for the discharge of the en¬ 
ergy placed in the field of the deflec¬ 
tion coils by the high positive peak 
between points 2 and 3. That portion 
of the square-wave voltage in Fig. 
23B between points 3 and 4 is the 
result of current induced in the coil 
by the collapse of the magnetic field 
around it and flowing through the 
long time constant of the circuit 
formed by the conducting damper 
tube and the distributed resistance of 
the circuit. This current is shown 
between points 3 and 4 of Fig. 23C. 

Now let us see what happens in the 
picture tube when the current between 
points 1 and 4 of Fig. 23C is flowing 
through the deflection coils. At point 
1 there is no horizontal magnetic field 
through the neck of the tube, and 
therefore the electron beam is cen¬ 
tered mid-way between the left and 
right-hand sides of the tube. As the 
current increases from point 1 to 
point 2, the strength of the magnetic 
field through the neck of the tube in¬ 
creases proportionately, pulling the 
electron beam to the right. 

At point 2, the electron beam has 
reached the right-hand side of the 
tube, and a horizontal blanking pulse 
has cut the beam off. The current 
through the coils rapidly decreases, 
changing direction at point X and in¬ 
creasing until it reaches its negative 
peak just ahead of point 3. 

Thus, at point 3, a strong magnetic 
field of opposite polarity to the one 
that existed at point 2 is present in 
the neck of the picture tube, and 
when the blanking pulse has passed, 
the beam is directed at the left-hand 
side of the picture tube. Since there 
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is no sustaining voltage being applied 
to the deflection coil at point 3 (re¬ 
member, VI is cut off), the magnetic 
field surrounding the deflection coils 
begins to collapse and produce the 
current shown between points 3 and 
4. This current, and, consequently, 
the magnetic field that produces it, 
is reasonably linear in its decline be¬ 
tween points 3 and 4 because of the 
time constant of V2 and the distrib¬ 
uted circuit resistance. At point 4, 
the current available from the collapse 
of the magnetic field begins to taper 
off and no magnetic field is present 
at the zero level. At that instant VI 
begins to conduct again, and the 
current again increases in a positive 
direction, producing a linearly in¬ 
creasing magnetic field of opposite 
polarity. 

The length of the horizontal scan¬ 
ning line (picture width) is controlled 
by a tunable inductor that shunts the 
lower part of the auto-transformer. 
The width control has the effect of 
adjusting the turns ratio of the auto¬ 
transformer. Therefore, it regulates 
the amplitude of the voltage developed 
across the output section and the rise 
of current in the deflection coil. 

The linearity control permits ad¬ 
justments in the shape of the plate 
current drawn by the horizontal out¬ 
put tube during the interval when the 
scanning beam is moving from the 
center of the raster to the right side. 
Both the plate current for the hori¬ 
zontal output tube, and the current 
from the damping tube circuit flow 
in the linearity control. The linearity 
control regulates the shape of the 
damping circuit discharge waveform 
and can be used to make the necessary 

adjustments in the current drawn by 
the horizontal output tube to obtain 
a linear trace. 
Voltage Boost. In addition to 

using some of the deflection coil en¬ 
ergy of the previous line interval for 
initiating the first half of the trace of 
the succeeding line, the damping cur¬ 
rent can be used to develop additional 
supply voltage and energy for the 
horizontal output tube. In such a 
system, the damper circuit voltage 
is added in series with the B supply 
voltage to supply an additional 50 to 
150 volts to the horizontal output 
tube. As shown in the circuit of Fig. 
22, the de component of the damping 
tube current places a charge on 
capacitors C4 and C5, which is added 
in series with the supply voltage 
applied through the linearity control 
In many receivers the boosted supply 
voltage available at the damper cir¬ 
cuit is also used to supply higher plate 
potentials to other stages in the 
receiver. 
High Voltage Generator. Still 

another purpose of the horizontal out¬ 
put circuit in a modern television 
receiver is to form the high voltage 
for the picture tube anode. As men¬ 
tioned earlier, the initial collapse of 
the magnetic field about the deflection 
coil at the end of the active trace, 
when the output tube is driven to cut¬ 
off by the grid waveform, causes a 
high voltage oscillation to be devel¬ 
oped in the secondary. Remember 
that at the instant it is developed, the 
damping tube is also cut off, and there 
is only a very light load across the 
resonant circuit; as a result, the peak 
positive voltage pulse developed across 
the deflection circuit can be a thou-
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sand or more volts. Since the output 
transformer is an auto-transformer, 
the voltage across the deflection coil 
is stepped up to ten to twenty thou¬ 
sand volts across the entire trans¬ 
former. Consequently, a high voltage 
rectifier placed at the high side of the 
transformer can be used to rectify the 
pulse and form a very high de voltage. 
The current drawn by the high 

voltage rectifier, V3 in Fig. 22, devel¬ 
ops a de voltage across capacitor C6 
with a value almost the same as the 
peak amplitude of the transient pulse. 
The high de voltage is filtered by 
capacitor C6 and resistor R3. The 

high frequency of the horizontal cir¬ 
cuit also permits filtering by a simple, 
low-value resistor-capacitor network. 
The filament voltage for the high-
voltage rectifier is obtained by a 
single-turn loop that surrounds the 
horizontal deflection transformer. 
Two-Winding Transformer. A 

horizontal output stage using a two-
winding output transformer instead of 
an auto-transformer is shown in Fig. 
24. The output of the sawtooth gen¬ 
erator is coupled through capacitor Cl 
to the grid of the horizontal output 
tube. The grid waveform is controlled 
by the horizontal drive capacitor C2, 

FIG. 24. Horizontal output stage using a two-winding transformer. 

low current requirement of the tele¬ 
vision picture tube permits the use 
of this very simple type of voltage 
supply, using just a small high-voltage 
diode and a capacitor-resistor filter. 
The low current requirement means 
that just a very light load is placed 
on the horizontal deflection circuit by 
the high-voltage supply system. The 

which is adjusted for satisfactory 
picture width and peak high voltage 
without disturbing the linearity of the 
raster or introducing vertical bars. 
Since a regular horizontal output 
transformer with primary and sec¬ 
ondary windings is used, there is a 
reversal of the plate waveform, and 
the trace portion of the deflection 
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voltage is positive across the sec¬ 
ondary. The collapsing field about 
the deflection coils at the end of the 
trace generates a negative pulse that 
serves as the retrace cycle of the 
horizontal deflection field. The posi¬ 
tive half cycle of the oscillation is 
damped by the conducting diode (pos¬ 
itive voltage on its plate causes the 
damping diode to conduct) which pre¬ 
vents the generation of a series of 
oscillations. Notice that the polarity 
for the damping diode is opposite to 
that for the auto-transformer arrange¬ 
ment shown in Fig. 22 and discussed 
previously. 

There is an inductor linearity con¬ 
trol and a voltage booster arrange¬ 
ment. The conducting damping cir¬ 
cuit develops positive charges on 
capacitors C6 and C3 which add in 
series with the B-f- voltage supplied 
to the horizontal output tube through 
the primary of the horizontal output 
transformer. Capacitor C4 in the 
deflection coil circuit prevents the flow 
of any de current component in the 
deflection coil which could de-center 
the reproduced raster. The actual 
centering of the raster is controlled by 

proper location of the focus coil on 
the neck of the picture tube or by an 
external centering magnet on the neck 
of the picture tube. Capacitor C5 
balances the capacities of the two 
halves of the deflection coil windings 
with respect to ground, so that the 
linearity of the magnetic field is the 
same for both sections of the hori¬ 
zontal deflection coil, and a linear 
motion of the scanning beam is re¬ 
tained. The balanced arrangement 
prevents interference between hori¬ 
zontal and vertical signals in the yoke. 

The high-voltage rectifier and out¬ 
put circuit is connected to the primary 
of the horizontal output transformer 
where a positive pulse is available. 
The pulse developed across the sec¬ 
ondary is of negative polarity but is 
reversed and stepped up in amplitude 
by the horizontal output transformer 
when it is transferred from the sec¬ 
ondary to the primary. A pulse with 
an amplitude of eight to fifteen thou¬ 
sand volts is applied to the plate of 
the high-voltage rectifier tube. Fila¬ 
ment voltage for the high-voltage 
rectifier is derived from a single-turn 
loop around the core of the horizontal 
output transformer. 
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A Typical Sweep System 
In the preceding section, various 

types of deflection amplifiers and saw¬ 
tooth generators were discussed. You 
will find, however, that although the 
basic types are more or less standard¬ 
ized, manufacturers use numerous cir¬ 
cuit variations and modifications of 
the basic systems. Receivers differ in 
the type of sawtooth oscillator used, 
the method of synchronization, and 
the technique used in the output 
stages. However, the variations are 
minor enough so that you will have 
no difficulty in tracing defects if you 
have a thorough understanding of the 
operation of the fundamental systems. 

A typical commercial sweep system 
with its waveforms is shown in Fig. 
25. This model has a multivibrator 
oscillator and amplifier in the vertical 
system shown in Fig. 25A, and a sta¬ 
bilized cathode-coupled multivibrator 
and pentode output stage in the hori¬ 
zontal system shown in Fig. 25B. 

Vertical Circuit. In the vertical 
circuit, the sawtooth trace is developed 
across capacitor Cl as it charges 
through resistors RI and R2 toward a 
B-|- voltage. Consequently, the first 
section or first tube of the multivibra¬ 
tor conducts for just a short interval 
of time during the vertical retrace 
period to discharge capacitor Cl. It 
remains cut off for a long interval of 
time during the charging cycle of 
capacitor Cl. The grid waveform 
shows the long cut-off period and the 
short conduction period, when the grid 
swings sharply positive. The fre¬ 
quency of the multivibrator is con¬ 
trolled by this grid circuit, and is 
determined largely by the time con¬ 

stant of capacitor C2 and resistors 
R3 and R4. 

The proper spike is added to the 
sawtooth ■waveform by peaking re¬ 
sistor R5 in the return path to the 
cathode of the output tube, as illus¬ 
trated by the waveform at the grid of 
the output section. 

Notice that the peak amplitude of 
the required signal at the grid of the 
output tube is almost 100 volts. The 
synchronizing pulse is also applied to 
the same grid and has a peak ampli¬ 
tude of about 20 volts. Vertical sync 
is being applied through the integrator 
circuit shown in the dashed-line block. 
Since the shape of the grid waveform 
of the output tube has an influence 
on the linearity of the reproduced pic¬ 
ture, a bias type of linearity control 
is inserted in the cathode of the output 
tube. 
An auto-transformer transfers the 

signal from the plate of the output 
tube to the low-impedance vertical 
deflection coils. The vertical deflec¬ 
tion coils are damped by the two shunt 
resistors. Despite the damping sys¬ 
tem, a high voltage is generated and 
is fed back to the plate of the output 
stage via the auto-transformer. No¬ 
tice that the peak amplitude of the 
waveform on the plate is 1200 volts. 
Therefore, a high voltage capacitor is 
used to couple the signal back to the 
grid of the first section of the multi¬ 
vibrator. The network between the 
plate of the output tube and the grid 
of the first section attenuates and 
shapes the feedback waveform prop¬ 
erly for stable excitation of the grid 
of the first section. 
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FIG. 25. Typical sweep system. The vertical system is shown at A, and the 
horizontal system at B. 



A pulse is removed from the bottom 
section of the auto-transformer and 
is supplied through a differentiating 
circuit to the grid of the picture tube. 
Actually, this waveform, after it is 
shaped properly, can be used as a 
negative vertical blanking pulse for 
the picture tube. This technique is 
referred to as “retrace blanking.” It 
permits more versatile adjustment of 
contrast and brightness without the 
appearance of retrace lines in the 
picture. Such versatility is helpful in 
receivers with no de restoration. In 
fact, even when the received vertical 
blanking interval is quite distorted, 
no retrace lines will appear because of 
the effective blanking provided by 
this technique. 
Horizontal Circuit. A stabilized 

multivibrator is used in the horizontal 
sawtooth generating circuit, the saw¬ 
tooth voltage being developed across 
capacitor C6 and the shaping network 
consisting of capacitor C7 and re¬ 
sistor R9. The capacitor charges 
toward the supply potential through 
resistors RIO and Rll. The frequency 
of the multivibrator is controlled in 
the grid circuit of the same tube and 
is determined by the time constant of 
capacitor C8 and resistors R12 and 
R13. Notice the much shorter time 
constants used in the horizontal cir¬ 
cuit than in the vertical circuit. 

The stabilizing resonant circuit is 
in the plate circuit of the first section. 
It shapes the feedback signal for best 
stability and synchronization. The 
actual synchronization is in the form 
of a de voltage that is developed on 
capacitor C9, at the grid of the first 
section, by a phase detector circuit. 

The horizontal deflection amplifier 
consists of a pentode output stage, 
an auto-transformer, a diode damper, 
and a diode high-voltage rectifier. The 
width control for the output circuit is 
in the screen-grid circuit of the pen¬ 
tode. The gain of the amplifier, and 
therefore the peak amplitude of the 
deflection waveform at the plate of 
the amplifier, is controlled by this 
potentiometer. This method of con¬ 
trol has a high efficiency because it 
does not affect the current and the 
impedance ratio of the auto-trans¬ 
former. 
When the damping tube conducts, 

an actual boost voltage is developed 
across capacitors Cll and C12, which 
adds almost 200 volts to the supply 
potential. This same voltage is used 
as a supply source for the vertical 
deflection oscillator-amplifier as well 
as the plate of the horizontal output 
stage. Inductors LI and L2, along 
with capacitor CIO, function as filters 
in the damper circuit, to prevent radi¬ 
ation of horizontal frequency com¬ 
ponents or their feed-through into the 
power circuit. 

The plate of the high-voltage recti¬ 
fier receives a high-amplitude pulse 
from the top of the transformer and 
rectifies it for use as anode voltage 
for the picture tube. A separate wind¬ 
ing on the transformer supplies fila¬ 
ment voltage for the high-voltage 
rectifier. In addition, another wind¬ 
ing on the transformer picks up a 
pulse that is fed back to the phase 
detector for comparison with the in¬ 
coming sync pulses to establish the 
de component of the sync control 
voltage. 
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TRIODE DAMPER 
In some of the older TV receivers 

a triode damper tube is used, as shown 
in Fig. 26, to establish better control 
over the linearity of the sawtooth 
current. The higher resistance of the 
triode, however, causes additional loss 
of stored energy in the deflection out¬ 
put stage. The bias for the damper 
tube is developed by grid current 
flowing from the grids back to the 
cathodes through resistor R3. The 
combination of resistor R2 and 
capacitor C3 compensates for the non¬ 
linear portion of current decline when 
the energy in the deflection coil is re¬ 
leased, generating the first part of the 
active trace. The R-C combination in 
the grid circuit compensates for the 
non-linear portion of the current sup¬ 
plied by the amplifier tube by apply¬ 
ing an oppositely shaped voltage 
waveform to the grid of the damper 
tube. Potentiometer R5 permits ad¬ 
justment of the damping correction. 
High-frequency transients are applied 
through capacitor C2 to the grid of 

the damper tube, developing an oppos¬ 
ing waveform in the plate circuit 
which cancels out by degeneration, the 
initial transient voltages. This can¬ 
cellation can be regulated with R5. 

In some of the older receivers a 
negative pulse is removed from across 
the secondary of the output trans¬ 
former and fed back to the input of 
the horizontal amplifier stage to shape 
the grid-driving waveform and add a 
spike component to it. In still other 
receivers, a feedback pulse from the 
horizontal output transformer is used, 
after proper shaping, as a phase com¬ 
parison pulse in the horizontal sync 
control system. In many modern re¬ 
ceivers a pulse is derived from the 
horizontal output circuit for AGC. 

DEFLECTION AND CONVERG¬ 
ENCE SYSTEMS OF A COLOR 

TV RECEIVER 
A color television receiver contains 

the same basic type of horizontal and 
vertical sawtooth oscillators and out¬ 
put stages as a monochrome receiver. 

FIG. 26. A triode damping system. 
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In the color receiver the tolerances 
are more exacting than those for a 
monochrome receiver. An in-focus 
beam, and a linear motion of that 
beam, is of utmost importance in ren¬ 
dering true color hues. It is more 
than a matter of moving a single scan-
ing beam, because in the usual color 
picture tube there are three separate 
scanning beams representing the three 
primary colors. Thus, the task of a 
color deflection system is to move all 
three beams from left to right and 
down the screen. 

FIG. 27. Scanning action at the screen 
of a color picture tube. 

All three scanning beams must be 
moved linearly, and held in focus over 
the entire area of the picture tube 
screen. In addition, the three beams 
must have a uniform relationship with 
respect to each other and must con¬ 
verge at a shadow mask, as shown in 
Fig. 27, and strike the exact center 
of the individual color phosphor dots 
on the picture tube screen. For exam¬ 
ple, the red scanning beam must not 
only be brought to focus, but also 
must converge properly with respect 
to the other beams at the hole in the 
shadow mask. It must pass through 
the hole and strike the red phosphor 
dot. 

Thus, the sweep system of a color 
receiver must have not only the con¬ 
ventional deflection circuits, but also 
the proper convergence circuits. The 
static convergence voltage is a de 
potential supplied to the convergence 
electrode of the color picture tube. 
There must also be a dynamic con¬ 
vergence component to maintain the 
proper convergence between the three 
beams at all parts of the screen. It 
is in the form of a correction wave¬ 
form, derived from the output stages, 
designed to take into consideration 
the fact that the scanning beam has 
to travel a greater distance between 
the gun and the outer portions of the 
screen than between the gun and the 
center of the screen. There is also a 
dynamic focus waveform to keep each 
beam in focus individually over the 
entire screen. 
Deflection and Convergence Cir¬ 

cuits. The vertical sawtooth genera¬ 
tor and vertical output stages for the 
color receiver are similar to those 
found in a monochrome receiver ex¬ 
cept for the convergence waveform 
taken off at a take-off point in the 
cathode circuit of the vertical output 
tube, as shown in Fig. 28A. The wave¬ 
form at the cathode has the necessary 
shape to be used as the vertical dy¬ 
namic convergence and focus wave¬ 
form after suitable amplification. A 
means for electronic centering is also 
incorporated in the deflection system 
of the color television receiver. It is in 
the form of a de source of voltage and 
a potentiometer that can control the 
amount and direction of the direct cur¬ 
rent flow through the vertical deflec¬ 
tion coils. 
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TO CONVERGENCE AMPLIFIER 

FIG. 28. Plan of a sweep system of a color receiver. 

In the horizontal sawtooth oscillator 
and deflection output stages, the fol¬ 
lowing additional facilities must be 
provided as shown in Fig. 28B: a 
take-off point in the cathode circuit 
of the horizontal output tube for the 
horizontal dynamic and focus con¬ 
vergence waveform; a voltage regu¬ 
lator for the high-voltage output; a 
special horizontal output transformer 
with multiple taps for supplying hori¬ 
zontal waveform components to vari¬ 
ous sections of the receiver; a focus 
rectifier (VI) and filter system for 
obtaining the proper focus voltage; 
and an electronic centering control for 
adjusting the direct current in the hor¬ 

izontal deflection coils. The focus 
voltage rectifier circuit is similar to 
the rectifier system used for obtaining 
the anode voltage, with the exception 
that the pulse take-off is at a lower 
potential point on the horizontal out¬ 
put transformer. The pulse is rectified 
and filtered and supplies the voltage 
required by the focus electrode. 

The high-voltage rectifier and filter 
supplies high voltage to a bleeder net¬ 
work and a voltage regulator tube 
(V2). Approximately 10,000 volts are 
made available for the picture tube 
anode, and 9000 volts for the con¬ 
vergence electrode. The regulator tube 
acts as a variable resistance across 
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the output of the high-voltage circuit. 
If the voltage along the bleeder net¬ 
work decreases, there is less positive 
voltage on the grid of the regulator 
tube. This increases the resistance 
of the regulator tube and reduces the 
load on the output of the high-voltage 
rectifier and filter. Consequently, the 
output voltage rises to compensate 
for its attempted decline. 

electrode. The de voltage, however, 
has been modulated by the vertical 
and horizontal waveforms developed 
across the lower half of the two trans¬ 
former secondaries. Thus, both a hori¬ 
zontal and a vertical correction wave¬ 
form have been added to the de focus 
potential. Higher amplitude com¬ 
ponents of the same correction voltage 
are also capacitively coupled to the 
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FIG. 29. The conversion circuits of a color receiver. 
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A typical dynamic convergence and 
focus circuit is shown in Fig. 29. The 
convergence amplifier increases the 
amplitude of both the horizontal and 
vertical correction waveforms to the 
peak amplitude necessary to modulate 
both the de component of the focus 
voltage and the de component of the 
convergence electrode voltage. One of 
the output transformers favors the 
low-frequency vertical waveform, and 
the other favors the higher-frequency 
horizontal-correction waveform. The 
de component of the focus voltage is 
applied to the low side of the sec¬ 
ondary windings of both transformers, 
and is conveyed via the center tap of 
the lower transformer to the focus 

convergence electrode. These correc¬ 
tion waveforms have peak amplitudes 
of a few hundred volts to obtain suit¬ 
able correction. 

It is necessary to regulate both the 
amplitude and the phase of the con¬ 
vergence waveform. The amplitude 
of the convergence waveform estab¬ 
lishes a uniformity of correction from 
the center to the outer portions of the 
fluorescent screen. The convergence 
phase adjustment phases the correc¬ 
tion waveform properly with respect 
to the scanning period. As a result, 
there is the same uniformity of cor¬ 
rection (both focus and convergence) 
on all sides. 
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Adjusting And Troubleshooting 
In The Deflection System 

In the deflection system of a tele¬ 
vision receiver there is a close link 
between proper adj ustments and scan-
ing defects. Often what appears to 
be a defect is only an improper ad¬ 
justment. At other times, improper 
picture size, linearity, or drive adjust¬ 
ments are the result of a defect in the 
deflection system. The technician 
should realize that many minor raster 
disturbances are caused, not by com¬ 
ponent defects, but by adjustments 
that have drifted or have never been 
made properly. In fact, troubleshoot¬ 
ing in a deflection system for a minor 
disturbance should proceed in the 
following order: adjustments, tube 
check, and finally, if necessary, a 
localizing procedure to find a defective 
component. 

In many cases minor picture defects 
could be caused by misadjustment of 
either deflection circuit controls or 
controls on the neck of the picture 
tube. Therefore, it is advisable to 
check the adjustment of the ion trap, 
the focus coil, the deflection yoke, 
and the pincushion magnets before 
proceeding with any adjustments in 
the deflection circuits. 

DEFLECTION CIRCUIT 
ADJUSTMENTS 

Once the accessories on the neck of 
the picture tube have been properly 
adjusted, it is time to proceed with 
the adjustment of the deflection cir¬ 
cuits. The horizontal oscillator and 
age system must be functioning prop¬ 
erly before you proceed with the ad¬ 

justments. A recommended procedure 
for adjusting the width, drive, and 
horizontal linearity controls is out¬ 
lined below. 

(a) Adjustment of the horizontal 
drive control affects the picture tube 
high voltage as well as the shape of 
the grid waveform driving the hori¬ 
zontal output tube. Adjust the hori¬ 
zontal drive trimmer for maximum 
drive (minimum capacity) consistent 
with a linear raster. This will give the 
highest possible voltage and hence the 
brightest and best focused picture. 
Compression of the raster due to ex¬ 
cessive drive can be seen as a white 
vertical bar or bars in the right half 
of the picture. Besides compression 
caused by excessive drive, another 
item to watch for is the change in 
linearity (at the extreme left) with 
changes of brightness control setting. 
By proper adjustment of the linearity 
control, the changes in linearity with 
changes in brightness can be made 
negligible. 
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(b) Set the width control to 
mid-position. Set the linearity con¬ 
trol near minimum inductance. Set 
the drive capacitor in the maximum 
drive position. 

(c) If the raster is cramped or 
shows compression bars on the right 
half of the picture, turn the drive 
capacitor clockwise until this condi¬ 
tion is just eliminated. 

(d) Adjust the linearity control coil 
clockwise until you get the best 
linearity with maximum deflection, or 
the best compromise. 

(e) Retouch the drive capacitor to 
obtain best linearity and maximum 
width if necessary. 

(f) Check the horizontal linearity 
at various settings of the brightness 
control. There should be no compres¬ 
sion at the right half and no appre¬ 
ciable change in linearity, especially 
at the extreme left of the picture. If 
there is an objectionable change, 
readjust the linearity control and 
repeat the test. 

(g) Adjust the width control until 
the raster fills the entire mask. 

(h) Many receivers have a special 
width control or power circuit adjust¬ 
ment to permit correction for a low 
or high line voltage so that it is pos¬ 
sible to obtain full picture width with 
proper linearity. 

Height and Vertical Linearity 
Adjustments. Adjust the height con¬ 
trol until the picture fills the mask 
vertically. Adjust the vertical linear¬ 
ity control until the test pattern or 
picture is symmetrical or linear from 
top to bottom. A readjustment of 
either control often requires a read¬ 
justment of the other. In fact, in 
many receivers, if it is necessary to 

Courtesy Belmont 
Picture too large horizontally. 

readjust the linearity or height over 
a substantial range, it is also necessary 
to readjust the vertical frequency for 
best stability. 
Focus. Adjust the focus magnet for 

maximum definition in the vertical 
wedges of a test pattern or best focus 
in the white areas of a scene. Re¬ 
check the position of the ion trap 
magnet to make certain that there 
is maximum brightness. If necessary, 
readjust the centering to align the 
picture with the mask. 

TROUBLE LOCALIZATION 
PROCEDURE 

The localization of most sync and 
sweep system defects to a stage or 
two can be accomplished very quickly 
by observation of the picture tube 
screen. If the picture size is normal, 
but it is not possible to maintain 
synchronization either horizontally or 
vertically, the defect is generally 
ahead of the deflection system. If 
only the horizontal or the vertical 
synchronization is affected, the insta¬ 
bility can be caused by a defect in 
the horizontal or vertical oscillator. 
However, most synchronization dis¬ 
turbances occur before the actual saw-
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tooth generators and deflection output 
stages. 

When there is a serious vertical 
oscillator or vertical amplifier defect, 
only a single horizontal line will 
appear on the picture tube screen, or 
the height of the raster will be very 
much reduced. A serious horizontal 
failure in either the sawtooth gen¬ 
erator or the output stage results in 
the complete removal of the raster, 
because the picture tube anode re¬ 
ceives its high voltage from the hori¬ 
zontal output stage. When the hori¬ 
zontal output stage does not work 
properly, the high voltage is not 
developed. 

Courtesy RCA 
Poor vertical linearity. 

The oscilloscope is the most useful 
test instrument when localizing both 
major and minor disturbances in the 
deflection system. For example, if the 
raster is completely gone, attaching 
the oscilloscope at the grid of the hor¬ 
izontal output tube will tell the 
technician immediately whether the 
horizontal sawtooth generating system 
is operating properly. If there is no 
signal, or only a very weak and dis¬ 
torted signal at the grid of the hori¬ 
zontal output stage, there is a defect 
ahead of the horizontal output stage. 

A normal grid waveform at the hori¬ 
zontal output tube indicates a defect 
in the horizontal output stage or a 
defect in the damper or high-voltage 
supply source. 
Reduced Picture Sizé. One of the 

most common disturbances in a tele¬ 
vision receiver is reduced picture size 
—horizontally, vertically, or in both 
dimensions. Perhaps the most com¬ 
mon defect that causes loss of picture 
size is a weak low-voltage rectifier. 
Thus, a check of the low-voltage 
supply voltage under load is the first 
step in localizing the trouble. Often 
a weak rectifier tube or trouble in the 
power circuits makes the supply volt¬ 
age vary appreciably with changes in 
line voltage. Consequently, the com¬ 
plaint will be that the picture is some¬ 
times normal, but is reduced in size 
during the time that the greatest load 
is being placed on the local power 
main. If the supply voltages are nor¬ 
mal, the next step is to check the 
boost voltage coming from the damper 
circuit of the horizontal output stage. 
It is important for the technician to 
know that in many receivers the boost 
voltage is supplied not only to the 
horizontal tube, but to the vertical 
sawtooth generator and amplifier as 
well. Consequently, a loss of boost 
voltage reduces the vertical as well 
as the horizontal size of the picture. 
In other receivers where the boost 
voltage is used only in the horizontal 
circuit, only the horizontal size of the 
raster would be reduced. 

Horizontal size and linearity are 
influenced greatly by the waveform 
at the grid of the horizontal output 
tube. The grid waveform, when 
checked with an oscilloscope, should 
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have the shape and peak amplitude 
indicated by the manufacturer. If 
there is a serious departure, the tech¬ 
nician should look for trouble in the 
sawtooth-forming and generating cir¬ 
cuit. An improper grid waveform can 
also affect the boost voltage, which 
would reflect the defect into the ver¬ 
tical channel of many receivers as 
well. 

Horizontal and Vertical Linear¬ 
ity. The horizontal and vertical out¬ 
put tubes operate at almost their peak 
capacity in developing the necessary 
jiower to cause deflection of the scan¬ 
ning beam. Three defects can cause 
a non-linear picture. These three de¬ 
fects are in tubes, supply voltages, 
and grid waveforms. Since the tubes 
are often strained to obtain the high 
peak current necessary to give full 
deflection on a large picture tube 
screen, a minor tube defect can cause 
loss of full picture size. This same 
tube might check normal on a con¬ 
ventional tube checker, but still not 
be able to deliver the peak current 
required to reach the far right or 
bottom of the scanning cycle. Low 
supply voltage will also cause a lack 
of full deflection. A defective wave¬ 
form either at the grid of the hori¬ 
zontal output tube or at the grid of 
the vertical output tube can result in 
a loss of picture size and linearity 
because the grid will not be driven 
satisfactorily as the plate current 
rises toward its high peak value. 
Poor linearity, accompanied by 

vertical bars on the raster, is caused 
by improper adjustment of the hori¬ 
zontal drive and width control, im¬ 
proper drive voltage, or a damper 
circuit defect. 

Hum Defects. Hum occasionally 
enters the deflection system when 
there is a filter or by-pass defect. 
When there is hum in the vertical 
deflection circuit, the picture becomes 
unstable vertically and moves in and 
out of interlace. A loss of interlace 
results in a coarse line structure 
because the effective number of lines 
in the picture is halved whenever the 
receiver is out of interlace. Generally, 
a minor disturbance will cause the 
picture to change, being sometimes in 
interlace and sometimes out of inter¬ 
lace. Hum in the horizontal circuit 
causes the picture to weave and irreg¬ 
ular vertical sides on the raster. 

Courtesy Belmont 
Picture too large vertically. 

Often by-pass and filter circuit de¬ 
fects as well as improper placement 
of leads after repairs have been made 
can cause a cross-modulation of hori¬ 
zontal and vertical signal components. 
If horizontal sync components feed 
through into the vertical circuit, they 
can cause interlace disturbances; ver¬ 
tical components in the horizontal 
circuits can cause raster distortion or 
horizontal instability. 
Testing With an Oscilloscope. 

The oscilloscope and its voltage cali-
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brator are a most effective combina¬ 
tion for tracing defects of the more 
obscure types in the deflection system. 
The oscilloscope can be used to check 
waveforms through the vertical gen¬ 
erating and amplifier circuits, and 
through the horizontal circuits up to 
the grid of the horizontal output tube. 
Servicing diagrams include the proper 
waveforms that should be obtained 
at the various test points as shown in 
Fig. 25. 

The scope can also be used at cer¬ 
tain low-voltage points in the actual 
deflection output circuit when indi¬ 
cated by the receiver manufacturer. 
However, do not use the oscilloscope 
indiscriminately beyond the grid of 
the horizontal output tube; the high 
peak voltages can result in damage 
to the test instrument. If waveform 
observations beyond the grid of the 

horizontal output tube are recom¬ 
mended, follow the exact procedure 
and precautions presented by the 
manufacturer of the particular model. 
The high voltage can be checked 

using high-voltage probes that are 
available as accessories for most vac¬ 
uum tube voltmeters. The presence 
of high voltage at various points in 
the circuit can be checked by touching 
the tip of a well-insulated screwdriver 
to the various points and observing 
the arc drawn. With experience in 
working with the high-voltage cir¬ 
cuit, you will be able to tell by the 
length of the arc if there is approxi¬ 
mately normal voltage. All high-volt¬ 
age checks should be made carefully 
for safety reasons and to prevent a 
low resistance shunt from damaging 
some of the high-voltage components 
which are designed to carry only a 
small current. 
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Lesson Questions 
Be sure lo number your Answer Sheet 55B. 

Place your Student Nuinber on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next Lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don't hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time or you may run out of Lessons before new' ones can 
reach you. 

1. Which type of deflection, electrostatic or magnetic, is used in modern tele¬ 
vision picture tubes? 

2. Which do you apply to the deflection coils in a receiver using electromagnetic 
deflection, a sawtooth current or a sawtooth voltage? 

3. What are the two basic sawtooth oscillators? 

4. Should you increase or decrease the time constant in the grid circuit of a 
blocking oscillator to increase the frequency of the oscillator? 

5. Why is a tuned circuit used in the plate circuit of the feedback tube in a 
multivibrator? 

6. What voltage waveform is needed to produce a sawtooth current in the de¬ 
flection coils? 

7. Why are damping resistors used across the vertical deflection coils? 

8. A series of vertical bars on the left side of the picture indicates a defect in 
which circuit in the horizontal sweep? 

9. What circuits in addition to the deflection circuits make up the sweep sys¬ 
tem of a color receiver? 

10. What is a common cause of reduced horizontal and vertical picture size? 
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ASK WHY 
The ability to observe intelligently—to learn—to 

gain information—depends greatly upon your will¬ 
ingness to ask WHY. 

Don’t simply take things for granted. Get in the 
habit of asking other people WHY. And most im¬ 
portant of all, ask yourself WHY—then find out the 
answers ! 

Be a student for the rest of your life—be a person 
who seeks knowledge—be a person who wants to 
know—be a man who asks WHY ! 

Thomas Edison became rich and famous because 
he was curious about the reasons for this and the 
reasons for that. He asked himself and others WHY. 
Alexander Graham Bell was able to invent the tele¬ 
phone, because he asked WHY. Marconi discovered 
much about Radio because he had the habit of ask¬ 
ing WHY. 
And so I advise you—a man who wants to know 

more and more about Radio and 1 V—to develop the 
lifetime habit of asking WHY. This will contribute 
much to your eventual success. 
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HOW TO RECOGNIZE AND LOCATE 
DEFECTS IN TV RECEIVERS 

r I HIS IS the second section of your 
1 Practical Training in TV Servic¬ 
ing. In this part we will review 
troubleshooting methods and you 
will conduct experiments on your 
receiver. 

Before going on with this section, 
let’s review what you have learned in 
the first section of your practical 
training. You now have your set re¬ 
moved from its cabinet and mounted 
on the workbench in a position that 
is convenient to work on. You have 
analyzed the circuit diagram of your 
set, and have a good working knowl¬ 
edge of its circuits. You know how to 
adjust your set and know the effects 
of misadjustment of any of the con¬ 
trols. Finally, you are familiar with 
the physical layout of your own par¬ 
ticular set and consequently with that 
of a good many other sets. You 
know how to locate the tubes and 
components of the various circuits. 
In short, you now have the same gen¬ 
eral knowledge that the outside 
serviceman must have. 

In most television servicing organ¬ 
izations, the outside serviceman, who 
goes to the customer’s home, will 
make adjustments, test tubes by sub¬ 
stitution and analyze the complaint 
to determine whether the set can be 
repaired in the home. If it must 
be taken to the shop, the outside 
serviceman must be able to remove 
the chassis, picture tube and speaker 
from the cabinet. The first section 
of your Practical Training in TV 

Servicing has enabled you to perform 
these jobs on your own set. 

The purpose of this section of your 
practical training course is to give 
you experience in troubleshooting 
your receiver on the bench; that is, 
performing the benchman’s duties in 
the TV service organization. To ac¬ 
complish this you will conduct a series 
of experiments on your own set, in¬ 
troducing defects into the various 
circuits and observing their effects. 
Then you will locate these defects to 
practice professional servicing meth¬ 
ods. 

RF and i-f alignment are not cov¬ 
ered here for several reasons. First, 
most sets can be repaired without 
realignment. Second, it is best that 
you do not delay your practical train¬ 
ing for lack of the test equipment 
necessary for this work. There is 
also a tendency on the part of the in¬ 
experienced serviceman confronted 
by a difficult troubleshooting problem, 
to attempt to repair sets by alignment 
when alignment isn’t necessary. The 
omission of alignment experiments 
will help you to avoid this tendency. 
The manufacturers’ service data con¬ 
tain detailed alignment instructions. 
These instructions should be read be¬ 
fore any attempt is made to align a 
receiver. The alignment procedure 
varies so much for different sets that 
there is no point in giving general in¬ 
structions here. 
If you have the necessary equip¬ 

ment and wish to practice alignment 
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on your set. it is recommended that 
you wait until you have received your 
regular lesson on TV alignment and 
then proceed to align your set in ac¬ 
cordance with the manufacturer’s in¬ 
structions. Later on. we will briefly 

discuss the equipment used for align¬ 
ment. 
Before you begin to conduct ex¬ 

periments on your receiver, you 
should review professional trouble¬ 
shooting techniques and equipment. 

Troubleshooting Equipment 
The best tools for troubleshooting 

are a thorough knowledge of television 
circuits, and experience in applying 
professional troubleshooting methods. 
However, other basic items are re¬ 
quired to put these initial tools to use. 
You probably already have on hand 
most of the equipment necessary to 
conduct the experiments. This 
equipment will be discussed here 
along with some additional equip¬ 
ment that is standard for any efficient 
service shop. Also, in this section, 
TV troubleshooting methods are re¬ 
viewed. Many of these are identical 
to the radio methods you have al¬ 
ready used; others may be new to 
you. 

EQUIPMENT REQUIRED 
In addition to your TV receiver 

and the manufacturer’s data sheet 
there are five items of equipment 
which are necessary to carry out the 
experiments in this lesson. It is 
quite possible that you may be able 
to conduct a number of experiments 
without having all the items, but to 
get the most benefit from this lesson 
you should have the following equip¬ 
ment: 
1. Multitester or vacuum tube 

voltmeter. 
2. High voltage probe for our 

multimeter. 
3. A small soldering iron. 

4. Assorted resistors and capaci¬ 
tors. 

5. Test cables and jumpers. 
Multitester. Since it will be 

necessary in the course of your ex¬ 
periments to test both voltages and 
resistances, you will need a multi-
tester of reasonably high sensitivity. 
Any standard service instrument of 
this type may be used. It should 
have at least 20,000 ohms-per-volt 
sensitivity and be capable of measur¬ 
ing voltages up to 1000 volts and re¬ 
sistances up to 10 megohms with 
reasonable accuracy. A standard 
vacuum tube voltmeter is the best 
meter for all kinds of service work. 

High Voltage Probe. In at least 
one experiment it is desirable that 
you measure the high voltage applied 
to the television tube. This voltage 
is far beyond the range of any ordi¬ 
nary multitester. However, it may 
be measured with a common meter 
by means of a special probe that has 
a built-in multiplying resistor. Such 
probes are available for most com¬ 
mercial multitesters and vacuum 
tube voltmeters. Unless you obtain 
such a probe you will be unable to 
measure the high voltage. Probes 
must be matched to the meter. Make 
sure that the probe you buy is the 
one recommended for your meter. 
You cannot make accurate measure¬ 
ments using a probe built for a dif-



ferent model of meter. 
Soldering Iron. In a few experi¬ 

ments, you will be asked to unsolder 
parts or leads. You will do 
this to imitate parts failures. Any 
small electric soldering iron of 35 to 
75 watts rating will be satisfactory. 

Resistors and Capacitors. It will 
probably be unnecessary for you 
to buy any resistors or capacitors 
for these experiments if you already 
have an assortment on hand. 
Throughout the experiments, various 
values of resistances and capacities 
will be recommended for use in the 
experiments. The values are usually 
not critical, therefore if you have 
anything reasonably close it can be 
substituted for the recommended 
value. If you have no resistors or 
capacitors, the following list of those 
mentioned in later experiments will 
serve as a guide for obtaining them. 
These are all common values and 
therefore can be used as replacements 
in any service work that you may do 
later. 

1 2.7-ohm, 1-watt resistor 
I 5-ohm, 1-watt resistor 
1 500-ohm, 20-watt resistor 
1 1000-ohm, 1-watt resistor 
1 5000-ohm, 1-watt resistor 
1 10,000-ohm, 1-watt resistor 
1 50.000-ohm, 1-watt resistor 
1 100,00-ohm, V^-watt resistor 
1 1-megohm, 1^-watt resistor 
1 100-mmf, 400-volt capacitor 
1 400-mmf, 400-volt capacitor 
1 .001-mfd, 600-volt capacitor 
1 .005-mfd, 600-volt capacitor 
1 .05-mfd, 600-volt capacitor 

Test Cables and Jumpers. In 
order to conduct the experiments as 
easily as possible it is essential that 
you have a good assortment of test 

FIG. 1. A simple test cable. 

SHIELDED LEAD 

FIG. 2. Test lead for substituting com¬ 
ponents. 

cables and jumpers. These can be 
made easily from test clips and hook¬ 
up wire, or in some cases shielded 
lead. 

Fig. 1 shows a simple test cable 
that can be constructed from a piece 
of shielded lead, two clips, a capaci¬ 
tor and a test probe. This cable is 
very convenient for signal tracing and 
signal injection tests. A .01-mfd 
capacitor prevents de coupling but 
will pass any signals from the audio 
frequencies upward. This capacitor 
should have a 600-volt de rating. 
The shielded lead will help prevent 
pickup of the signal in circuits where 
it is not desired. In order to avoid 
possible short circuits the cable used 
should have a rubber or plastic coat¬ 
ing outside of the shielding. This 
test cable should be long enough to 
reach any point of the underchassis 
wiring from any other part, but no 
longer than that. 
Fig. 2 shows another test cable 

that will be very convenient if you 
wish to make it. This is simply a 
two-conductor shielded cable with 
clips on the wires at both ends. This 
cable may be used to substitute com¬ 
ponents such as resistors or capacitors 
without soldering them in place. 
This cable should be kept very short, 
not over six or eight inches in length. 
It need not be shielded, but shielding 
may prevent some stray pickup if the 
lead is very long. Another method 
of accomplishing this same purpose 
is shown in Fig. 3. Here test clips 
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RESISTOR OR 
CAPACITOR 

FIG. 3. Method of attaching test clips 

to parts for substitution in circuit. 

are simply attached to the pigtail 
leads of the component, making it 
easier to make temporary connections. 
Recommended clip-on parts are 
a .05-mfd, 600-V capacitor, and 
1000-ohm, 100,000-ohm and 1-megohm 
resistors. 

Also handy in these experiments 
are simple jumpers made of hookup 
wire with test clips at each end. You 
will find it convenient if you make up 
several of these in lengths varying 
from six inches to two feet long. 
These you may consider as a per¬ 
manent part of your test equipment 
for they are always handy when serv¬ 
icing radio or television receivers. 

It is good practice to wrap all but 
the very tip of the clips with plastic 
insulating tape as shown in Fig. 3. 
This will help avoid short circuits 
when the clip is used in close places. 
Wrap the tape firmly but do not 
stretch it, then, when the clip is 
squeezed, the tape will stretch and 
allow a connection to be made. 

A very useful test piece for tem¬ 
porarily detuning an i-f stage or 
sound trap is shown in Fig. 4. To 

make this “gimmick” capacitor you 
need only two clips and 6 inches of 
hookup wire. Fasten a 3-inch piece 
of insulated hookup wire to each clip. 
Twist the free ends of the wire to¬ 
gether for a distance of about 1% 
inches. Five or six half turns will be 
enough. This will give you a 2 to 
5-mmf capacitor. 

ADDITIONAL EQUIPMENT 

All of the experiments may be made 
with the equipment just listed, how¬ 
ever, there are two other items of 
equipment that may be considered 
very nearly indispensable to any ef¬ 
ficient service shop. These are the 
oscilloscope and the sweep signal 
generator. They are not required 
for this lesson, but the use of the os¬ 
cilloscope for locating defective parts 
and circuits will be described. Since 
these two instruments are explained 
in more detail in your lesson on align¬ 
ment and the reference text on TV 
test equipment, only a brief explana¬ 
tion of their use is given here. 

The Oscilloscope. An oscilloscope 

FIG. 4 “Gimmick” capacitor for de¬ 

tuning i-f amplifiers and sound traps. 
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FIG. 5. Serviceman’s oscilloscope de¬ 
signed specifically for TV Service. 

enables its user to look at a sig¬ 
nal anywhere in the TV set. The 
advantage of the oscilloscope in sig¬ 
nal tracing is obvious. In television 
we deal with a video signal rather 
than a sound signal and the best in¬ 
dication of whether or not the signal 
is of the proper shape and magnitude 
is a visual one such as is given on 
the oscilloscope. Many manufactur¬ 
ers’ schematic diagrams use sample 
waveforms to show what the signal 
should look like at various points 
in the circuit. If you have an oscil¬ 
loscope, and your manufacturers’ 
schematic gives such waveforms, it 
is recommended that you use your 
oscilloscope to check the signal at the 
points indicated by the manufacturer. 

A typical oscilloscope designed pri¬ 
marily for TV service work is shown 
at Fig. 5. 
Next to a good vacuum tube volt¬ 

meter, the oscilloscope is the TV 
serviceman’s most important piece of 
test equipment. A reference text 
later in the course will describe the 
features of a good scope and tell you 
how to select one for your own shop. 

Sweep Signal Generators. The 
sweep signal generator puts out 
a signal that varies in fre¬ 
quency at a rapid rate over a 
band of frequencies. Thus this 
instrument enables you to check 
the response of the television re¬ 
ceiver over an entire channel. In 
addition to its obvious usefulness in 
alignment, the sweep signal generator 
may also be used for signal injection 
in troubleshooting tuners and i-f 
strips. A typical sweep signal gener¬ 
ator such as is used in TV service 
work is shown in Fig. 6. 

Courtesy RCA 

FIG. 6. Sweep signal generator for 
TV alignment. 
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Troubleshooting Methods 
One of the big differences between 

the professional and the amateur 
serviceman is that the professional 
must make a living wage from his 
time. The amateur, on the other 
hand, has no specific value set on 
his time and need not show a profit 
on his labor. When the professional 
accepts less for his time than his 
normal rate, because he has wasted 
time by making an incorrect diag¬ 
nosis, he ceases to be a professional. 

One of the keys to successful serv¬ 
icing lies in systematic trouble¬ 
shooting methods. It is not possible 
to apply these methods without a 
good basic knowledge of TV receiver 
circuits and operation. Anyone with 
a basic knowledge of electronics and 
unlimited time can eventually shoot 
trouble by the cut-and-try method. 
However, the professional does not 
have unlimited time and must apply 
systematic methods to cut servicing 
time to a minimum. Only in this 
way can he handle enough sets to 
pay his shop upkeep with the profit 
from replacement parts. 

Rapid, systematic troubleshooting 
is based upon effect-to-cause reason¬ 
ing, using knowledge gained through 
experience and study. The effect-to-
cause reasoning process is applied 
first in analyzing the customer’s com¬ 
plaint. Always check the complaint 
yourself. The customer will describe 
the effects in his own words, but you 
and the customer probably speak 
different languages where TV is con¬ 
cerned. Always base your reason¬ 
ing on your own observations. 

After observing the effects of the 
trouble you can decide which major 
sections the trouble is apt to be in. 

This will give you a starting point 
for testing, and you can then test 
the most likely of these sections. The 
choice of stage to test first will be 
determined largely by past experience. 
When testing the major sections you 
will apply effect-to-cause reasoning 
again to determine which smaller sec¬ 
tions or stages the trouble might be 
in. After this analysis you test the 
stage that is suspected of being de¬ 
fective, and again through an effect-
to-cause reasoning process analyze 
the results of your tests. This last 
analysis, or application of effect-to-
cause reasoning, narrows your prob¬ 
able cause down to several compo¬ 
nents. The last stage of your trouble¬ 
shooting process is testing these parts 
to determine which is causing the 
trouble. 

The troubleshooting process, then, 
may be broken down into six distinct 
steps as follows: (1) analyzing the 
complaint through effect-to-cause 
reasoning, (2) testing the suspect 
major sections, (3) analyzing the re¬ 
sults of these tests to determine which 
stage or smaller section the trouble 
might be in, (4) testing that stage, 
(5) analyzing these tests to determine 
which parts may be causing the 
trouble, and (6) testing those parts. 

Caution. Effect-to-cause reason¬ 
ing can only be used effectively after 
the schematic for the set has been 
carefully studied and analyzed in or¬ 
der to see the paths through which 
the signal and supply voltages travel. 
Circuit variations might mislead you. 
A good example of this is in B plus 
supply distribution. In many sets it 
is common practice to obtain two 
levels of B plus supply by placing 
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FIG. 7. Simplified diagram of circuit in which audio output tube is used as 
voltage divider for audio and video i-f’s, tuner, and focus electrode of CRT. Loss 
of conduction in V108 will disable all of the tubes connected in its cathode circuit. 

two tubes in series. These two tubes 
may be in different sections of the 
TV receiver. Where such an arrange¬ 
ment is used, a failure in one section 
of the receiver may disable another 
section and the effects observed would 
lead to incorrect reasoning. A sim¬ 
plified schematic showing this type of 
distribution is shown in Fig. 7. 

In order to avoid being led astray 
in a circuit like this, check schematics 
for unusual plate supply circuits and 
for de cathode paths that are ground¬ 
ed through some other tube. 

ANALYZING THE COMPLAINT 
In analyzing the complaint, there 

are three things that you should no¬ 
tice about the operation of the set. 
These are sound, picture, and raster. 
A distinction is made between pic¬ 
ture and raster, because, although 
there may be no picture, the raster 
still can exist and will indicate that 
sweep and picture tube circuits are 
working properly. However, it is 
obvious that you cannot have a pic¬ 

ture without the raster. These three 
items may show defects in any one 
of seven possible combinations. They 
are as follows: (1) dead set, no sound, 
no picture, no raster, (2) sound, no 
picture, no raster, (3) picture, no 
sound, (4) sound, raster, no picture, 
(5) raster, no sound, no picture, (6) 
distorted picture, (7) distorted sound. 
In every case of trouble, the com¬ 
bination of defects gives you very 
definite clues pointing to the cause 
of the trouble. 

Dead Set. A dead set is one in 
which nothing works—no sound, no 
picture, no raster. The most likely 
cause of a dead set is some form of 
power supply failure. If the set uses 
series filaments, the failure of any 
tube filament in the string could 
cause a dead set. Likewise, it is a 
good idea to check the line voltage. 
The cause may be something entirely 
outside the set, such as a blown house 
fuse. A fuse in the set may also be 
blown. If external power is coming 
to the set then there may be a B + 
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power supply failure. 
Sound, No Picture, No Raster. 

This condition tells us that there is 
nothing wrong with the sound section, 
power supply or the i-f section of the 
receiver. Since there is no raster, 
the most likely place to suspect trou¬ 
ble is in the high voltage power sup¬ 
ply or in the picture tube itself. 

Here again it is necessary to check 
the schematic. In most modern sets, 
failure of the horizontal oscillator, 
horizontal amplifier or damper tube 
will cut off the high voltage. 

Picture, No Sound. If the picture 
is all right but there is no sound, the 
trouble is obviously in the sound sec¬ 
tion of the receiver. If the set is of 
the intercarrier type, i-f trouble is un¬ 
likely and the trouble will usually be 
found in the sound detector or ampli¬ 
fier circuits. If separate channel i-f’s 
are used, the sound i-f must be 
checked. 

Sound, Raster, No Picture. Here 
again your first application of effect-
to-cause reasoning will depend upon 
whether your set is of the intercarrier 
type or of the separate channel i-f 
type. If the set is of the intercarrier 
type, the existence of sound indicates 
there is no trouble in the i-f sections 
and the raster eliminates the possibil¬ 
ity of trouble in the sweep circuits or 
picture tube. Thus the most likely 
place to look for the trouble would 
be in the video detector and amplifier 
sections. If the set is of the separate 
channel type, the trouble could be in 
the picture i-f section as well as the 
video detector and amplifier. 

Raster, No Sound, No Picture. 
The failure of both sound and picture, 
but the existence of a raster, indicates 
that the trouble probably lies in the 
tuner or i-f sections of the set if it 
is of the intercarrier type. If it is 

of the separate channel type the most 
likely place for trouble to occur will 
be in the tuner or any of the i-f sec¬ 
tions common to both sound and pic¬ 
ture. 

Distorted Picture or Raster. The 
most frequent cause of picture dis¬ 
tortion will be found in the sync and 
sweep circuits. However, the fre¬ 
quency response of the video section 
may, if it is poor, cause some picture 
distortion. You will recall from the 
first section of your practical train¬ 
ing that picture distortion may also 
result from misadjustment of controls 
or components on the picture tube 
neck. In your experiments you will 
find that most of the effects produced 
by misadjustment can also be caused 
by circuit defects. 

Distorted Sound. Sound distor¬ 
tion may be traced to a failure in the 
audio section of the receiver. How¬ 
ever, the adjustment of the tuner may 
cause hum in the sound and should 
be checked in the event that hum 
exists. Likewise, if the tuner is not 
properly adjusted sound bars may ap¬ 
pear in the picture. 

PROBABILITY OF FAILURE 
You must rely on past experience 

and knowledge of the circuit of the 
set to indicate the most likely of 
several possible causes of any failure. 
There are some characteristics of 
electronic circuits in general that may 
be of help in determining the most 
likely cause. This applies not only 
to the first effect-to-cause analysis 
but also to succeeding analyses in 
locating the individual stage and 
individual part that may have failed. 
As soon as the outside serviceman 

makes his first analysis of a cus¬ 
tomer's complaint, he checks the 
vacuum tubes in the suspect section 
by substitution. This is common 
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practice for two reasons: (1) tubes 
may be checked in the home easily 
and usually without removing the set 
from the cabinet, and (2) approxi¬ 
mately 60% of all failures in TV re¬ 
ceivers are caused by failure of the 
tubes themselves. Thus, the most 
probable cause of failure in a TV 
receiver is the failure of a vacuum 
tube. 

The second most probable cause of 
failure in TV circuits is the failure 
of capacitors. This applies in par¬ 
ticular to the paper type. Paper 
capacitors fail due to heat and mois¬ 

ture. They become leaky after 1 to 
3 years of operation. This will be 
particularly true of sets in basement 
recreation rooms or in damp climates. 
The failure of mica and ceramic 
capacitors is much less frequent. 
Probably the third most frequent 

cause of failure is the failure of re¬ 
sistors. Resistors may burn out com¬ 
pletely or may change value with 
age. However, a burned out resistor 
usually means excessive current be¬ 
ing drawn because of the failure of 
some other component—a shorted 
tube or capacitor. 

Testing Methods 
Before going on with your experi¬ 

ments it is best to review some of the 
methods used in conducting tests to 
locate the troubles that you will in¬ 
sert into your set. 

SIGNAL INJECTION 
Signal injection consists of feed¬ 

ing a signal to different stages in a 
receiver and observing the response. 
If the set is dead or weak, a signal 
of the proper freqeuncy is introduced 
near the output and the output noted. 
If the output is normal then the sig¬ 
nal is introduced at points further 
back toward the input of the set. 
When the output changes or is Içst 
the bad stage has been passed. 

For dead or weak receivers, almost 
any signal generator can be used as 
a source. It must only generate a 
frequency that will pass through the 
section being tested. Another form 
of signal injection is the circuit dis¬ 
turbance test. In a TV receiver us¬ 
ing a power transformer, a disturb¬ 
ance test can be carried out by re¬ 
moving and replacing tubes. In the 

audio portion of the set, this should 
cause a click or thump in the speaker; 
and in the video portion it should 
cause a flash of light on the screen 
of the picture tube. 
In sets having series filament 

strings, removing any tube will 
break the filament string and cause 
a dead set condition. On such re¬ 
ceivers a different form of circuit 
disturbance must be used. Touch¬ 
ing a tube grid terminal with the 
point of an insulated screwdriver will 
usually inject all the signal neces¬ 
sary. 

The circuit disturbance test can 
normally be applied only to the cir¬ 
cuits that carry the signal; it does 
not work in checking the sweep or 
sync circuits or power-supply cir¬ 
cuits. Also, it won’t work very well 
on many TV receivers because of 
interaction between circuits; the sig¬ 
nal may travel around a defective 
stage, thus giving a false indication. 
In other instances, particularly when 
you are working in the video circuits, 
you may get almost as much of a 
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flash on the raster when disturbing 
a defective stage as when disturbing 
a good one. You will have to learn 
by experience just how far you can 
go in depending upon tests of this 
kind. This is one point where ex¬ 
perience really counts. Try each of 
these tests that applies to your re¬ 
ceiver and note the results. The 
sooner you learn, the better you’ll be. 

Signal injection works well on sets 
that are weak or dead, but circuit 
disturbance is not as reliable as in 
radio servicing. Signal injection is 
not so helpful for signal distortion 
unless a special signal source is used. 

SIGNAL TRACING 
In signal tracing, a signal is ap¬ 

plied to the input of the receiver and 
traced through the receiver. This 
input signal can be from a signal 
generator, or it can be a signal from 
a TV transmitter. 
The best test instrument to use 

in signal tracing is either a vacuum¬ 
tube voltmeter or an oscilloscope de¬ 
signed for TV service work. The os¬ 
cilloscope is particularly useful be¬ 
cause most manufacturers’ schematics 
are prepared with the assumption that 
it will be used and the proper wave¬ 
forms at various points in the cir¬ 
cuits are shown. 
By the use of rf probes with the 

vtvm and oscilloscope, it is possible 
to follow the signal through at least 
some of the i-f stages, although the 
signal level may be too low to meas¬ 
ure in the first stage. When you get 
to the video stages, an ordinary ac 
voltmeter or a cathode-ray oscillo¬ 
scope can be used to follow the sig¬ 
nal right up to the grid of the picture 
tube. 
The scope may be used to trace 

the sync pulses through the sync 
amplifier and clipper stages, as well 

as to trace the sweep voltages through 
the sweep circuits. However, you 
must be careful about the sweep out¬ 
puts where the voltage levels may be 
very high. The blocking capacitor 
used with your scope will break down 
at the high voltages on the plate of the 
horizontal amplifier; therefore, it is 
not advisable to check sweep volt¬ 
ages at the plates of the sweep output 
amplifiers. The waveform can be 
safely checked at the deflection yoke. 

The ac vtvm will tell you whether 
or not there is a signal present in 
the sweep circuits. It cannot tell 
you anything about the frequency, 
wave shape, or peak voltage and so 
is of little value in these circuits. 

In the sound channel, the same de¬ 
vices can be used for signal tracing 
—a vtvm with an rf probe can be 
used to follow the signal through the 
sound i-f stages, and an ac voltmeter 
or an oscilloscope or even a signal 
tracer may be used to follow the audio 
signal through the audio stages. 

STAGE BLOCKING 
If the complaint is noise, oscilla¬ 

tion, or a similar internal condition 
which develops an interference pat¬ 
tern on the screen, blocking is some¬ 
times an effective test. In a way, 
this is a form of signal tracing. The 
interfering signal is present, and you 
block stages to find out where it 
originates. 

As an example, suppose that noise 
is being produced in one of the sound 
i-f stages. If you block any of the 
stages between the origin of the noise 
and the loudspeaker, the sound will 
disappear, but it will not disappear 
if you block stages farther from the 
loudspeaker than the noise source. 
Thus, if you block or cut out the 
first sound i-f stage, and the noise is 
still present, you know that it is 
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produced in one of the later stages. 
By blocking the next stage, you can 
determine whether the noise is intro¬ 
duced in that stage or not. If it 
disappears, you know that it is be¬ 
ing introduced in that stage, but if 
not, that it is in one of the later 
stages. 
There are several methods that 

might be used for blocking a stage. 
On receivers that operate with the 
filaments in parallel, the simplest 
method is to pull out the tube of the 
stage to be blocked. This test can¬ 
not be done on a set in which the 
tube filaments are in a series or 
series-parallel string. In such a case, 
the simplest way is to shunt a large 
by-pass capacitor between the grid of 
the stage to be blocked and ground. 
This works very satisfactorily in the 
rf and i-f stages. In the audio stages, 
the noise may only be reduced by this 
method, as any practical bypass ca¬ 
pacitor may not provide a complete 
block. A capacitor of about .05 mfd 
is usually satisfactory for this test. 

ISOLATION OF DEFECTIVE 
PART 

If your first analysis of a com¬ 
plaint locates the defective major 
section, the next step is to isolate the 
stage in which the trouble has oc¬ 
curred. Assuming that the vacuum 
tubes have already been checked, 
this is best done by checking the 
output of each stage by signal trac¬ 
ing or signal injection. 

Once the defective stage is located, 
the next step is to check components 
to find out which of the parts in that 

stage has failed. An examinai ion of 
the parts in the stage may disclose the 
defect. You may be able to see that 
a part is burned or that a connection 
is loose. However, generally it is 
necessary to resort to a voltage or re¬ 
sistance check to localize the defect 
exactly. 

When using a voltmeter, it is im¬ 
portant that the meter have high 
sensitivity. Many TV circuits have 
very high resistances, so any addi¬ 
tional current drawn by the volt¬ 
meter may upset the readings con¬ 
siderably. Most manufacturers’ volt¬ 
age and resistance tables give the 
sensitivity of the meter used to ob¬ 
tain the values in the table. Unless 
you have a meter of the same sensi¬ 
tivity, your readings are going to be 
higher or lower in high-resistance 
circuits than those of the manufac¬ 
turer. 
An ohmmeter can be used to check 

the resistance of a complete circuit, 
a portion of the circuit, or an indi¬ 
vidual part. When using an ohm¬ 
meter on a TV receiver, observe the 
same precautions as in a radio set—■ 
you must never use an ohmmeter in 
a live circuit. You should also dis¬ 
charge the filter capacitor even after 
the set is turned off. 

Be cautious when you check parts 
not to jump to the wrong conclusions. 
Examine the circuit or the diagram; 
there may be a number of parts in 
parallel, in which case it may be 
necessary to disconnect one lead of 
the part being checked in order to get 
an accurate indication of its resis¬ 
tance. Once the defective part is lo¬ 
cated, the troubleshooting procedure 
is completed. 
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Experiments 
Now that you have reviewed pro¬ 

fessional servicing methods and ob¬ 
tained the necessary equipment, you 
are ready to proceed with your ex¬ 
periments. 
Since it is impossible to cover 

every set in exact detail, the instruc¬ 
tions given here are for typical re¬ 
ceiver circuits. These have been 
selected to include the maximum num¬ 
ber of commercial TV receiver cir¬ 
cuits in use today. Your set will 
probably be a combination of the 
circuits used in the experiments out¬ 
lined in this section. Select those 
which most nearly resemble the cir¬ 
cuits in your set and follow the in¬ 
structions for them. 
After performing each experiment, 

return the set to normal and check it 
for proper operation. 
After you have read the directions 

for each of the experiments you 
should check your diagram care¬ 
fully to see what portions of the cir¬ 
cuit will be affected. Try to figure 
in advance what symptoms will be 
apparent on the picture tube and in 
the sound. Then when you have 
made the experimental changes in 
your receiver you can observe the 
effects and compare them with those 
that you expected. If the effects 
were not what you expected, think 
back over your reasoning and try to 
determine where you made your 
mistake. 
In your servicing work you will 

apply effect-to-cause reasoning after 
seeing the effect of trouble on the 
signal. In doing these experiments, 
you start with a known cause, and 
from this cause you should be able to 
determine in advance the effect that 

it will have on the picture. It will 
be necessary for you to think ahead 
in the set and determine every stage 
that can be affected by the change 
you have made in the receiver. 

You will of course know the cause 
in advance in each of the experiments 
that you perform. However, you 
should still apply effect-to-cause 
reasoning as if the cause were un¬ 
known to you. When you decide 
that some particular circuit or stage 
is not the cause and could not be the 
cause of the trouble, verify this fact 
with your voltmeter, oscilloscope or 
by signal tracing or signal injection. 

Whenever signal injection or signal 
tracing are indicated as part of your 
troubleshooting procedure, do not 
select the one of these two methods 
which will get you to the known 
fault in the quickest manner. Try 
both of these methods in every case. 
In this way you will become much 
more rapid in each type of trouble¬ 
shooting. Remember that in actual 
service work you will not know where 
a fault in the i-f strip is located. 
You will have to use testing methods 
to determine that. 

Safety Precautions. Before be¬ 
ginning your first experiment, review 
the following safety precautions. If 
you follow these rules you will avoid 
the possibility of receiving an un-
pleasant shock or of damaging any of 
your equipment. 

1. Don’t work on “hot” circuits 
unless absolutely necessary. 
2. After disconnecting your set, 

before working on it, discharge any 
capacitors that might hold a charge. 
3. Stand on a dry insulated sur¬ 

face while working on your set. 
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4. If you must work on a “hot” 
circuit, use insulated tools and keep 
one hand in your pocket. 
5. When measuring voltage, be 

sure to select a range on your meter 
that is higher than the expected volt¬ 
age reading. 
6. Do not attempt to make high 

voltage measurements without a 
probe. 
7. Use extreme caution to avoid 

bumping or tapping the picture tube 
in your set. The implosive force of 
a broken picture tube can cause seri¬ 
ous injury. 

VOLTAGE TESTS 
Your first experiment is to measure 

the voltages at all of the tube sockets 
in your set. There are two good rea¬ 
sons for doing this first; it enables 
you to become accustomed to working 
underneath the chassis and it will 
give you a set of reliable voltage 
readings for reference during your 
troubleshooting experiments. 

It is quite possible that the manu¬ 
facturer of your set has supplied you 
with a table or chart giving all of the 
tube socket voltages. A table of this 
type is shown in Fig. 8. This table 
is for the Crosley chassis 434. The 
voltages were measured with a vac¬ 
uum tube voltmeter from tube 
socket pins to ground. The set was 
operating on 117 volts, 60-cycle ac 
with no signal input. 

Even if you have the manufactur¬ 
er’s table, you should check the 
readings yourself and make correc¬ 
tions in the table where your values 
differ by 10% or more. Your read¬ 
ings may differ from the manufac¬ 
turer’s because of the differences in 
meter accuracy and sensitivity, and 
differences in conditions under which 
the readings are made. 

The most useful readings will be 
those taken with your own meter and 
with the set in good operating condi¬ 
tion. You can then compare them 
with readings taken with the same 
meter when the set is not operating 
properly to locate a defective part. 

If you do not have a table of tube 
socket voltages, make one iike the one 
shown in Fig. 8. To obtain the volt¬ 
age readings, proceed as follows: 

1. Turn the set on and adjust for 
good picture and sound. Then dis¬ 
connect the antenna to remove the 
signal input. 
2. Connect the negative lead of 

your voltmeter to receiver ground 
(usually the chassis). 
3. Check the schematic diagram 

of your receiver to get an idea of what 
the voltage should be at each of the 
pins on the first tube socket you wish 
to test. 

4. Set your meter to a scale which 
covers a range well beyond the es¬ 
timated voltage and touch the test 
probe to the first pin to be tested. 
CAUTION: Be sure to check the 
schematic and set your meter for ac, 
+ dc or -de, whichever the schematic 
indicates for a given tube socket pin. 

5. Check the voltages at all acces¬ 
sible tube socket pins as outlined 
above and record the voltage readings 
in the table. Note: In some sets 
the tube socket pins in the tuner can¬ 
not be reached without disassembling 
the tuner. However, the important 
voltages are brought to test points 
that are accessible from the outside 
of the tuner. Make such tests as 
you can at the test points provided. 
For the physical and electrical loca¬ 
tion of test points consult the manu¬ 
facturer’s service data for your set. 
Do not attempt to measure the high 
voltage at the high voltage rectifier 
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TABLE OF SOCKET VOLTAGES 

The following voltages were measured with an electronic voltmeter while the set was operating on 117 volts, 60 cycle a c with no 
S? P ; t shorted : Station Selector sett° Cannel 3, and the Brightness ïnd Contrast Controls at minimum 
srtt^ of other control’s COnnected h*1*66" socket lu& and chassis- ’ = AC. voltages. Voltages may vary depending upon the 

aî juncti?n°f L108 and C132B . with contrast control in the maximum counterclockwise position 190 ma 
With contrast set at maximum clockwise position, D.C. current at this point is 200 ma. P

SYMBOL TYPE PIN 1 PIN 2 PIN 3 PIN 4 PIN 5 PIN 6 PIN 7 PIN 8 PIN 9 
V101 
V102 
V103 
V104 
V105 
V106 
V107 

V108 
V109 
V110 
Vlll 
V112 

V113 

VI 
V2 

3CB6 
3CB6 
5AV8 
6AW8 
5AV8 
3BN6 
6SN7GTB 

12L6GT 
12CU6 
12BH7A 
12AX4GTA 
1X2B 

17AVP4 
21ATP4 

3BC5 
5U8 

-0.6 
-2.8 
0 
0 
0 

+ 1.9 
-20 

+480 

High Vol 

*0 
•0 

-1.0 
+ 105 

+0.5 
+0.6 
-0.7 
-1.1 
-0.2 

+60 to 
+ 120 
•65.15 
•77.75 
+ 83 

tage - - Do n 

0 
0 

0 
-2.6 

•44.3 
•41.1 
-0.7 
+ 108 
+51 
•22.1 
-7.6 

+250 

+ 105 
+ 520 

ot measurt 

*44.3 
+ 150 

•41.1 
•37.9 
•33.15 
•26.85 
•22.1 
•18.9 
-75 

+266 
+ 125 
*18.9 

with elect 

•47.5 
*47.5 

+ 140 
+ 140 
*37.9 
*33.15 
•26.85 
+ 100 
+210 

+ 144 

•18.9 
+265 

ronic voltn 

+140 
♦52.25 

+ 141 
+ 141 
0 

+9.2 

0 

+73 

leter. 
Gnd. or 
+ 150 

Gnd. or 
+ 150 
+ 135 
+ 132 

0 
0 

+ 1.9 
+ 1.7 
+0.8 
+ 114 
♦12.6 

•52.25 
•65.15 
-21 
*77.75 

Pin 10 
+302 

Pin 10 
+302 
0 
0 

+ 134 
+230 
+61 

*6.3 

+ 150 
0 
0 

*90.35 

Pin 11 
+ 150 

Pin 11 
+ 150 

0 

+ 135 
+240 
+61 

*12.6 

-2.6 

FIG. 8. Table of socket voltages for TV receiver. 
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unless you have a high voltage test 
probe for your meter. Do not at¬ 
tempt to measure the voltage at the 
horizontal amplifier plate cap. 
When you have completed your 

tests you should have a table similar 
to the one shown. Save the table 
you have made. It will become part 
of the service data for your receiver. 

POWER SUPPLY 
The next section of your receiver 

on which you conduct experiments is 
the power supply. Power supply 
failures do not show up as the fail¬ 
ure of any single stage or section, 
but cause the failure of all or a num¬ 
ber of sections. 

Therefore, if the troubles noted in 
a defective receiver indicate that the 
trouble could be caused by a power 
supply failure, a voltage check is the 
first step in the troubleshooting pro¬ 
cess. 

Line Voltage Failure. The sim¬ 
plest form of power supply failure is 
the failure of line voltage; this re¬ 
sults in no power reaching the set. 
This failure may be in the house 
wiring, the line cord, interlocking 
connector, or On-Off switch. To 
simulate this failure disconnect your 
set from the power line and remove 
the incoming power lead from the 
On-Off switch (usually on the back of 
the volume or contrast control). 
Tape the end of the lead. Plug the 
set in and turn it on. Note that 
the set remains completely dead— 
no sound, no picture, no raster, and 
the tube filaments do not glow. 
To localize the cause of this 

trouble, start checking for line voltage 
at the receptacle into which the set 
was plugged and proceed to check line 
cord, chassis connector and On-Off 
switch until the defective part is 
found. 

Filament Supply Failure. The 
effects of a failure of the filament 
supply voltage are almost identical 
to those of a line voltage failure. 
However, the manner in which you 
simulate this failure depends upon the 
type of power supply circuit your set 
uses. 

There are three possible types of 
filament supply wiring: series, series¬ 
parallel, and parallel. If your set 
has a transformer type power supply, 
the filaments undoubtedly will be 
wired in parallel. If your power 
supply is of the transformerless type, 
the filaments will be wired in series 
or in some series-parallel combina¬ 
tion. Check the schematic diagram 
of your set to determine which type 
power supply and filament wiring 
your set uses and then follow the 
directions given here for that type of 
supply. 

Transformer Type. To simulate 
filament supply failure in a trans¬ 
former type power supply, locate the 
filament leads or terminals on the 
power transformer of your set, and 
disconnect all connections to the un¬ 
grounded side of the filament wind¬ 
ing. Plug the set in and turn it on. 
You will note the same effect on the 
set that line voltage failure caused— 
a completely dead set. Therefore, 
your first step in localizing the 
trouble may be to measure the line 
voltage across the primary of the 
power transformer. Finding the pri¬ 
mary voltage present, your next step 
would be to measure the voltage 
across the output windings and dis¬ 
cover that there was no voltage across 
the filament winding. 

On most transformer type sets there 
would be an indication that line volt¬ 
age was present and you would not 
waste time checking it. Almost all 

15 



sets using a power transformer use a 
B+ rectifier having a 5-volt filament 
and a separate winding is provided 
to supply it. Therefore, if you see 
that the rectifier filament is glowing 
but none of the other filaments are, 
you would immediately conclude that 
the fault is in the filament supply 
wiring. You would make tests only 
to find the nature of the failure. 

Many sets use a power transformer 
with a 12-volt center-tapped fila¬ 
ment winding. In these sets the 
center tap is usually grounded and 
half of the filaments connected from 
each side of the winding to ground. 
If this is the case in your set, you 
will have to disconnect both sides of 
the winding to simulate complete 
filament supply failure. 

Transformerless Type. The re¬ 
ceiver containing a transformerless 
type power supply will have the tube 
filaments connected in series or in 
some series-parallel combination so 
that the total voltage drop across 
the filaments is equal to the line 
voltage. In some cases there will be 
a voltage dropping resistor in series 
with the filaments. The most com¬ 
mon cause of filament failure in this 
type power supply is an open filament 
in one of the tubes. To simulate this 
defect, simply remove one of the 
tubes. If your set has its filaments 
wired in a series-parallel combina¬ 
tion, be sure to remove a tube whose 
filament is in series with all of the 
other filaments rather than one whose 
filament is in one of the parallel 
branches. 

To localize this trouble you could 
check the continuity of the filament 
string from point to point until the 
open filament is located, or, with the 
set on, check the voltage across each 
filament in turn until the line volt¬ 

age is indicated on the meter. When 
voltage is read across the filament 
terminals of a tube, the filament 
of that tube must be open. If more 
than one filament is open, the sec¬ 
ond method will not locate either 
one. 

In professional servicing you would 
use a filament continuity checker. 
With this test instrument, you do not 
have to remove the chassis from the 
cabinet to check open filaments. 

B+ Supply Failure. Your receiver 
will have either a transformer or 
voltage doubler type of B-|- supply. 
The same general effects on the 

operation of the set will be noted in 
the event of failure of the B¿- supply 
in either case. The failure of the audio 
tube in a circuit like Fig. 7, will 
give the same effect as a failure of 
the B + . The method of simulating 
a B+ failure will depend on the type 
of supply your set uses. 

Transformer Type. If your set 
uses a transformer type power supply 
it probably has a full-wave rectifier 
tube such as the 5U4. To disable the 
B + supply, remove this tube. The 
effects of no B+ will be no sound, 
no picture, no raster. The fact that 
the tube filaments glow will indicate 
that line voltage and filament supply 
are present. This defect is localized 
by checking the rectifier output with 
a de voltmeter. 

Voltage Doubler Type. If your 

FIG. 9. Transformerless half-wave 
voltage doubler power supply. 
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set uses a voltage doubler type of 
supply similar to the circuit shown in 
Fig. 9, it probably uses dry disc rec¬ 
tifiers instead of vacuum tubes. To 
simulate B+ failure in this type 
supply you must disconnect the lead 
from the output side of the rectifier 
in your set that corresponds to SR2 
in Fig. 9. The effects noted should 
be the same as for the transformer 
type supply, and again the trouble 
will be localized by measuring the 
de voltage output of the rectifier. 

A loss of B+ voltage may be 
caused by defective rectifiers, open 
choke coil, shorted or open filter 
capacitors, or a blown fuse. Many 
sets incorporate a small fuse in the 
B+ supply. The wire is usually so 
fine in these fuses that they must be 
checked with an ohmmeter rather 
than by observation. 

Frequently the B+ failure in 
either transformer or voltage doubler 
type supplies is not complete. A 
rectifier may become weak and cause 
the B+ voltage to be low, a filter or 
by-pass capacitor may become leaky 
and overload the rectifier causing low 
B + , or the input filter capacitor be¬ 
comes open. To simulate low B + 
voltage, disconnect the lead between 
the rectifier and the filter input. 
Connect one end of a 50-ohm, 20-
watt resistor to the rectifier output. 
Connect the filter input to the other 
end of the resistor. A number of 
effects might be observed under this 
condition depending on how much 
this resistor drops the voltage in your 
particular set. In general it will 
lower the gain of all stages in the set. 
Sound and picture will be weak, 
picture size small, and the picture 
may go out of sync. If the voltage 
has been dropped too much there may 
be no picture at all and only weak 

sound, or a dead set like that pro¬ 
duced by a total lack of B + . If 
the latter situation exists in your set, 
shunt the first resistor with another 
of approximately the same value and 
observe the effect. 

Another way to simulate low B + , 
is to disconnect the positive lead of 
the input filter capacitor. This re¬ 
duces the output of the rectifier. An 
open filter capacitor is a common re¬ 
ceiver defect. This also reduces the 
filtering action and may put hum bars 
in the picture. 

Localizing these troubles is a mat¬ 
ter of checking plate supply voltage. 
However, the combination of effects 
produced by low B+ will indicate 
by effect-to-cause reasoning that the 
trouble cannot be due to a defect 
which can affect only a single section 
of the receiver. Therefore, it must 
be caused by something common to 
a number of sections, such as the 
power supply or B+ wiring. This 
reasoning will lead you to check 
supply voltages. 
High Voltage Supply Failure. 

Although the high voltage power 
supply is usually a part of the hori¬ 
zontal deflection system, it is still a 
power supply and in many early TV 
sets it was a power supply independ¬ 
ent of the horizontal deflection system. 
Therefore, an experiment illustrating 
the effect of a loss of high voltage is 
given here rather than in the section 
on sync and sweep circuits. 
Regardless of what type of high 

voltage power supply your set uses it 
will have a rectifier tube. This tube 
will have the plate connected to the 
top cap. To disable the high voltage 
supply, remove the clip from the cap 
of the tube and tape it well away 
from the cap and any parts of the set 
that may be grounded. Caution— 
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be sure to ground the plate and fila¬ 
ment ol the rectifier carefully before 
touching the cap. 

Turn on the set and note the effect 
of a lack of high voltage. You 
should be able to get normal sound 
but no picture and no raster. Loss 
of the raster indicates that there must 
be trouble either in the picture tube, 
sweep circuits, or high voltage. Since 
there is sound, there must be B + 
and filament supply. 
If you have a high voltage 

probe so your meter will measure 
voltages up to 20kv, you can check 
for high voltage failure with your 
meter. If not, you will have to use 
the screwdriver method. This is the 

FIG. 10. Above: Photo of Turret tuner 
showing drum mounted in place, and 
one set of strips removed. Below: Photo 
of the inside of a turret tuner chassis 

showing the stationary contacts. 

method used by auto mechanics to 
check for sparks at the spark plugs 
on an engine. Use a screwdriver 
with a well insulated handle. Hold¬ 
ing it by the handle, touch the blade 
to the chassis and bring the shaft 
close to the cap of the rectifier. If 
an arc is drawn you know that you 
are getting high voltage ac to the 
plate of the rectifier. Repeat the 
process, but this time bring the shaft 
close to the filament connection. If 
an arc is drawn the second time you 
know that there is high voltage de 
at the output of the rectifier. This 
method is not as good as a voltage 
measurement because it only tells you 
that there is or isn’t high voltage, and 
gives no indication of the amplitude 
of that voltage. 

Loss of high voltage is most often 
caused by a defect in the horizontal 
sweep system, the high voltage recti¬ 
fier. the high voltage filter capacitor, 
or an arc to ground from the high 
voltage lead. A high voltage arc is 
easy to detect by the sound it makes. 

TUNER 
Now that you have conducted your 

voltage tests and noted the effects of 
power supply failures, you will pro¬ 
ceed to conduct experiments in the 
other sections of the TV receiver. 
Failures in these sections will be such 
that they can be localized rapidly to 
a single major section or stage. 
Four experiments will be conducted 
in the same order as the path of sig¬ 
nal flow. You will start with the 
tuner and go through the i-f section, 
the video section, the audio section 
and the sync and sweep sections, con¬ 
ducting experiments on each section 
in turn. 
Your tuner may be any one of 

several different types. However, 
regardless of which type tuner your 
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Courtesy of Radio Maintenance Magazine 

FIG. 11. One of the switch decks used 
in a wafer switch type of step tuner, 

set may have, the procedure for con¬ 
ducting these experiments will be the 
same. The major types of tuner are 
described briefly here so that you 
may identify the type your set uses. 
Tuners may be divided into two 

major classifications: the step type 
and the continuous tuning type. The 
step type tuner allows the operator 
of the TV receiver to select the chan¬ 
nel to be received in separate steps. 
It usually contains a fine tuning de¬ 
vice to tune for best picture and 
sound after the proper channel has 
been selected. 
Fig. 10 shows a turret-type step 

tuner. Ir. this type tuner, separate 
coils for each channel are mounted 
around the sides of a drum which can 
be rotated to select the proper chan¬ 
nel. Spring contacts bearing on the 
drum connect the selected coils to the 
rest of the tuner circuit. 

Fig. 11 shows a step tuner of the 
wafer switch type. Here the coils are 
mounted on switch wafers and the 
wiper arms of the switch select the 
proper coil connections. 

Fig. 12 shows a continuous tuner. 
Here there are no separate steps for 

selecting the channels; the set is 
tuned the same as an ordinary 
radio receiver. The stages are turned 
by rotating the coils while sliders 
ride back and forth on the coils as 
they turn. 

Still another type continuous tuner 
uses variable capacitance rather than 
variable inductance. The schematic 
diagram of such a tuner is shown in 
Fig. 13. While this is a continuous 
tuner it actually operates in two 
bands. While tuning the range of 
capacitor values that resonate on 
channels 2 through 6, the switch re¬ 
mains in the low position as shown 
in the diagram. When approaching 
the values of capacity for resonance 
at chanel 7 the switch automatically 
moves into the high position placing 
other values of capacity and induct¬ 
ance in the circuit. The switching 
is automatic as the tuning knob is 
turned. 
All the tuners that have been de¬ 

scribed above rely upon some form 
of mechanical device—sliding con¬ 
tacts, switches, or spring contacts, to 
complete the resonant circuits in the 
tuner. These contacts are the most 
common cause of trouble in tuners. 
The contacts become dirty or the 
springs lose their tension and the 
result is intermittent tuner operation. 

Courtesy of P. R. Mallory & Co., Inc. 

FIG. 12. Rotary coil type of contin¬ 
uous tuner. 
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FIG. 13. Capacitively tuned continuous tuner. 



Disabling The Tuner. In order 
to study the effects of a defective 
tuner section it is necessary to create 
a condition in which no signal is re¬ 
ceived from the tuner. To do this, 
study your schematic diagram to see 
which lead connects the tuner output 
to the first i-f stage input. The best 
way to be sure that you have the 
right lead is to first trace it out on 
your schematic from the grid of the 
first i-f stage to the tuner. Note 
which terminal it is connected tó and 
disconnect this lead. Tape the end 
of the lead as close to the tuner as 
possible and as far from the i-f cir¬ 
cuits as possible. 

Next, turn on your set and attempt 
to tune in a channel and obtain a pic¬ 
ture. You will note that there is 
no picture and no sound but there is 
a raster on the picture tube. The 
presence of the raster tells you that 
the picture tube and sweep circuits 
are operating properly. Since both 
sound and picture are missing you 
know that the trouble must be in 
some stage that is common to both. 
This will narrow your trouble down 
to the tuner or one of the first i-f 
stages, if your set uses separate chan¬ 
nel i-f’s. If your set uses the inter¬ 
carrier i-f, the trouble could be in 
the tuner or any of the i-f stages. 

This trouble could be localized by 
means of the signal tracing or the 
signal injection methods previously 
outlined in this manual. Stage-by-
stage signal tracing or injection would 
quickly lead you to the defective 
tuner. Tube failure is the most likely 
cause of an inoperative tuner. The 
tuner normally contains three vacuum 
tube stages: the rf amplifier, the 
mixer, and the oscillator. The failure 
of any one of these stages will dis¬ 
able the tuner. 

If your set uses a parallel filament 
hookup, you can verify this by re¬ 
moving any of the tubes in rhe tuner 
and noting the effect. Do this with 
the normal connection to the first i-f 
amplifier restored. First remove the 
rf amplifier tube and note the effect, 
then if your set uses a combination 
mixer and oscillator tube, remove 
that and again the tuner will be dis¬ 
abled. If your set uses separate 
mixer and oscillator tubes these may 
be removed separately and the effects 
noted. The removal of any tube 
should produce the same effect as dis¬ 
abling the tuner by disconnecting it 
from the i-f amplifier. 

Weak Tuner Output. Another 
common tuner defect is weak output. 
Sometimes this varies with the chan¬ 
nel selected. In many sets the 
oscillator tube will operate well on 
the lower channels but not at higher 
frequencies. As the tuner vacuum 
tubes grow older, their efficiency will 
be decreased and the tuner output 
will be weakened. 
Before you can simulate the con¬ 

dition of weak tubes in the tuner, it 
will be necessary for you to study the 
diagram of the tuner of your receiver. 
You can duplicate the weak tube con¬ 
dition by reducing the plate voltage 
on one or more of the tubes in the 
tuner. 
The tuners in most common use 

have only one B+ connection. This 
lead supplies plate voltage to the rf 
amplifier, the mixer and the oscillator. 
If you connect a 1000-ohm 1-watt 
resistor in series with this lead, you 
will reduce the plate voltage on all 
three stages of the tuner. A few 
tuners apply plate voltage to the 
mixer through the transformer at the 
input of the first i-f amplifier. The 
resistor may be inserted in the lead 
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FIG. 14. Schematic of a selector switch type of step tuner. 
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between B+ and this transformer to 
simulate a weak mixer tube. 
A very few tuners use different 

B+ leads to the three stages. If 
you have a tuner of this type, you 
may place the resistor in each of the 
three B+ leads in turn and in this 
way determine the effect of a weak 
tube in any one of the three stages. 

A 2.7-ohm, 1-watt resistor in the 
filament lead to the tuner will also 
give the effect of a weak tube by 
lowering the emission of each of the 
three tubes. This method of simula¬ 
ting weak tubes will of course work 
only in the case of a transformer type 
power supply which feeds the tube 
filaments in parallel. This method 
should not be attempted in cases of 
series filament strings. 
Many tuners provide a test point 

on the outside of the case for meas¬ 
urement of the rectified grid current 
in the mixer tube. This rectified 
grid current is a measure of the 
strength of the oscillator output. 
As you make any of the tests to 
simulate a weak oscillator tube you 
should measure this rectified grid 
voltage to determine how weak the 
oscillator may be and still allow the 
set to function. 

After adding the voltage dropping 
resistor, turn on your set and note 
the effects produced. If the effect 
is the same as a completely disabled 
tuner, decrease the value of the re¬ 
sistor that you added and again note 
the effect. The raster should be 
weak, and sound should be weaker 
than normal. It is quite possible 
that a weak tuner output will cause 
an unstable sync condition in the 
picture also. 
Since most tuners are separately 

encased units, once a defect has been 
traced to the tuner it is usually the 

best practice to check the tubes in 
the tuner by substitution to see if 
one of them is defective before at¬ 
tempting to remove the tuner from the 
set and disassemble it. 

Frequently, analysis of the effect 
of the trouble will help to localize 
the trouble within the tuner. For in¬ 
stance, if the tuner operates properly 
on some channels and not on others, 
and the inoperative channels are all 
above a certain frequency, it is 
safe to assume that the trouble is 
probably in the rf oscillator. Check 
that tube by replacement. On the 
other hand, if the tuner works only 
on the higher channels and not on 
some lower channels, it is more prob¬ 
able that a mechanical defect exists 
in the switching arrangement. 
The schematic in Fig. 14 shows a 

typical selector switch type of step 
tuner. Note that in this tuner suc¬ 
cessive coils on the switch are con¬ 
nected in series to form the total 
inductance in a resonant circuit for 
all three stages. Should one of these 
coils become open the tuner would 
operate at all positions of the switch 
above that coil but operate at none 
of the positions below that coil. 
Therefore, if a set uses this type of 
tuner and operates normally on some 
channels but will not operate on 
lower bands it would be a reasonable 
guess that one of the coils is open. 

In turret tuners, one channel only 
may fail while all the others work 
normally. In this case the trouble 
would be in the coil strips for that 
channel. Correcting the trouble 
might require only adjustment of the 
oscillator tuning slug. If tuning does 
not correct the condition, the strips 
for that channel can be replaced. 
It is not recommended that you 

attempt to simulate these defects 
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that would require you to go into 
the tuner and remove or open coils 
because of the difficulty you might 
experience in trying to realign the 
tuner without the proper test equip¬ 
ment. However, these effects and 
their causes are mentioned here as 
points of information. 
Whenever you have to work on a 

tuner, remember that lead dress is 
very important. Moving some leads 
as little as one quarter inch can de¬ 
tune these circuits. 
On completing your experiments 

with the tuner, restore all connections 
to their normal condition and check 
to see that your set is operating prop¬ 
erly. 

I-F SECTION 
The first step in conducting your 

experiments in this section is to 
determine whether your receiver uses 
separate channel i-f’s for sound and 
picture or whether it uses an inter¬ 
carrier system in which both sound 
and picture are carried through all 
i-f stages to the video detector. This 
is also one of the first things you 
should do in servicing a receiver. 

If the sound take-off in your re¬ 
ceiver is at any i-f stage ahead of 
the second detector, you have a sepa¬ 
rate channel system. Study the 
schematic of your receiver. Locate 
the first sound i-f and trace the input 
of this tube back to determine the 
location of the sound take-off point. 
Once this is located, you can tell 
whether you have a separate channel 
or an intercarrier system. 
The most common failure in a 

television receiver i-f strip will be the 
loss of emission of one of the tubes. 
The complete failure of a tube in a 
receiver with parallel-wired filaments 
may be simulated by removing the 
tube from the socket. In sets using 

series filaments, you can simulate a 
complete loss of emission in the tube 
by disconnecting the cathode bias 
resistor from the cathode pin at the 
tube socket. 

Once effect-to-cause reasoning leads 
you to the i-f strip, the fastest pro¬ 
cedure in localizing the trouble is 
by means of either signal tracing or 
signal injection. Once the stage in 
which the trouble is located has been 
found, voltage checks at the tube 
socket will further localize most of 
the troubles. In this case you would, 
find that the plate voltage and screen 
voltages were slightly higher than 
normal and that the cathode voltage 
was quite high. Actually, a tube 
which had lost its emission would 
show practically no voltage on the 
cathode. The reason for a voltage 
on the cathode in this case is that 
the tube does have emission but there 
is no ground return. 

Another trouble which occurs in the 
tube is heater-to-cathode leakage. 
You can obtain the effect of heater-
to-cathode leakage by connecting a 
.05-mfd, 600-volt capacitor between 
the ungrounded heater terminal and 
the cathode pin of the tube. The 
presence of 60-cycle hum on the 

Courtesy RCA 

FIG. 15. Hum bar in picture caused by 
heater-to-cathode short in video i-f stage. 
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cathode will give you a very light 
or a very dark band across the face 
of the picture tube. A dark band 
due to hum is shown in Fig. 15. The 
fact that there is only one light or 
dark band shows that it is 60 cycles 
and must be due to leakage from 
the heater circuit. 

This trouble can be cured without 
removing the chassis from the 
cabinet by substituting new tubes 
through the video amplifier and video 
i-f strip until the faulty one has 
been replaced. 

You introduced the trouble at the 
socket so tube replacement will not 
correct it in this experiment. This 
is a good place to try signal tracing 
methods. Stage blocking will not 
work; the hum bar will only show 
when a signal is being received. A 
carrier is necessary to get the 60 
cycles through the i-f stage. 

Occasionally an i-f coil will be¬ 
come either shorted or open. To show 
the effect of a shorted primary in an 
i-f transformer, you can connect a 
short jumper between the plate and 
screen pins on an i-f tube socket. 
The effect of this short is to block 
the i-f strip at that stage. Since you 
have a “no picture” condition, signal 
tracing or signal injection will be 
the fastest way to determine the 
faulty stage. When you test the tube 
voltages in this stage you will find 
that they are all approximately nor¬ 
mal. Signal tracing methods will 
show that there is a signal present 
at the grid of this tube but no signal 
at the plate. The tube has been 
checked or a substitute tried and it 
is known that the tube is good. 

This is one of the more difficult 
types of trouble to locate; the re¬ 
sistance of the i-f coil is very low 
and it will be difficult to detect the 

short with an ohmmeter. In some 
cases connecting the plate to the 
following grid through a 100-mmf 
mica capacitor and substituting a 
1000-ohm, 1-watt resistor for the 
plate coil may pass a signal. This 
would indicate that the trouble was 
in the i-f coil. In a case of this type 
you would probably have to check 
your estimate of the trouble by sub¬ 
stitution of a new i-f coil. 

Another defect in these i-f coils 
is that a lead will break and they 
become open circuits. This condition 
can be copied by disconnecting the 
B+ from the i-f coil. In this case, 
once you have located a defective 
stage, a voltmeter test at the tube 
socket will indicate immediately that 
B+ is not getting to the plate. As 
you check back along the circuit with 
your voltmeter, you will come to the 
point at which it is broken. 

Occasionally a screen by-pass ca¬ 
pacitor will become leaky. The cur¬ 
rent flowing through this capacitor 
will increase the voltage drop across 
the screen resistor. Reduced screen 
voltage on the tube will lower the 
gain of this stage considerably. The 
effect of this on the picture tube is a 
reduced brightness caused by loss of 
sensitivity of the set. 
Connect a 5000 to 10,000-ohm, 1-

watt resistor between the screen ter¬ 
minal on the tube socket and ground. 
This will increase the drain through 
the screen dropping resistor in the 
same fashion that a leaky capacitor 
would. Note the effect on both the 
picture and the sound of your re¬ 
ceiver. This condition would be de¬ 
tected by a voltmeter check at the 
tube socket. 

If your set uses separate i-f chan¬ 
nels for audio and video, it is sug¬ 
gested that you try these measures on 
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i-f stages both before and after the 
audio take-off point. 
If you do not wish to open cir¬ 

cuits and break connections in your 
receiver, you can block individual 
stages with the ,05-mfd, 600-volt 
capacitor. If the capacitor is used 
for stage blocking it is recommended 
that you block some stages at the 
grid and some stages at the plate so 
as to obtain experience in signal trac¬ 
ing through the interstage coupling 
circuits. 
Naturally you know where the 

trouble was introduced in the set, 
but when you start troubleshooting 
forget where it is. Satisfy yourself 
in each case that you can localize 
the trouble to one section of the re¬ 
ceiver by effect-to-cause reasoning. 

I-F Frequency Response. Un¬ 
less you are thoroughly familiar with 
your lesson on TV receiver align¬ 
ment and video i-f amplifiers, and 
have the necessary equipment for the 
alignment of your set, it is not rec¬ 
ommended that you detune any 
circuits to note the effect of poor i-f 
frequency response. However, it is 
possible to observe some of the effects. 

If you connect a “gimmick” capaci¬ 
tor like the one shown in Fig. 4, 
across any of the i-f coils of your re¬ 
ceiver, you will lower the resonant 
frequency of that circuit. In the i-f 
stages of a receiver, the video carrier 
is at a higher frequency than the 
audio carrier. This means that lower¬ 
ing the resonant frequency of a tuned 
circuit will accentuate the highs in the 
video information and cause a re¬ 
duction in the low frequencies. In 
many cases, this reduction in the low 
frequencies will be sufficient to re¬ 
duce the amplitude of the sync pulses 
and cause the picture to be unstable. 
The most common effect will be 

FIG. 16. Smearing of picture due to 
loss of low frequencies and phase shift 

of lows. 

that shown in Fig. 16. The picture 
will become smeared and large black 
areas will be blacker on the left than 
on the right. 

It is impossible to accurately pre¬ 
dict the result that you will obtain 
by use of this “gimmick” capacitor 
in any given receiver. The effect will 
depend upon the values of the parts 
in the circuit, the sensitivity of the 
stage and the amount of shielding 
that is used in the receiver. In some 
cases, there will be sufficient coupling 
between adjacent stages and this 
“gimmick” capacitor to cause oscil¬ 
lation in the i-f strip. This oscilla¬ 
tion will most likely appear as ir¬ 
regular white or black patches ex¬ 
tending into the picture from the left¬ 
hand edge. In some cases the oscilla¬ 
tion may be strong enough to cause 
the picture to reverse in polarity; 
that is, the white parts will appear 
black and the black parts will appear 
white. Oscillation due to feedback 
in the receiver is not an uncommon 
complaint. In most cases, it is due 
to the failure of plate decoupling 
capacitors. If these capacitors fail, 
the signal in the plate circuit of a 
stage may flow through a resistor 
which is common to more than one 
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FIG. 17. Poor high frequency response. 
Note that only fine detail on vertical 

lines is lost. 

stage. This common resistor then 
functions as a feedback element be¬ 
tween two stages. 

If your set uses stagger-tuned i-f’s, 
connecting a 1000-ohm carbon resis¬ 
tor across the stage which is tuned 
to the lowest frequency, will reduce 
the gain of this stage sufficiently to 
cause an over-all reduction in high 
frequency response in the picture. 
The effect of loss of high frequency 
response is shown in Fig. 17. 

Connecting the “gimmick” capaci¬ 
tor across a parallel-tuned sound trap 
will detune the trap. This detuning 
will allow audio to pass through to 
the video amplifier and on to the 
picture tube. This will give rise to 
sound bars in the video. These 
sound bars will have the appearance 
of the pattern shown in Fig. 18. Sound 
bars of this type are present only dur¬ 
ing periods of audio modulation. They 
are easy to detect, since they come 
and go with the audio portion of 
the program. The louder the audio, 
the more intense the sound bars. The 
faster the audio, the closer spaced 
the bars will be. 

Connecting the “gimmick” capaci¬ 
tor across only the coil of a series-
tuned sound trap, will raise the fre¬ 

quency of this trap. Raising the 
frequency of the trap in this manner 
will reduce the response in the por¬ 
tion of the video passband which 
carries the high frequencies. The 
effect of this on the picture tube will 
be a combination of loss of detail 
in the fine line vertical portions of 
the picture, and the presence of sound 
bars. Both of these effects will occur 
at the same time. 

In any of these experiments in the 
i-f strip, be very careful not to dis¬ 
turb the position of parts or the lead 
dress of the wires to and from the 
i-f coils. These stages are quite criti¬ 
cal as far as stray capacity is con¬ 
cerned. If the lead dress is disturbed 
badly, it may become necessary to 
completely realign the receiver. 

VIDEO SECTION 
In this section, you will conduct 

experiments in the video detector, 
the video amplifier, and the age cir¬ 
cuits of your receiver. There are a 
great number of variations of these 
three circuits. However, the general 
principles and the effects of failures 
of the major parts will be practically 
the same in all sets. 

Video Detector. In the first part 
of your practical training lessons you 
located and analyzed the video de-
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FIG. 18. Sound bars in video. 
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tector of your receiver. Now we will 
disable the detector and note the 
effects on the sound, the picture and 
the raster. 
There will be very few cases in 

which you can disable the video de¬ 
tector by removing a tube from the 
socket. Most of the vacuum tubes 
used as video detectors are dual sec¬ 
tion tubes and removing the tube 
would also disable another section of 
the receiver. In the case of some 
crystal diode detectors, however, the 
diode is mounted on the i-f trans¬ 
former in a simple clip mount. If 
your set uses this type of detector it is 
very easy to remove from the circuit. 
Be sure to check the polarity, so 
that you can replace the diode cor¬ 
rectly. 
The simplest way to disable all 

types of diode video detectors, 
whether crystal or vacuum tube, is 
by connecting your ,05-mfd capaci¬ 
tor from anode to cathode. The ef¬ 
fect of disabling the video detector 
of your set will depend upon whether 
or not your set uses intercarrier i-f’s. 
In any case, a raster but no picture 
should be obtained. 

If your set uses separate channel 
i-f’s, you may use either signal trac¬ 
ing or signal injection between the 
point of sound take-off and the pic¬ 
ture tube grid. This will enable you 
to locate the defective stage. If your 
set uses intercarrier i-f, effect-to-
cause reasoning will tell you that the 
trouble occurs between the antenna 
and the video detector. If the failure 
were in the video amplifier, you 
should have sound on your receiver. 

One of the quickest tests that you 
can make when you have found raster 
but no video, is to check for a recti¬ 
fied voltage across the load resistor 
of the detector diode. If the detec¬ 

tor and i-f are working, you will have 
a voltage across this resistor to 
ground. If this voltage is present, 
the fault will lie between the detec¬ 
tor and the picture tube grid. If this 
voltage is not present the fault will 
lie in the detector or the i-f strip. 
By making this voltage test you have 
eliminated one or more stages from 
consideration and will use only one 
frequency for signal injection tests. 

When you have isolated the defect 
to the video detector stage itself, the 
best test is to substitute a new detec¬ 
tor. In the case of a vacuum tube 
detector, a new tube would be plugged 
in; in the case of a crystal rectifier, 
a new unit would be used. If a new 
detector does not correct the trouble, 
it will be necessary to use resistance 
and continuity tests to locate the 
defective part. 

Video Amplifier. The video ampli¬ 
fier of your TV receiver will use 
either one or two stages, and may be 
either direct-coupled or capacity-
coupled. Failure of the video ampli¬ 
fier can result in loss of sync, loss of 
picture, or distortion of the picture. 
The distortion can take three forms. 
These are loss of highs, loss of lows 
and clipping of either the white peaks 
or the sync. 
You can stimulate a dead video 

amplifier stage by any of the methods 
used to block the video i-f stage with 
the exception of a short across the 
peaking coils of the video amplifier. 
Try shorting around the peaking 

coil in the video amplifier with one 
of your straight jumpers. This will 
result in the loss of high frequency 
response in the amplifier. In service 
work this condition could arise either 
from a direct short across the entire 
coil or from the presence of several 
shorted turns within the coil. The 
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picture will have the same general 
appearance as Fig. 17. An increase 
in resistance of the plate load resistor 
of the amplifier, or the diode load 
resistor in the detector will have the 
same effect. You should become 
familiar with the appearance of the 
picture under these conditions. 
Another way to simulate a defect 

in the video amplifier which will re¬ 
sult in the loss of high frequency re¬ 
sponse is to connect a 100-mmf 
capacitor between plate and ground 
of the video amplifier. 

In either the input or the out¬ 
put of the video amplifier you will 
find a coupling capacitor which wjll 
probably have a value of .1 mfd. Re¬ 
move the capacitor—it doesn’t matter 
whether at the grid or plate of the 
amplifier—and substitute in its place 
a .001-mfd capacitor. This will re¬ 
sult in considerable loss of lows and 
is a common defect in TV receivers. 
This gives a smeared picture, as seen 
in Fig. 16. You should become 
familiar with the appearance of a 
picture in these conditions. 

In many receivers, the sync take¬ 
off point for the sync separator and 
amplifier is located in the plate cir¬ 

cuit of a video amplifier tube. When 
severe loss of low frequencies occurs 
in this amplifier stage, the sweeps will 
frequently be quite unstable. The 
sync pulses which control the sweep 
generators are at quite low fre¬ 
quencies and the loss or reduction of 
these pulses in the video amplifier can 
lead to a vertical rolling. Since the 
vertical sync pulses are at lower fre¬ 
quencies, the vertical sweeps will 
suffer most from this condition. 
AGC System. All modern sets use 

some form of automatic gain control. 
The simpliest and most economical 
form used in TV receivers is a direct 
copy of the avc circuits used in radio. 
A circuit of this type is shown in 
Fig. 19A. In this circuit, the de 
component of the rectified carrier is 
built up across resistor RI 16. The 
fluctuating portions of the signal are 
filtered out by means of RI 17 and 
Cl 11. This filtered voltage is nega¬ 
tive with respect to ground and is 
applied through a chain of decoupling 
and filtering resistors to the first and 
second i-f’s and the rf tube. 
This age circuit may be disabled 

in either of two ways. You will note 
the lead between resistor RI 17 and 

FIG. 19. Two basic types of TV age circuits. (A) Simple age using rectified 
video carrier from video detector. (B) Typical gated or keyed age. 
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resistor R108 is marked with a circle 
and the letter A. You may either 
break the circuit at this point or 
short the bus to ground across capaci¬ 
tor Cl 11. Either method will com¬ 
pletely remove the age voltage from 
the ri’ and i-f tubes. If you live in a 
region of high signal strength, the 
picture will be distorted due to over¬ 
load of the last i-f or of the video 
amplifier. It is suggested that you 
try both methods of removing the 
age. 

When the circuit is broken at point 
A the grids of the rf tube and of the 
two i-f tubes are left floating, that 
is, they have no de return to ground. 
When they are operated this way, 
each of the grids must take on a nega¬ 
tive voltage which is caused by q]ec-
trons striking the grid. This volt¬ 
age will apply some bias to the tube 
and the overloading will probably 
not be as great. However, when 
point A is connected to ground the 
tubes operate with only the very 
small bias developed across the cath¬ 
ode resistor. The overload in thjs 
case will be considerably greater. 

This is the simplest and most basic 
of all the age circuits. There are 
several variations of this in common 
use today. In one variation the 
diode used to obtain the age voltage 
is not the same as the diode used for 
detection. The two are both con¬ 
nected, however, to the last i-f trans¬ 
former. By using a separate diode, 
it is possible to construct the circuit 
for maximum efficiency as an age 
rectifier, and not have to worry about 
its efficiency as a video detector. 
The use of a separate diode also al¬ 
lows application of a small positive 
voltage to the cathode of the diode. 
A positive voltage at this point will 
prevent the diode from conducting 

until the signal is larger than the bias. 
This is known as delayed age. This 
method is particularly effective since 
it does not reduce the sensitivity of 
the set on low level signals. 
Another variation of the simple 

circuit is to insert, at point A on the 
diagram, a triode or pentode direct-
coupled amplifier. In this manner 
the age potential can be increased 
and the set can then handle a greater 
range of signal strengths. When a 
direct-coupled amplifier is used in 
this manner, it is necessary to ob¬ 
tain the age voltage from the cathode 
of the diode. The phase reversing 
properties of an amplifier tube re¬ 
quire a positive-going voltage at the 
grid of the tube in order to obtain 
a negative-going voltage at the plate. 
Delay bias is usually applied to the 
diode when an amplifier is used. 
The second form of age is the 

“gated” or “keyed” circuit. A form 
of keyed age is shown in Fig. 19B. 
The reasons for the use of this cir¬ 
cuit and its advantages over the 
simple circuit were explained in the 
first part of your practical servicing 
lessons. This is an improved form 
of amplified age. In “gated” age the 
amplifier tube is biased to cut-off 
except when sync pulses are applied 
to one of the grids. 

This circuit may be disabled by 
opening or shorting the circuit to 
ground between resistors R2 and R3 
at point A on the diagram. The effect 
of doing this will be the same as 
opening the age bus or shorting to 
ground in the simple circuit of Fig. 
19A. This type circuit is subject to 
all the defects and difficulties of the 
simpler one with the additional possi¬ 
bility of tube failure. 

The circuit in Fig. 19B also shows 
the means used to reverse the polarity 
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of the signal applied to the grid of 
VI, which is actually an amplifier 
tube. The video amplifier tube V2 
reverses the polarity of the signal 
received from the diode detector. 
This is reversed again in tube VI and 
the polarity on the age bus is then 
the same as at the output of the 
detector. In this case, failure of the 
video amplifier could cause failure 
of the age circuit. Note that varying 
the contrast control varies the age 
voltage by changing the gain of the 
video amplifier. 

The most likely cause of failure of 
this circuit is the failure of tube VI. 
Failure of this tube can be simulated 
by removing the tube from the 
socket, in the case of parallel heater 
strings, or by reducing the screen 
voltage, which in most cases will be 
adjustable by a potentiometer simi¬ 
lar to part RI in the diagram. An¬ 
other cause of failure of this stage 
would be for capacitor Cl to become 
open. Since this stage derives its plate 
voltage only during the horizontal 
sync interval and this plate voltage 
is in the form of pulses, failure of 
capacitor Cl would remove the plate 
voltage of the tube and the stage 
would stop working. 

In some circuits, the grid of tube 
VI receives its voltage from the sync 
separator-amplifier tube. In this 
case the voltage at both grid and 
plate would be in the form of pulses. 
A failure of the sync separator ampli¬ 
fier tube in this case would cause a 
failure of the age circuit. 
You can see from the above dis¬ 

cussion of the failures possible in this 
circuit, that in most cases the only 
apparent sign of a failure of the age 
circuit will be an overload of the 
video i-f or video amplifier. Even 
though failure of the horizontal oscil¬ 

lator, horizontal sweeps, video ampli¬ 
fier or sync separator tubes would 
stop age action in some sets, you 
would not notice the failure since you 
would have no picture on the tube 
anyway. 
For these reasons the most likely 

part failures here are open coupling 
capacitors to the plate of the gated 
tube, shorted capacitors to ground 
on the age bus or open resistors in 
the filter circuit for the age voltage. 
A very few sets have been con¬ 

structed in which a separate narrow 
band i-f stage was used to supply 
the signal to a separate age rectifier. 
The operation of this type of circuit 
is the same as the simple age circuit. 
Another variation in the manner 

of obtaining the age voltage was to 
rectify a portion of the audio signal. 
There were, however, few sets made 
with this circuit. The idea behind 
this circuit is that TV broadcast sta¬ 
tions are required to maintain both 
audio and video signals at the same 
average power. Since there is no 
amplitude modulation on the audio 
carrier, the age voltage will be con¬ 
stant for any fixed carrier strength. 
If you should encounter a set of this 
type, the operation will be the same 
as the simple age circuit. 
The best check on an age system 

is to measure the bias on the grids of 
the controlled tubes with no signal 
received, and then with signals of 
different strengths. The bias should 
increase as the signal becomes 
stronger. 

SOUND SECTION 
The sound section of a television 

receiver from the point of sound i-f 
take-off, follows the standard prac 
tices used in FM receivers. The 
troubles you meet and the methods 
of correcting them are exactly the 
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FIG. 20. The two common variations of the ratio detector circuit. (A) Un¬ 
balanced ratio detector. (B) Balanced ratio detector. 

same as you would use in FM re¬ 
ceiver service practice. With one ex¬ 
ception, therefore, we will not go into 
trouble in the sound i-f amplifiers. 
The experimental methods of intro¬ 
ducing defects in these circuits are 
exactly the same as the methods that 
we used with the video i-f strip. 

The single exception which we will 
discuss here is that of the limiter-
discriminator type of FM demodula¬ 
tor. You learned in the first sec¬ 
tion of your practical servicing train¬ 
ing that the i-f stage immediately 
preceding a discriminator is used to 
limit the peak amplitude of the sig¬ 
nal. This is accomplished by operat¬ 
ing the tube at low screen and plate 
voltages. If the screen and plate 
resistors of this stage should drop in 
value, higher plate and screen volt¬ 
ages would be applied. With these 
higher voltages the tube would oper¬ 
ate as a normal i-f stage. When 
this stage does not limit, noise im¬ 
pulses in the i-f are carried through 
the discriminator and will appear in 
the audio output at the speaker. 

If the input signal at the grid o.f 
the limiter is too low, limiting action 
will not take place and again noise 
impulses will appear at the speaker. 
This situation is easy to detect from 

the operation of the receiver con¬ 
trols. If the signal is so low at the 
limiter grid that noise impulses get 
through, it will be necessary to turn 
the audio gain control much higher 
than normal in order to have room 
level output. 

Ratio-Detector. The Most com¬ 
mon type of FM demodulator in use 
in television sets today is the ratio 
detector. There are two basic forms 
of this circuit. They are shown in 
Fig. 20. Any ratio detector circuit 
which you encounter in practice can 
be redrawn in the form shown in 
either the A or B part of this figure. 

In discussing possible failures, we 
will study Fig. 20A first. The first 
and most obvious failure is of course 
the failure of the detector tube. The 
next simple failure would be a short 
across capacitor Cl, which would re¬ 
move all audio voltage from the out¬ 
put. 

In troubleshooting a complaint of 
picture but no sound, the first test 
you should make would be to measure 
the voltage at point A on either the 
balanced or the unbalanced ratio de¬ 
tector. If a signal is rectified in the 
detector and RI is not shorted, there 
will be a negative voltage at point 
A. The value of this voltage will 
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depend upon the value of the incom¬ 
ing signal. 
Using one of your jumper wires, 

short capacitor C3. You will note 
that no voltage appears at point A 
and no signal is apparent in the out¬ 
put. Only four things can cause a 
loss of this rectified voltage at point 
A. They are, loss of incoming sig¬ 
nal, failure of the tube, shorted or 
open resistor RI or shorted capacitor 
C3. Once you have established the 
fact that no voltage is present at 
point A, you have localized the fail¬ 
ure to the ratio detector or the sound 
i-f. 

If the rectified voltage is present 
at point A, the next check is for de 
voltage at point B. This voltage 
would disappear if there were an open 
circuit in coil L2 or a short circuit 
in capacitor Cl or resistor R2. If 
the rectified voltage is present at 
point B, you know that the failure 
in the circuit is between the detector 
and the loudspeaker. In this case 
you would use signal tracing methods 
through the audio amplifier. 

If you disconnect one end of resis¬ 
tor RI in either ratio detector, no 
audio output will be obtained. This 
is because there is no de path between 
the two halves of the detector tube. 
In a few cases, leakage through Cl, 
C2 and C3 may be great enough to 
give a high resistance de path. In 
this case the audio will be very weak 
and distorted and the voltage at point 
A very low. 

If you parallel RI with a 10K-ohm 
resistor, you will find that noise 
pulses come through with the audio. 
This is because of the reduced time 
constant R1-C3. It is the long time 
constant of this resistor-capacitor 
combination which gives this circuit 
its immunity to noise impulses. Dis¬ 

connecting one side of C3 to open 
this circuit will have exactly the same 
result; noise pulses will come through 
the same as in AM radio. 

If one side of coil L3 is discon¬ 
nected from the diode tube at the 
socket, the audio that comes through 
will be weak and distorted. The 
voltage at “A” will be reduced or 
missing, depending on which side of 
the coil is disconnected. The cir¬ 
cuit no longer operates as a ratio 
detector but as an AM detector. This 
is slope detection and always results 
in noisy and distorted audio. 

In the balanced ratio detector cir¬ 
cuit shown in Fig. 20B, if either RI 
or R2 becomes open the de path 
around the rectifier and coil loop 
will be broken and no audio output 
will be obtained. If resistor RI is 
shorted there will be no voltage at 
point A, but weak, noisy audio may 
be heard. 

R3 and C4 in Fig. 20B are the de¬ 
emphasis net. The high frequencies 
are increased in the transmitter be¬ 
fore they are broadcast. R3 and C4 
reduce the level of the highs in the 
receiver output to compensate for 
this. If C4 becomes open, the audio 
will sound high and shrill. 

Gated Beam Detector. If the 
receiver you are using for your prac¬ 
tical training uses a gated beam FM 
detector, there are several experi¬ 
mental tests you can make on this 

3BN6 R4 

FIG. 21. Gated beam FM detector. 
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unit. Your “gimmick” capacitor can 
be connected across coil L3. This 
will detune the circuit and result in 
noisy, distorted detection or no in¬ 
telligible audio at all. The effect of 
the change will depend upon the 
exact value of the capacitor you place 
across it. Failure of this tube can 
also be simulated by removing the 
lead from resistor R2 to pin 5 on 
the tube socket shown in Fig. 21. 
This will remove the screen voltage 
from the tube and will simulate a 
tube failure. 

If your receiver uses an audio cir¬ 
cuit such as that shown in Fig. 7, 
where the cathode return of the 
audio amplifier tube is through the 
i-f stages, you may disconnect the 
lead from the screen of the audio 
amplifier tube. This will greatly 
reduce the plate current through the 
audio amplifier tube and will simulate 
the loss of emission in the audio tube. 
You should note very carefully the 
effect on the picture, on the sweeps, 
and on the audio while making this 
change. The failure of this tube 
will give the same effects as a B + 
power supply failure. 

SYNC CIRCUITS 
In order to reproduce the picture 

on a home receiver, the beam of the 
picture tube must be deflected across 
the screen exactly in step with the 
beam of the camera tube at the 
transmitter. The necessary informa¬ 
tion to assure this condition is trans¬ 
mitted along with the picture infor¬ 
mation. In order to use this informa¬ 
tion it must be separated from the 
picture forming signal, and the hori¬ 
zontal and vertical sync pulses must 
be separated from each other. These 
jobs are performed in the sync cir¬ 
cuits. 

Fig. 22 shows a typical sync sepa¬ 

ro VIDEO 

networks. 

rator-amplifier circuit. The sync in¬ 
formation is separated from the pic¬ 
ture information in. the two triodes 
VI and V2. The horizontal and 
vertical sync pulses are separated 
from each other in wave-shaping net¬ 
works. The resistive-capacitive net¬ 
work composed of RI, R2 and R3, 
and Cl, C2 and C3, pass the vertical 
sync pulses but block the horizontal 
passed in the differentiator circuit 
pulses. The vertical pulses are 
eliminated and the horizontal pulses 
C4-R4. 
The first part of your practical 

training described the operation of 
VI and V2 in removing the video 
information from the sync pulses. We 
will not go into that again here. 

As in all electronic equipment, the 
most common failure is the failure 
of tubes. If the cathode emission of 
either tube becomes low, the clipping 
action will be incomplete and part of 
the video information will be trans¬ 
mitted to the oscillators. This video 
information can trigger the sweep 
oscillators at the wrong time and 
destroy the picture synchronization. 

If the signal arriving from the 
video amplifier is weak it will also 
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make the clipping action incomplete. 
It is possible to simulate this condi¬ 
tion by changing the value of capaci¬ 
tor C6 from .05 mfd to .005 mfd. 
In addition to reducing the over-all 
signal level this change will reduce 
the vertical pulses more than the 
horizontal pulses. Changing this 
capacitor may cause the vertical to 
roll without having any great effect 
on the horizontal. The exact effect 
will depend largely upon the particu¬ 
lar receiver and the condition of its 
tubes and other components. 

Incomplete clipping action can also 
be obtained by connecting a 100,000-
ohm resistor across the 2.2 meg resis¬ 
tor between the grid of triode VI 
and ground. This will reduce the 
bias on this section and allow 
considerable video information to get 
through. The same effect would be 
obtained by shunting the 100,000-ohm 
resistor across the 2.2 mcg resistor 
between the grid of the second 
section and ground. The effect of 
this change would be most apparent 
on the horizontal. This would prob¬ 
ably cause tearing of the picture if 
not complete inability to lock the 
horizontal oscillator. This is shown 
in Fig. 23. 

Complete loss of emission of cither 

Courtesy of RCA 
FIG. 23. Horizontal tearing. 

FIG. 24. No horizontal or vertical sync. 

section of this triode can be simulated 
by connecting a ,05-mfd, 600-volt 
capacitor between plate and ground 
of either section. This would block 
all sync pulses and would cause com¬ 
plete loss of sync as in Fig. 24. Re¬ 
duction of the value of either of the 
two plate resistors would increase 
the voltage on the plate of that par¬ 
ticular stage and would also reduce 
the clipping action. 

If any of the three capacitors Cl, 
C2 or C3 become shorted to ground, 
vertical sync pulses will no longer 
arrive at the oscillator and the verti¬ 
cal oscillator will not lock in. A short 
in capacitor Cl would also reduce 
the height of the horizontal sync 
pulse and cause complete loss of 
sync. A reduction in the value of 
capacitors C5 and C7 would tend to 
make the vertical oscillator unstable. 

In servicing defects in the sync 
separator-amplifier circuits, an oscil¬ 
loscope is almost a necessity. Effect-
to-cause reasoning can lead you to 
these circuits, but it cannot always 
distinguish between the sync separa¬ 
tor circuit and the individual sweep 
oscillators. The shape of the wave¬ 
form is as important as the amplitude 
of the pulses in these circuits. Servic¬ 
ing is much more rapid end system-

35 



atic when an oscilloscope is used to 
observe the waveforms throughout 
the circuits. 

This discussion of these circuits 
shows you that it is possible for fail¬ 
ure in the sync circuit to have greater 
effect on either the vertical or the 
horizontal amplifier. In general, 
failure of this section will effect both 
the horizontal and the vertical. Be¬ 
cause one oscillator may be affected 
more than the other it is frequently 
impossible in initial effect-to-cause 
reasoning to determine whether the 
failure has taken place in the sync 
circuits or in a sweep oscillator. 

In cases of failure of both the 
horizontal and the vertical to lock 
with the incoming signal, it is safe 
to assume that the failure is in the 
sync circuits. You cannot, however, 
eliminate the possibility of a sync 
circuit fault, when only one of the 
two sweep oscillators will not lock. 

SWEEP OSCILLATORS AND 
AMPLIFIERS 

There are three parts to each of 
the sweep sections of any receiver. 
These parts are the sweep oscillator, 
the sweep amplifier, and the deflec¬ 
tion coils. Each of these three parts 
is subject to its own characteristic 
failures. In some cases effect-to-
cause reasoning will lead you directly 
to the faulty stage; in other cases it 
will lead you only to the over-all 
sweep section. In the latter case, 
it is necessary to check the operation 
of each stage of the circuit. 

As in the case of the sync section, 
the most systematic way to test these 
circuits is by checking the waveform 
on an oscilloscope. It is possible, 
however, to make many tests by 
means of your vtvm, and in most 
cases to isolate the defect to one 
particular stage. Even when the 

oscilloscope is used for waveform 
analysis, it is generally necessary to 
use the vtvm in locating the particu¬ 
lar component which is defective. 

Nearly all of the sweep oscillators 
in use today in either horizontal or 
vertical circuits are variations of one 
of two types. These two types of 
oscillators are called the blocking 
oscillator and the multivibrator. 

A third type of circuit was used 
as the horizontal oscillator in many 
of the very early television receivers. 
Since these were basically good re¬ 
ceivers many of them are still found 
in use today. The variation used 
in this case was a sine wave oscilla¬ 
tor at the horizontal rate. This sine 
wave oscillator was locked in fre¬ 
quency and phase with the incoming 
sync signals by means of an afc dis¬ 
criminator. The sine wave output 
of the oscillator was used to control 
a discharge tube which generated the 
necessary trapezoidal waveform. 

To study the effects of failures we 
will consider each of the three types 
of oscillator circuits separately. Each 
of the examples given will have the 
proper component values for either 
horizontal or vertical sweep fre¬ 
quency. However, by changing the 
RC networks which control the fre¬ 
quency, it is possible to use these 

FIG. 25. Typical blocking oscillator 

sweep generator. Parts values shown 

are for vertical rate. 
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basic circuits at either frequency. 
The defects which would occur at one 
frequency are just as likely to occur 
at the other. 

Blocking Oscillators. The block¬ 
ing oscillator is the commonest form 
of vertical sweep generator. It uses 
relatively few parts and is quite 
simple to adjust. For this reason 
it is favored by many manufacturers. 
A simplified diagram of a typical 
blocking oscillator sweep generator 
is shown in Fig. 25. 

Failure of this oscillator can be 
simulated by connecting a ,05-mfd, 
600-volt capacitor between point C 
and ground. This effectively short-
circuits the output and will prevent 
any signal reaching the vertical 
amplifier. You will find when you 
do this that the only raster apparent 
on the face of the tube is a narrow 
horizontal line at the center of the 
tube. Do not leave the set operating 
in this condition for any length of 
time since an undeflected beam may 
damage the coating on the face of 
the tube. 

When this condition is seen on a 
service call, effect-to-cause reasoning 
leads to the vertical sweep section. 
Two simple tests may be made at 
the vertical oscillator to determine 
whether or not it is working. The 
first test is to measure the voltage at 
point A. This voltage should be 
negative and its presence indicates 
oscillation. The only bias on this 
tube is obtained by feedback from 
the plate to the grid circuit through 
transformer Tl, and rectification of 
this feedback signal between grid 
and cathode. If bias appears at 
point A, the tube must be in oscilla¬ 
tion. The second test would be a 
waveform test with an oscilloscope 
at point B. This is a check on the 

FIG. 26. Above: Vertical oscillator op¬ 
erating at half the correct frequence. 
Below: Vertical Oscillator operating at 

too high a frequency. 

output. A second check on the 
other side of capacitor C3 at point 
C would also show that the signal 
was reaching the amplifier grid. 
Any large change in the value of 

either capacitor Cl or resistors RI 
and R2 will result in operation at the 
wrong frequency. If Cl becomes 
smaller the frequency will become 
greater; and if RI and R2 become 
smaller the frequency will also be¬ 
come greater. Either of two simple 
changes in the circuit may be made 
to demonstrate this fact. One would 
be to connect a 1-megohm resistor 
between point A and ground. This 
would reduce the value of resistance 
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between point A and ground to half 
its normal value. It should be possi¬ 
ble in this condition to adjust the 
hold control so that two pictures ap¬ 
pear, one on top of the other, on the 
picture tube. The effect of making 
this change is shown below in Fig. 26. 
If capacitor Cl is removed and a 
capacitor of about .002 mfd is in¬ 
serted in its place the same condition 
will be obtained. 
Paralleling capacitor Cl with a 

005-mfd capacitor will roughly halve 
the frequency at which the stage 
operates. This will result in two 
pictures one above the other on the 
picture tube as shown above in Fig. 26. 
An increase in value of RI and R2 
so that the total resistance to ground 
from point A is approximately 
doubled would lead to the same con¬ 
dition. 

If either winding of transformer T1 
becomes open, the circuit, of course, 
will not operate. A simple check for 
this would be by means of an ohm¬ 
meter across the terminals of each of 
the coils. If the primary winding is 
open, no plate voltage will appear. 

In some cases a failure of a blocking 
oscillator is due to internal shorts in 
one of the windings. This condition 
can generally be detected by an ohm¬ 
meter reading. The resistance of 
these windings is high enough that 
any short will be apparent by an ohm¬ 
meter check. If either winding of 
T1 shorts to the core, the oscillator 
will not work. This condition can 
also be checked with an ohmmeter. 

It is possible that this oscillator 
may be working and still not be 
locked to the incoming picture. To 
determine whether or not sync pulses 
are arriving at the grid of the block¬ 
ing oscillator you would remove the 
6SN7 from its socket and check the 
waveform at point A with an oscil¬ 
loscope. It is necessary to remove 
the tube or otherwise disable the 
blocking oscillator so that the pulse 
it generates at its grid will not mask 
the incoming sync pulse. 

The condition of insufficient height 
of the picture could be due to an in¬ 
crease in resistance of either R3 or 
R4. A jumper around the 1-megohm 
resistor in the plate circuit could be 
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used to simulate the reduction in re¬ 
sistance of either R3 or R4 and 
would result in a picture which was 
too high and non-linear. 

Failure of resistor R5 would result 
in a non-linear vertical sweep. The 
resistor R5 is the wave-shaping re¬ 
sistor which changes the sawtooth 
wave which would normally be gener¬ 
ated by capacitor C2 to the trape¬ 
zoidal form necessary for magnetic 
sweeps. Connecting a shorting jumper 
across resistor R5 will show this 
effect on a picture tube screen. 

This simple type of blocking oscil¬ 
lator has rarely been used for hori¬ 
zontal sweep generation. However, 
a common form of blocking oscilla¬ 
tor used today as a horizontal sweep 
generator is shown in Fig. 27. This is 
the Synchroguide horizontal oscilla¬ 
tor circuit. The frequency of this 
oscillator is controlled by the induct¬ 
ance of coil LI and by the time 
constant of capacitor Cl and the 
resistors RI and R2. Changing the 
value of this time constant can 
change the frequency of the oscilla¬ 
tor. 

This form of sweep oscillator is 
extremely stable over long periods of 
time. Changes in component values 
or loss of emission of the tubes, 
however, can cause it to fail. No 
detailed directions will be given here 
for any experiments on this circuit. 
It is quite difficult to set up properly, 
requiring the use of an oscilloscope. 
Manufacturers’ instruction sheets for 
receivers using this type of circuit 
will always give the proper setup 
instructions. 

There are four adjustments in this 
oscillator to obtain proper frequency 
and lock; all of these adjustments 
interact to a certain extent. The 
proper operation of the circuit is 
determined by observation of the pic¬ 
ture and of the waveform appearing 
at point A as seen on an oscilloscope. 

The effect of a complete failure of 
this oscillator can be simulated by 
connecting a .05-mfd capacitor across 
the output and ground. This will 
effectively block the sweep signal 
from the horizontal amplifier. 
This circuit has appeared in sets 

of some manufacturers for a number 

PHASE SPLITTER 
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FIG. 28. Multivibrator horizontal sweep generator with phase detector afe. 
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of years. However, other manufac¬ 
turers have avoided using it because 
of the difficulty in adjusting this 
oscillator in the field. 

Multivibrator Sweep Generators. 
The most common form of horizontal 
sweep generator is shown in Fig. 28. 
The oscillator of this circuit is a 
cathode-coupled multivibrator. The 
operating frequency is determined 
by the time constant of capacitor 
C5 and resistors R5, R2, and R3. 
The tuned circuit Ll-Cl is parallel-
resonant at the oscillator frequency. 
The purpose of this circuit is to shape 
the wave appearing at the plate of 
the first section of the tube in order 
to give more positive lock with the 
incoming sync pulses. 
This oscillator is maintained in 

sync with the incoming sync pulses 
by comparing the output of the 
oscillator, usually obtained at the 
horizontal output tube, with the in¬ 
coming sync pulses. This comparison 
takes place in discriminator tube V2. 
If the output of the horizontal oscil¬ 
lator is not in phase with the incom¬ 
ing sync pulse, a voltage is built up 
at point A. This voltage is filtered 
through a low pass RC filter and ap¬ 
plied to the grid of the first section 
of the multivibrator V3. Changing 
the bias of this section changes the 
conduction point of the tube and 
therefore the frequency of the oscil¬ 
lator. 
The time constant of the multi¬ 

vibrator may be altered by connect¬ 
ing a 400-mmf capacitor across 
capacitor C5. This will lower the 
frequency of the oscillator. The fre¬ 
quency of the oscillator may be 
increased by connecting a 100.000-
ohm resistor across resistors R2 and 
R3 to ground. 
You can simulate the effect of a 

failure of the discriminator circuit 
by shorting across capacitor C2 to 
ground. This will remove the de con¬ 
trol voltage from the grid of the first 
section of V3. The multivibrator 
will continue to operate, but the fre¬ 
quency will be incorrect and it will 
be impossible to lock the picture on 
the screen. An open in either of the 
capacitors between the phase splitter 
and the discriminator tube can be 
simulated by opening the circuit at 
that point. Again the multivibrator 
will operate, but it will be impossible 
to bring it to the correct frequency. 
Loss of sync pulses may be simulated 
by removing tube VI or disconnect¬ 
ing the lead to its grid. 

It is also possible to simulate a 
failure of the oscillator by shorting 
across resistor RI, the common 
cathode resistor. This resistor is 
necessary to provide feedback from 
the second section of V3 to the first 
section. The oscillator will not work 
without this resistor. Connecting a 
short across resistor R6 to ground will 
cause nonlinearity of the horizontal 
sweeps. Resistor R6 performs the 
same job as the similar resistor in 
the blocking oscillator; that is, it 
transforms the sawtooth wave into 
the trapezoid necessary for linear 
magnetic deflection. 

Once effect-to-cause reasoning has 
led you to one of these stages, volt¬ 
age checks on all tubes and resistance 
readings of the components will gen¬ 
erally find the faulty part very 
quickly. 

The description here has been for 
a horizontal sw’eep generator system. 
However, a few sets have used multi¬ 
vibrators for the vertical sweep gen¬ 
erator. When a multivibrator is 
used for vertical sweep generation the 
discriminator, V2, and phase splitter, 
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FIG. 29. Simplified circuit of a sine wave horizontal sweep generator. 

VI, are not used and the resonant cir¬ 
cuit Ll-Cl is not necessary. The 
output of the sync separator-amplifier 
stage is coupled directly to the grid 
of the first triode section through the 
integrator network. It is possible 
to use the received sync pulses to 
control a vertical oscillator directly, 
since its lower frequency makes it 
much easier to sync. The more com¬ 
plex methods are necessary only at 
the line frequency. 

Sine Wave Sweep Generator. This 
very common circuit appeared in 
many of the early TV sets. It is 
extremely stable and locks well under 
conditions of high noise level. A 
simplified diagram of the circuit is 
shown in Fig. 29. In this circuit, 
tube VI is a sine wave oscillator. 
The frequency is determined by the 
resonant frequency of coil LI and 
capacitor Cl. Small variations in 
frequency car. be made by adjusting 
resistor R2 in the grid circuit of the 

oscillator which is of the Hartley 
form with the screen of the tube act¬ 
ing as the plate of the oscillator. 
The tube is operated so that the posi¬ 
tive peaks of the sine wave are 
flattened at the plate of VI. This 
flattened sine wave is then passed 
through a differentiator composed of 
capacitor C7 and resistor R3, and 
capacitor C8 and resistor R4 This 
differentiator changes the flat-top 
sine into a sharp spike which is used 
to trigger the discharge tube V4. 

A portion of the signal in the oscil¬ 
lator grid circuit is coupled from coil 
LI to coil L2 of transformer Tl. 
This signal is applied in push-pull 
to the two plates of the afc tube V2. 
At the same time sync pulses ob¬ 
tained from the sync separator 
through a differentiating network are 
applied in parallel to the two plates 
of the tube V2. When the sine wave 
coupled from the oscillator to the 
afc tube is of the same frequency 
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and in proper phase with the sync 
pulses arriving from the sync separa¬ 
tor, the voltages across resistors R5 
and R6 are equal and opposite. The 
voltages then cancel each other and 
the only voltage appearing at point 
A is that due to the negative bias. 
This bias is applied through a low-
pass filter, composed of resistor RI 
and capacitors C2 and C3, to the 
grid of V3. This tube is connected 
across coil LI to ground in such a 
manner that it acts as a reactance 
across the coil. The presence of this 
reactance changes the frequency of 
oscillation from the natural resonant 
frequency of LI and Cl alone. The 
amount of reactance represented by 
V3 is changed by changing the mu¬ 
tual conductance of tube V3. This 
change in mutual conductance is ac¬ 
complished by varying the bias on 
the first grid. 

There are two horizontal frequency 
adjustments here; one, the inductance 
of coil LI is changed by moving the 
core, and the other is the resistor in 
the grid of the oscillator. Coil LI 
is set to the proper frequency with 
the hold control at its mid-point, then 
the hold control is adjusted for best 
stability. Any change in oscillator 
frequency will change the potential 
at point A and hence the bias and 
mutual conductance of V3. This 
change in mutual conductance 
changes the effective reactance due 
to V3 changing the tuning of the 
oscillator circuit to bring it into lock 
with the incoming sync pulses. 

In this circuit, failure of VI, of 
course, stops all oscillation. Failure 
of V2 or V3 will make it impossible 
to lock the horizontal oscillator with 
the incoming picture. 

If the set which you are using for 
your practical training uses this type 

of oscillator you have already ex¬ 
perimented with adjustments of coil 
LI and the horizontal hold control 
R2. You can simulate failure of tube 
V2 by removing it from the socket. 
In this case it will be impossible to 
maintain the horizontal oscillator in 
lock. Likewise the failure of V3 may 
be simulated by removing this tube 
from the socket. 

For proper operation, resistors R5 
and R6 should be nearly equal. If 
you shunt either one of these resis¬ 
tors with a 100,000-ohm resistor the 
circuit will become unbalanced and 
the bias on tube V3 will be changed. 
This change in bias on V3 will shift 
the frequency of oscillator VI, and 
the picture will no longer be locked 
on the screen. 

In this circuit V4 is the sw’eep dis¬ 
charge tube. Capacitor C9 and re¬ 
sistor R7 form the wave-shaping net. 
It is possible to simulate the failure 
of tube V4 by removing it from its 
socket. 

Shorting across either capacitor C7 
or C8 will modify the waveform of 
the signal appearing on tube V4 and 
leads to horizontal tearing in the 
picture. 
The large value of capacitor C3 

makes this circuit relatively immune 
to noise. If this capacitor becomes 
open, noise pulses will be able to get 
to the grid of tube V3 and cause 
momentary changes in the frequency 
of the oscillator. This condition will 
result in several lines of the picture 
being torn out each time a noise pulse 
is received. Disconnecting one end 
of this capacitor will show you the 
effect on the screen of the tube. 

A change in value of resistors R8 
or R9 will change the mutual con¬ 
ductance at which tube V3 operates. 
If this change is great enough, it may 

42 



FIG. 30. Vertical sweep amplifier using 
an auto-transformer for impedance match¬ 

ing. 

be impossible to lock the oscillator 
with the incoming signals without 
readjusting LI. This condition could 
be simulated by shunting either of 
these resistors with a 50,000-qhm re¬ 
sistor. This increases the voltage 
on that tube element. An increase 
in value of resistor RIO in the cathode 
circuit of V3 will also change the 
mutual conductance of the tube but 
in the opposite direction. 

This resistor is also part of the 
phase-shift net which is used to make 
V3 act like a reactance across the 
tank circuit. So a change in value 
of this resistor could detune the grid 
of VI even if the actual conductance 
of V3 did not change. In practice 
this resistor may be found either open 
or shorted. 

Vertical Sweep Amplifier. The 
vertical sweep amplifier used in most 
TV sets uses the same circuit ar¬ 
rangement and many of the same 
components as a single-ended audio 
amplifier. In practically every case 
the output of the amplifier will be 
coupled to the deflection yokes by 
means of a transformer. This trans¬ 
former is necessary to match the rela¬ 
tively low impedance of the deflection 
yokes to the higher impedance of the 
tube plate. A typical circuit, which 
uses an auto transformer for imped¬ 
ance matching, is shown in Fig. 30. 

This circuit is simple and straight¬ 
forward and practically all failures 
in this circuit are easy to locate and 
correct. One common failure is that 
coupling capacitor Cl becomes leaky. 
To show the effect that this has on 
the circuit, connect a 1-megohm re¬ 
sistor across capacitor Cl. This will 
place a positive voltage on the grid 
of the tube, and distortion of the 
sweep will result. Fig. 31 shows the 
effect on the picture of this distor¬ 
tion which appears as nonlinearity. 
The simplest method to check within 
the stage for this fault is to measure 
the voltage at the grid of the tube. 
In a normally operating stage there 
is no voltage, either positive or nega¬ 
tive, present; if capacitor Cl is leaky, 
a positive voltage will appear at the 
grid of the tube. 

A second possible cause of diffi¬ 
culty in this tube is due to a heater-
to-cathode short within the tube. 
You can simulate this condition in 
a receiver using parallel-connected 
filaments, by connecting a short 
jumper wire between the cathode and 
the grounded side of the heater. The 
effect of this short is to remove re¬ 
sistor R2 from the circuit and re-

FIG. 31. Non-linearity of vertical sweep 
caused by leaky coupling capacitor be¬ 
tween vertical oscillator and vertical 

amplifier. 
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HG. 32. Picture distortion caused by heater-to-cathode short in vertical amplifier. 

move the bias from the tube. Chang¬ 
ing the operating point of the tube 
in this manner increases the height 
of the picture and causes distortion 
of the sweeps. The effect of this 
short and the distortion of the sweeps 
it causes is shown in Fig. 32. 

Internal shorts sometimes occur in 
the output transformer. You can 
show the effect of these by connecting 
a short-circuiting jumper across 
either winding of the transformer. 
The result in either case will be a 
complete loss of vertical sweep. Do 
not operate the set long in this condi¬ 
tion since the narrow horizontal line 
may burn the face of the tube and 
ruin it. 

If you connect a short across either 
section of the yoke you will obtain 
a picture similar to that in Fig. 33. 
You will have full width but the 
height will be reduced and the picture 
will be trapezoidal in shape. The 
broader side of the trapezoid may 
occur on either the left or the right¬ 
hand side of the picture and will de¬ 
pend on which section of the yoke 
is shorted. Shorts of this type are 
relatively common in home receivers. 

Occasionally the damping resistors 
across the yoke will become open. 
This will cause ringing in the vertical 

circuit. The condition can be simu¬ 
lated by disconnecting one end of one 
of the resistors at the yoke. 
If you have an oscilloscope you 

might like to check the current wave¬ 
form through the yokes. To do this 
it is necessary to break the deflection 
yoke circuit at point A on the sche¬ 
matic of Fig. 30. Insert a 5- to 10-
ohm resistor so that it is in series 
with the yoke lead and the trans¬ 
former winding. When you connect 
your oscilloscope across this resistor 
the waveform that you see will be 
the current wave through the yoke. 
One caution in performing this ex¬ 
periment, however—in the circuit 

FIG. 33. Trapezoidal sweep resulting 
from a short across one section of 

vertical deflection coil. 
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FIG. 34. Capacitor added to ground 
return lead of oscilloscope to keep set 
B-f- off oscilloscope chassis and cabinet. 

shown in Fig. 30, B+ is present at 
both sides of the yoke. In order to 
prevent this B+ from flowing to 
the chassis of your oscilloscope on 
the ground lead, it will be necessary 
to connect a .05-mfd, 600-volt capaci¬ 
tor in series with ground lead from 
the oscilloscope. The proper method 
of making this connection is shown 
in Fig. 34. 

In some cases capacitor Cl between 
the vertical oscillator and the verti¬ 
cal amplifier will become open. 
When this happens there will be no 
drive on the amplifier grid and no 
output at the yoke. Effect-to-cause 
reasoning will lead you to the vertical 
sweep section but will not tell you 

which section has failed. The tests 
that you perform on the vertical 
oscillator will show that the oscilla¬ 
tor is working. However, no de 
voltage measurements on the ampli¬ 
fier tube will detect the presence of 
the signal. It will be necessary to 
make a measurement with an ac 
voltmeter at the grid of the tube to 
show whether or not the sweep sig¬ 
nal is applied to this stage. 
Many forms of distortion of the 

raster are possible due to changes in 
value of components in both the 
vertical oscillator and the vertical 
amplifier. To locate these quickly, 
or to study the effect of these changes, 
it is necesary to use an oscilloscope 
to observe the waveforms at various 
points through the two stages. All 
cases of troubleshooting in the sync 
and sweep circuits of a television re¬ 
ceiver are greatly speeded up by the 
use of an oscilloscope for waveform 
observation. 

Horizontal Sweep Amplifier.The 
horizontal sweep amplifier and its 
output circuits are probably the most 
complex in a TV set. This stage not 
only provides the horizontal sweeps 
but also the high voltage for the pic-

F1G. 33. Horizontal amplifier showing damping circuit and hi-voltage rectifier. 
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ture tube and an increased B + which 
is used on the horizontal amplifier 
plates and in some cases on the verti¬ 
cal amplifier and oscillator. From 
this stage also is obtained the com¬ 
parison signal used in the horizontal 
phase detector for controlling the fre¬ 
quency of the vertical sweeps. Fig. 
35 shows a typical circuit. 
When performing experiments on 

this stage it is necessary to observe 
all safety precautions. Before mak¬ 
ing any circuit changes, turn the 
equipment off and discharge all filter 
capacitors. 

Do not touch the horizontal ampli¬ 
fier tube, the high voltage rectifier, 
the picture tube, or the horizontal 
output transformer while the receiver 
is operating. 

Do not connect the oscilloscope to 
the receiver or move the scope in¬ 
put lead from one circuit to another 
while the power is on. 

Discharge the high voltage filter 
capacitor and the picture tube before 
handling the picture tube or work¬ 
ing on the high voltage circuits. In 
these high voltage circuits, do not 
expect to completely discharge a filter 
capacitor by merely shorting it once 
quickly with a screwdriver. It is 
necessary to short it two or three 
times before the capacitor is com¬ 
pletely discharged. For your own 
safety and the safety of your test 
equipment, one of the most important 
experiments you can perform on this 
stage of your receiver is to shut off 
the power and then short the filter 
capacitor two or three times and note 
that a spark can be drawn at least 
twice. 

The voltage generated across the 
output transformer of this stage is 
very high. However, due to the 
nature of the circuit, its current is 

very low. In spite of the high volt¬ 
age, it is unlikely that the current this 
power supply can provide would be 
sufficient to cause death or even seri¬ 
ous injury. However, the accelerat¬ 
ing anode of the picture tube and the 
filter capacitor of the high voltage 
power supply are both capable of 
storing a large charge at high volt¬ 
age. When they discharge rapidly, 
the current from them can be very 
high; if this discharge were passed 
through your hand, the current could 
easily be enough to temporarily 
paralyze your hand. 

The danger of working around 
this circuit when it is in operation is 
stressed, not to give you the impres¬ 
sion that it is unsafe to work on, 
but to impress upon you the necessity 
for taking all possible safety pre¬ 
cautions. If proper precautions are 
taken, this circuit is as safe to work 
on as a flashlight. 

Partial failure or low emission of 
the horizontal sweep amplifier tube 
may cause a number of secondary 
effects in the receiver. The direct 
effect, of course, wmuld be a reduction 
in the horizontal sweeps. The pos¬ 
sible secondary effects are reduced 
brightness in the picture and even 
reduced vertical sweep. The output 
of this tube provides the pulses from 
which the high voltage is obtained 
and also a portion of this output is 
added to the B+ in order to boost 
the voltage at the plate of the tube. 
In some sets this boosted voltage is 
also applied to the vertical sweep 
amplifier tube. If the horizontal 
sweep amplifier tube loses its emis¬ 
sion, its output becomes low and the 
plate voltage supplied to the vertical 
sweep amplifier will also be low. This 
will cause a reduction in vertical 
sweeps as well as a reduction in pic-
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FIG. 36. Picture distortion caused bv open capacitor at input of linearity coil 
filter. 

ture intensity. 
There are a number of non-operat¬ 

ing adjustments in this circuit. In 
the first part of your practical train¬ 
ing you experimented with each of 
these and noted the effect on the pic¬ 
ture tube. 

Reduced emission of the high volt¬ 
age rectifier tube will lead to a low 
accelerating potential on the picture 
tube and this in turn will give low 
brightness pictures. The best test 
for this reduced voltage is to measure 
the high voltage at the picture tube. 
Reduced emission in the damper 

tube of this circuit can give reduced 
boosted B + . You can simulate re¬ 
duced emission in this tube if your 
set uses parallel filaments, by plac¬ 
ing a 1- or 2-ohm, 1-watt resistor in 
series with one side of the filament. 
This will effectively reduce the 
cathode temperature and limit the 
emission of the tube. 

It is not unusual in circuits of this 
type for capacitors Cl or C2 to be¬ 
come open. If you disconnect one 
side of capacitor C2 you will find 
that the boosted B+ voltage is re¬ 
duced, the picture becomes quite 
narrow and has foldover on the left¬ 
hand side. The effect of this fold-

over is shown in Fig. 36 A check 
of the voltage at the cathode of the 
damper tube or at the far side of the 
linearity coil will show reduced 
boosted B+. 

If capacitor Cl becomes open, the 
picture will become quite non-linear 
and will be compressed on the right. 
This effect is shown in Fig. 37. You 
learned in the discussion of this cir¬ 
cuit in the first part of your practical 
training, that capacitors Cl and C2, 
together with the linearity coil, form 
a low-pass filter and phase shift net. 
An open or large drop in value of 
either one of these capacitors will 
change the phase shift through the 
net and the peak plate voltage will 
not arrive at the horizontal sweep 
amplifier at the right time to obtain 
linearity. 

Once effect-to-cause reasoning tells 
you that either the horizontal oscil¬ 
lator or horizontal amplifier has 
failed, one quick check to localize 
the stage in which the difficulty oc¬ 
curs is to measure the de voltage 
appearing at the grid of the horizon¬ 
tal sweep amplifier. This tube is 
over-driven and the grid goes positive 
with respect to the cathode during a 
portion of the sweep cycle. During 
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b IG. 37. Picture distortion due to open capacitor at output of linearity coil filter. 

the time the grid is positive, rectifi¬ 
cation between the grid and cathode 
takes place and a negative voltage 
is built up at the grid of the tube 
across the grid resistor RI. If the 
tube is being driven, this voltage 
will appear. In the absence of drive, 
the grid of the sweep amplifier tube 
will be at ground potential. 

In cases of complete failure of the 
horizontal sweep section, it is possible 
to localize the trouble to one stage 
and to a particular component or 
tube by tube substitution and volt¬ 
age and resistance measurements in 
the circuit. However, in cases of 
horizontal sweep distortion it is usu¬ 
ally necessary to use an oscilloscope 
to observe the waveforms in the vari¬ 
ous parts of the circuit. The presence 
of a sweep signal can always be de¬ 
tected by an ac voltmeter, but this 
measurement gives you no indication 
of the peak amplitude or shape of 
the wave. In some cases there may 
be a large change in the value of a 
component, and in this case it would 
be possible to detect the failure by 
voltage or resistance measurements. 
However, in most cases slight changes 
in values, too small to be detected by 
voltage and resistance measurements, 
can cause a large distortion of the 

raster. As in the case of the vertical 
sweep amplifier, there is no substitute 
for a good oscilloscope in checking the 
horizontal sweep circuits. 

PICTURE TUBE CIRCUITS 
The cathode-ray picture tube is 

subject to the same defects as any 
other type of vacuum tube. This 
tube may fail due to a burned-out 
filament, loss of emission from the 
cathode, or inter-electrode shorts. 
Any of these defects will have a 
definite effect on the picture and most 
of them will result in either no pic¬ 
ture or no raster. 

It is possible to check the emission 
of a picture tube either with a special 
picture tube tester or by means of an 
adapter which can be used with an 
emission type of receiving tube 
checker. A quick first check of the 
tube can be made by simply observ¬ 
ing whether or not the filament of 
the tube glows. However, if the tube 
has been in use for some time, the 
fact that the filament glows is not 
a guarantee that there is emission or 
that there is no interelectrode short 
within the tube. 
Any check of the cathode-ray tube 

circuits should include a check for 
proper operating voltages on all ele¬ 
ments of the tube gun. These volt-
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age checks not only assure you that 
the tube has proper operating poten¬ 
tials applied but also serves as a 
check for interelectrode shorts. 
Many interelectrode shorts in picture 
tubes as well as receiver tubes do not 
show up until the tube filament is 
heated or until anode voltages are 
applied. This type of intermittent 
short will, however, change the volt¬ 
ages on the elements of the picture 
tube gun. 
There are two ways in which the 

video signal may be applied to the 
picture tube; these are on the cathode 
and on the grid. The usual way is 
on the cathode. Figs. 38A and 38B 
show a picture tube directly coupled 
to the plate of the video amplifier and 
a picture tube capacitively coupled 
to the video amplifier plate. You will 
note that in the case of direct coup¬ 
ling the brightness of the tube is 
controlled by varying the grid poten¬ 
tial. Both the cathode and the grid 
are above ground but the cathode is 
at the higher positive voltage. 

In the direct-coupled circuit, any 
variation in current through resistor 
RI and the video amplifier tube will 
change the voltage at the cathode of 

the picture tube. If the video ampli¬ 
fier draws excessive plate current, the 
voltage drop through resistor RI will 
become excessive and the voltage on 
the cathode will be reduced. If the 
brightness control is not changed, the 
reduction of voltage on the cathode 
will reduce the bias on the grid and 
the tube will become much brighter. 
On the other hand, if the current 
passed by the video amplifier be¬ 
comes less than normal, the bias on 
the grid of the picture tube will be¬ 
come greater and the brightness will 
be reduced. 

In some receivers the video detec¬ 
tor is direct-coupled to the video 
amplifier and the video amplifier is 
direct-coupled to the cathode of the 
picture tube. In this case, changes 
in incoming signal strength will 
change the brightness of the picture 
tube. As the incoming signal changes, 
the rectified component appearing 
across the detector load resistor will 
change; this changes the bias on the 
video amplifier. As the bias changes 
on the video amplifier, the plate volt¬ 
age on the amplifier is changed. 
This change in de level is amplified 
by the video tube. For this reason. 

FIG. 38. (A) direct-coupled picture tube showing brightness control connections. 
(B) Capacitively-coupled picture tube showing brightness control. 
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HG. 39. Focus coil connected in series 
with high side of power supply. 

a very small change in incoming sig¬ 
nal strength can cause a large change 
at the cathode of the picture tube. 
In a circuit of this type it is necessary 
to readjust the brightness control 
when tuning from station to station. 

In the capacitively-coupled circuit, 
the brightness is controlled by vary¬ 
ing the bias on the cathode, holding 
it positive with respect to ground. 
The grid in this case is grounded and 
hence is more negative than the 
cathode. In this circuit, variations in 
video amplifier plate current have no 
effect whatsoever on the brightness. 

Occasionally a complaint is made 
by a receiver owner that it is impos¬ 
sible to control brightness with the 
brightness control. This complaint 
is in many cases due to an internal 
short in the cathode-ray tube. The 
best way of detecting this type of 
short is by means of voltage measure¬ 
ments at the socket of the cathode¬ 
ray tube while varying the bright¬ 
ness control. 

Many of the earlier receivers used 
electromagnetic focus picture tubes. 
The focus coil for these tubes re¬ 
quires around 100 milliamperes for 
proper operation. The operating 
current for these coils was normally 
obtained by connecting the focus 

coil in series with the high side of 
the power supply as shown in Fig. 39. 
or by connecting the focus coil be¬ 
tween the chassis ground and the 
center tap of the power transformer. 
The second connection, which is 
shown in Fig. 40, was frequently 
used when a source of low negative 
voltage was required for the re¬ 
ceiver. The voltage drop across the 
focus coil and its control were used 
as a bias source. In both of these 
circuits the focus coil is paralleled 
by a variable resistor. This connec¬ 
tion divides the load current between 
the focus coil and the focus control. 
As the focus control resistance is 
reduced, less current is passed through 
the focus coil. 

In some sets it may be impossible 
to achieve proper focus at any setting 
of the focus control. This condition 
can be traced to either too much or 
too little load on the power supply. 
In the case of a low emission recti¬ 
fier, there will not be enough current 
through the focus coil to achieve 
proper focus. In some cases leaky 
by-pass capacitors or even leaky 
filter capacitors draw excessive cur¬ 
rent from the power supply and it is 
impossible to reduce the current 

bias supply. 
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through the focus coil sufficiently to 
achieve proper focus. In trouble of 
this type, it is necessary in almost 
every case to make point-to-point 
voltage checks to determine where 
the excess current is drawn. If the 
rectifier tube has low emission, the 
B-|- voltage will be low and the cur¬ 
rent will be low. 

EXTERNAL TROUBLE 
All cases of poor picture are not 

caused by failure of the TV receiver. 
Troubles outside the set can also 
cause poor reception. These outside 
troubles may be divided into three 
groups: (1) power source troubles. 
(2) antenna troubles, and (3) outside 
interference. 
In the section of this book on 

power supply troubles, it was sug¬ 
gested that you check the ac power 
source in all cases of dead sets. 
Where a set appears to have weak 
pictures for no good cause the power 
source may also be at fault. In 
some cases, a set will be taken into 
the shop for repair with a complaint 
of weak pictures or poor sync, the 
set is worked over in the shop and 
some minor difficulties are found and 
the set is brought to perfect working 
condition. Then the set is returned 
to the home and it is found that it 
does not operate satisfactorily. This 
would indicate that either the power 
line voltage was low at the home or 
that the antenna was poor. The 
check for this would be to test the ac 
line voltage and to make an inspec¬ 
tion of the antenna and lead-in sys¬ 
tems. It is possible also to check 
the antenna system by temporarily 
erecting a second antenna and using 
that with the set. 

Occasionally a customer will com¬ 
plain that a set works fine all day 
but doesn’t work well in the eve¬ 

ning. This, in many cases, is due to 
poor line voltage regulation. Dur¬ 
ing the evening the lights of the house 
are on and the electrical appliances 
are in use and draw considerable 
current. This higher drain will fre¬ 
quently overload the house electrical 
wiring causing a loss in line voltage 
at the set. Low line voltage will have 
the same effect upon a receiver as 
low B supply voltage. 

Occasionally the complaint will be 
made that there are black streaks or 
horizontal tearing in a receiver dur¬ 
ing a windstorm. In most cases, 
complaints of this type can be traced 
to loose connections in the antenna or 
lead-in. 
There are many types of outside 

interference which can destroy pic¬ 
ture reception. Automobile ignition 
interference, interference from radio 
stations, FAI stations, other TV re¬ 
ceivers, or amateur stations can all 
spoil a picture. 

ADDITIONAL EXPERIMENTS 

A’ou need not limit your experi¬ 
ments to the instructions given here. 
A’ou may note the effects of a failure 
in every part in your set if you wish, 
but if you conduct experiments in ad¬ 
dition to those given in these instruc¬ 
tions be sure to follow a cautious 
experimental method. A shorted com¬ 
ponent may be simulated easily by 
connecting a jumper across the part 
and an open may be simulated by 
disconnecting the part. A change in 
the value of a part may be simulated 
by adding another component in se¬ 
ries or in shunt, depending on whether 
you wish an increase or a decrease in 
value. Shunt a resistor to decrease 
its value and connect another resis¬ 
tor in series with it to increase its 
value. The opposite is true of a 
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capacitor—shunt to increase and con¬ 
nect in series to decrease its value. 

The general method for conducting 
additional experiments is as outlined 
in the following step-by-step pro¬ 
cedure: 

1. Select the part in which you de¬ 
sire to simulate a defect. 

2. Carefully analyze your circuit 
diagram to make certain that 
the introduction of defects will 
not cause damage to any other 
parts in the set. For example, 
shunting filaments or series volt¬ 
age dropping resistors in a fila¬ 
ment string may place excessive 
voltage on other filaments and 
burn them out. 

3. Try to determine in your circuit 
analysis what effect the intro¬ 
duced defect will have on the 
picture or sound. 

4. If you have determined that it 
will not cause damage to other 
parts of the set, introduce the 
defect and observe its effect. 

5. If the effect is different from 
what you expected, recheck the 
schematic diagram to see if you 
can find out why. 

6. Remove the defect and restore 
the set to normal operation. 

By following the procedure given 
above you can gain maximum benefit 
from any additional experiments you 
may wish to make, and you can make 
them without damaging your set. 
However, it is recommended that you 
perform as many of the experiments 
given in this manual as you can be¬ 
fore you attempt to devise additional 
ones of your own. The experience 
gained in conducting the regular ex¬ 
periments will be of great help to 
you in devising additional ones. 

Hints on the use of the oscilloscope 
were given in some sections of this 

book. If you did not have an oscil¬ 
loscope available when you did these 
experiments, you should repeat all 
the experiments in the video detector 
and amplifier, and in the sync and 
sweep circuits using an oscilloscope, 
as soon as you can obtain one. You 
will use an oscilloscope constantly in 
your service work. Your practical 
training is not complete until you 
are familiar with circuit checking by 
means of waveforms. 

LOOKING AHEAD 
By performing the experiments in 

this book, you will be able to acquire 
in a few short months the same prac¬ 
tical experience in the servicing of 
television receivers that you would 
get in several years of apprenticeship 
in a television repair shop. 

Many servicemen waste a great deal 
of time servicing TV receivers be¬ 
cause they fail to realize immediately 
in what circuit a defect is located. 
It is not always possible to study the 
performance of the receiver and then 
decide definitely that the trouble is 
in one circuit or another. However, 
in most cases it is possible to decide 
that the trouble must be in one of 
two or three different stages. 

You might be able to isolate the 
trouble immediately to one stage. 
If this is possible, so much the better. 
The smaller the section of the receiver 
to which you can isolate the trouble, 
the better off you will be. 
After you have applied effect-to 

cause reasoning and isolated the 
trouble to as small a section of the 
receiver as possible, you should select 
a test instrument to isolate the 
trouble further. If you are able to 
isolate the defect to the vertical 
sweep circuit, you have two stages to 
check. Probably the easiest thing 
would be first to use your oscilloscope 
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to check the output of the vertical 
oscillator. With the oscilloscope, you 
should be able to quickly isolate the 
trouble to either the oscillator or the 
amplifier stage. On the other hand, 
if you can definitely isolate the 
trouble to the vertical oscillator from 
the performance of the receiver, you 
should not need the oscilloscope, and 
you should start right in taking volt¬ 
age and resistance measurements. 

When you can isolate the trouble 
to one stage by effect-to-cause reason¬ 
ing before you start the actual work 
on the receiver, take a few extra min¬ 
utes and try to determine what parts 
in that stage could be causing the 
trouble. Try to figure out what 
could be wrong with the components 
that would cause the type of trouble 
you have encountered. The small 
amount of extra time you spend in 
analyzing the performance will be 
well worth while and will usually cut 
down the total time you must spend 
to repair the receiver. 
There are servicemen who go to 

another extreme. They use effect 
to-cause reasoning to isolate the 
trouble to one stage or possibly a 
group of two or three stages, and then 
instead of going ahead from that point 
and trying to isolate the trouble 
rapidly to one part, they waste too 
much time confirming their diagnosis 
by trying different tests. Avoid fall¬ 
ing into this habit of over-testing. 
Try to develop the habit of using a 
servicing procedure that follows a 
logical sequence, and avoid overlap¬ 
ping tests. For example, if you 
check a receiver and discover that 
you have voltage on one side of a 

coil and no voltage on the other side 
of the coil, you have a pretty good 
idea that the coil is defective. If 
after removing the coil and installing 
a new one in the receiver, the receiver 
operates, you can be sure that the 
coil was defective. That should be 
the end of it as far as the coil is con¬ 
cerned, but many servicemen will 
waste time performing elaborate tests 
on the coil they removed from the 
receiver. There is no point in mak¬ 
ing tests of this type. The fact that 
the new coil cleared up the trouble, 
indicates that the old coil was caus¬ 
ing the trouble, and any further 
study that you may make of it is 
simply a waste of time insofar as the 
repair of the receiver is concerned. 
This may seem like a small thing, 
but if you embark on a project of 
this type each time you repair a re¬ 
ceiver, you may find that at the end 
of a day you have fixed only five 
or six sets, when it might have been 
possible for you to fix seven or eight. 
The more work you can turn out, and 
the more sets you can repair, the 
more you will earn. 

Don’t let your practical training 
stop here. Spend a little extra time 
on each new circuit you see. Make 
sure you understand it thoroughly. 
The time you save on other sets with 
the same circuit will more than make 
up for the extra time on the first one. 

Study new circuits as they are de¬ 
veloped. Learn to analyze circuits 
for yourself. If you wish, perform 
experiments just as you did on your 
training receiver. Above all, be sys¬ 
tematic and thorough when trouble¬ 
shooting. 
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LEARNING NEVER ENDS 
More and more it becomes evident that learning is 

a continuous process—that it is impossible to break 
the habit of studying without slipping backward. 

of the last twenty years. You have the advantage of 
having “grown up” with them—yet I’ll bet that 
there are many things you wish you knew more 
about. 1 hen, consider what can happen in the years 
ahead if you do not keep abreast of the stream of 
new things that are bound to come! 

Your NRI Course is preparing you for the prob¬ 
lems of today and tomorrow, but what about the day 
after tomorrow? In five or ten years, will you still 
be up-to-date? Yes, if you plan your future. Re¬ 
solve now—that you WILL keep up. You have the 
fundamentals; keep them fresh in your mind by con¬ 
stantly reviewing. Read and study technical litera 
ture and textbooks; join in discussion groups and 
listen to lectures; take advantage of every possible 
educational opportunity. Then, and only then, can 
you face the future unafraid, no matter what techni¬ 
cal developments the future may hold. 
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Study Schedule No. 56 
For each study step, read the assigned pages first at your 
usual speed, then re-read slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each step in this same way. 

1. Introduction Pages 1-10 
Here you learn what synchronization is and why it is necessary, and how 
the sync pulses are obtained and separated from the rest of the signal. 

O 2. Noise Rejection In Sync Circuits. Pages 11-17 
You study two basic methods of noise rejection that arc used either 
singly or together, and circuits in which they are used. 

□ 3. Separating the Horizontal and Vertical Sync Pulses..Pages 18-22 
The process of segregation—separating the horizontal sync information 
from the vertical sync information—is taken up here. 

O Using the Oscilloscope in Sync Circuits Pages 23-25 
Here we describe how to use the oscilloscope, which is the most useful 
instrument in servicing sync circuits. 

I I 5. Synchronization of the Sweep Generators.Pages 26-42 
You study the horizontal and vertical sync systems. 

! I 6. Location of Sync Defects Pages 42-44 
How to locate sync defects in an orderly step-by-step manner. 

Q 7. Answer Lesson Questions. 

□ 8. Start Studying the Next Lesson. 
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TELEVISION pictures are repro¬ 
duced on the picture tube screen 

in a definite orderly manner—element 
by element, and line by line. To re¬ 
produce the original scene faithfully, 
the scanning beam, which paints the 
picture on the picture tube screen, 
must follow exactly the path taken by 
the scanning beam of the camera tube 
at the station. The camera tube scan¬ 
ning beam releases the picture infor¬ 
mation in a definite orderly sequence. 
The scanning beam at the receiver 
that is reproducing the picture must 
be synchronized with the scanning 
beam at the camera tube. The syn¬ 
chronizing or timing information is 
sent in the form of pulses, which are 
called the horizontal and vertical syn¬ 
chronizing pulses. These pulses are 
used to control the receiver circuits 
that generate the sweeps, which move 
the electron beam over the face of the 
picture tube. 

In previous lessons you have fol¬ 
lowed the television signal from the 
antenna to the grid of the picture tube. 
You have also studied sweep circuits. 
You learned that the signal applied to 

the grid or the cathode of the picture 
tube contains video and blanking in¬ 
formation, and modulates, but does 
not move, the electron beam. The 
movement of the electron beam is con¬ 
trolled by the energy developed in 
the form of sawtooth currents in the 
horizontal and vertical deflection coils. 
This motion must be synchronized by 
the sync pulses from the station. Con¬ 
sequently, the television signal pres¬ 
ent in the video amplifier is also ap¬ 
plied to the sync amplifier-separator 
circuit. The synchronizing circuits 
must extract the sync pulses from the 
composite video signal, and prepare 
them properly for synchronizing and 
controlling the sweep generating cir¬ 
cuits of the receiver. 
A number of operations must be 

performed to separate and shape the 
pulses for control of the sweep gen¬ 
erators. A block diagram of this sec¬ 
tion of a TV set is shown in Fig. 1. 
First, the composite video signal must 
be fed from some takeoff point in the 
video amplifier to the sync separator. 
The sync removal must not disturb 
the operation and frequency response 
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of the video amplifier. Next, the sync 
is separated completely from the 
video and blanking signal. In suc¬ 
ceeding amplifier and clipper stages, 
the sync pulses are leveled (the base 
line and sync tip levels are made flat 
and free of video information) and 
made as free of noise impulses as pos¬ 
sible. Leveling or clipping at the top 
and bottom gives the same amount of 
stable synchronization regardless of 
the strength of the received signal. 

sync amplifiers after the sync segre¬ 
gating circuits, before the individual 
sync pulses are applied to the sweep 
oscillators. 

The final step in the synchronizing 
process is to use the pulses to control 
the sweep generators. As you have 
already learned, the sweep generators 
are free-running; they generate the 
sawtooth currents that deflect the elec¬ 
tron beam, whether sync pulses are 
present or not. Thus, the scanning 

FIG. 1. Functional block diagram of synchronizing circuits. 

The next step in the preparation of 
the sync pulses is to segregate the 
horizontal components from the verti¬ 
cal components. This must be done 
so that the vertical sync pulses will 
go to the vertical sweep generator, and 
the horizontal sync pulses to the hori¬ 
zontal sweep generator. Clean segre¬ 
gation prevents interaction between 
horizontal and vertical components, 
and minimizes the influence of noise 
impulses on both synchronizing cir¬ 
cuits. Sometimes there are additional 

raster is always present, but only with 
the arrival of the sync pulses does the 
raster lock in so the scanning beam 
moves in exact synchronism with the 
scanning beam at the camera. It is 
important to realize that the sync 
pulses do not themselves cause the 
scanning beam to move, but only con¬ 
trol the frequency and timing of the 
waveforms that do move the scanning 
beam. 

The expert technician does not con¬ 
sider the operation of circuits and the 

2 



FIG. 2. Sync circuit defects. A, loss of horizontal and vertical sync; B, loss of vertical 
sync; C, loss of horizontal sync. 

servicing of circuits separately. It is 
his understanding of circuits that per¬ 
mits him to identify and repair defects 
rapidly. He must therefore train his 
thoughts to associate the operation 
of a circuit with the effects of trouble 
within that circuit and the influence 
such defects have on over-all opera¬ 
tion of the receiver. For example, at 
this very point and with only a lim¬ 
ited knowledge of the sync circuits, 
your fundamental understanding of 
the reasons for having the sync cir¬ 
cuits would permit you to isolate trou¬ 
ble to the sync circuit. If there is a 
failure in the sync circuit, the hori¬ 
zontal and vertical sawtooth generat¬ 
ing circuits will run free, wandering 
in frequency and phase with respect 
to the incoming video information, as 
shown in Fig. 2A. A failure in the 
sync circuit does not in any way affect 
the video and blanking information 
applied to the grid circuit of the pic¬ 
ture tube. Therefore, the scanning 
beam will still be modulated by the 
video information and will cause 
brightness variations on the picture 
tube screen. 

If the sync circuit defect affects just 
one of the sync signals, the disturb¬ 
ance on the screen will guide you to 
it. For example, if the defect is in the 
vertical synchronization, the picture 
will roll, as shown in Fig. 2B, and 
although it will be possible to adjust 

the vertical hold control to lock in 
the picture vertically, the picture will 
soon drop out of vertical synchroniza¬ 
tion, but it will remain synchronized 
horizontally. If the defect is in the 
horizontal synchronizing section only, 
the picture will remain locked in ver¬ 
tically, but will tear out horizontally 
as in Fig. 2C. 

SYNC CIRCUIT WAVEFORMS 
To gain more complete understand¬ 

ing of the general operation of the 
sync circuits, let us study the typical 
waveforms shown in Fig. 3 First the 
sync information along with an appre¬ 
ciable level of blanking and video in¬ 
formation is removed at a convenient 
point in the video amplifier and ap¬ 
plied to the sync circuit. This com¬ 
posite signal fed to the sync separator 
is shown in Fig. 3A. Next, the compo¬ 
site signal is applied to the sync 
separator, which almost completely 
removes all signal information below 
the blanking level so that only the 
sync pulses remain, as in Fig. 3B. 

In the composite signal, the ampli¬ 
tude of the synchronizing information 
is greater than that of the video and 
blanking information. For example, 
in Fig. 3E, if the amplitude of the 
combined horizontal sync and blank¬ 
ing signal is 20 volts at the input to 
the sync separator, the sync informa¬ 
tion itself, which is just the upper 
25% of the total signal, is only a five-
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volt peak component. In the process 
of sync separation the rest of the sig¬ 
nal (video and blanking) is dropped, 
leaving only the sync pulses at the 
output of the separator. 

Succeeding amplifier stages remove 
any extraneous signal and properly 
flatten both the tips of the pulses and 
the base line to a prescribed voltage 
level, which is reasonably constant 
for a wide variation in applied signal 
strength. 
Now the combined sync informa¬ 

tion (horizontal and vertical sync 
pulses) is applied to a sync segregator 

or inter-sync separator that separates 
the horizontal from the vertical sync 
information. One section selects the 
horizontal pulses from the combined 
information and, at the same time, 
blocks out the vertical pulses. A sec¬ 
ond section accepts the vertical pulses 
and rejects the horizontal. Finally, 
the horizontal and vertical informa¬ 
tion is properly shaped and used to 
control the frequency and phase of 
the sweep oscillators. 

The location of defects in the sync 
circuit is a task that can be performed 
well by an oscilloscope. The disap-
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FIG. 3. Sync circuit activities as shown by waveforms. 
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pearance, reduction in amplitude, or 
change in shape of various waveforms 
can be observed at key points. You 
should remember, however, when us¬ 
ing an oscilloscope in the sync cir¬ 
cuits, that the sync information itself 
is of very low amplitude and can often 
be obscured by the higher voltage 
deflection waveforms that are also 
present in the latter sections of the 
synchronizing system. Thus, in signal 
tracing through the latter sections of 
the sync system, it is preferable to 
turn off or remove the sweep generat¬ 
ing tubes. For example, it is not pos¬ 
sible to check for the presence of the 
vertical sync pulse at the grid of the 
vertical blocking oscillator when it is 
operating, because the waveform pro¬ 
duced by the blocking oscillator is 
much higher in amplitude than the 
vertical sync pulse. 

SYNC TAKE-OFF 
Let us now consider the individual 

functions of the various sections of 
the sync circuits in detail, starting 
with the removal of the synchronizing 
information at the take-off point in 
the video amplifier. 

The signal in the video amplifier 
of the receiver is shown in Fig. 3A. 
It contains the picture information 
that is used to vary the brightness of 
the spot, as well as the horizontal and 
vertical blanking pedestals. On top 
of the blanking pedestals ride the 
synchronizing pulses. There is one 
set of pulses for horizontal or line 
synchronization, and a second set for 
vertical or frame synchronization. A 
portion of this composite video signal 
must be supplied to the sync circuits 
from the take-off point without any 
deterioration of the video information 
passing through the video amplifier 
to the picture tube. 

There must be no loss of the high-
frequency components of the video 
information, which determine the pic¬ 
ture detail. Some typical sync take¬ 
off methods are shown in Fig. 4. They 
demonstrate the use of isolating re¬ 
sistors to prevent deterioration of the 
high-frequency response of the video 
amplifier. Resistor RI, in each exam¬ 
ple shown, prevents the input capacity 
of the sync separator circuits from 
causing high-frequency loss in the 
video amplifier stage. 

Of course, the presence of the series 
resistor between the video amplifier 
and the sync circuit input causes at¬ 
tenuation of the video signal. How¬ 
ever, this is not important, because 
the video signal at the point of take¬ 
off in the video amplifier is higher in 
amplitude than required by the input 
circuit of the sync stages. If the sync 
take-off is at the video detector, as 
in Fig. 4C, the sync information is 
often applied to an amplifier before 
separation, to compensate for the 
weaker signal amplitude at the output 
of the video detector compared to that 
at the output of one of the video 
amplifier stages. 

In circuit 4A the sync information 
is removed at the junction of the 
shunt peaking coil and the plate load 
resistor. It is applied to the grid of 
the sync separator through an isolat¬ 
ing resistor and a noise-filter network. 
In the take-off system shown in Fig. 
4B, the sync information from the 
video amplifier is separated into indi¬ 
vidual horizontal and vertical sync 
channels. Again, an isolating resistor 
is used in each circuit to reduce the 
influence of the input capacities of 
the sync amplifiers on the high-fre¬ 
quency components of the video signal 
passing through the video amplifier. 
Also, there is a noise reduction filter 
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FIG. 4. Sync take-off methods. 

in the signal path to the vertical sync 
amplifier. 
In the take-off system shown in 

Fig. 4C, the sync information is re¬ 
moved from across the diode load 
resistor and applied to a sync ampli¬ 
fier through an isolating resistor. 
In the three systems mentioned, 

both the sync and the video informa¬ 
tion at the take-off point are applied 
to the first synchronizing stage. How¬ 

ever, the presence of the isolating re¬ 
sistor and network reduces the ampli¬ 
tude of this signal. Therefore, if you 
are tracing the signal with an oscillo¬ 
scope, you can expect the amplitude 
of the composite signal at the input 
of the sync circuit to be about % to 

the original amplitude at the take¬ 
off point. 

The fourth take-off method, shown 
in Fig. 4D, is used in some of the 
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older receivers with de restorers. In 
this system, the synchronizing infor¬ 
mation is removed from resistor R3 
inserted between the plate of the de 
restorer and the return to the bright¬ 
ness control. Resistor RI isolates the 
capacity of both the restorer circuit 
and the sync amplifier input circuit 
from the video amplifier. At the same 
time, resistor RI serves as a de return 
path for the grid circuit of the pic¬ 
ture tube. Because of the non-linear 
characteristics of the restorer diode 
and the fact that the current change 
through resistor R3 is greater during 
the sync pulse intervals, the ampli¬ 
tude of the signal between blanking 
and sync tip is greater than between 
blanking and the white level of the 
video information. Thus, the sync 
pulse is emphasized before its applica¬ 
tion to the sync separator. 

SYNC SEPARATOR 
After the composite video signal is 

taken from the video amplifier it is 

fed to the sync separator. The sync 
separator must remove the portion of 
the composite television signal below 
the blanking level so that the only 
signal appearing in the output will be 
the sync pulses. Sync separators can 
be diodes, triodes, or pentodes. 

The sync separator is biased to per¬ 
mit the tube to conduct only on the 
portion of the composite signal be¬ 
tween blanking and sync tip. If the 
applied signals were of a constant 
amplitude, this separation could be 
accomplished with the use of external 
bias as indicated in Fig. 5A. For ex¬ 
ample, if the applied video signal 
were of a constant 12-volt amplitude, 
and the cut-off bias for the tube were 
—3 volts, it would be possible to set 
the bias far enough beyond cut-off 
with a battery or another external 
bias source so the tube would conduct 
only on the portion above the blank¬ 
ing level. Thus, a pulse would appear 
in the output of the separator for each 

FIG. 5. Operation of triode sync separator. 
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arriving sync pulse, and the other 
information below blanking level 
would not be present, because the sig¬ 
nal would not be strong enough to 
drive the tube into the region of plate 
current flow. 

However, the television signal am¬ 
plitude changes in accordance with 
the received signal strength and with 
the average brightness of the picture. 
Consequently, the external bias sys¬ 
tem is not able to accommodate the 
range of signal level variation. Some 
method of signal-biasing must be used 
to obtain true sync clipping. 

When signal bias is used, the am¬ 
plitude of the sync pulses sets the 
separator bias as shown in Fig. 5B. 
When the sync pulse drives the grid 
positive, the stage draws grid current, 
which charges capacitor C with 
the polarity shown. The charge is 
placed on the capacitor very quickly 
because of the fast time constant of 
the grid capacitor C and the low grid-
to-cathode resistance of the tube. This 
resistance can be as low as 1,000 ohms 
in a triode drawing grid current. 

With an applied 12-volt peak signal, 
the grid current flow charges capaci¬ 
tor C to 12 volts. When the pulse is 
ended, the grid current ceases, and 
the capacitor begins to discharge. Be¬ 
cause the grid current flow has 
stopped, the capacitor must discharge 
through the high value grid resistor, 
R. The discharge time constant, how¬ 
ever, is so long that only a slight dis¬ 
charge occurs before the next sync 
pulse comes along and recharges the 
capacitor to 12 volts with another 
burst of grid current. As a result, the 
charge on the capacitor has an aver¬ 
age de value near 12 volts and the 
stage has been “signal biased.” 

With the proper choice of circuit 
values, and a low value of plate volt¬ 
age, the tube cut-off bias can be set 
at —S volts. It is important to note 
that the charge on capacitor C has 
the stage biased beyond cut-off. As a 
result, the tube plate current flow 
cannot start until the applied signal 
is more positive than 9 volts. (The 
bias on the tube is 12 volts, which is 
9 volts beyond cut-off bias. There¬ 
fore, the signal must have an ampli¬ 
tude of at least 9 volts to drive the 
grid to the region of plate current 
flow.) 

The applied signal in Fig. 5B does 
not reach beyond positive 9 volts 
except during the sync pulse. Conse¬ 
quently plate current flows only dur¬ 
ing the sync pulse time when the sig¬ 
nal is between 9 and 12 volts. The 
flow of plate current reduces the plate 
voltage during the sync, pulse time, 
and develops a negative sync pulse in 
the output. 

In television transmission, the de 
component of signal bias varies with 

CHARGE ON CAPACITOR C 
SHIFTS WITH CHANGES IN 
AVERAGE BRIGHTNESS 

FIG. 6. Shift in capacitor charge with 
changes in average brightness. 
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the strength of the incoming compo¬ 
site signal as shown in Fig. 6. The 
operation of the sync separator is 
quite similar to that of a de restorer, 
because the actual bias placed on the 
grid capacitor is dependent on the 
peak amplitude of the sync tip. 

Actually, the charge placed on the 
capacitor by grid current flow forms 
the de bias of the separator stage. 
This bias is established by each arriv¬ 
ing sync pulse and is held constant 
between sync pulses (when grid cur¬ 
rent is no longer drawn) by the much 
longer time constant of the capacitor 
and the large value grid resistor. If 
the amplitude of the composite video 
signal decreases (as with a decrease 
in average brightness) the charge on 
the capacitor becomes less negative, 
keeping the blanking level at cut-off 
as shown in Fig. 6. When the ampli¬ 
tude of the composite signal increases 
with an increase in average bright¬ 
ness, the negative charge on the 
capacitor increases, and maintains the 
blanking level constant. Thus, as you 
can see, with the signal bias system, 
the de component of the bias changes, 
but the de levels of the blanking and 
sync tip remain constant. As a result, 
the self-bias separator is self-compen¬ 
sating over a substantial range of 
amplitude changes in the incoming 
signal. It maintains a sync pulse of 
essentially constant amplitude at the 
output of the separator, and removes 
all portions of the video signal below 
the blanking level. 

The blanking level will be properly 
positioned at cut-off bias if the ampli¬ 
tude of the signal is high enough and 
if the correct plate voltage is applied. 
The amplitude of the applied signal 
must be sufficient to drive the tube 
substantially beyond cut-off and 
cause the blanking level to be at cut-

+ B 

PENTODE DIODE 
SEPARATOR SEPARATOR 

FIG. 7. Pentode and diode separators. 

off. If possible, the sync tip level 
should be near saturation. For the 
limited change in amplitude that ac¬ 
companies variations in average 
brightness, the separator will be self¬ 
regulating and will keep the ampli¬ 
tude of the sync pulse output constant. 

The plate voltage on the separator 
is generally lower than for normal 
operation. A low plate voltage per¬ 
mits cut-off earlier, or at a low nega¬ 
tive voltage, giving a narrower volt¬ 
age range between cut-off and satura¬ 
tion, which permits better clipping and 
a more constant pulse amplitude at 
the output. 

A signal-biased pentode is shown in 
Fig. 7. This stage is an excellent sync 
separator when the plate and screen 
voltages are low. Again, the grid cur¬ 
rent drawn during the sync tip inter¬ 
val sets the bias on the tube at the 
proper level to cut off all portions of 
the signal below the blanking level. 

A pentode separator will work well 
because there is a narrow grid voltage 
range, just a few volts between cut¬ 
off and saturation. It also produces 
a strong output signal that is constant 
for a wide range of applied signal 

9 



amplitudes. The sync pulse developed 
in the plate circuit depends on the 
grid voltage change between cut-off 
and the positive grid voltage at which 
grid limiting occurs. Thus, if the plate 
voltage is held constant, the sync am¬ 
plitude in the plate circuit also re¬ 
mains constant, despite substantial 
variations in peak signal amplitude 
at the separator grid. In addition, the 
better limiting action in the grid cir¬ 
cuit of a pentode operating with low 
screen and plate voltages means that 
any noise impulses greater in ampli¬ 
tude than the sync tip are clipped 
off, minimizing improper synchroniza¬ 
tion of the deflection generators. 

FIG. 8. Pulse clipping by pentode 
separator. 

The advantages of both early cut¬ 
off and early saturation are demon¬ 
strated in Fig. 8. As you can see, the 
sync pulses will cause plate current 
flow, but reach an early saturation 
amplitude where any further rise in 
grid voltage will cause no additional 
increase in plate current. Therefore 
any variation in sync tip level is lev¬ 
eled off, and the sync voltage output 
remains constant. 

A series resistor, R2 in Fig. 7, is 
often added between the grid and the 
grid resistor to produce an instantane¬ 
ous opposing voltage whenever very 
strong noise pulses reach the grid of 
the separator. This instantaneous 
opposition to grid current flow pre¬ 
vents the grid capacitor from being 
charged to an excessively high value 
of bias by noise bursts. Such a high 
bias could result in the loss of a num¬ 
ber of the succeeding sync pulses, and 
produce sync instability. 

Even the simple diode circuit shown 
in Fig. 7 can be used as a sync separa¬ 
tor (as it was in a number of earlier 
receivers). When the positive-going 
composite signal is applied to the 
diode plate, the sync tip peak draws 
maximum diode current, charging 
capacitor C to a peak value. Again 
the charging of capacitor C is rapid 
because of the short time constant of 
the capacitor and the very low resist¬ 
ance of the conducting diode. Capaci¬ 
tor C discharges through resistor R, 
developing a voltage across the re¬ 
sistor having the polarity shown. This 
voltage biases the diode and prevents 
conduction when the signal falls be¬ 
low the blanking level. The only por¬ 
tion of the signal developed across 
the diode load resistor occurs when 
the diode is conducting. The diode 
conducts only for signal amplitudes 
higher than the blanking level, and 
therefore only the sync pulse itself 
appears across the diode load. 

The disadvantages of the diode 
separator are that no amplification 
and only minor noise rejection are 
possible. 
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Noise Rejection In Sync Circuits 
We have considered the source of 

sync take-off and actual removal of 
sync information from the composite 
video signal. Now let us consider the 
methods used to reduce the influence 
of noise in the sync separator and 
amplifier stages. 
Two basic techniques are used 

singly or together to make synchron¬ 
ization less subject to noise interfer¬ 
ence. One method, called noise rejec¬ 
tion, is to make certain that noise 
pulses greater in amplitude than the 
sync tips are removed and that noise 
pulses occurring between sync pulses 
do not trigger the sweep circuits er-

plied to the grid of the sync amplifier, 
which is the second section of tube 
VI through an isolation network con¬ 
sisting of LI and R2. 
The composite signal is direct-

coupled to the grid of the sync ampli¬ 
fier to prevent a shift in the blanking 
and sync tip levels with changes in 
average brightness. Since the sync 
pulses swing negative, a strong signal 
might drive the amplifier grid beyond 
cut-off during the sync pulse interval. 
To avoid this clipping of the sync 
pulse, the bias voltage for the sync 
amplifier is applied through a bleeder 
network consisting of resistors RI to 

FIG. 9. A typical sync amplifier-sync separator circuit in which a diode is used for 
both noise reduction and noise cancellation. 

roneously. A second method of noise 
reduction uses the principle of cancel¬ 
lation. In this system, noise pulses are 
taken from two points in the receiver 
and then combined out of phase in a 
properly biased stage to cancel noise. 

A DIODE-BIASED 
NOISE-REJECTING CIRCUIT 
In the circuit shown in Fig. 9 a 

negative-going composite television 
signal is taken from across the diode 
load resistor RI. This signal is ap-

R7. The voltage divisions produced 
by the bleeder network are controlled 
by the first section of VI to accom¬ 
modate wide ranges of input signal 
level. 

The control tube is used in conjunc¬ 
tion with the bleeder network to pre¬ 
vent strong signals from biasing the 
sync amplifier (second section of VI) 
close to or beyond cut-off. With neg¬ 
ative-going sync pulses, a voltage 
having the polarity shown is devel-
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oped across RI. Since the amplifier 
is direct-coupled to the video detector 
output, this voltage would be applied 
to the grid of the sync amplifier un¬ 
less we took steps to prevent it. When 
the received signal is weak, the bias 
on the tube would not be high enough 
to cause any trouble. However, when 
a strong signal is received, the bias 
might be so high that the sync ampli¬ 
fier would be operating at or near 
cut-off. When the negative-going sync 
pulse reached the grid of the tube, it 
would drive it even further negative— 
it might drive it beyond cut-off. If 
this happened, the sync pulse would 
be clipped and would not appear in 
the output. Therefore, to prevent this, 
we use the first section of VI as a 
control tube. 

A negative bias from the age line 
is applied to the grid of the first sec¬ 
tion of VI. When a strong signal is 
received, the bias applied to the con¬ 
trol tube will be high and the tube 
will be driven to or near cut-off. When 
the control tube is not conducting or 
is conducting just a small amount of 
current, it permits the bleeder network 
to apply a positive potential to the 
grid of the sync amplifier (second sec¬ 
tion) to match the higher de compo¬ 
nent of negative voltage developed 
across resistor RI by a strong signal. 
This action makes it possible to have 
the proper bias on the amplifier grid 
to prevent clipping of the negative¬ 
going sync pulse. For a weak signal, 
the age bias is less negative, and the 
sync control tube conducts a higher 
current. As a result, the voltage di¬ 
vider action is such that a less posi¬ 
tive potential is applied to the grid 
to accommodate the less negative volt¬ 
age drop across resistor RI. The con¬ 
trol section of the sync stage, there¬ 
fore, acts as an adjustable voltage 

divider that permits application of 
proper bias to the sync amplifier with 
respect to the level of the received 
signal. 

A positive-going composite signal 
is developed across the sync amplifier 
load resistors R6 and R7. It is applied 
through capacitor Cl to a noise clip¬ 
per stage, V2, and through a resistor¬ 
capacitor network to the grid of the 
sync separator tube, V3. The noise 
suppressor circuit acts as a diode clip¬ 
per and removes noise impulses rid¬ 
ing the top of the sync pulses. It also 
clips off any noise impulses that occur 
between sync tips and rise above the 
amplitude of the sync tips. 

The arriving sync pulses cause the 
diode to conduct and charge capacitor 
Cl to peak value. The long time con¬ 
stant of capacitor Cl and resistor R8 
prevents the capacitor from discharg¬ 
ing between sync pulses when the 
diode is in a non-conducting state. 
Each sync pulse causes the diode to 
conduct to recharge capacitor Cl. 
However, any pulses that exceed the 
level of the sync pulse either during 
or between sync pulses will cause the 
diode to conduct. This will clip the 
noise pulses to the level established 
by the sync pulses. Noise pulses 
therefore are clipped off prior to ap¬ 
plication of the composite signal to 
the grid of the sync separator. 

To make the noise reduction action 
still more effective, a noise cancella¬ 
tion also exists. When a strong noise 
pulse arrives and causes the diode to 
conduct heavily, the diode current 
also develops this same pulse across 
resistor Rll. This resistor, in addi¬ 
tion to being the diode cathode re¬ 
sistor, also serves as the cathode 
resistor for the sync separator stage. 
Thus any positive noise pulse present 
in the composite signal and applied 
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to the grid of the sync separator is 
further cancelled by the application 
of a similar positive pulse to the cath¬ 
ode of the same tube. Consequently, 
in our noise reduction circuit we not 
only have noise clipping but noise 
cancellation as well, to make the sync 
circuits more immune to arriving 
noise pulses. 

A pentode sync separator is used 
in the circuit shown. It operates at 
low screen and plate voltage to per¬ 
mit early cut-off and effective removal 
of video information below the blank¬ 
ing level. The voltage divider arrange¬ 
ment consisting of resistors R12 
through R16 determines the plate and 
screen-grid voltages and holds them 
constant at their low values despite 
the changes in tube current with 
changes in arriving signal levels at 
the grid of the separator. Thus the 
cut-off bias and the saturation level 
of the tube remain at fixed voltage 
levels. The clipping and amplitude of 
the sync pulse output remains uni¬ 
form for variations in applied signal 
strength. 

The positive-going composite signal 
is applied to the grid of the separator 
through a voltage divider consisting 
of capacitors C2 and C3 plus resistors 
R9 and RIO. The purpose of the di¬ 
vider is to establish a fast enough 
time constant to permit the sync pulse 
tips to determine the average bias. 
At the same time, the time constant 
must be long enough to prevent dif¬ 
ferentiation of the vertical blanking 
pulse and consequent reduction in out¬ 
put level of the vertical synchronizing 
information. Thus the grid circuit net¬ 
work has almost a dual time constant. 

When the tube draws grid current, 
the cathode-to-grid resistance is low. 
The time constant of C3 and the 
cathode-to-grid resistance of the tube 

is therefore low, and C3 can be 
charged rapidly by the sync pulses. 
The time constant of this same capac¬ 
itor and the two resistors is sufficient¬ 
ly long so the charge might be held 
between arriving sync pulses. Insofar 
as the vertical blanking pulse is con¬ 
cerned, the input time constant would 
be too short if it were not for the 
presence of the large capacitor C2. 
The long time constant of C2 and 
resistor RIO prevents the drop-off of 
the vertical blanking level, which 
could result in a fall-off in the ampli¬ 
tude of the vertical sync pulses. Re¬ 
sistor R9 effectively isolates the two 
capacitors so that the large capacitor 
does not reduce the fast time-constant 
charge of the small capacitor, and the 
small capacitor cannot lower the time 
constant of the C2-R10 combination 
when the vertical blanking pulse is 
arriving. This divider input circuit, 
because it maintains the vertical syn¬ 
chronizing information at the proper 
level with respect to the horizontal 
sync, also makes the receiver more 
stable and less subject to noise inter¬ 
ference during a reduced amplitude 
vertical sync period. 

Two outputs are derived from the 
plate circuit of the sync separator, one 
to supply negative synchronizing in¬ 
formation to the horizontal synchro¬ 
nizing system, and the other to supply 
it to the vertical synchronizing 
systems. 

A NOISE-REDUCING SYNC 
SYSTEM 

Another sync separation and noise¬ 
reducing system is shown schematic¬ 
ally in Fig. 10. In this system, the 
composite signal is taken from two 
points in the video amplifier and 
applied to a 6BE6 sync separator and 
noise cancelling circuit. The actual 
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sync separator segment uses the signal 
grid or second control grid of the tube. 
A positive composite signal from the 
video amplifier is applied to this grid. 
This signal drives the grid positive 
and grid current flows, charging ca¬ 
pacitor Cl beyond cut-off. The tube 
then amplifies only the sync pulse 
portion of the composite video signal. 
Thus, sync separation occurs without 
the application of any signal to the 
first control grid of the tube. 

it has an opportunity to reduce the 
amplitude of the synchronizing infor¬ 
mation or trigger the sawtooth gener¬ 
ating circuits erroneously. Noise can¬ 
cellation in the circuit of Fig. 10 is 
accomplished by applying a second 
but negative composite signal to the 
first grid of the separator. Except for 
polarity and amplitude, the two com¬ 
posite signals are identical. The sig¬ 
nal applied to the second grid, how¬ 
ever, has a greater amplitude because 

FIG. 10. Sync separator and noise reduction circuits. 

However, a disadvantage of a basic 
sync separator system is that sharp 
bursts of noise will place a high 
charge on capacitor Cl. Therefore, 
with strong noise, the noise pulses 
themselves will appear in the output 
of the separator. In addition, the 
amplitude of the desired synchroniza¬ 
tion information will be reduced, be¬ 
cause of the high bias placed on the 
separator tube. In fact, with very 
high amplitude noise pulses, the aver¬ 
age simple separator could be cut off, 
which would prevent the arrival of 
the sync pulses at the sawtooth gen¬ 
erating circuit for an extended time, 
and result in loss of synchronization. 

To eliminate this difficulty, every 
precaution is taken in modern design 
to lower the influence of noise, before 

it is removed in a later section of the 
video amplifier. The stronger signal 
has the greater effect on plate current 
flow, and therefore a negative com¬ 
posite sync signal is developed in the 
plate circuit of the separator. 

The first grid is biased so that when 
any applied signal swings more nega¬ 
tive than the sync tip, the separator 
tube is cut off. Whenever a noise pulse 
that exceeds the amplitude of the sync 
pulse arrives, the separator tube is 
cut off. It is impossible for the same 
noise pulse arriving at the second grid 
to draw current and charge capacitor 
Cl. This circuit is called a gated sync 
separator. 

The action of the noise cancelling 
circuit is shown in the waveform 
drawings of Fig. 11. Notice in par-
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ticular that the noise pulses are not 
just clipped, but are completely re¬ 
moved from the mixed synchronizing 
information that appears in the out¬ 
put of the separator, as a result of the 
complete cut-off of the separator dur¬ 
ing the presence of the noise pulse. 
Thus if a noise impulse happens to 
occur immediately on top of a hori¬ 
zontal sync pulse, both the noise im¬ 
pulse and the sync pulse are removed. 
This does not matter in the modern 
television receiver, because the hori¬ 
zontal synchronization depends upon 
the average frequency of the arriving 
sync pulses and not on the presence 
of each individual sync pulse. 

earlier because of the much weaker 
composite signal applied to this grid. 
In a strong signal area, if cut-off 
occurs too soon, the actual synchroniz¬ 
ing information would be clipped or 
“gated” off. 

The negative sync signal from the 
separator output is applied to the 
grid of the sync amplifier. Here its 
amplitude is increased and it is in¬ 
verted for proper application to the 
synchronizing circuits of the sawtooth 
generators. Note that the sync ampli¬ 
fier also functions as a clipper and 
helps to level the sync tip and base 
line of the composite sync signal. The 
grid is returned to a positive grid 

COMPOSITE VIDEO SIGNAL 
CONTROL 
GRID I 
SIGNAL 

CUTOFF 

NOISE PULSE 

CONTROL 
GRID 2 
SIGNAL 

SEPARATOR 
OUTPUT 

FIG. 11. Two video signals 180’ out of 
phase are fed to the sync separator to 
produce effective noise cancellation. 

In some receivers the bias voltage 
applied to the bottom of the grid 
resistor R4 is made adjustable so the 
actual cut-off level can be set with 
respect to the average signal strength 
in a given area. It can be adjusted for 
strong signal or weak signal reception. 
In a weak signal area, it would be 
advisable to have the cut-off occur 

source through a large grid resistor, 
and therefore the tube itself is biased 
near zero voltage. As a result, the 
base line of the negative sync signal 
is held flat by limiting action and any 
instantaneous positive sweep is lev¬ 
eled by grid conduction and early 
saturation (obtained with the low 
operating plate voltage). Likewise, 
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the low plate voltage permits an early 
cut-off and helps to maintain the flat¬ 
ness of the negative-swinging sync 
tips as well. 

It is also possible to obtain noise 
cancellation by separate amplification 
and inversion of the noise signal prior 
to reinsertion as a cancellation com¬ 
ponent. A circuit of this type is shown 
in Fig. 12. 

the composite signal that is being 
transferred through isolating resistor 
R2 and the capacitor-resistor network 
to the grid of the triode sync 
separator. 

The first section of the noise tube 
VI is referred to as a “gated leveler.” 
It prevents the noise inverter section 
from conducting whenever the hori¬ 
zontal sync pulses arrive at the in-

FIG. 12. A noise-reducing sync circuit in which the noise pulse is amplified, inverted, 
and reinserted into the composite video signal to cancel the noise pulse. 

The composite video signal from 
the video amplifier is applied to the 
grid of the inverter stage through 
capacitor C2. The inverter is biased 
to cut-off because of the very low 
value of plate voltage and the high 
cathode bias obtained through the 
supply voltage bleeder network con¬ 
sisting of resistors R4 and R5. How¬ 
ever, if the positive composite signal 
applied to the grid of this inverter 
stage has a noise component that 
exceeds the sync tip, the tube will 
conduct and produce a negative am¬ 
plified noise pulse across its plate re¬ 
sistor R7. This negative noise pulse 
is reinserted into the composite signal 
through coupling capacitor C3. Thus, 
it cancels the similar but opposite 
polarity noise component present in 

verter grid. This is accomplished by 
the application of a horizontal pulse 
derived from the horizontal output 
stage to its grid. This gate pulse from 
the horizontal output tube arrives at 
the same time as the incoming sync 
pulse. Thus the gated leveler will 
conduct and bias the noise inverter 
tube so far negative that it cannot 
conduct during the horizontal sync 
pulse interval. Consequently, the 
gated leveler helps to establish the 
bias for the noise inverter during the 
sync pulse interval and prevents it 
from clipping out the synchronizing 
information. 

The composite video signal is ap¬ 
plied through the filter network con¬ 
sisting of capacitors C4 and C5 and 
resistor R15 to the grid of the separa-
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tor. As mentioned previously, the 
filter network maintains the hori¬ 
zontal and vertical synchronizing in¬ 
formation at the proper relative level 
and therefore improves the noise im¬ 
munity of the synchronizing system. 
The negative composite sync signal 
at the output of the triode separator 
is applied to still another sync ampli¬ 
fier and phase splitter. This stage de¬ 
velops a vertical synchronizing pulse 
of the proper polarity for application 
to the integrating network. It also 
develops two horizontal synchronizing 
components of opposite polarity, for 
application to a phase detector type 
of frequency control circuit. 

Separate horizontal and vertical 
synchronization channels can also be 
used to permit optimum design of 
each channel with respect to the fre¬ 
quency and shape of the sync pulse 
component it is to emphasize. At the 
same time, the use of the double chan¬ 
nel permits better isolation between 
the horizontal and vertical synchron¬ 
izing components, which can interact 
and cause interlace disturbances. In 
this system, the signals may be divid¬ 
ed into two separate channels follow¬ 
ing the take-off point in the video 
amplifier. There will often be two 
separate sync amplifiers and two sep¬ 
arate sync separators. 
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Separating the Horizontal 
and Vertical Sync Pulses 

The final step in the preparation 
of the sync information is inter-sync 
segregation. The segregation of the 
horizontal from the vertical informa¬ 
tion is accomplished with resistor¬ 
capacitor networks, referred to as dif¬ 
ferentiators and integrators. The pro¬ 
cess of segregation involves the utili¬ 
zation of specific segments of the re¬ 
ceived pulses. The leading edges of 
the pulses are used for synchroniza¬ 
tion of the horizontal deflection wave¬ 
form, and the longer duration interval 
of the vertical synchronizing pulses is 
used for controlling generation of the 
vertical deflection waveform. 

lose control of the horizontal syn¬ 
chronization, because, as mentioned 
in an earlier lesson, there are a great 
many lines that occur during the 
lengthy vertical retrace period. 

The six vertical sync pulses are of 
long duration and short spacing. At 
the television receiver they are blend¬ 
ed together to form a rising waveform 
that will dominate all the horizontal 
information and control the vertical 
sweep generator. At the beginning and 
end of the six vertical sync pulses 
are two groups of six shorter duration 
equalizing pulses that are used to 
maintain proper vertical synchroniza-

EQUALIZING 2.5/aSEC 

FIRST FIELD 

SECOND FIELD 

WJJJjJJJJJJJJJJJi 
FIG. 13. Horizontal synchronization during vertical retrace. 

DIFFERENTIATED 
HOR, SYNC DURING 
VERTICAL RETRACE 

HORIZONTAL 
5/<SECa 

VERTICAL 
fx 21r  SEC 

The composite sync signal shown in 
Fig. 13 contains three basic pulses— 
horizontal, equalizing, and vertical. 
The horizontal synchronizing informa¬ 
tion is contained in the leading edges 
of all the pulses. It is contained in 
the leading edges of the equalizing 
and vertical sync pulses as well as 
the leading edges of the horizontal 
sync pulses. Even during the vertical 
retrace period, it is not advisable to 

tion and interlace. These leading and 
trailing equalizing pulses assist the 
vertical sync group in firing the ver¬ 
tical sawtooth generator precisely, so 
there will be true interlace of the 
scanning lines. 

HORIZONTAL 
SYNCHRONIZATION 

The horizontal deflection generator 
is synchronized by the leading edges 
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of all three sets of pulses, the horizon¬ 
tal sync pulses, the equalizing pulses, 
and the vertical sync pulses. As we 
studied earlier, the leading edges of 
a pulse can be emphasized with the 
use of a differentiating circuit. When 
the pulses are applied to a differenti¬ 
ating circuit having a short time con¬ 
stant (small capacitor and low value 
resistor), the leading edges of all 
pulses are emphasized and developed 
across the differentiating resistor. In 
the horizontal sync pulses in Fig. 14, 
the leading edge develops a sharp 
positive spike, and the trailing edge 
a sharp negative spike. However, the 
negative spike is not utilized and is 
clipped off. The positive portion is 
applied as synchronization to the 
horizontal deflection generator. Dur¬ 
ing the vertical retrace interval, the 
leading edges of the vertical synchro¬ 
nizing pulses and of the equalizing 
pulses are also differentiated and used 

OUTPUT COMPOSITE 
SYNC AMPLIFIER 
HORIZONTAL SYNC PULSES 

OUTPUT COMPOSITE 

VERTICAL SYNC PULSES 

DIFFERENTIATOR RESISTOR 

INTEGRATOR CAPACITOR 

VOLTAGE ACROSS 
INTEGRATOR CAPACITOR 

VOLTAGE ACROSS 
DIFFERENTIATOR RESISTOR 

FIG. 14. Basic inter-sync separator 
systems. 

to maintain horizontal synchroniza¬ 
tion as shown in waveform 5 of 
Fig. 14. 

It is important to remember that 
horizontal synchronization is main¬ 
tained by the leading edges of all re¬ 
ceived sync pulses. During the ver¬ 
tical retrace interval, the leading 
edges arrive at twice the frequency of 
the horizontal sync pulses (double¬ 
line rate). This double-line rate is 
required in an interlaced system, be¬ 
cause the vertical interval begins one 
line away from the last horizontal 
sync pulse at the end of one field but 
only half a line away from the last 
horizontal sync pulse at the end of 
the second field, as shown in Fig. 13. 
Notice in the first waveform of Fig. 
13 that the last horizontal sync pulse 
B is exactly one line away from the 
first equalizing pulse, equalizing pulse 
3 is one line from equalizing pulse 1, 
and equalizing pulse 5 is one line 
from equalizing pulse 3. Thus, at the 
end of the first field, the odd num¬ 
bered equalizing and vertical sync 
pulses maintain synchronization of 
the horizontal circuits. 
The second field waveform shows 

the first equalizing pulse only % line 
away from the last horizontal pulse 
C, and the second equalizing pulse 
exactly one line away from the last 
horizontal sync pulse. Consequently, 
at the end of the second field, the 
horizontal is synchronized by the lead¬ 
ing edges of the even numbered equal¬ 
izing and vertical sync pulses. 

The one-line separation between the 
last horizontal sync pulse and the first 
equalizing pulse in one field, and the 
half-line separation between the last 
horizontal sync pulse and the first 
equalizing pulse in the next field re¬ 
sults from the use of interlaced scan¬ 
nings for which there are 262^2 lines 
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transmitted for each field. Thus, to 
maintain true synchronization of the 
horizontal circuits during the vertical 
retrace periods, it is necessary that 
these equalizing and vertical sync 
pulses be transmitted at double-line 
rate. 

Horizontal control, in fact, is the 
basic reason for slotting the vertical 
sync pulse group. If it were not for 
the necessity of maintaining horizon¬ 
tal synchronization, it would be pos¬ 
sible to transmit one long continuous 
pulse to establish vertical synchron¬ 
ization. 

In summary, the differentiating 
circuit emphasizes the leading edges 
of all received sync pulses. At the 
same time, the differentiator reduces 
the long duration of the vertical sync 
information and prevents it from in¬ 
fluencing horizontal synchronization. 

of the integrator prevents any appre¬ 
ciable discharge of the integrating 
capacitors. This means the integrator 
charges in steps, rising to an appre¬ 
ciable level during the interval of the 
vertical sync pulses. At a prescribed 
voltage level, the integrator charge 
has risen to a point at which it will 
trigger the vertical oscillator, initiat¬ 
ing the vertical retrace as shown in 
Fig. 15. 

The horizontal as well as the equal¬ 
izing sync pulses are also present at 
the input of the integrator. However, 
these pulses are of such short duration 
and long spacing that they place only 
a very small charge on the integrator, 
as shown in waveform 3 of Fig. 14. 
Because of the long interval between 
arriving horizontal sync pulses, the 
integrator is discharged for each line. 
Thus the horizontal sync pulses and 
the equalizing pulses do not build up 

POINT TRIGGER AT THIS 
A TIME FOR EACH 

FIELD 

FIG. 15. Vertical synchronization. 

VERTICAL 
SYNCHRONIZATION 

The vertical deflection circuits are 
synchronized by the group of six ver¬ 
tical sync pulses that act as a single 
long continuous pulse of almost 200 
microseconds to trigger the vertical 
oscillator. When the vertical sync 
pulses shown in Fig. 14 arrive at the 
integrating circuit, they charge the 
integrating capacitors slowly because 
of the long time constant. Between 
charges the very long time constant 

an increasing charge on the integra¬ 
tor and therefore cannot trigger the 
vertical oscillator. 

By proper choice of time constants 
and arrangements of resistor-capacitor 
networks, it is possible to segregate 
the horizontal and vertical compo¬ 
nents of synchronization—the hori¬ 
zontal information is contained in the 
leading edges of the combined sync 
pulses, and the vertical synchroniza¬ 
tion is contained in the long duration 
vertical sync period. 
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INTERLACE TIMING 
Although interlace may seem diffi¬ 

cult to understand, it is basically sim¬ 
ple and automatic. At times, so much 
emphasis is placed on the equalizing 
pulses that the technician assumes 
that they create the interlace. Actu¬ 
ally, the interlace is automatic, be¬ 
cause of the ratio between line fre¬ 
quency and field frequency. The 
equalizing pulses aid in maintaining 
the proper interlace at the receiver. 

Fig. 16 demonstrates how easily in¬ 
terlace is accomplished. Let us as¬ 
sume that we have pulse repetition 
rates at which there are five of the 
bottom pulses for each two of the top 
pulses. In this imaginary system 
there are two vertical pulses per sec¬ 
ond and five horizontal pulses. The 
first vertical pulse will occur between 
the second and third horizontal pulses, 
and the second vertical pulse will 
coincide with the fifth horizontal 
pulse. The third vertical pulse will 
occur midway between the 7th and 
8th horizontal pulses. In other words, 
we have a television system that con¬ 
tains 2^2 lines per field. For example, 
when the first vertical pulse arrives, 
the scanning line will be at the mid¬ 
point between the second and third 
horizontal pulses, and when the sec¬ 
ond vertical pulse arrives, the scan¬ 
ning beam will be at the end of a hor¬ 
izontal line. 

In our commercial television sys¬ 
tem, the very same relationship is 

- I SEC.-

0 12 3 1111 vert-
01 2345678 

FIG. 16. Interlace is automatic. 

attained by using 262^2 lines per field 
instead of 2^2 as in the example. The 
relationship between pulses is iden¬ 
tical except for the faster rate of pulse 
transmission. Consequently, with a 
field rate of 60, and a line rate of 
15,750, there are 262(4 lines per field 
and interlace is automatic. 

At the receiver the problem is not 
to establish interlace, because that has 
already been done by the choice of 
line and field rates, but to prevent line 
pulses and noises from upsetting the 
interlace relationship. The vertical 
oscillator must be triggered at exactly 
the same time for each television field. 
Thus, every precaution must be taken 
to prevent the horizontal sync pulses, 
noise impulses, or any other receiver 
disturbances from causing faulty syn¬ 
chronization of the vertical oscillator. 

There is one thing that could upset 
the interlace. At the end of one field, 
the start of the vertical blanking in¬ 
terval is one line away from the last 
horizontal pulse, but at the end of 
the succeeding field, it is only one-half 
line away from the last horizontal 
pulse. Consequently, a few lines prior 
to the firing time of the vertical oscil¬ 
lator, there is a different charge on 
the integrating capacitor (from the 
last horizontal pulse) depending on 
whether it is the end of the first 
field or the end of the second field. 
It is the purpose of the six equalizing 
pulses (of short duration and long 
spacing) to discharge the integrating 
capacitor to a fixed voltage level re¬ 
gardless of the charge at the start of 
the vertical retrace interval, so that 
the vertical oscillator will be triggered 
precisely at the same instant for each 
field. The trailing set of equalizing 
pulses discharges the integrating cir¬ 
cuit to the same voltage level at the 
conclusion of the vertical sync period. 
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Therefore no residual charge on the 
integrating capacitor is carried over 
from one field to the next. 
As you have learned, a single re¬ 

sistor and capacitor can function as 
an integrating circuit. However, in 
actual practice, groups of two to four 
resistors and capacitors are used to 
further emphasize the six vertical 
sync pulses and reduce the charges 
contributed by horizontal synchroniz¬ 
ing information or noise impulses. This 
more effective filtering action of an 
elaborate integrating network assures 
a more stable and rigid interlace and 
minimizes interference from other 
synchronizing pulses or from arriving 
noise impulses. 

TYPICAL CIRCUITS 
The inter-sync separator can be 

connected to supply either balanced 
or unbalanced horizontal sync output. 
When horizontal sync pulses of equal 
amplitude but opposite polarity are 

FIG. 17. Equal sync pulses of opposite 
polarity can be obtained from a sync 
amplifier for use with a horizontal phase 

detector. 

required, both plate and cathode out¬ 
puts from a so-called phase splitter 
can be used to form the dual horizon¬ 
tal pulses required, as shown in Fig. 
17. 
With the negative composite sync 

applied to the grid of the amplifier, 
a negative pulse is removed from 
across the cathode resistor and ap¬ 
plied to a differentiator. A positive 
pulse is removed from across a resistor 
of similar value inserted in the plate 
circuit, and applied to another differ¬ 
entiating circuit. The vertical infor¬ 
mation is removed at the plate of the 
phase-splitter tube and applied to the 
long-time-constant integrating circuit. 

PRINTED CIRCUIT 

FIG. 18. A single-ended sync amplifier 
circuit. 

A circuit that provides sync pulses 
of only one polarity, as is required for 
certain types of phase detectors or 
syncro-guide horizontal oscillators, is 
shown in Fig. 18. Often the integrator 
network is in the form of a printed 
circuit consisting of three resistors 
and three capacitors forming a triple 
integrator network in a unit no larger 
than a single conventional paper 
capacitor. Of course, an integrator 
made up of separate resistors and 
capacitors could be used just as well. 
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Using the Oscilloscope 
in Sync 

The oscilloscope is the most useful 
service instrument for sync circuits. 
It can be used both for adjustment 
and for trouble-shooting. It permits 
you to trace the various sync signals 
through the sync circuits, and, when 
calibrated properly, can be used as a 
signal voltmeter to measure the am¬ 
plitude of the pulses. In the instruc¬ 
tion manuals for many television re¬ 
ceivers, the manufacturers show the 
waveforms to be found in the sync 
and sweep circuits and often give the 
normal peak-to-peak amplitude of the 
various waveforms. 

It is very important for effectively 
using an oscilloscope to understand 
the form in which the signal informa¬ 
tion should appear. For example, the 
waveforms in various sections of the 
sync system were illustrated in Figs. 
3, 13, 14, and 15. However, on an 
oscilloscope, the waveforms do not 
always appear exactly as anticipated, 
because of the limitations of the aver¬ 
age oscilloscope. 

When an oscilloscope is used to ob¬ 
serve waveforms at a point in the 
circuit where both the horizontal and 
vertical pulses are present, the wave¬ 
forms are observed at two different 
oscilloscope sweep frequencies. Usu¬ 
ally you should adjust the scope to see 
2 or 3 complete lines or fields rather 
than only one. If you try to view 
only one, part of the pattern may be 
lost. 

To observe two fields of the tele¬ 
vision signal, set the oscilloscope to 
half the field frequency (30 cycles). 
To observe two lines, set the oscillo-

Circuits 
scope to half the line frequency (7875 
cycles). 

When the oscilloscope is connected 
to the grid of the first synchronizing 
stage, the composite video, blanking, 
and sync waveform can be observed. 
With the oscilloscope frequency set on 
half the line rate, horizontal sync, 
horizontal blanking, and video infor¬ 
mation can be observed as in Fig. 19A. 
If the oscilloscope sweep frequency is 
then adjusted to 30 cycles, two fields 
of video information are shown as in 
Fig. 19B. Notice in particular that 
not only is the vertical blanking and 
sync interval present, but also the 
entire group of line intervals (262^4) 
that occur between vertical blanking 
intervals appears as the illuminated 
hazy area between the vertical blank¬ 
ing intervals. 
Thus, you can expect to find not 

only the vertical information when 
observing the composite signal at field 
frequency, but also the signal infor¬ 
mation between vertical intervals. The 
horizontal pulses, of course, do not 
appear distinct in this representation 
because so many of them exist 
(262)^) between vertical intervals, 
that they blend together. Likewise 
the equalizing pulses and vertical sync 
pulses do not appear as separate pulses 
because they represent such a small 
time segment of the complete vertical 
period that they blend together. 
Horizontal blanking and sync 

pulses can be observed more distinctly 
because they form an appreciable per¬ 
centage of the total line period. Thus 
with the oscilloscope adjusted to half 
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the line frequency, the Iwrizontal sync 
and blanking pulse stands out clearly 
as in Fig. 19A. 
If the frequency response of the 

oscilloscope is limited, the pattern 
obtained will not be exactly like Fig. 
19A. If the high-frequency response 
is poor, the pulse will be somewhat 
rounded. You must therefore make 
allowances for distortion introduced 
by the oscilloscope. 

FIG. 19. A, horizontal intervals at sync 
take-off; B, vertical intervals at sync 

take-off. 

With the oscilloscope adjusted to 
half the line frequency and connected 
to the sync separator output, sep¬ 
arated horizontal sync pulses appear 
distinctly as in Fig. 20A. When the 
oscilloscope is adjusted to one-half the 
field rate, a vertical pulse, shown in 
Fig. 20B, appears. Again the hazy in¬ 
formation in the background is formed 
by the great many individual hori¬ 
zontal pulses that occur between ver¬ 
tical sync pulses. Likewise the ver¬ 
tical sync interval is such a small por¬ 
tion of the total field time that the 
actual equalizing and slotted vertical 

sync pulses do not appear as such 
on the oscilloscope screen. 

When the oscilloscope is connected 
to the output of the integrating cir¬ 
cuit, the resultant waveform is not 
always a presentation of the vertical 
sync pulse. The vertical sync pulse 
at this point is of very low amplitude 
compared to the actual grid waveform 
of a vertical blocking oscillator. To 
observe the vertical sync pulse, you 
must remove the vertical oscillator 
tube or in some other way make the 
vertical oscillator inoperative. The 
waveform obtained at the input of a 
vertical blocking oscillator, with the 
oscillator operating, is shown in Fig. 
21A. The waveform obtained with 
the oscillator inoperative is shown in 
Fig. 21B. 

FIG. 20. A, horizontal sync at sync sep¬ 
arator output; B, vertical sync at sync 

separator output. 

To observe the horizontal sync pulse 
at the output of the differentiator cir¬ 
cuit, adjust the sweep to one-half the 
line frequency. Again the actual 
horizontal synchronizing pulse at this 
point can be observed only if the hori¬ 
zontal oscillator itself is made inop-

24 



erative, because the horizontal oscilla¬ 
tor waveform is much greater in 
amplitude than the very small pulse 
that synchronizes it. The waveform 
obtained with the oscillator operating 
is shown in Fig. 22A and with the 
oscillator inoperative in Fig. 22B. 

FIG. 21. A, integrator, vertical oscillator 
in operation; B, integrator, vertical oscil¬ 

lator inoperative. 

SUMMARY 
The ability to interpret the infor¬ 

mation that appears on the oscillo¬ 
scope screen in terms of the pulses 
that exist in the circuit can help you 

FIG. 22. A, horizontal sync, horizontal 
oscillator in operation; B, horizontal sync, 

horizontal oscillator inoperative. 

to understand and use your oscillo¬ 
scope better. You must remember 
that your oscilloscope may have some 
tendency to distort the waveform, par¬ 
ticularly if the scope has only a lim¬ 
ited frequency response. Nonetheless 
the information that your oscilloscope 
can give you should be helpful in lo¬ 
cating defects in the sync section or 
for analyzing the performance of the 
sync or sweep stages of a TV receiver. 
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Synchronizing Sweep Generators 
We have already studied sync take¬ 

off circuits, sync separation, sync seg¬ 
regation, and the shaping of the hori¬ 
zontal and vertical sync pulses for 
application to the oscillators to be 
synchronized. The next step is to find 
out just how the sync pulses synchro¬ 
nize the deflection generator circuits. 

In the vertical sweep circuits, the 
vertical sync pulses lock in the ver¬ 
tical sweep generator (blocking tube 
oscillator or multivibrator) directly 
with each arriving vertical sync pulse 
by initiating the retrace period of the 
vertical oscillator. Horizontal syn¬ 
chronization in most television receiv¬ 
ers operates on a so-called “flywheel 
principle” in which the average fre¬ 
quency of the arriving horizontal sync 
pulses determines and synchronizes 
the horizontal sweep generating cir¬ 
cuits. 

In practically all television receiv¬ 
ers, the deflection oscillators are free-
running and operate continuously 
despite the presence or absence of 
sync pulses. A typical blocking oscil¬ 
lator used as a vertical sawtooth 
generator must have a free-running 
or non-synchronized frequency lower 
than the frequency at which it is 
locked in by the arriving sync pulses. 

It is important to realize that a 
sweep-generating circuit can be syn¬ 
chronized only if the free-running 
frequency is brought near to the 
frequency of the sync pulses. The 
receiver has horizontal and vertical 
hold or frequency controls to do this. 
At this point the sync pulses establish 
control of the oscillators and lock in 
the scanning cycle rigidly. Let us now 
consider this synchronizing action. 

FIG. 23. A typical blocking oscillator. 

VERTICAL SYNC SYSTEMS 
You have already studied blocking 

oscillators and will recognize the cir¬ 
cuit shown in Fig. 23 as a blocking 
oscillator. It is typical of the circuits 
used as the vertical oscillator in TV 
receivers. The waveform of Fig. 24A 
is typical of the grid signal (the charge 
and discharge cycle of the grid capac¬ 
itor through the grid resistor). In 
synchronizing the blocking tube, the 
vertical sync pulse arrives just before 
the instant at which the normal free-
running grid waveform reaches the 
conduction point of its cycle as shown 
in Fig. 24B. Since this time of con¬ 
duction could vary when the oscillator 
is free-running, the arrival of the sync 
pulse just before this time always trig¬ 
gers the oscillator at precisely the 
same time spacing as the arriving 
sync pulses. Consequently, the sync 
pulse arrives at the grid and immedi¬ 
ately drives the tube into conduction. 
This initiates the feedback cycle that 
begins the retrace period of the oscil¬ 
lator. This occurs for each arriving 
pulse so that the oscillator is locked in 
at the pulse frequency as shown in 
Fig. 24C. 
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FIG. 24. A, blocking oscillator grid curve; 
B, curve when sync pulses appear; C, 
how the sync pulses drive the grid into 

the region of plate-current flow. 

This very precise timing depends 
on the arrival time of the vertical sync 
pulses. If some other disturbance such 
as noise impulses or horizontal syn¬ 
chronizing components that stray into 
the vertical circuits arrive just ahead 
of the vertical sync pulses, they may 
cause erroneous synchronization of 
the vertical oscillator. This will cre¬ 
ate a momentary or continuous roll 
of the picture. Such a possibility em¬ 
phasizes the need for the integrator 
circuit and the precautions that are 
taken in the sync circuits to minimize 
or cancel noise components. 

A multivibrator, Fig. 25, can be 
synchronized in the same way with 
the application of a positive pulse to 
the section marked V2. At the instant 
the sync pulse arrives, V2 is driven 
into conduction and initiates the re¬ 
trace period. A multivibrator can 
also be synchronized by applying a 
negative-going pulse to the grid of 
VI. The negative pulse drives VI to 

FIG. 25. Synchronization of multivibrator. 

cut-off and a strong positive pulse will 
be developed in the plate circuit of 
this stage. This pulse is applied to 
the grid of V2 and causes this stage 
to conduct and initiate the retrace. 

HORIZONTAL 
SYNC SYSTEMS 

When a multivibrator is used to 
generate the horizontal sweep, the fre¬ 
quency of the oscillator is generally 
controlled by the average frequency 
of the horizontal sync pulses. There¬ 
fore, instead of being fed directly to 
the horizontal oscillator, the sync 
pulses are fed to a separate stage 
where an average de voltage is devel¬ 
oped and used to control the oscillator 
frequency. 

In this type of circuit, the sync 
pulse docs not arrive at the grid of 
the multivibrator. Likewise any noises 
that might arrive along with the. sync 
pulses cannot trigger the multivibra¬ 
tor erroneously. The sync pulses place 
a de charge on the grid circuit of the 
multivibrator that depends on their 
arrival time. As the average fre¬ 
quency of the sync pulses changes in 
relation to the oscillator frequency, 
the charge changes also, and causes 
the horizontal oscillator frequency to 
follow the frequency of the horizontal 
sync pulses. 
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FIG. 26. A typical multivibrator and control tube used to control the multivibrator 
frequency. 

A circuit of this type is shown in 
Fig. 26. The waveforms in Fig. 27 
show how the de potential controls 
the frequency of the oscillator. In 
the multivibrator circuit, the grid is 
returned to a positive supply potential 
point. The potential of this point in¬ 
fluences the frequency of the multi¬ 
vibrator because it determines the 
voltage range through which the grid 
capacitor discharges. After the grid 
capacitor C has been charged nega¬ 
tively to a value of minus EC it at¬ 
tempts to discharge to zero and on to 
some plus value. The capacitor charge 
never reverses during this discharge 
cycle, because as soon as cut-off volt¬ 
age is reached, the first section of the 
multivibrator starts conducting and 
a new cycle is started. 

FIG. 27. The waveform on the grid of the 
first stage of the multivibrator. 

The rate at which the capacitor dis¬ 
charges or the time required to reach 
cut-off voltage depends on the poten¬ 
tial toward which it attempts to dis¬ 
charge, as shown in Fig. 27. You can 
see that the discharge slope is steeper 
when the capacitor discharges toward 
the higher supply value, so the cut-off 
point is reached more rapidly, and the 
frequency increases. 

Since the plate voltage on the de 
amplifier controls the discharge time 
and is in turn controlled by the charge 
on the input capacitor, the charge 
placed there by the sync pulses regu¬ 
lates the frequency of the horizontal 
oscillator. This permits a horizontal 
deflection circuit far less affected by 
noise impulses than a directly syn¬ 
chronized sweep generator. 

It is also possible to control the 
frequency of a multivibrator with a 
de bias voltage applied to the grid of 
one section of the multivibrator as 
in Fig. 28. The bias is applied to VI, 
and V2 forms the wave shape needed 
to drive the horizontal output tube. 
The frequency is controlled by 

changing the voltage toward which 
C2 must discharge. This is the volt¬ 
age at the plate of VI. Increasing 
this voltage increases the frequency; 
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decreasing it decreases the frequency. 
This voltage at the plate of VI de¬ 

pends upon the drop across RP. When 
the drop across RP is high, the volt¬ 
age at the plate of VI is low. 
The drop across RP depends upon 

the grid bias. A low bias increases the 
current through VI and RP. This in¬ 
creases the voltage drop across RP, 
and reduces the voltage at the plate. 
Increasing the bias reduces the cur¬ 
rent through VI and RP. This reduces 
the voltage drop across RP and raises 
the voltage at the plate of VI. 

Since the frequency depends upon 
the voltage at the plate of VI, reduc¬ 
ing the bias reduces the frequency; 
increasing it increases the frequency. 

of lines and cause line displacements. 
This is called horizontal tearing. Nev¬ 
ertheless, direct synchronization of 
the horizontal sawtooth oscillator was 
used in some early TV receivers. 

In the modern receiver, the hori¬ 
zontal sync pulses still maintain syn¬ 
chronization of the horizontal sweep, 
but they do so by indirect means. In 
the so-called horizontal automatic 
frequency control circuit, the average 
frequency of the arriving sync pulses 
over a number of lines is used to 
establish synchronization of the hori¬ 
zontal oscillator, thus preventing trig¬ 
gering by noise pulses. 
In a horizontal afc system, shown 

in block diagram form in Fig. 29, 

FIG. 28. The frequency of a multivibra¬ 
tor can be controlled by varying the de 

bias applied to one section. 

HORIZONTAL AFC SYSTEMS 
It is possible to synchronize the 

horizontal sweep oscillator by direct 
application of the sync pulse as dis¬ 
cussed previously. However, the pres¬ 
ence of noise impulses along with the 
sync pulses can cause faulty synchron¬ 
ization. For example, a sharp noise 
pulse just ahead of a horizontal sync 
pulse could trigger the retrace period 
too early and displace the succeeding 
line of video information. Likewise, 
groups of noise pulses could cause im¬ 
proper synchronization over a number 

there are three basic circuits—the 
comparison circuit, the oscillator cir¬ 
cuit, and the deflection output circuit. 
The sweep generators and deflection 
output circuits were discussed in a 
previous lesson. In this lesson we will 
discuss the process of synchronizing 
the horizontal oscillator. 

The locally generated signal is fed 
back to the comparison circuit from 
the horizontal output stage. In the 
comparison circuit, the frequency and 
phase of this signal are compared with 
the frequency and phase of the sync 
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pulses to produce a de voltage that 
depends on their frequency and phase 
relationships. This de voltage in turn 
regulates the frequency of the hori¬ 
zontal oscillator. Consequently, the 
horizontal oscillator is maintained on 
proper frequency by a de voltage in¬ 
stead of by the sync pulses. When the 
incoming sync pulses and the locally 
generated signal are in phase, there 
is no voltage developed by the com¬ 
parison stage. If the two signals devi¬ 
ate in phase, a voltage is developed 
that brings the oscillator back in 
phase with the sync pulses. 

tor signals. This pulse establishes a 
de voltage to control the sweep 
oscillator frequency. 

PHASE DETECTOR 
A phase detector afc system com¬ 

pares horizontal sync pulses of equal 
amplitude but opposite polarity with 
the locally generated sawtooth wave 
that is fed back from the horizontal 
output circuits. A typical circuit is 
shown in Fig. 30. 

The feedback voltage is initially in 
the form of a pulse from the horizontal 
output circuit, but is integrated into 

HORIZONTAL 
DEFLECTION 
GENERATOR HOR. SYNC 

INPUT 

O.C. 
CHARGE 

LOCALLY. GENERATED 
COMPARISON SIGNAL 

COMPARISON 
CIRCUIT 

HORIZONTAL 
OSCILLATOR 

FIG. 29. Block diagram of horizontal afc system. 

There are three basic methods of 
comparison as follows: 

1. A phase detector system that 
compares the incoming sync signal 
with the locally generated signal and 
produces a de voltage that is used to 
control the frequency of a blocking 
tube or multivibrator sweep genera¬ 
tor. 

2. A phase discriminator system 
that produces a de charge that biases 
a reactance tube. The reactance tube 
regulates the frequency of a sine¬ 
wave-sweep oscillator. 

3. A pulse width system that devel¬ 
ops a pulse, the duration of which 
depends on the phase relationship be¬ 
tween the sync and the sweep oscilla-

a sawtooth wave by the network con¬ 
sisting of resistor RI and capacitor 
C3. Capacitor C6 acts as a blocking 
capacitor, and resistor R2 aids in 
shaping the sawtooth and provides a 
de return path for the phase detector 
diodes. The operation of the phase 
detector circuit can best be understood 
by first considering the circuit when 
just one of the basic signals is applied. 

With the application of a positive 
sync pulse to the top diode and a neg¬ 
ative sync pulse of equal amplitude 
to the lower diode, both diodes con¬ 
duct. The diode currents flow in oppo¬ 
site directions through resistor R5 in 
the output circuit. The positive pulse 
applied to the plate of diode DI will 
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cause diode current to flow from the 
plate of DI through resistors R3 and 
R5 to ground, through R2, and back 
to the cathode of DI. The negative 
pulse applied at the same time to the 
cathode of D2 will cause current to 
flow from the plate of D2 through 
resistor R2 to ground, through R5, 
R4, and back to the cathode of D2. 
If the diode circuits are balanced, and 
the applied sync pulses are of equal 
amplitude, equal currents flow through 
resistor R5 in opposite directions and 
there is a zero voltage drop across the 
resistor and a zero charge on capaci¬ 
tor C5. The diode currents, however, 
do charge capacitors Cl and C2 with 
the polarities indicated to prevent the 
diodes from conducting between 
pulses. Thus the diodes are keyed into 
conduction only during the time inter¬ 
val of the arriving sync pulses. 

or zero axis), D2 conducts. Since the 
two diodes again conduct equally, but 
in opposite directions, the net output 
across R5 is again zero. 

The phase detector circuit functions 
only when both signals are applied si¬ 
multaneously. If the sync pulses and 
the feedback sawtooth wave are 
exactly in phase, the sync pulses co¬ 
incide with the center of the retrace 
portion of the sawtooth wave. Under 
this condition, as shown in A of Fig. 
31 (assuming 5-volt pulses and a fl-
volt peak-to-peak sawtooth), the 
pulses arrive when the sawtooth wave 
is going through zero. Thus at the 
instant the diodes are triggered into 
conduction by the arriving sync 
pulses, there is a 5-volt difference of 
potential across the top diode and a 
5-volt difference across the bottom 
diode. These equal potentials draw 

FIG. 30. A typical phase detector afc system. 

If the sawtooth wave alone were 
applied to the phase detector, the out¬ 
put would again be zero and the 
charge on capacitor C5 zero. As the 
sawtooth falls below zero, it applies 
a negative voltage to the cathode of 
DI, and the diode conducts. On the 
positive portion of the sawtooth cycle 
(positive with respect to its central 

equal currents of opposite direction 
through resistor R5, and the charge 
on the capacitor C5 remains at zero. 

If there is a change in circuit con¬ 
ditions that causes the frequency of 
the oscillator to increase, the sync 
pulses will move up on the sawtooth 
as shown in Fig. 31B. Now the sync 
pulses occur when the sawtooth is 
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positive. This makes the cathode of 
DI and the plate of D2 positive. If 
under these conditions the cathode of 
Dl is 2 volts positive, as indicated, 
and the plate 5 volts positive, the net 
difference of potential across Dl is 
only 3 volts. At this very same in¬ 
stant the same positive 2 volts con¬ 
tributed by the sawtooth is also pres¬ 
ent on the plate of D2 along with a 
5-volt negative pulse applied to its 
cathode, producing a net difference of 
potential across D2 of 7 volts. Conse-

This positive charge on the grid of the 
horizontal multivibrator causes the 
frequency to decrease to that of the 
sync pulses, restoring the in-phase 
condition between the deflection wave¬ 
form and the sync pulses. 

If the oscillator frequency decreases, 
the sawtooth wave will be negative 
with respect to its zero axis when the 
sync pulses arrive as indicated in Fig. 
31C. Under these conditions the dif¬ 
ference of potential across Dl will 
exceed that across D2 and the cur-
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FIG. 31. A, the phase relationship between the sync pulses and the sawtooth signal 
applied to the phase detector when the oscillator is operating at the correct frequency. 

B, the oscillator frequency is high. C, the oscillator frequency is low. 

quently, D2 will conduct a greater 
current through the output resistor 
R5 than Dl. 

The polarity of the voltage across 
R5 will therefore be determined by 
the current through D2, so the junc¬ 
tion of R3, R4, R5, and R6 will be 
positive with respect to ground, plac¬ 
ing a positive charge on capacitor C5. 

rent through Dl will be greater than 
the current through D2. The unbal¬ 
anced currents will develop a voltage 
across Ro. The net voltage drop 
across resistor R5 and the charge on 
capacitor C5 will be negative with 
respect to ground and will increase the 
frequency of the multivibrator the 
proper amount. 
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FIG. 32. Diagonal bars obtained just 
prior to synchronization when the hori¬ 

zontal hold control is rotated. 

A long-time-constant network con¬ 
sisting of resistors R5 and R6 and 
capacitors C4 and C5 is used at the 
output of the phase detector for a 
number of reasons. For example, the 
time constant must be made long 
enough so the instantaneous current 
changes through resistor R5 do not 
cause the charge on capacitor C5 to 
vary quickly. In fact, the charge on 
capacitor C5 is the average of the 
instantaneous changes across resistor 
R5 for a number of lines. Thus, rapid 
instantaneous changes of multivibra¬ 
tor frequency, which would make the 
system more susceptible to noise, do 
not occur. Likewise sharp noise pulses 
do not influence the multivibrator fre¬ 
quency, because they cannot change 
the charge on C5 because of the long 
time constant of R5, R6, C4, and C5. 
In fact, the capacitor-divider arrange¬ 
ment of C4 and C5 further de-empha-
sizes noise pulses because it acts as a 
voltage divider, and most of the volt¬ 
age appears across C4. This divider 
action does not hamper the normal 
functioning of capacitor C5 because 
C5 accumulates its de charge over the 
necessarily longer time interval by 
charging through resistor R6. 

The time constant of this network, 
though long, is made short enough to 
follow the normal variations in the 
frequency of the sync pulses or drift 
in the frequency of the horizontal 
multivibrator. Otherwise there would 
be annoying line displacements and 
ragged raster edges, because the hori¬ 
zontal oscillator could not follow sync 
changes quickly enough. 

One of the advantages of the phase 
detector circuit, as compared to other 
types of horizontal afc circuits, is that 
no adjustment of the detector is neces¬ 
sary. The only adjustment is setting 
the horizontal multivibrator frequency 
properly, as mentioned in the preced¬ 
ing lesson, by setting the horizontal 
stabilizing circuit and the horizontal 
hold control, if one is used, so that the 
arrival of the sync pulses matches 
the center of the retrace period of the 
feedback sawtooth. This adjustment 
ensures that the sync pulses occur 
during the retrace interval of the de¬ 
flection waveform and that proper 
synchronization occurs when the cus¬ 
tomer-adjusted horizontal hold con¬ 
trol is set at the approximate center 
of its range. 

FIG. 33. A triode phase detector. 
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In most receivers using a phase de¬ 
tector afc, the horizontal controls are 
properly adjusted if the horizontal 
goes out of synchronization at each 
end of the adjustment range of the 
horizontal hold control. When the 
synchronization point is approached, 
diagonal bars such as shown in Fig. 32 
will appear, just before the synchron¬ 
ization point is reached. There will be 
the same number of these bars at both 
ends of the range of the hold control, 
but they will slope the opposite way 
at the two ends. 

A Triode Phase Detector. A modi¬ 
fied phase detector using a triode is 
shown in Fig. 33. It compares syn¬ 
chronizing pulses fed to the grid and 
cathode of the tube with a sawtooth 
wave fed to the plate of the tube from 
the output of the deflection circuit. 
The de voltage developed by the phase 
detector is used to control the multi¬ 
vibrator used as the horizontal oscil¬ 
lator. 

A positive-going sync pulse is ap¬ 
plied to the grid of the triode phase 
detector, and a negative-going pulse 
to the cathode. The sync pulses alone 
will cause grid current. Point A will 
therefore be negative with respect to 
point B and the cathode. The exact 
voltage between the grid and the 
cathode will depend upon the ampli¬ 
tude of the sync pulses. Very little 
plate current will be drawn when the 
pulses alone are applied to the tube, 
so that insofar as the action of the 
pulses is concerned, the cathode will 
be essentially at ground potential. 

The sawtooth applied to the plate 
of the tube will cause plate current 
to flow. When plate current flows, a 
voltage will be developed across R98, 
making the cathode positive with re¬ 
spect to ground. The amplitude of 
the sawtooth voltage applied to the 

plate of the tube is controlled by the 
design of the circuit components, so 
that the voltage at point D will 
normally be zero. 

As an example of how this is ac¬ 
complished, let’s suppose that with 
the sync pulses alone applied to the 
grid and cathode of the tube, point A 
is —4 volts with respect to ground. 

With —4 volts at point A, the am¬ 
plitude of the sawtooth signal applied 
to the plate of the tube is adjusted 
until the cathode current drawn 
through R98 develops a voltage drop 
of 4 volts across this resistor. This 
will place point B 4 volts positive 
with respect to ground. If A is —4 
volts and B -f-4 volts, then the point 
mid-way between the two, which is 
point D, will be at zero potential. 

An enlargement of the pulse on the 
plate is shown below the schematic 
diagram in Fig. 33. If the sync pulses 
occur when the sawtooth voltage 
reaches the line marked “balance 
voltage,” the resultant voltage at 
point D will be zero. However, if the 
oscillator frequency should change so 
that the frequency increases, the saw¬ 
tooth pulse will reach the balance 
voltage before the sync pulse arrives. 
By the time the sync pulse arrives, 
the sawtooth will be positive enough 
to cause the plate current to increase 
to a high enough value to develop 
sufficient positive voltage at point B 
to make point D positive. This posi¬ 
tive voltage is applied to the grid of 
the multivibrator and will slow down 
the multivibrator. 
If the multivibrator frequency 

should decrease, the sawtooth wave 
fed to the plate will barely rise above 
zero voltage when the sync pulse 
arrives, and as a result there will be 
little or no plate current flowing dur¬ 
ing the sync-pulse interval. This 
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means that point A will be negative 
with respect to ground, and point B 
will be essentially at ground potential. 
Point D will therefore be negative, 
and the negative voltage applied to 
the grid of the multivibrator will speed 
up the multivibrator. 

As long as the sawtooth signal is 
fed to the plate of the tube in the 
proper phase relationship with the 
sync pulses, the output voltage at 
point D will be zero. However, once 
the two signals get out of phase, a 
voltage will be developed at point D 
which will correct the error by chang¬ 
ing the multivibrator frequency. 

such a high positive value that it 
would be impossible for the sync 
pulses to overcome this voltage and 
get the oscillator back into sync. 

PULSE-WIDTH AFC 
The pulse width, or “syncro-guide” 

circuit, as mentioned in the sweep cir¬ 
cuit lesson, consists of a blocking os¬ 
cillator and a control tube as shown 
in Fig. 34. The blocking tube oscilla¬ 
tor uses an auto-transformer arrange¬ 
ment to obtain feedback between 
plate and grid circuits. The oscillator 
tube is biased near cut-off by the 
charge on capacitor C3. 

A sawtooth having the opposite 
polarity to that of the sawtooth signal 
applied to the plate is fed to the grid 
of the phase detector. The sole pur¬ 
pose of feeding the signal to the grid 
is to keep the phase detector balanced 
when there are no sync pulses present, 
such as when you tune to an unused 
channel. If this pulse were not applied 
to the grid, point D would rise to 

The frequency of the blocking tube 
oscillator is regulated by the de charge 
placed on capacitor C2 by the control 
tube. Resistors RI and R2 act as a 
voltage divider across this capacitor, 
supplying the proper de voltage level 
through resistor R3 to the grid of the 
blocking tube. The charge placed on 
capacitor C2 is governed by two 
things—the setting of a horizontal 
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hold control in the plate circuit of the 
control tube, and the duration of the 
pulse applied to the grid of this tube. 
The hold control determines the 

plate voltage of the control tube and 
the amount of de current drawn by 
the tube and, therefore, the de charge 
placed on capacitor C2. The charge 
on capacitor C2 is also affected by the 
duration of the pulse applied to the 
grid of the control tube. The duration 
of this pulse, in turn, is determined 
by the frequency and phase relation¬ 

pulse actually determines the charge 
placed on capacitor C2. The charge 
placed on the capacitor C2 is deter¬ 
mined by the length of time the con¬ 
trol tube conducts. This, in turn, de¬ 
pends on the phase relationship be¬ 
tween the sync pulse and the feedback 
signal supplied to the grid. 

The signal applied to the grid of the 
control tube is made up of the incom¬ 
ing sync pulse, the sawtooth wave 
developed at the output circuit of the 
oscillator (sawtooth-forming circuit 

FIG. 35. Waveforms found in the pulse width circuit. The numbers on the diagram 
in Fig. 34 correspond to the numbers on the waveforms. 

ship between the incoming horizontal 
sync pulses and the locally generated 
signal (fed back from the horizontal 
sawtooth generating circuits by way 
of capacitor C4 and resistor R4). 

The oscillator control tube is biased 
so that plate current flows only during 
the positive peak of the signal applied 
to the grid. This peak occurs when 
the sync pulse arrives, so the sync 

consists of resistor R5 and capacitor 
C5), and a sine-wave component con¬ 
tributed by the output resonant cir¬ 
cuit of the transformer (winding LI 
and capacitor C7). The sawtooth com¬ 
ponent is shaped by resistor R4 and 
capacitor C6, to form a partial para¬ 
bolic wave that emphasizes the retrace 
portion of the generated sawtooth. 
The sine-wave component is added in 



proper phase by the tuned circuit, to 
further emphasize the retrace portion 
of the feedback signal. The wave¬ 
form at the syncro-guide grid is made 
up of the incoming sync waveform 
and the fed-back modified signal, 
shown in 1 and 3 of Fig. 35. The 
addition of waveforms 1 and 3 pro¬ 
duces the resultant syncro-guide input 
signals shown in 4 of Fig. 35. 

The length of time the control tube 
conducts determines the amplitude of 
the charge placed on the cathode ca¬ 
pacitor C2. The time the tube con¬ 
ducts depends upon the position of 
the sync pulse with respect to the 
modified waveform (in other words, 
the phase relationship between modi¬ 
fied waveform and incoming sync). 

which now appears slightly displaced 
to the left of its original position. 
Thus, the tube does not conduct for 
as long an interval, and the charge 
on the cathode capacitor drops; the 
blocking tube grid-voltage decreases, 
and the frequency decreases to the 
same frequency as the sync pulses. 
In the waveform shown in 4C of 

Fig. 35, the horizontal frequency is 
low. The sync pulse therefore arrives 
too soon, drives the grid into the plate 
current region, and remains above 
cut-off for a longer interval because 
the drop off of the modified waveform 
is displaced to the right of its in-phase 
position. This increases the cathode 
charge, the blocking-tube grid voltage 
rises and causes a compensating in-

FIG. 36. The diagonal bars obtained just before the oscillator locks in are shown in 
A, and the blanking bar that may appear on the left as the hold control is rotated 

fully clockwise is shown in B. 

In waveform 4A of Fig. 35, the sync 
pulse is above cut-off the proper length 
of time to charge the cathode capaci¬ 
tor to the proper voltage, to hold the 
blocking tube on correct frequency. 
In waveform 4B, the horizontal fre¬ 
quency is too high. The sync pulse 
therefore arrives somewhat later than 
in 4A, and a part of the pulse is 
dropped below cut-off by the sharp 
decline of the modified waveform 

crease in the horizontal frequency to 
match the incoming sync pulses once 
again. 

This method of frequency control, 
referred to as a pulse-width system, 
controls the frequency by the length 
of the pulse duration. Again the block¬ 
ing tube frequency is controlled by a 
de voltage determined by the hori¬ 
zontal sync pulses. It is not triggered 
directly by the sync pulses and is 
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therefore not subject to erroneous 
synchronization by noise pulses. 

The noise immunity and stability of 
this type of sync control system de¬ 
pends upon proper adjustment of the 
control-tube and oscillator controls. 
To check the adjustments, tune in a 
local television station and then ro¬ 
tate the horizontal hold control fully 
counter-clockwise. In this position 
the picture should remain in synchro¬ 
nization, but if the channel selector is 
turned off the channel and immediate¬ 
ly back on, the picture should be out 
of sync. Now rotate the hold control 
clockwise, and notice that the number 
of diagonal bars that appear on the 
screen will be gradually reduced. At 
the instant only two or three bars 

wise position, a blanking bar may be 
pulled into the picture as shown in 
Fig. 36B. On some receivers the bar 
does not quite pull in. 

If the noise immunity and oscillator 
stability are not satisfactory, the 
syncro-guide circuit must be adjusted 
in accordance with a recommended 
procedure. The adjustment is best 
made by attaching an oscilloscope at 
point C (Fig. 34) to observe the pat¬ 
tern on the oscilloscope screen as the 
various adjustments are made. These 
adjustments are important and the 
technician should follow the manufac¬ 
turer’s recommended procedures very 
carefully to obtain the most efficient 
syncro-guide operation. 

appear, as in Fig. 36A, the picture 
should pull into sync immediately. 
This location of pull-in should be 
about 90 degrees from the extreme 
counter-clockwise position. Rotating 
the hold control an additional 90 de¬ 
grees should not cause the picture to 
fall out of synchronization. As the 
control is turned to its extreme clock-

The four controls that must be ad¬ 
justed are the two slugs in the oscil¬ 
lator transformer Tl, the hold control, 
and the capacitor C6. The hold con¬ 
trol and C6 primarily affect the fre¬ 
quency, and the transformer adjust¬ 
ments affect the oscillator phase and 
the phase of the signal fed back to 
the grid of the control tube. 
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FIG. 38. Syncro-lock horizontal afc circuit. 

rived from the deflection output 
cuit. The sawtooth is fed in at 
minai 3, and the sharp pulse at 
minai 2. The addition of these 

The oscillator frequency is determined 
by its resonant circuit (of which the 
reactance tube is a part) and the time 
constant of C8, R6, and R7. The 
variable resistor R7, which can vary 

tern, a sine-wave oscillator is used to 
form a line-rate sine wave. This sine 
wave is used to control the generation 
of a sawtooth as well as to serve as 
excitation for a phase discriminator 
circuit. In the phase discriminator 
circuit, the sine wave is compared 
with the sync pulse. Once again, a 
difference in phase develops a de out¬ 
put that is applied to a reactance tube. 
The reactance tube, in turn, is con¬ 
nected into the resonant circuit of the 
sine-wave oscillator and in part deter¬ 
mines its frequency of oscillation. The 
schematic of this circuit is shown in 
Fig. 38. 

An electron-coupled Hartley oscil¬ 
lator generates the line-rate sine wave. 

SYNCRO-LOCK SYSTEM 
In many of the earlier receivers and 

in some few of the newer ones, a sys¬ 
tem of horizontal control referred to 
as “syncro-lock” is used. In this sys-

cir-
ter-
ter-
two 

An earlier syncro-guide system, 
which is shown in Fig. 37, uses the 
same basic principles, but has a 
slightly different means of forming 
the grid waveform of the control tube. 
The modified input waveform is ob¬ 
tained by the addition of a fed-back 
sawtooth wave and a sharp pulse dé¬ 

signai components forms a modified 
wave like that shown in 3 of Fig. 35 
at the grid of the control tube. To 
this is added the incoming sync pulses 
to form the usual syncro-guide grid 
waveforms as shown in 4 of Fig. 35. 

TO SYNC 
AMPLIFIER 

r5 
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the oscillator frequency, can be used 
as the hold control. The plate output 
is used to trigger a conventional dis¬ 
charge tube that forms the horizontal 
sawtooth wave. 

The frequency of an oscillator, you 
remember, can be controlled by a de 
bias on the grid of a reactance tube. 
Thus, the frequency of the sine wave 
oscillator VT3 is controlled over a 
limited range by the charge on capac¬ 
itor C4 which is in the grid circuit of 
the reactance tube VT4. The charge 
on C4, which is developed by the 
phase discriminator, changes as the 
phase relationship between the sine 
waves, that are fed into the phase 
discriminator circuit, and the sync¬ 
pulses change. 

The syncro-lock circuit is extremely 
stable and provides excellent oscilla¬ 
tor stability even in areas where the 
signal is weak and the noise level 
high. However, this system has been 
abandoned because of the number of 
tubes required. 

COLOR SYNCHRONIZATION 
SYSTEM 

In a color receiver, in addition to 
the conventional horizontal and ver¬ 
tical synchronizing circuits, a special 
color synchronizing circuit is used to 
make certain that the chrominance 
(color) information is superimposed 
properly on the luminance (bright¬ 
ness) information. This superimposi¬ 
tion must occur at the proper time 
and in synchronism with the chromi¬ 
nance information from the station. 
For example, the synchronizing sys¬ 
tem makes certain that the red hue 
of a red rose on a bush falls exactly 
on the rose and is not displaced so 
that the red hue falls on the leaves 
of the rose bush. 

FIG. 39. The 3.58-mc color burst is placed 
on the back-porch of the horizontal 

blanking pulse. 

The composite color television sig¬ 
nal, accepted as standard by the Fed¬ 
eral Communications Commission, 
differs from the standard monochrome 
signal, by the addition of a color syn¬ 
chronizing burst that rides on the 
back-porch of the horizontal blanking 
pulse as illustrated in Fig. 39. The 
burst signal occurs at the chrominance 
sub-carrier frequency of 3.58 mega¬ 
cycles (the chrominance sub-carrier 
is a signal that is modulated by the 
color hue and saturation information 
in the color television system). This 
small sample of the basic sub-carrier 
frequency, that is added to the blank¬ 
ing pulse, must synchronize the 
receiver circuits that release the 
chrominance information in proper 
sequence for perfect superimposition 
of the color information on the mono¬ 
chrome picture detail. 

The sub-carrier burst consists of 
about 8 cycles of the basic sub-carrier 
frequency, which is applied to a com¬ 
parison circuit in the receiver. Here 
it is compared with the locally gen¬ 
erated sub-carrier frequency that is 
actually releasing the color informa¬ 
tion continuously. Thus the few cycles 
in the color burst must synchronize 
the local sub-carrier generator. This 
stage is generating and inserting the 
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sub-carrier into the received chromi¬ 
nance information, so that the chromi¬ 
nance data can be released properly. 

The composite video signal from one 
of the video amplifiers in the color 
receiver is first applied to a burst 
amplifier. A negative horizontal gate 
pulse from the horizontal deflection 
circuit is also applied to the burst 
amplifier as shown in Fig. 40. The 
gate pulse, which is applied to the 
cathode, permits the burst amplifier to 
conduct only during the back-porch 
of the horizontal retrace interval. 
Thus synchronizing, video, and noise 
impulses, which arrive between the 
sub-carrier bursts, are prevented from 
appearing in the plate circuit of the 
burst amplifier. 

burst signal is then coupled to the 
resonant circuit in the input of the 
phase detector. Thus bursts of pulses 
of equal amplitude but opposite polar¬ 
ity are applied to the two diodes. A 
comparison sine wave is applied to 
the other side of the phase detector 
much as the sawtooth wave in the 
previously discussed horizontal afc 
systems. If the locally generated sine 
wave and the burst pulses have the 
correct phase relationship, the sine 
wave will be going through zero when 
the peak of the burst pulse is applied 
to the phase detector. (There is a 90-
degree phase displacement between 
the two signals.) Under these condi¬ 
tions, there will be zero output from 
the phase detector. However, if there 

FIG. 40. Simplified circuit of a color synchronization system. 

A resonant circuit in the plate cir¬ 
cuit of the burst amplifier is tuned 
to the 3.58-megacycle sub-carrier fre¬ 
quency to emphasize this component 
and reject all others. The amplified 

is a phase displacement between the 
locally inserted sine wave and the 
burst pulse of other than 90 degrees, 
a positive or a negative de voltage, 
depending on the direction of the 
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phase and frequency change, is devel¬ 
oped at the output of the phase detec¬ 
tor. This de voltage is supplied as bias 
to the reactance tube, shown as a 
block in Fig. 40. 
The reactance tube is connected 

across a crystal-controlled oscillating 
circuit, which generates the sub-car¬ 
rier sine wave that is applied to the 
chrominance or color demodulator cir¬ 
cuits. A portion of this same crystal-
controlled sine wave is also applied, 
through the color-phasing amplifier 
and phase-shift transformer T2, to the 
phase detector. This is the locally 
generated component that is compared 
with the incoming burst frequency. 
Consequently, the incoming sub-car¬ 
rier burst synchronizes the crystal-

controlled sub-carrier generator of the 
receiver, so the phase of this locally 
generated sub-carrier is proper for 
correct demodulation of the color 
information. 

When a color receiver is to repro¬ 
duce a monochrome (black and white) 
picture, there is the possibility of dis¬ 
turbing signals from the color chan¬ 
nels of the receiver. To prevent this, 
a color-killer circuit is used in the 
color synchronization system. It is 
operated by the de component devel¬ 
oped by the phase detector. It cuts 
off the bandpass amplifier, which is 
the door into the chrominance chan¬ 
nel, and prevents operation of the 
chrominance channels during the re¬ 
ception of a monochrome picture. 

Location of Sync Defects 
The location of defects in the sync 

circuits can be best accomplished in 
an orderly step-by-step manner. The 
following procedure can be used satis¬ 
factorily with most receivers. 

I. Observe Picture on Screen. Ana¬ 
lyze disturbance and try to determine 
which section of receiver is most prob¬ 
ably defective. The photographs of 
Fig. 2 show most common disturb¬ 
ances in sync circuits. By identifying 
the type of trouble you have, you can 

usually isolate the trouble to a small 
section of the sync system. 
2. Check Tubes. Check tubes in 

sync stage, vertical oscillator, and hor¬ 
izontal oscillator (still the most com¬ 
mon source of trouble) by substitution 
while observing the picture. 

S. Apply Oscilloscope. Use oscillo¬ 
scope to narrow down defect to a par¬ 
ticular stage of the sync system. Use 
scope to make certain that proper 
composite signal is being applied to 

FIG. 41. Waveform shows sync clipping in video amplifier. It causes unstable 
synchronization because of reduced level of sync (narrow voltage range between sync 

tip and blanking level.) 
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sync input (refer to the photos of 
Fig. 19). On occasion sync is clipped 
by failure in the video amplifier or 
age before it reaches the sync-circuit 
input, as shown in Fig. 41. 

4. Use Oscilloscope and VTVM. Use 
scope and VTVM to locate defective 
component. It is helpful to be able to 
measure the peak waveform voltage 
as well as de voltages in the sync 
circuits. 

To isolate a defect, the oscilloscope 
can be attached for observation at 
four key check points (again refer to 
the photos of Fig. 19) in the sync 
circuits: 

(a) Sync Input. A scope attached 
at the sync input indicates immediate¬ 
ly if the defect is in the sync circuits 
or in a preceding stage. A means of 
measuring peak amplitude is often 
helpful, as the measurement can be 
compared with what the manufacturer 
considers normal at this point. 

(b) Sync Separator-Amplifier Out¬ 
put. A scope test here permits you to 
check the separation action and the 
build-up of sync prior to segregation. 

(c) Vertical Integrator and Oscil¬ 
lator. A scope observation at this 
point permits you to check if the ver¬ 
tical sync pulse is present and ready 
to synchronize the vertical oscillator 
(vertical oscillator tube must be in¬ 
operative for this check). Likewise, 
with oscillator tube in operation, 
check to see how the oscillator wave¬ 
forms compare with those recom¬ 
mended by manufacturer. 

(d) Horizontal Sync Input and 
Oscillator. Here the scope permits 
you to check for the presence of the 
horizontal sync pulse at the point 
of synchronization (horizontal oscil¬ 
lator tube inoperative). Likewise with 
tube in operation check to see how 

oscillator waveforms compare with 
those recommended by the manufac¬ 
turer. 

OSCILLOSCOPE VOLTAGE 
CALIBRATION 

It is easy to check the amplitude of 
various sync circuit waveforms to see 
if they comply with the levels indi¬ 
cated as normal by the manufacturer. 
Some oscilloscopes have built-in volt¬ 
age calibrators, and external voltage 
calibrators are available to calibrate 
any oscilloscope. Since the voltage 
calibrator is a rather simple device, 
one can be constructed using a few 
simple components. 

The peak voltage of an oscilloscope 
waveform can be measured by using a 
substitution principle. For example, 
the desired waveform can be present¬ 
ed on the scope screen and the scope 
vertical gain control adjusted until 
the vertical height of the pattern 
covers a prescribed number of divi¬ 
sions (let us say four divisions). After 
the gain control and/or attenuator 
have been adjusted so the pattern is 
the desired height, these controls 
should not be adjusted again. Next 
the waveform is removed and a 60-
cycle sine wave is applied to the ver¬ 
tical input of the scope. Now the am¬ 
plitude control on the calibrator is 
adjusted (remember not to adjust or 
change the setting of the vertical gain 
control on the scope) until the sine 
wave occupies exactly the same num¬ 
ber of divisions (four in our assumed 
example). The rms value of the 60-
cycle sine wave is now measured on 
an accurate meter. This reading indi¬ 
cates the rms voltage that had to be 
applied to the scope input to obtain 
the same deflection on the scope screen 
as the waveform to be measured. To 
convert this reading to the peak-to-
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peak voltage, multiply the meter 
reading by 2.82 (peak-to-peak voltage 
equals 1.4 x 2 x rms). 

A simple voltage calibrator can be 
constructed from a 6.3-volt filament 
transformer, an accurate 0-10 volt 60-
cycle meter, a potentiometer, and a 
few resistors as illustrated in Fig. 42. 
The voltage across the output can be 
adjusted with the potentiometer. The 
meter reading indicates rms volts 
applied to the oscilloscope input. An 
additional resistor divider at the out-

FIG. 42. Diagram of a voltage calibrator 
for use with an oscilloscope. 

put can be used to divide the output 
voltage by a factor of 10 to obtain 
very low sine-wave components for 
measuring weaker signal amplitudes. 

To summarize the operation of the 
calibrator in measuring pulse ampli¬ 
tudes, follow this step-by-step proce¬ 
dure: 

1. Apply pulse to be measured to 
the oscilloscope input. Adjust the 
vertical attenuator and vertical gain 
control of the oscilloscope until the 
pattern occupies a prescribed number 
of vertical divisions on the scope 
screen. Do not again adjust these 
controls until the measurement has 
been completed. 

2. Apply the calibrating sine wave 
to the same vertical input of the oscil¬ 
loscope. Adjust the calibrator poten¬ 
tiometer until the sine wave occupies 
the same number of scope divisions. 

3. Multiply the rms meter reading 
on the meter by a factor of 2.82 to 
obtain the peak pulse voltage. 
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Lesson Questions 
Be sure to number your Answer Sheet 56B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold answers to 
send in more than two sets at a time, or you may run out of lessons be¬ 
fore new ones can reach you. 

1. If a defect in the sync separator prevents the sync pulses from reaching the 
horizontal and vertical sweep oscillators, will the oscillators continue to 
oscillate? 

2. If, in a TV receiver, you find that you can sync the vertical sweep oscillator 
but not the horizontal, where would you look for trouble, in the sync separa¬ 
tor or in a sync amplifier used to amplify only the horizontal syne pulses? 

3. Why are isolating circuits needed at sync take-off points? 

4. What is the purpose of the sync separator stage? 

5. What two techniques are used to make synchronization less subject to 
noise interference? 

6. How do we cause a tube to cut off at a low negative bias? 

7. What is the function of the integrator? 

8. What is the disadvantage of applying the sync pulse directly to the hori¬ 
zontal oscillator to obtain synchronization? 

9. Why are horizontal afc systems not subject to noise triggering? 

10. If in servicing a TV set with an oscilloscope, you found the sync pulses 
clipped at the input to the sync separator, where would you look for trouble, 
in the sync separator or in the video circuits? 
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TO BE INDEPENDENT, 
PRACTICE ECONOMY 

To become truly independent, the practice of 
simple economy is necessary. And economy requires 
neither superior courage nor great virtue. It re¬ 
quires only ordinary energy and consistent atten¬ 
tion. Essentially, economy is the spirit of orderli¬ 
ness applied to the administration of your own 
personal affairs. It means management, regularity, 
prudence, and the avoidance of waste. 
Economy also requires the power to resist present 

gratification of your wants, in order to secure future 
benefits. And even wild animals practice this econ¬ 
omy when they store food for the winter ! 
Yes—the practice of economy is necessary unless 

and until you figure out some fool-proof way to 
make money faster than you can spend it! I’ll admit 
that a few men have been able to do this—but until 
you can discover this golden secret, your best road 
to independence will be the day in and day out 
practice of reasonable economy. 





STUDY SCHEDULE NO. 57 

For each study step, read the assigned pages first at your 
usual speed, then re-read slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mind. Study each other step in this same way. 

n 1- Introduction. Pages 1-4 
A summary of the sections of the TV receiver that are covered in this 
lesson, explaining the general purpose and use of each. 

□ 2. Low-Voltage Power Supplies. Pages 5-12 
Both transformerless and transformer types are discussed. Voltage 
doublers and B+ boost are also included in this section. 

[ J 3. High-Voltage Power Supplies.Pages 13-20 
Here you learn the various methods used to obtain the high acceleration 
voltage required by picture tubes. 

] 4. Sound Systems.Pages 20-32 
The manner in which the sound signal is reproduced in TV receivers is 
discussed here. The signal is traced from the antenna to the speaker. 

Q 5. Automatic Gain Control Systems.Pages 32-36 
Automatic gain control in TV receivers is similar to avc in radio receiv¬ 
ers; but the complexity of the television signal makes a more complex 
circuit desirable. You learn how these circuits operate in this section. 

] 6. Answer Lesson Questions. 

QU 7« Start Studying the Next Lesson. 
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YOU HAVE now studied all of the 
sections of the television receiver 

that are directly responsible for the 
reproduction of a picture. This lesson 
covers some of the auxiliary circuits. 
These are absolutely essential to the 
complete television set, but are not 
directly involved in reproducing the 
television picture. 

All of the circuits covered in this 
lesson have been touched upon in your 
previous lessons. You cannot study 
any television circuit without recog¬ 
nizing the existence of power supplies. 
In your lesson on i-f amplifiers and 
video amplifiers some of the methods 
of sound take-off were discussed, and 
you learned that a sound signal exists 
throughout the television system up 
to the video amplifier. 

You will recall from your study of 
tuners and i-f sections that an age 
(automatic gain control) voltage is 
invariably fed back to some of the 
i-f amplifiers and also is usually fed 
back to the tuner. Thus, none of the 
circuits studied in this lesson will be 

entirely new to you, but you will learn 
more of the details of their operation. 

POWER SUPPLIES 
The block diagram in Fig. 1 illus¬ 

trates the general pattern of the most 
frequently used power-supply system 
in modern television receivers. Other 
systems have been used and will be 
found in some receivers still in use, 

FIG. 1. A block diagram of the most 
frequently used TV power-supply system. 
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but in general this is the system that 
you will encounter most often in TV 
receiver servicing. Of course, all of 
the systems in use today will be 
studied in more detail later in this 
lesson. 

The top four blocks in the diagram 
in Fig. 1 represent an ordinary power 
supply much like the ones that you 
are familiar with from radio servicing. 
A 115-volt ac line voltage is fed into 
a low-voltage power supply, which in 
turn supplies low-voltage ac to the 
tube filaments (usually 6 or 12 volts), 
and a de voltage usually between 200 
and 300 volts to the plate circuits 
of the various tubes in the receiver. 
However, from your previous studies 
of television circuits, you know that 
these voltages are not enough to 
supply the complete television re¬ 
ceiver. The television picture tube 
demands voltages that are beyond the 
ability of the ordinary radio receiver 
power supply to produce. Therefore, 
we have additional power supply sec¬ 
tions, which are represented by the 
bottom three blocks. 

You will recall from your lesson on 
sweep circuits that, in addition to sup¬ 
plying the necessary sawtooth current 
to the deflection yoke, the horizontal 
sweep circuits are actually a part of 
a high-voltage power supply system. 
Pulses of very high voltage are sup¬ 
plied by the sweep circuits to a high 
voltage rectifier, which in turn sup¬ 
plies an extremely high de voltage 
to the picture tube. You will also 
recall that the rectifier action of the 
damper tube in the horizontal sweep 
circuits supplies a “B+ boost” voltage. 
It adds about 50% to the normal 
200- to 300-volt B-|- supply. This B-|-

boost voltage, usually about 450 volts, 
is sometimes used to supply the first 
anode of the picture tube and often 
the plates of some of the other tubes, 
such as the horizontal deflection 
amplifier. 

From this brief study of the power 
supply system, shown in Fig. 1, we 
can summarize the various voltages 
that the television power supply must 
furnish. It must supply a low voltage 
for the tube filaments, a normal B-|-
voltage of 200 to 300 volts for most 
of the tube plates, a “B-f- boost” volt¬ 
age somewhere between 450 and 500 
volts for the picture tube first anode 
and possibly the plates of some other 
tubes, and an extremely high de accel¬ 
eration voltage (about 20,000 volts in 
some cases) for the picture tube. The 
various methods used to supply these 
voltages by the different power supply 
systems will be studied in detail. 

SOUND SYSTEMS 
The sound system of a TV receiver 

actually begins at the antenna, be¬ 
cause the sound is received in the 
form of a frequency-modulated car¬ 
rier at the same antenna that receives 
the video signals, and it accompanies 
the video signal through some of the 
stages of the TV receiver. From your 
study of previous lessons, you should 
be familiar with the manner in which 
the sound signals are transported 
through the stages of the receiver 
common to both sound and video sig¬ 
nals. You also know, from your pre¬ 
vious studies, that there are two 
different methods used to separate 
sound from video signals, the separate 
channel system and the intercarrier 
system. 
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The block diagram in Fig. 2 illus¬ 
trates the general plan of an inter¬ 
carrier sound system. This is the most 
frequently used system in modern 
television receivers, but there are still 
many receivers having separate sound 
channels. 
In the block diagram, sound and 

video radio-frequency signals are re¬ 
ceived at the antenna and delivered 
to the tuner. The tuner converts the 
signals into i-f signals, and delivers 
them to the video i-f amplifiers for 
further amplification. The sound and 
video signals from the i-f amplifiers 
are delivered to the video detector. 
In the video detector, the sound and 
video signals beat together, producing 
a 4.5-megacycle sound i-f signal. This 

with the preservation and reproduc¬ 
tion of the sound. You have already 
studied tuners, video i-f amplifiers, 
and video detectors; this lesson will 
deal with sound i-f amplifiers, sound 
detectors, and audio amplifiers. 

AUTOMATIC GAIN CONTROL 
The primary purpose of automatic 

gain control in television receivers is 
exactly the same as that for auto¬ 
matic volume control in broadcast 
receivers. (In fact, avc should be 
called age.) That is, the automatic 
gain control serves to change the bias 
on certain tubes in the receiver to 
compensate for variations in the 
strength of the carrier signal being 
received. However, the nature of the 

FIG. 2. A block diagram of a commonly used sound system. 

signal is further amplified in the sound 
i-f amplifier and fed to a sound detec¬ 
tor, which is usually a ratio detector. 
From the sound detector, audio signals 
are sent to a conventional audio am¬ 
plifier where they are further ampli¬ 
fied and then used to drive the 
speaker. 

In your previous studies you have 
been concerned with the video signal, 
and with the sound only insofar as 
separating it from the video signal 
and keeping it from interfering with 
picture reproduction are concerned. 
In this lesson we will be concerned 

television signal is somewhat more 
complex than the ordinary broadcast 
signal. Therefore, you will find that 
the gain control systems used in tele¬ 
vision receivers are generally more 
complex than those used in broadcast 
receivers. 

The general plan of an automatic 
gain control system is shown in the 
block diagram in Fig. 3. Here the 
composite video signal is received at 
the tuner, its i-f output signal is 
amplified in the video amplifiers, and 
a detected composite video signal is 
available at the detector. The age 
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FIG. 3. The general plan of automatic 
gain control systems. 

system may receive the composite 
video signal. However, since the 
strength of the bias voltage produced 
by the age system is usually dependent 
upon the sync pulses only, the sync 
pulses are indicated as being received 
by the age system. 

The reason that the age system must 
operate from the sync pulses is that 
the age bias voltage fed back to the 
tuner and the i-f amplifiers must be 
proportional to the strength of the 
carrier signal, and therefore must be 
derived from a signal that is always 
in direct proportion to the carrier 
strength. The sync pulses are the only 
portion of the composite video signal 
that meets this requirement. They 
will always be in direct proportion to 

the strength of the carrier, but the 
picture portion of the video signal will 
vary according to the requirements of 
the picture being reproduced. 

The age system utilizes the sync 
pulses to produce a bias voltage that 
may be fed back to the video i-f 
amplifiers and/or the rf tuner. When 
there is an increase in carrier strength, 
the negative bias on those stages fed 
by the age system will increase in 
proportion and thus maintain a fairly 
constant reference amplitude for those 
signals fed into the video detector. 
The various methods of accomplish¬ 
ing age are discussed in detail later 
in this lesson. 

From the foregoing descriptions of 
television power supplies, sound sys¬ 
tems, and automatic gain control you 
can see that inost of this lesson will 
be in the nature of review. If you 
have difficulty thoroughly understand¬ 
ing any of the concepts presented in 
this lesson, you may find a brief 
review of previous lessons on radio 
power supplies, automatic gain con¬ 
trols, and your more recent lessons on 
the various sections of the television 
receiver helpful. 

4 



Low-Voltage Power Supplies 
The purpose of the low-voltage 

power supply is to supply a low, usu¬ 
ally ac, voltage to the tube filaments 
in the television receiver and to supply 
the B-j-voltage for most of the tubes 
in the set. These two are the basic 
requirements for almost all pieces of 
equipment using vacuum tubes. There¬ 
fore, you will not find anything in 
television low-voltage power supplies 
that is radically different from power 
supplies that you have already 
studied. 

Just as in ordinary radio receivers, 
there are two main types of low-volt¬ 
age power supplies: the transformer 
type and the transformerless type. 
Both of these are very similar to their 
radio receiver counterparts, but you 
will find that the larger number of 
tubes used in the television set makes 
some increased demands on the low-
voltage supply that requires the use 
of larger components and sometimes 
unconventional circuits. 

FIG. 1. Basic full-wave rectifier circuit. 

TRANSFORMER TYPE 
The basic full-wave rectifier circuit 

shown in Fig. 4 will refresh your 
memory of conventional transformer¬ 

type power supplies. The main differ¬ 
ence between this basic power supply 
and those used in television receivers 
is that in the television receiver there 
is apt to be more of everything. The 
large number of tubes in the television 
receiver requires a heavy duty rectifier 
or two rectifiers connected in parallel 
to supply sufficient plate current. Be¬ 
cause of the high current range and 
the necessity for good decoupling in 
the television receiver, more filter 
capacitors of higher capacity will be 
used. The many different tubes in the 
television set require a number of 
different plate-supply voltages. There¬ 
fore, there will be more taps on the 
voltage divider across the output of 
the power supply. Because of the 
large number of filaments to be sup¬ 
plied, sometimes filament windings of 
two different current ratings are used. 
There are usually two filament wind¬ 
ings in addition to the 5-volt winding 
which supplies the rectifier filament. 

A typical low-voltage power supply 
is shown in Fig. 5. Note that one plate 
of each rectifier tube is connected in 
parallel with the corresponding plate 
of the other tube. The same current¬ 
carrying capacity could be achieved 
by connecting the two plates of each 
tube together and using each tube as 
a half-wave rectifier in a full-wave 
circuit; but in that case, if one tube 
failed, we would get half-wave recti¬ 
fication and greatly reduced voltage 
output. With the arrangement shown, 
if one tube fails, the other tube is 
somewhat overloaded, but operation 
is not greatly impaired until both 
tubes fail. 
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FIG. 5. Typical transformer-type low-
voltage power supply. 

In addition to the 90-mfd of input 
and output capacity in the filter net¬ 
work, there are relatively high capac¬ 
ities shunting the various resistors in 
the voltage divider. These provide 
additional filtering action. 

Some television receivers have low-
voltage power supplies that produce 
negative as well as positive voltages. 
A simplified circuit of such a power 
supply is shown in Fig. 6. Note that 
the over-all voltage output of this 
supply is about the same as the one 
shown in Fig. 5, but its maximum volt¬ 
age to ground is 215 volts. This en¬ 
ables the manufacturer to make some 
saving on components such as by¬ 
pass and decoupling capacitors, that 
must be connected from B-|- to ground, 
because their working voltage need 

not be as high as it would be if the 
negative side of the power supply 
output were connected to ground, 
making the positive side 335 volts. 
However, the full 335 volts may be 
utilized where necessary. 

Remember that the voltage applied 
between any two elements of a stage 
is equal to the voltage difference be¬ 
tween the elements. Fig. 7 shows how 
a vacuum tube may operate with all 
of the de voltages to its various ele¬ 
ments negative with respect to ground. 
It is not uncommon to find an 
arrangement of this sort in TV cir¬ 
cuits, particularly when used with de¬ 
coupled video amplifiers. If the stage 
shown in Fig. 7 required a plate 
potential of 335 volts, it would be pos¬ 
sible to obtain this from a power 
supply of the type illustrated in Fig. 
6. With the —120-volt tap attached 
to the cathode, and the -|-215-volt tap 
attached to the plate, there would be 
a difference of potential between 
cathode and plate of 335 volts, utiliz¬ 
ing the complete voltage output of the 
power supply shown in Fig. 6. 

FIG. 6. Simplified circuit of a low-volt¬ 
age power supply producing both positive 

and negative voltages. 
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FIG. 7. This tube will conduct with neg¬ 
ative voltages applied to all of its ele¬ 
ments, because the plate is positive with 
respect to the cathode and the grid is only 5 
volts negative with respect to the cathode. 

From the foregoing description of 
the transformer type of low-voltage 
power supply it is obvious that there 
is very little difference between it and 
the conventional power supplies used 
in other electronic equipment. It is 
simply a full-wave rectifier type of 
power supply which takes into con¬ 
sideration the increased requirements 
of a large number of vacuum tubes. 

TRANSFORMERLESS TYPE 
The transformerless low-voltage 

power supply for television receivers 
is similar to its radio counterpart in 
principle only. In actual practice, it 
is considerably different from the 
average ac-dc recèiver power supply. 
You will recall that the transformer¬ 
less radio receiver usually has a very 
simple filament string, the tube fila¬ 
ments all connected in series across 
the 115-volt line. The large number 
of tubes used in a television set pre¬ 
vented such a simple arrangement 
when the transformerless power sup¬ 
ply for television was first conceived. 
However, a special series of tubes has 
been developed for television, the fila¬ 
ments of which may be connected in 
a simple series string. The plate volt¬ 

age requirement of the television cir¬ 
cuits exceeds the voltage available 
from the simple half-wave rectifier 
circuit generally used in ac-dc radios. 
Therefore, some form of voltage mul¬ 
tiplier that does not require a trans¬ 
former must be used for the plate 
supply circuit of the transformerless 
power supply. We will discuss this 
later in this lesson. 
Filament Supply. A typical fila¬ 

ment supply circuit for TV sets 
using conventional tubes is shown in 
Fig. 8. Here, five tubes in series with 
RI form one string, and eight tubes 
plus R2 form another. These two 
series strings both pass current 
through tubes VT1 and VT2. Tube 
VT1 has a current rating twice that 
of any tube in the series strings so 
that it can carry both currents. Tube 
VT2 does not have as high a rating, 
so it is shunted by resistor R3, which 
carries the extra current. 

The resistors RI and R2 reduce the 
supply voltage to the amount required 
by each series string. They also usu¬ 
ally have a ballast action to protect 
the tubes when the set is first turned 
on. The tube filaments have low 
resistance when cold, so a high cur¬ 
rent could flow through them until 
they warmed up, if these resistors were 
not used, and the lives of the tubes 
would be shortened. To prevent this, 
the series resistors used are usually 

FIG. 8. A series-parallel filament circuit 
typical of circuits used before the devel¬ 
opment of special tube types for series 

connection. 
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either ballast tubes or special “Glo¬ 
bar” resistors made so that their re¬ 
sistances decrease as they get warm. 
The cold resistance of these resistors 
is high enough to limit the starting 
current to a safe value; then, as the 
tubes warm up, the resistance of the 
ballast resistors decreases enough to 
permit the filaments to get the proper 
currents. If they burn out, it is im¬ 
portant to replace them with exact 
duplicates. 

tubes, but there are also a number of 
tubes having 3-volt or 5-volt fila¬ 
ments. These are the types which 
allow series connection of all tube fila¬ 
ments. The filaments of these special 
tubes are designed for a current of 
GOO ma. Except for their filament rat¬ 
ings, these tubes are the same as the 
equivalent 6-volt tubes. That is, the 
3CB6 is the same as a 6CB6, and a 
3BC5 is the same as a 6BC5, etc. 
Also note that the choke coils and 

FIG. 9. Series filament string using tubes designed specifically for this type of 
operation. 

The by-pass capacitors and rf choke 
coils shown act as filters on the rf 
and i-f tube filaments to prevent stray 
coupling between stages along the 
filament leads. 

A simpler filament circuit is shown 
in Fig. 9. This circuit utilizes the 
special tube types with filaments de¬ 
signed specifically for series operation. 
Note that many of the tubes in this 
series string are familiar conventional 

capacitors are still necessary in the 
rf and i-f tube filament circuits to 
prevent stray coupling between these 
stages, and a low-resistance ballast 
resistor is still required in series with 
the filaments. 
Plate Supply. The obvious solu¬ 

tion to supplying a voltage some¬ 
where between 200 and 300 volts to 
the plates of the various tubes in a 
television set is the use of a voltage-
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FIG. 10. A voltage-doubler circuit sim¬ 
ilar to circuits used in many TV sets. 

doubler circuit. To refresh your mem¬ 
ory on the operation of these circuits, 
a simple voltage doubler much like 
those used in TV sets is shown in 
Fig. 10. Instead of the more familiar 
vacuum tube rectifiers, the circuit 
uses selenium rectifiers. These con¬ 
sist of washers coated with selenium, 
which has the property of conducting 
far better in one direction than in the 
other. Although not perfect rectifiers, 
they arc satisfactory and have several 
advantages over the conventional 
vacuum tube rectifier. They are small 
and do not take the space required 
for vacuum tubes of equivalent rat¬ 
ing, and even more important in their 
application to low-voltage TV power 
supplies, they require no filament 
voltage or current. 

The operation of the circuit shown 
in Fig. 10 can best be understood by 
studying Fig. 11. As shown here, an 
ordinary sine wave voltage, with a 
peak amplitude E oil each side of O, 
is applied across terminals A and B 
of the voltage doubler. When the 
input voltage makes terminal B posi¬ 
tive with respect to terminal A, SI 

will conduct in the direction indicated 
by the arrow beside it. Thus, electrons 
will be drawn away from the right¬ 
hand plate of condenser Cl, making 
that side of the condenser positive. 
By the same token, electrons will col¬ 
lect on the left-hand plate of Cl, 
making it negative. Because Si will 
not conduct in the opposite direction, 
after a few cycles of input voltage 
have been applied, Cl will be charged 
to the peak value of the sine wave 
voltage with the polarity indicated. 
Thus across rectifier SI there are two 
voltages—the de voltage equal to the 
peak value of the input sine wave, E. 
and the input sine wave voltage. 
When these two voltages are com¬ 
bined, the over-all effect is to raise 
the reference level of the sine wave 
voltage from 0 to E so that the peak 
positive value of the sine wave is 
2E, just twice the peak positive value 
of the input voltage. 
The second half of the voltage 

doubler should be very familiar to 
you. It is nothing more than the 
simple half-wave rectifier circuit that 
you have encountered many times in 
ac-dc radio receivers. It consists of 
S2 and a conventional filter network. 
The function of this section of the 
voltage doubler is simply to rectify 
and smooth out the ac voltage that 
appears across Si, producing a de out¬ 
put that approaches 2E as its peak 
value. 

COMMON 

FIG. 11. Half-wave voltage doubler action. 

9 



The voltage doubler just described 
is a half-wave or cascade type of volt¬ 
age doubler. It is the most widely 
used type in modern transformerless 
low-voltage power supplies, and is the 
basis of many more complicated sys¬ 
tems that have been used in television 
receivers. 

FIG. 12. An elaborate voltage multiplier 
typical of some that have been used in 

TV receivers. 

With additions to and variations of 
the basic voltage doubler circuit, it is 
possible to develop voltage multipliers 
with outputs three or four times the 
value of the ac input voltage. Such 
systems have been used in television 
receivers, and it is possible that you 
have encountered them. One such 
system that makes it possible to get 
voltages up to four times the value 
of the input is shown in Fig. 12. 

It is possible to get four different 
B-F voltages from this circuit in ap¬ 
proximate multiples of the power line 

voltages. Each of these different volt¬ 
ages can be fed independently to 
circuits requiring it. 

SI is simply a half-wave rectifier 
that provides a voltage of positive 
polarity at terminal 1 that is approx¬ 
imately equal to the line voltage, E. 
S2 is also a half-wave rectifier with 
polarity reversed so that it supplies 
a de voltage of negative polarity with 
respect to ground at terminal 2, that 
is equal to the line voltage. 

SI and S3, along with C6, C7, and 
R3, form a voltage-doubler circuit 
that supplies a voltage equal to twice 
the line voltage across terminals 4 and 
5. The de voltage that appears across 
C6 is equal to twice the line voltage 
and is combined with the line voltage 
in another voltage-doubler action and 
rectified through S4 so that a voltage 
equal to three times the line voltage 
appears between terminal 3 and 
ground. Thus, there is available at 
the output of this power supply a 
voltage equal to one, two, three, or 
four times the value of the ac input 
voltage. There is a voltage of —IE 
between terminal 2 and ground, a 
voltage of 2E between terminals 4 
and 5, a voltage of 3E between ter¬ 
minal 3 and ground, and a voltage of 
4E between terminals 2 and 3. 

Such elaborate power supplies as 
that shown in Fig. 12 are rarely used 
in modern television sets, but it is 
well to be familiar with the concept 
of voltage multipliers in. the event 
that you should find them used in 
some older sets. Some other voltage 
multiplier circuits will be studied 
later in this lesson in the section on 
high-voltage power supplies. 
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FIG. 13. A B-j- voltage-distribution system used with a transformerless supply. 

B-Supply Distribution. Since the 
current available from any voltage 
multiplier circuit is rather limited, it 
is common practice not to use a 
bleeder with transformerless supplies 
but to arrange the tube circuits inso¬ 
far as possible to use the full output 
of the B supply. If some stages are 
to operate at lower voltages, the stages 
may be connected so as to divide the 
voltage between them, as shown in 
Fig. 13. Here, the stages numbered 
1, 2, 3, and 4 are connected directly 
across the full B supply. Stages 5 and 
6, however, are in series across the 
supply. This arrangement is permis¬ 
sible if the two stages are to operate 
from half the total supply and draw 
identical currents. 

In the rest of the circuits, stages 
7, 8, 9, and 10 are in parallel, and 
their currents flow through stages 11 
and 12. In this case the plate current 
sum of the first four must equal that 
of the latter to give the proper voltage 
division. 
Fig. 14 shows how two tubes may 

be connected in series across the 
power supply. In this case the de 
path, starting from B—, goes to the 
cathode of VT1, then through this 
tube and its load resistor R2 to the 
cathode bias resistor R4 of VT2. From 

here, the path is through tube VT2 
and its load resistor R5 back to B-1-. 

B-|- Boost. When a simple voltage 
doubler such as that shown in Fig. 
10 is used, it is hardly possible to 
get more than 250 to 275 volts at 
the output of the doubler. As you 
already know, in modern television 
sets, voltages close to 400 volts or 
more are required for the picture tube 
first anode and sometimes other tubes 
in the set. These voltages could be 
obtained, and have been in some older 
sets, with an elaborate voltage multi¬ 
plier of the type shown in Fig. 12. 
However, in modern TV sets, a simpler 
and more economical system is used. 

You will recall from your lesson on 
sweep systems that it is possible to 
obtain an additional high voltage 
from the action of the damper tube in 
the horizontal sweep system. Fig. 15 
shows the manner in which a voltage 

FIG. 14. How two tubes may be con¬ 
nected in series across the B supply. 
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FIG. 15. B+ boost is obtained by utiliz¬ 
ing voltage developed by current flow 

through the damper tube. 

developed by the current flowing 
through the damper tube is added to 
the B-f- voltage supplied by a simple 
voltage doubler circuit. Cl, C2, and 
C3, Si and S2, and LI form a voltage 
doubler circuit and filter combination 
that produces 250 volts de across C3. 
This de potential appears at the plate 
of the damper tube. The damper tube 
is conducting about 50% of the time 
the horizontal sweep circuit is in oper¬ 
ation; in effect, its operation is much 
like that of a half-wave rectifier, and 

a de potential (in this case about 200 
volts) is developed across C4. Since 
C4 and C3 are in series, the voltages 
across them are additive when in the 
proper polarity. Thus a net boosted 
B-|- voltage of 450 volts appears 
across C5. 

This simple system of increasing the 
B¿- voltage is used in transformer-type 
power supplies as well as in the trans¬ 
formerless type. Its economy in either 
case is obvious. When a flyback hori¬ 
zontal sweep system is used, as in 
most modern receivers, a damper tube 
is essential anyway, so the extra B-f-
is obtained at very little extra cost. 
Thus, complicated voltage multiplier 
systems are avoided; or in the case 
of transformer type supplies, the size 
of the transformer itself can be con¬ 
siderably reduced. 
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High-Voltage Power Supplies 
The development of high-voltage 

power supplies in TV receivers is tied 
directly to the development of larger 
picture tubes. In the first commercial 
television sets the picture tubes were 
so small that it was possible to obtain 
their acceleration voltage from a con¬ 
ventional transformer type 60-cycle 
power supply. As larger picture tubes 
were developed, requiring higher ac¬ 
celeration voltages, it became imprac¬ 
tical to supply this voltage in the 
conventional manner because of the 
danger of this type of supply and 
because of its high cost. 

There are television sets still in use 
today that use 60-cycle, rf, and pulse 
type high-voltage power supplies, but 
the modern television receiver uses 
some type of flyback high-voltage 
supply which utilizes pulses developed 
across the horizontal output trans¬ 
former to generate the necessary high 
voltage. 

EARLIER TYPES 

Until it became necessary to supply 
more than 5000 or 6000 volts to the 
picture tube for acceleration, conven¬ 
tional transformer-type power sup¬ 
plies could be used for high voltage. 
Such a 60-cycle supply is shown in 
Fig. 16 This half-wave rectifier cir¬ 
cuit supplies 6000 volts between the 
filament of the rectifier tube and 
ground. The half-wave supply is used 
because a full-wave power supply 
would require a transformer secondary 
with twice as many turns as that 
shown in Fig. 16. 

FIG. 16. Half-wave transformer-type 
high-voltage power supply. 

Note that the filter system used 
with this power supply uses a resistor 
instead of a choke coil. Since very 
little current is demanded of the 
power supply, this resistance can be 
fairly high without impairing the op¬ 
eration of the picture tube and at the 
same time serve as a safety feature. 
As long as this resistance is of suffi¬ 
ciently high value, even a small 
amount of current drawn from the 
circuit will cause the major portion of 
the voltage drop to be across the filter 
resistance rather than across the load 
which draws the current. Therefore, 
if the serviceman accidentally touches 
the high-voltage lead, the voltage will 
be so divided that the greater drop 
is across the filter resistor and the 
voltage applied to his body may not 
be fatal. However, bear in mind that 
the effects of electric shock vary with 
individuals. A voltage that is not 
harmful to one may be fatal to 
another. Therefore, EXERCISE EX¬ 
TREME CAUTION WHEN WORK¬ 
ING NEAR ENERGIZED HIGH-
VOLTAGE SUPPLIES. Even when 
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FIG. 17. A typical rf high-voltage 
power supply. 

the high-voltage supply is not ener¬ 
gized, ground all capacitors in the 
circuit to make sure that they are 
discharged before touching any part 
of the circuit. 
RF Power Supply. Since the 

amount of current needed from the 
high-voltage power supply is very 
nearly negligible—a few microam¬ 
peres—it has been possible to develop 
high-voltage power supplies that are 
much less cumbersome and expensive 
than the conventional 60-cycle type. 
One of these is the rf power supply. 

By using an rf oscillator to supply 
a voltage with a frequency of some¬ 
where between 50 and 300 kc, and 
then stepping up this rf voltage and 
rectifying it, it is possible to obtain 
a high de voltage with much lighter 
and less expensive coils than are 
necessary in a 60-cycle transformer. 
The schematic diagram of a high-
voltage power supply operating on this 
principle is shown in Fig. 17. VT1 
is the rf oscillator tube. It is usually 
a receiver type power output tube. 
The power requirements of the supply 
are usually less than 1 watt. The coil 

LI and the capacitor connected across 
it form a parallel resonant circuit in 
the plate circuit of this tube. Oscilla¬ 
tor feedback is obtained from a pickup 
coil or plate, which may consist of a 
coil of wire or a sheet of tin foil 
wrapped around the rectifier tube 
VT2. This method of feedback makes 
coil L2 the frequency-controlling 
winding so that the resonant circuits 
in the oscillator and in the rectifier 
tubes are locked together, and loss 
of high voltage output due to fre¬ 
quency drift in the oscillator is kept 
at a minimum. 

The rectifier tube, VT2, has a very 
low filament power drain so that it 
may also be supplied by the energy 
developed in the rf oscillator. Coil 
L3 picks up the necessary energy 
from the oscillator circuit to supply 
the filament of the rectifier. The rf 
ripple in the output of the rectifier 
requires a much lower value of capac¬ 
ity for filtering than does a 60-cycle 
supply, therefore there is less danger 
of serious shock from the discharge of 
filter capacitors in this supply. 

The rf voltage supply we have just 
described has two basic faults. One 
is that it can produce interference. In 
an ordinary radio, a frequency of 150 
kc or so would be ignored. In a televi¬ 
sion set, however, this signal will 
produce a visible interference with 
the picture if it gets into the video 
system. (Remember that the video 
amplifier is capable of passing fre¬ 
quencies from 10 cycles to 4 mega¬ 
cycles, so the rf oscillator frequency 
is well within this range.) Careful 
shielding and filtering of the supply 
leads is necessary to keep this inter¬ 
ference at a minimum. (In addition, 

14 



the shielding serves as a safety device 
by preventing accidental contact with 
the high-voltage circuits, which could 
cause shocks or rf burns, but this is 
merely incidental to its primary job 
of eliminating interference.) 

Another fault is that the high-volt¬ 
age supply is independent of the sweep 
circuits. If the sweep system fails and 
the high-voltage supply remains on, 

The pulse supply shown in Fig. 18 
contains a blocking oscillator, an 
amplifier, and a rectifier. The block¬ 
ing oscillator produces pulses, just as 
a similar type does in sweep circuits. 
These pulses are amplified, then 
stepped up by transformer Tl. Since 
the blocking - oscillator half - wave 
pulses have a frequency of about 150 
kc, Tl is an rf transformer. 

FIG. 18. Schematic diagram of a pulse high-voltage supply. 

the electron beam will be concentrated 
in a single spot on the face of the 
picture tube. This concentrated beam 
will burn the fluorescent screen away, 
thus ruining the tube. (This is also 
a disadvantage of the 60-cycle sup¬ 
ply-
Pulse Type. A high-voltage power 

supply that overcomes most of the 
disadvantages of the 60-cycle and rf 
supplies is the pulse type. Here a 
blocking oscillator, triggered by the 
output of the horizontal sweep cir¬ 
cuits, is used in place of the rf oscil¬ 
lator. Although this particular type 
of power supply uses more parts than 
the rf supply, its advantages in oper¬ 
ation outweigh the additional cost of 
parts. 

The oscillator cannot operate until 
a control pulse is received and is 
applied across R2 in such a way that 
the polarity of the control pulse 
opposes that of the de drop across 
this resistor. 

This trigger pulse for firing the 
blocking oscillator is obtained from 
the output of the horizontal sweep 
amplifier and occurs only during the 
retrace portion of the horizontal 
sweep. Thus, the oscillator VT1 
is unblocked only during the hor¬ 
izontal retrace. As soon as it is 
unblocked, it generates a pulse. This 
pulse is completed before the hori¬ 
zontal retrace ends; then the oscillator 
is blocked again by the action of R2 
and R3 until the next sweep retrace. 
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The pulses produced by the oscilla¬ 
tor are amplified by VT2, rectified by 
VT3, and stored in the input filter 
capacitor. Because very little current 
is needed, it is possible for a low-
capacity capacitor to hold this charge 
reasonably well during the long time 
interval from pulse to pulse. 

Since this power supply cannot op¬ 
erate at all unless a trigger pulse 
comes from the horizontal sweep, the 
high voltage will be removed from the 
picture tube at once if anything hap¬ 
pens to block the operation of the 
sweep. Furthermore, the oscillator is 
allowed to operate only during the 
time of the sweep retrace. Since the 
face of the picture tube is kept blank 
during that interval by the pedestal 
and the sync pulse, any interference 
that might be produced by the oscil¬ 
lator will be invisible. Therefore, this 
circuit eliminates both the objections 
we found to the rf supply. 

Another respect in which this pulse 
supply is better than the rf supply is 
that its output is not dependent upon 
resonance and therefore is not subject 
to variations caused by frequency 
drifts. The step-up transformer T1 
depends upon its turns ratio, not on 
resonance, for the voltage step-up. The 
output is controlled by the variable 
resistor R4, the setting of which deter¬ 
mines the amount of signal fed to the 
grid of the pulse amplifier. 

Of course, more parts are used in 
this supply than in an rf type, but 
its advantages make its use worth 
while in spite of its greater cost. 

THE FLYBACK SUPPLY 
All of the previously described 

high-voltage power supplies are 
adaptable to television sets using 

FIG. 19. Schematic diagram of a flyback 
high-voltage supply. 

either electrostatic or electromagnetic 
deflection in their picture tubes. How¬ 
ever, the modern television receiver 
almost invariably utilizes electromag¬ 
netic deflection. Consequently almost 
all modern receivers use some form of 
flyback power supply which econom¬ 
ically overcomes all of the disadvan¬ 
tages of the power supplies previously 
mentioned. 
You have already been introduced 

to the flyback power supply in your 
study of sweep circuits. Therefore, 
much of the material here will be a 
review. However, here we will study 
only those sections of the horizontal 
sweep system pertinent to the study 
of producing the high acceleration 
voltage required by picture tubes. 

Fig. 19 is a schematic diagram of 
a flyback high-voltage supply. VT1 
is the horizontal output tube, the out¬ 
put of which is connected to the 
primary of Tl. T1 acts as a combi¬ 
nation horizontal output transformer 
and high-voltage transformer. The 
two secondaries of T1 are the winding 
for the high-voltage rectifier filament 
supply, and the winding that supplies 
a sawtooth current to the horizontal 
deflection yoke. However, you will 
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recall that when considering this 
transformer as a high voltage supply 
transformer, the secondary acts as the 
primary and vice versa. The high 
voltage is not derived from the output 
of VT1, but from pulses which orig¬ 
inate in the horizontal deflections coils 
due to the rapid collapse of deflection 
coil current. 

From your study of sweep circuits 
you will recall that when the hori¬ 
zontal deflection coil current collapses, 
oscillation is set up, one half-cycle 
of which is utilized in supplying the 
high voltage and in shaping the saw¬ 
tooth current waveform. Thus, posi¬ 
tive voltage pulses appear across the 
transformer winding that is connected 
to the horizontal deflection yoke. 
These pulses are fairly high voltage, 
usually somewhere between 2000 and 
3000 volts. The winding to which the 
plate of the high-voltage rectifier, 
VT2, is connected has four or five 
times as many turns as the one that 
is connected to the deflection yoke. 
Therefore, the voltages across it are 
sometimes as high as 20,000 volts. 
These high-voltage pulses are rectified 
by VT2, and the value of Cl is such 
that it does not discharge appreciably 
between pulses. The pulses are at the 
frequency of the line repetition rate, 
slightly over 15 kc. 

This is a very economical type of 
high-voltage supply, because it utilizes 
parts that are essential for the sweep 
circuits so that no special oscillators 
are necessary. The power supply is 
created simply by adding a few more 
turns to the primary of the horizontal 
output transformer and a high-voltage 
rectifier with a filament winding on 
the transformer. The only completely 

new parts added are the rectifier tube 
and filter system. Besides being very 
inexpensive, this power supply has 
the advantage of operating only dur¬ 
ing retrace time when the screen is 
dark. If anything happens to the hor¬ 
izontal sweep oscillator circuit that 
makes the sweep fail, the high-voltage 
pulse will not be generated, and, there¬ 
fore, there will be no high voltage 
applied to the picture tube. If high 
voltage were applied while the sweep 
was inoperative, the stationary elec¬ 
tron beam would burn the face of the 
picture tube. 

FIG. 20. High-voltage power supply 
with auto-transformer type of horizontal 

output. 

The flyback power supply shown in 
Fig. 20 is more commonly found in 
modern receivers. The principal dif¬ 
ference between this and the one 
shown in Fig. 19 is that an auto¬ 
transformer is used instead of a con¬ 
ventional transformer with primary 
and secondary windings. However, 
the principle of operation is the same 
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if you consider the single winding in 
the auto-transformer between points 
1 and 3 as the primary winding, and 
the segment between points 2 and 3 
as the secondary winding. Of course, 
for power supply purposes we would 
actually consider the segment that is 
between 2 and 3 as the primary and 
the segment between 1 and 3 as the 
secondary. Voltage pulses of about 
2500 volts appear across the segment 
of the winding between points 2 and 
3. Through transformer action, this 
voltage is stepped up across the full 
winding from points 1 to 3 to a value 
of about 15,000 volts. 

These high-voltage pulses are then 
rectified by the high-voltage rectifier 
and appear at the picture tube as a 
de potential. You will note in the 
output of the rectifier tube that there 
is no conventional filter. The filter, 
in this case, consists of the capacity 
between the inside and the outside 
coatings on the picture tube. The high 
voltage is connected to the inside 
coating, which acts as an acceleration 
anode, and the outside coating is 
grounded. The capacity thus formed 
with the glass of the tube as a dielec¬ 
tric serves as the filter for this high-
voltage power supply. 

The power supply just described is 
the one that you will most frequently 
encounter in TV service work. In ser¬ 
vicing older TV receivers you might 
encounter 60-cycle, rf, or pulse type 
supplies, all of which have been de¬ 
scribed. In addition to these you may 
find, in some special applications, 
power supplies that produce extra-
high voltages. Therefore, some expla¬ 
nation of these will be given here. 

EXTRA-HIGH VOLTAGES 
Extra-high voltages for special ap¬ 

plications are obtained by using volt¬ 
age multiplier circuits in conjunction 
with pulse or flyback type high-voltage 
supplies. These are very similar to 
some of the voltage multiplier circuits 
that you studied in the section on 
low-voltage power supplies. You will 
note that the high voltage multipliers 
invariably use vacuum tubes rather 
than selenium rectifiers because sele¬ 
nium rectifiers would not withstand 
the high voltages across them. 

FIG. 21. A voltage doubler used with a 
flyback high-voltage supply. 

The most popular form of voltage¬ 
multiplying circuit is shown in Fig. 21. 
Transformer T1 is the output trans¬ 
former for either the flyback or pulse 
circuit and supplies pulses for the 
high-voltage supply. The resistance, 
RI, is the low-voltage bleeder; it 
serves only to complete the circuit 
from Cl to T1 insofar as the high-
voltage supply is concerned. Here is 
how the circuit works: 

On the first pulse, rectifier VT2 
charges capacitor Cl to the full out¬ 
put voltage rating of Tl. When the 
pulse cuts off, there is a relatively 
long period (during the horizontal 
trace time) in which there is no volt-
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age pulse. Cl is always connected 
across C2 through paths consisting of 
R2 on one side and Rl-Tl on the 

I other. During the time that VT2 is 
off, Cl discharges somewhat, charging 
C2 with the polarity shown. (After 
several cycles of operation, the voltage 

• across C2 becomes practically equal 
to that across Cl.) 
Now, on the next forward pulse, 

when the upper end of transformer 
Tl is positive, VT2 again conducts to 
recharge Cl. At the same time, volt-

* age is applied to VT3. The voltage 
applied is the sum of the pulse voltage 
across Tl, plus the voltage across C2, 
and minus the voltage across Cl. Since 
the voltages across Cl and C2 are 
equal and opposite, the voltage devel¬ 
oped across Tl is what is applied to 
VT3. This tube then conducts, allow¬ 
ing the full Tl voltage to be applied 
to C3. As a result, C3 is charged to 
the same voltage as Cl. 

The high-voltage output is the volt¬ 
age across Cl and C3 in series. Hence, 
each capacitor supplies half the volt¬ 
age. If the output is, let us say, 20,000 
volts, the voltage across Cl is 10,000 
volts, and the voltage across C3 is 
likewise 10,000 volts. Hence, neither 

, of these capacitors has to have an 
extremely high voltage rating, which 
means they can be relatively inexpen¬ 
sive. That is an important feature of 

FIG. 22. A voltage-tripler circuit. 

FIG. 23. The action of the voltage-trip¬ 
ler circuit (part A) is shown in part B. 

this circuit; in some other voltage¬ 
doubling circuits at least one capacitor 
has to be able to withstand a higher 
voltage. 

This feature is even more important 
if the voltage must go up to 30,000 
volts or more. A voltage tripler, using 
the same basic circuit (Fig. 22), is 
used to produce such voltages. In the 
circuit in Fig. 22, conduction of VT1 
initially charges Cl. Then, while VT1 
is off, Cl charges C2. On the next 
pulse of the input voltage, VT2 con¬ 
ducts, charging C3; on the next, C3 
charges C4; and on the next, VT3 
conducts, charging C5. All five capac¬ 
itors in the circuit then have the 
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same voltage across them. The high-
voltage output is the sum of the volt¬ 
ages across Cl, C3, and C5. 
Another form of voltage tripler is 

shown in Fig. 23A. This circuit uses 
fewer parts than the one in Fig. 22, 
but two of the capacitors must have 
twice the voltage rating needed in the 
other circuit. This supply is unusual 
in that it is driven by a sine-wave 
voltage instead of by pulses. 

The voltage-multiplying action is 
shown in Fig. 23B. When the polarity 
of the voltage across LI makes the 
upper end (X) of LI positive, current 
will flow through the rectifier tube 

VT2 and thus charge capacitor Cl to 
a voltage equal to that across the coil. 
When the polarity reverses, the volt¬ 
age across LI plus that across Cl is 
applied to VT3, causing VT3 to pass 
current. When VT3 conducts, C2 is 
charged; since the applied voltage is 
equal to the sum of the voltage across 
Cl and LI, C2 is charged to twice the 
voltage across LI and must be rated 
accordingly. On the next half cycle 
C3 is charged by the voltage across 
C2 to a value that is twice the source 
voltage. The output is the sum of the 
voltages across Cl and C3, three times 
the source voltage. 

Sound Systems 
Almost all the material contained 

in this section is a review. In your 
study of video sections of the TV 
receiver, you became familiar with 
the various methods of sound take-off 
and the intercarrier i-f system. In 
earlier studies of FM broadcast re¬ 
ceivers you became familiar with FM 
i-f amplifiers and detectors. Audio 
amplification is an old story to you. 
All of these things will be reviewed 
in this section and, perhaps in some 
cases, embellished with some facts 
that you have not learned before. 

In previous lessons we have traced 
the video signal from the antenna to 
the picture tube, and we learned that, 
through a large part of its route, the 
video signal is accompanied by the 
sound signal. Our principal concern 
with the sound signal at the time 
was to see that it did not produce 
interference in the picture. Here we 

are concerned with finding out how 
the sound signal proceeds through the 
various stages of the television re¬ 
ceiver and is faithfully reproduced at 
the speaker. 

THE TUNER 
The response of the tuner is gen¬ 

erally broad enough so that it treats 
both sound and video signals impar¬ 
tially, and nothing really unique hap¬ 
pens to the sound signal in this section 
of the receiver. However, since the 
frequency relationship between the 
sound and video carriers is reversed, 
a brief review of what happens in the 
tuner is worthwhile. 

Fig. 24 is a graphic illustration of 
what happens to the television signal 
in the tuner. You will recall that the 
television transmitter sends out an 
AM video signal along with an FM 
sound signal. The sound carrier is 
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FIG. 24. When the television signal is 
converted in the mixer-oscillator section, 
the relative positions of the sound and 

video carriers are reversed. 

always 4.5 me above the video signal 
carrier. The response of the rf ampli¬ 
fier is sufficiently broad to amplify 
both of these signals. The amplified 
video and sound signals are delivered 
from the rf amplifier to the mixer¬ 
oscillator section of the tuner. In the 
mixer-oscillator section, the sound 
and video signals from the rf ampli¬ 
fier are beat against a signal produced 
by the oscillator, the frequency of 
which is higher than either the sound 
or video carrier. The output of the 
mixer-oscillator section is the differ¬ 
ence between the sound and video 
signals from the rf amplifier and the 
oscillator signal against which they 
are beat. Since the sound carrier out¬ 
put of the rf amplifier is 4.5 me higher 
than the video carrier output, there 
will be less difference between the 
sound carrier and the oscillator signal 
than there will be between the video 
carrier and the oscillator signal. For 
this reason, in the output of the mixer¬ 
oscillator section, the sound carrier 
will be 4.5 me lower in frequency than 
the video carrier instead of 4.5 me 
higher as it was in the transmitted 
signal. This is the most important 
fact to remember about the action of 
the tuner on the sound signal. To fix 
this fact firmly in mind, let us go 
through an example with actual fre¬ 

quencies as they would be treated in 
a typical receiver. 

Let us say that a modern television 
receiver is tuned to channel 2. You 
will recall that channel 2 covers a 
6-mc band from 54 to 60 me. This 
complete band will be amplified by 
the rf amplifier. The picture carrier 
frequency within this band is 55.25 
me and the sound carrier is 59.75 me. 
In most modern receivers the local os¬ 
cillator frequency will be 101 me. In 
the mixer section of the receiver, the 
picture carrier 55.25 me is beat 
against the 101-mc local oscillator 
signal producing an i-f picture carrier, 
the frequency of which is 45.75 me. 
The 59.75-mc sound carrier will also 
be beat against the 101-mc oscillator 
signal, producing an i-f sound carrier 
frequency of 41.25 me. Thus, at the 
output of the mixer section of the 
tuner, we have a sound carrier which 
is 4.5 me lower in frequency than the 
picture carrier. 

In older television sets you are apt 
to find i-f frequencies that are much 
lower. For example, 21.25 me once 
was a very common sound i-f carrier 
frequency. 

From the mixer stage of the tuner 
the sound signal will go through some 
form of i-f stage. If a separate sound 
channel system, such as that used in 
older television receivers, is used, the 
sound signal may go directly from the 
mixer to a sound i-f system or it may 
go through one or more video i-f 
stages before it is fed to the sound 
channel. In an intercarrier sound 
system, which is used in most modern 
receivers, the sound will accompany 
the picture signals through the video 
i-f stages. 
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I-F SYSTEMS 
Except for the tuner, early televi¬ 

sion receivers were actually two 
receivers; one for the picture signal 
and the other for the sound. In these 
receivers the sound signal was picked 
right off the output of the tuner 
and amplified through three or four 
sound i-f stages; then it was detected, 
amplified in an audio amplifier, and 
delivered to the speaker. Through 
experience it was found possible to 
utilize some of the video i-f stages 
to replace sound i-f stages. That is, 
allow both video and sound signal to 
be amplified in one or two video i-f 
stages and then take off the sound 
signal. This cut down on the number 
of sound i-f stages required. The 
further back along the video i-f sec¬ 
tion the sound is taken off, the less 
amplification is required in the sound 
i-f section. Any system in which the 
sound is taken off ahead of the video 
detector is known as a “separate¬ 
channel” sound system. 
The most popular system in mod¬ 

ern receivers is called the “intercar¬ 
rier” system. Here the sound signals 
accompany the video signals through 
the video detector. In the video detec¬ 
tor a beat frequency of 4.5 me is 
produced by beating the sound carrier 
against the video carrier. This fre¬ 
quency becomes the sound i-f, which 
is taken off either immediately after 
the video detector or after the video 
amplifier. When this system is used, 
it is necessary to have only one sound 
i-f stage. This economy explains the 
popularity of this system with set 
manufacturers. Fig. 25 shows a block 
diagram of a separate channel system 
(A) and an intercarrier sound system 
(B). 

FIG. 25. Separate-channel (A) and in¬ 
tercarrier (B) sound i-f systems. 

Separate Channel System. As we 
have already said, where separate¬ 
channel sound is used, the sound i-f 
signal is extracted from the video sig¬ 
nal path either immediately following 
the converter stage or after one of 
the i-f stages. There are two problems 
involved in sound take-off. The first, 
of course, is to deliver the sound 
signal to the sound i-f stage. The 
second is to eliminate as much as 
possible of the sound signal from suc¬ 
ceeding video i-f stages. This second 
problem, however, is not too great at 
the point of sound take-off because 
traps may be inserted in succeeding 
video i-f stages and video amplifiers. 
The sound signal is usually removed 
from the video signal path by means 
of a trap circuit tuned to the sound 
i-f frequency. The signal developed 
across this trap is the source for the 
sound i-f signal. 

Fig. 26 is a schematic diagram of 
a typical separate-channel sound i-f 
system. Here the sound accompanies 
the video signal through the first two 
video i-f amplifier stages. It is re¬ 
moved by means of a trap at the 
output of the second video i-f. When 
the sound take-off trap is properly 
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FIG. 26. Sound i-f system of a receiver using a separate-channel sound i-f. 

resonated, a maximum sound signal 
is fed to the sound i-f stage, and a 
minimum sound signal is passed on to 
the succeeding video i-f stage. Note 
that the sound i-f frequency in this 
receiver is 21.25 me. From the sound 
take-off point, the rest of the sound 
system is almost identical to that 
found in FM broadcast receivers. The 
sound i-f response is about 300 kc. 
In this particular circuit there is one 
i-f stage, which is followed by a sec¬ 
ond i-f stage which also acts as a 
limiter. 
Intercarrier I-F System. In the 

intercarrier system the two carriers 
pass through the video i-f amplifier 

together. When both are applied to 
the video detector, a beat of 4.5 me 
occurs between the two carriers. This 
difference frequency is frequency-
modulated by the sound signal and 
somewhat amplitude-modulated by 
portions of the video signal. This new 
4.5-mc carrier then passes through 
one or more stages of the video ampli¬ 
fier. At some point it is trapped out 
of the video path and applied to the 
4.5-mc sound i-f section. The sound 
i-f is tuned to 4.5 me regardless of 
the video i-f carrier frequencies. This 
4.5-mc signal with its complex modu¬ 
lation is amplified by the sound i-f 
and then fed to either a limiter or a 
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ratio detector. Here any amplitude 
modulation is wiped out, with the 
result that only the frequency modu¬ 
lation produces an audio signal. (Of 
course, if any stage in the chain 
handling the 4.5-mc signal is over¬ 
loaded by this or any other signal, 
cross-modulation products will be set 
up, with the result that some of the 
video modulation may cause a hum 
from the loudspeaker.) 

Intercarrier Beat. The FM detector 
is supposed to remove all amplitude 
variations from the i-f beat signal 
produced in the intercarrier system. 
To make it easier for the detector to 
do so, the amplitude modulation in 
the beat signal is kept as small as 
possible. This is done by taking 
advantage of two facts: 

1. When two signals are allowed to 
beat together, and one signal is very 
much weaker than the other, the 
amplitude of the beat signal is ap¬ 
proximately equal to the amplitude of 

FIG. 27. The ideal video i-f response of 
an intercarrier set is shown in part A. 
The response shown in part B is often 

used in practice. 

the weaker signal and practically in¬ 
dependent of the amplitude of the 
strong signal. 

2. If either of two beating signals 
is frequency-modulated, the complete 
frequency modulation appears in the 
beat signal. 

These characteristics of beat signals 
are made use of in the intercarrier 
system by reducing the strength of 
the sound i-f carrier so that it is far 
weaker than the video i-f carrier when 
the two signals are applied to the 
video demodulator. As a result, the 
amplitude of the 4.5-mc beat signal, 
which is frequency-modulated by the 
sound, depends upon the amplitude of 
the sound i-f signal. 

The sound i-f carrier can be reduced 
to the desired strength (about 5% or 
10% of the video i-f carrier strength) 
in an intercarrier set by using video 
i-f stages having the response shown 
in Fig. 27A. Notice that this response 
has a small flat plateau around the 
sound i-f carrier frequency; as a re¬ 
sult, there is little possibility of slope 
detection of this carrier and conse¬ 
quently little chance of cross modu¬ 
lation. The shape and amplitude of 
the response at this frequency are 
determined by the alignment of the i-f 
amplifier and by the judicious use 
of traps. These traps are not tuned 
directly to the sound carrier; instead, 
they are tuned near and to either side 
of it to produce the desired response. 

Because of the difficulty of securing 
the response shown in Fig. 27A, the 
one pictured in Fig. 27B is often 
used in intercarrier sets. There is 
no plateau at the sound-carrier fre¬ 
quency in this latter; instead, the 
response is merely made low at this 
frequency. Cross modulation can 
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FIG. 28. Various kinds of sound take-off circuits used in intercarrier sets. 

therefore occur in a set in which this 
arrangement is used. 

Since the sound i-f carrier is held 
at a fairly low value in passing 
through the i-f section in the inter¬ 
carrier system, most of the amplifi¬ 
cation it is to get must be received 
in some later section. Usually the 
video amplifier is used to furnish the 
desired gain so that it will not be 
necessary to add a stage to the 4.5-mc 
amplifier. 
Sound Take-Off. When the inter¬ 

carrier system is used for the sound, 
the 4.5-mc beat can be taken right 
from the output of the video detector, 
but since it is necessary to increase 
the strength of the signal, it is often 
taken from the output of the video 

amplifier. Trap circuits are common¬ 
ly used as sound take-offs. 

Various forms of trap take-offs are 
shown in Fig. 28. In the simplest 
(Fig. 28A), a parallel resonant circuit 
L2-C2, tuned to the 4.5-mc carrier, 
is placed in the grid circuit of the 
sound channel amplifier VT2 and is 
fed through coupling capacitor Cl 
from the plate of the video amplifier 
VT1. 

A disadvantage of this arrangement 
is that it docs not reduce the amount 
of the 4.5-mc carrier in the video sig¬ 
nal. The circuit shown in Fig. 28B 
is more satisfactory in this respect. 
Here, the coupling capacitor Cl reso¬ 
nates with coil L2 to form a series 
resonant circuit at 4.5 me. At reso-
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nance, this circuit offers a minimum 
load for the video amplifier VT1, so 
the output of VT1 at the 4.5-mc 
carrier frequency is minimized. On 
the other hand, since this is a series 
resonant circuit, whatever 4.5-mc sig¬ 
nal does appear across it will produce 
a maximum voltage across L2 for 
application to the sound amplifier. 

The arrangement shown in Fig. 28C 
also minimizes the amount of the beat 
signal in the picture signal. Here, a 
parallel resonant circuit tuned to 4.5 
me is connected in series with the 
load circuit of VT1. Most of the 4.5-
mc beat signal in the output of VT1 
is developed across this circuit, so 
very little is passed on through C3 
with the video signal. The sound car¬ 
rier is fed to the sound amplifier from 
the resonant circuit L2-C2, which is 
tuned to 4.5 me and inductively 
coupled to Ll-Cl. 
In the arrangement shown in Fig. 

28D, the take-off circuit is in the 
screen-grid circuit of one of the video 
amplifier stages. It is possible to take 
the sound from here because any sig¬ 
nal in the plate circuit also exists in 
the screen circuit. (Ordinarily, of 
course, we get rid of the signals in the 
latter circuit by by-passing the screen 
grid.) With this arrangement, there is 
a minimum of interaction between the 
sound and video circuits. 

When the take-off systems shown in 
Figs. 28A and 28D are used, grain 
traps that are tuned to 4.5 me are 
needed in the stages following the 
sound take-off points to reduce the 
effects on the picture of this 4.5-mc 
beat signal. 

As we mentioned earlier, the 4.5-mc 
sound amplifier in the intercarrier 

system usually consists of only a 
single stage (tuned to 4.5 me but 
otherwise like a conventional sound 
i-f stage). It is usually followed by 
a ratio detector; if not, the single 
stage is adjusted to act as a limiter, 
and a discriminator is used. 
An advantage of the intercarrier 

system is that it is far less subject to 
difficulty because of oscillator drift 
than the standard system. In the 
dual-channel system, any considerable 
drift in the oscillator frequency may 
shift the sound i-f outside the pass 
band of the sound i-f section, distort¬ 
ing the sound or wiping it out alto¬ 
gether. If this occurs, it will be 
necessary to re-tune the oscillator, 
which is done either by adjusting the 
fine tuning control or by realigning 
the receiver. 

In the intercarrier system, the 4.5-
mc sound i-f is not produced by the 
local oscillator. The only thing that 
an oscillator shift can do is change 
the relative levels of the sound and 
video i-f carriers to such an extent 
that the sound signal may have an 
undesired amount of video signal in 
it; or, if the shift is very large, the 
sound beat signal may become some¬ 
what weakened. In general, however, 
the oscillator can drift far more in an 
intercarrier system than it can in the 
dual-channel system before the sound 
signal is upset to any great extent. 
This advantage, along with its obvious 
economy, has made the intercarrier 
system almost standard in modern 
receivers. 

SOUND DETECTORS 
The two principal types of sound 

detectors that you are apt to find in 
TV receivers are the limiter-discrimi-
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nator combination and the ratio de¬ 
tector. You will most likely find the 
limiter and discriminator in older 
sets. The modern TV receiver almost 
invariably uses the more economical 
ratio detector. Although you have 
already studied both of these systems 
in previous lessons, a brief review is 
given here. 
Limiter-Discriminator. A typical 

limiter-discriminator circuit is shown 
in Fig. 29. Here, the limiter stage, 
VT1, is much like any other i-f ampli¬ 
fier stage except that the bleeder 
resistor R5, and the series resistor R6 
make the screen grid and plate voltage 
on this stage very low—only about 
48 volts. These low operating voltages 
make the upper knee of the character¬ 
istic response of this stage very low 
and sharp. 

The grid circuit contains the grid 
leak and capacitor combination RI¬ 
CO. Capacitor C9 tends to keep 
charged to the average voltage of the 
peaks of the input signal, thus main¬ 
taining a steady bias on the tube 
that will keep its output constant even 
if the input signal undergoes sudden 
momentary changes in amplitude. 
This capacitor therefore minimizes 
the effect of noise when the signal is 
weak. 

FIG. 29. Schematic diagram of a typical 
FM limiter-discriminator section. 

When the signal is strong, the low 
voltages applied to the screen and 
plate effectively wipe out amplitude 
changes in the input signal. Because 
these voltages are so low, the output 
of the stage will not go above a cer¬ 
tain limit no matter how strong the 
input signal becomes. Thus, if the 
strength of the FM signal is great 
enough to drive the stage to its full 
output, any increases in signal 
strength caused by noise accompany¬ 
ing the FM signal will not affect the 
output. In other words, the noise will 
be wiped out by the limiter stage. 
(In an intercarrier system, this limit¬ 
ing action will also tend to wipe out 
any portions of the video signal that 
may accompany the sound carrier.) 
The transformer T1 transfers the 

signal from the limiter VT1 to the 
discriminator circuit, in which tube 
VT2 is used. The primary circuit 
L2-C2 is tuned to the incoming signal. 
This signal is transferred to the tuned 
secondary circuit L3-C3 and is also 
fed through Cl so that it appears 
across LI. 

The voltage induced in L3 produces 
the voltages El and E2 across the two 
sections of this coil. These voltages 
are always equal in magnitude and 
180° out of phase with each other. 
The voltage applied to diode 1 of 

VT2 consists of El plus the signal 
Ep that exists across LI. (The path 
from LI to the cathode of this diode 
is through the by-pass capacitor C5, 
which is virtually a short at the fre¬ 
quencies involved.) Similarly, the 
voltage applied to diode 2 of VT2 
consists of E2 plus Ep, the path being 
completed through by-pass capacitor 
C6. Therefore, at resonance and with 
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no modulation, equal voltages are ap¬ 
plied to the diodes; as a result, equal 
and opposite currents flow through the 
resistors RI and R2. The voltage 
between the two cathodes of VT2 is 
zero under such conditions. 

Off resonance (that is, at frequen¬ 
cies other than the resting or no-mod-
ulation frequency), however, the shift 
in phase relationships causes the volt¬ 
ages applied to the two diodes to be 
unequal. When the applied signal 
swings below the resting frequency, 
the voltage applied to diode 1 of 
VT2 becomes greater than that ap¬ 
plied to diode 2; consequently, a 
greater current flows through RI than 
flows through R2. As a result, the 
voltage drops across the two resistors 
become unequal, and a net voltage 
appears across them that has the same 
polarity as the drop across RI. Con¬ 
versely, when the applied signal 
swings above the resting frequency, a 
net voltage appears across RI and R2 
that has the polarity of the drop 
across R2. 

Thus, swings of the applied signal 
above and below the resting frequency 
produce an ac voltage across R1-R2. 
This voltage feeds through C4 to 
appear as the output voltage across 
R3. At each instant the value of this 
output voltage is proportional to the 
deviation of the incoming signal fre¬ 
quency from the resting frequency. 
Thus, it is an audio signal voltage 
that corresponds to the one used to 
modulate the FM transmitter. 
The Ratio Detector. The use of a 

ratio detector eliminates the need for 
the limiter stage. Therefore, since it 
cuts manufacturing costs, it is natural 
that it has become almost universally 
used in modern TV receivers. A sche¬ 

matic diagram of a typical ratio 
detector circuit is shown at Fig. 30. 

At first glance, this circuit is very 
similar to that of the discriminator 
you have just studied. However, there 
are two important differences—one of 
the diode tubes is reversed, and a 
charge storage capacitor C4 has been 
added to the circuit. 

FIG. 30. A typical FM ratio detector. 

At the resting frequency, the volt¬ 
age Ep adds to El and to E2 to make 
both diodes conduct equally, just as 
in the discriminator. Because of the 
way they are connected, both diodes 
conduct at the same time, charging 
the equal capacitors C2 and C3 with 
the polarities shown. At the same 
time, capacitor C4 is charged to a 
voltage that is equal to the sum of 
the voltages across C2 and C3. 

The capacity of C4 is such that the 
voltage across it cannot change very 
fast. As a result, the sum of the 
voltage across C2 and C3 will remain 
relatively constant unless the aver¬ 
age strength of the received signal 
changes. 

Now let us suppose that the incom¬ 
ing signal varies in frequency. When 
it shifts in one direction, one diode 
will conduct more than the other, so 
that the instantaneous voltages across 

28 



C2 and C3 will no longer be equal. 
However, their sum will remain that 
of the charge across C4—because the 
voltage across C4 cannot change read¬ 
ily. Let us assume that diode VT1 
momentarily conducts more current 
so that the voltage across C2 goes up, 
and the voltage across C3 drops, but 
the voltage across C4 remains the 
same. There will now be a voltage 
difference between points M and N, 
because the voltage between point 1 
and point M has changed, while that 
between point 1 and point N has not. 
When the incoming frequency 

swings in the other direction, the op¬ 
posite action will occur—the voltage 
across C3 will become greater and 
that across C2 will become less. As a 
result, a voltage difference of opposite 
polarity will be produced between 
points M and N. 
The voltage difference between 

points M and N will therefore be an 
ac signal whose amplitude depends on 
the amount the incoming signal de¬ 
viates from the resting frequency and 
whose frequency depends on the rate 
at which the deviation occurs. In 
other words, it will be a reconstruc¬ 
tion of the audio signal that was orig¬ 
inally used to modulate the FM 
carrier. 
This circuit will not respond to 

amplitude variations in the input sig¬ 
nal, because such changes will merely 
make both diodes conduct either more 
or less without making them conduct 
unevenly. As we have seen, the diodes 
must conduct different amounts of 
current to make any voltage differ¬ 
ence appear between points M and 
N, and this difference in their con¬ 
duction can be produced only by 

a change in the frequency of the 
applied signal. Therefore, any ampli¬ 
tude variations caused by noise or a 
video signal accompanying the FM 
signal will not appear in the output of 
the circuit. 

Gated-Beam Detector. The gated-
beam detector also operates as both 
limiter and detector. Its principle of 
operation is somewhat different from 
that of the discriminator or the ratio 
detector, and it utilizes a tube of 
special construction. The schematic 
diagram for a typical gated-beam 
detector circuit is shown in Fig. 31. 

The limiting action of the gated-
beam tube is caused by the sharp 
cut-off and saturation characteristics 
of the grid voltage-plate current curve 
as shown in Fig. 32. From this curve 
you can see that if the tube is biased 
at the mid-point of the curve, slightly 
over —4 volts, it takes a positive grid 
swing of only slightly over 1 volt to 
reach saturation and a negative swing 
of about a volt and a half to reach 
the cut-off point. Thus, when a nor¬ 
mal i-f signal is applied to the grid, 
the positive half of the i-f cycle will 
drive the tube to saturation, and the 
negative half cycle will drive the tube 
to cut-off, so that any amplitude 
variations in the signal are effectively 
eliminated, and a limited square-wave 
voltage is produced between the grid 
attached to pin 2 (signal grid) and 
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FIG. 32. Grid voltage-plate current 
curve of a gated-beam tube. 

the grid attached to pin 6 (quadra¬ 
ture grid). 

To understand the detector action 
of this tube, some explanation of the 
function of the various grids it con¬ 
tains is necessary. The construction 
of the tube is such that a beam of 
electrons is formed at the cathode and 
attempts to travel from cathode to 
plate. The grid attached to pin 5 is 
known as the accelerator, and its func¬ 
tion is to speed the beam on its 
way. The other two grids may be 
referred to as gates. In order for 
the electron stream to flow from 
cathode to plate, both gates must be 
open. That is, they must have a 
potential on them that will allow the 
electron stream to pass. When the 
tube is acting as both limiter and 
detector, the first gate is cutting off 
the peaks of the incoming signal, thus 
performing the limiting function. The 
accelerator grid has a positive poten¬ 
tial applied and its physical shape is 
such that it helps form the electron 
beam at the same time that it accel¬ 
erates it on its trip toward the plate. 

The second gate (pin 6) is connected 
to a resonant circuit consisting of LI 
and C3. This parallel resonant circuit 
is resonant at the center frequency of 
the incoming i-f signal. This circuit 
will oscillate, because of the space 
charge within the tube at its resonant 
frequency, but its oscillations will lag 
behind those of the incoming signal 
by 90°. Thus, both gates are open 
together for only a fraction of a com¬ 
plete cycle. 

When the incoming i-f signal devi¬ 
ates from the center frequency, the 
phase relationship between the two 
signals is changed, and consequently 
the length of time that both gates are 
open is changed. If the frequency of 
the incoming signal increases, the two 
gates are open together for a shorter 
time, allowing less average plate cur¬ 
rent to flow. If the incoming fre¬ 
quency decreases, the two gates are 
opened together for a longer time, 
allowing more average plate current 
to flow. Thus, the plate current of 
the tube varies in amplitude with the 
frequency of the incoming i-f signal, 
producing an audio signal. 

In addition to performing the limit¬ 
ing and detector functions, the gated-
beam tube also will supply enough 
audio amplification to drive a power 
amplifier tube, so that one stage of 
audio amplification may be elimi¬ 
nated. Thus, after the gated-beam 
tube, there is need for only the power 
amplifier to drive the speaker, which 
completes the audio system. Where 
other types of sound detectors are 
used, it is usually necessary to have 
two stages of audio amplification. 

AUDIO AMPLIFIERS 
The audio amplifier section of the 
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FIG. 33. Sound system of a modern TV' receiver. 



TV receiver usually consists of two 
stages. The detector is usually fol¬ 
lowed by a voltage amplifier. The 
output of this drives a power amplifier, 
which drives the speaker. 

As was mentioned before, sometimes 
only one stage of audio amplification 
is used, particularly if a gated-beam 
tube is used as a detector. In general, 
the circuits are quite conventional and 
no detailed analysis of them need be 
made here. 

The schematic diagram in Fig. 33 
shows the i-f, detector, and audio 
stages of the sound system used in a 
modern television receiver. This cir¬ 
cuit illustrates how modern circuitry 

makes possible the economy that en¬ 
ables the manufacturer to produce a 
low-cost television set. An intercarrier 
i-f system is used, and the sound is 
taken off at the output of the video 
amplifier. Thus, only one sound i-f 
amplifier is necessary. A single gated-
beam detector acts as limiter, detector, 
and audio amplifier, making one tube 
do the work of three. Following the 
gated-beam tube, there is only a single 
audio stage, which drives the speaker. 
Thus, this circuit represents a saving 
of at least two stages over older cir¬ 
cuits using separate-channel sound 
systems and more conventional detec¬ 
tors. 

Automatic Gain Control 
The need for and operation of auto¬ 

matic gain control (age) can best be 
understood by referring to the block 
diagram in Fig. 34. This figure out¬ 
lines the gain control system of a 
modern TV receiver. The two manual 
controls allow the operator to adjust 
contrast and volume to whatever 

levels he finds most pleasing to the 
eye and ear. Although the contrast 
control is pictured in Fig. 34 as being 
at the input of the picture tube, it 
may actually be in any one of several 
locations. In modern sets, it is most 
frequently found in the cathode cir¬ 
cuit of one of the video amplifier 

MANUAL 
VOLUME 
CONTROL 

4 IG. 31. The modern TV receiver incorporates separate manual controls for contrast 
and volume, plus automatic gain control for both. 
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stages. In any event, it will usually 
be located some place beyond the 
point of sound take-off so that the 
contrast control will vary the ampli¬ 
tude of the video signal without 
affecting the audio volume at the 
speaker. 

At first glance, one might be in¬ 
clined to think that the two manual 
controls for the gain of the video and 
audio amplifiers would be sufficient. 
This would be true if a carrier signal 
of constant amplitude were received 
on all stations on the television 
receiver. However, for various reas¬ 
ons, we cannot depend on this. Differ¬ 
ent stations transmit at different 
power levels and are at different dis¬ 
tances from the receiver; therefore, 
the strength of the received signal 
will vary from one channel to the 
next. Physical disturbances of the 
receiver antenna, such as high winds, 
may cause variations in signal 
strength very much like fading. There 
are other varying physical conditions 
that may cause variations in signal 
propagation, such as airplanes flying 
near the receiver, which may cause 
signal strength variations. Because of 
these and other uncontrollable varia¬ 
bles, it is essential to have some form 
of automatic gain control that will 
allow the set owner to receive his 
picture and sound with a fairly high 
degree of consistency at the levels at 
which he has set the volume and 
contrast. Therefore, an age signal in 
the form of negative bias is fed to 
stages in the receiver through which 
both sound and picture signals pass. 
This negative feedback is controlled 
by the amplitude of the received car¬ 
rier signal so that when a signal of 
high amplitude is received, the nega¬ 

tive bias on the rf section and the 
video i-f section is made more nega¬ 
tive, reducing the over-all gain. 

In order to maintain a good signal-
to-noise ratio, the negative bias fed 
to the rf section must not become 
effective until very strong signals are 
received. The age bias applied to 
the i-f stages (it is usually only ap¬ 
plied to the first two i-f stages) is 
effective for normal signals, and there¬ 
fore compensates for smaller varia¬ 
tions in signal strength. The curve 
shown in Fig. 35 shows the ideal rela¬ 
tionship between i-f and rf age 
response. The horizontal axis in this 
diagram represents the received signal 
strength increasing from left to right 
and the vertical axis represents 
applied bias. 

In older TV receivers you may find 
that the block diagram of the gain 
control system would be somewhat 
different from that shown in Fig. 34. 
Frequently, the manual contrast con¬ 
trol also controlled the age voltage to 
a certain extent. However, the inde¬ 
pendent manual controls as shown in 
Fig. 34 have been found to be more 
satisfactory. 

BASIC AGC 
An age system must operate from 

some component of the signal that is 
proportional to the strength of the 
carrier, since it is the carrier’s strength 

FIG. 35. An ideal relationship between 
age bias voltages applied to i-f and rf 

stages. 
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FIG. 36. A simple age system. 

at any moment that determines what 
the gain of the set should be at that 
moment. The only part of a TV signal 
that meets this specification is the 
height of the sync pulses. These ex¬ 
tend upward from the no-signal or 
black level pedestal by a fixed per¬ 
centage of the carrier strength. (This 
percentage may be different for dif¬ 
ferent transmitters, but is always the 
same for one transmitter.) If the 
carrier strength changes, the ampli¬ 
tudes of the peaks of these sync pulses 
from the black level and from the 
zero level will change proportionately. 

Of course, the sync pulses exist dur¬ 
ing only a small fraction of the whole 
TV signal. If the pulses are to furnish 
a control voltage, therefore, we must 
find some way to make their effect 
last from at least one pulse to the 
next. This is most easily done by 
using the pulses to charge a capacitor 
in an R-C network. 

A simple age circuit that uses the 
peaks of the sync pulses is shown in 

Fig. 36A. This consists of a diode 
rectifier with a time constant filter 
C1-R2. When a TV signal like that 
shown by curve 1 in Fig. 36B is 
applied to RI, VT1 conducts when¬ 
ever the signal exceeds the charge 
stored in Cl. Since the diode then 
has low resistance, Cl charges rapidly 
up to the peak voltage of the sync 
pulses during the time that VT1 
conducts. 

When the signal swings below the 
peak level, Cl must then discharge 
through R2. This discharge is slow, 
since R2 has a high resistance—so 
slow that Cl discharges very little 
during the period of one line. At the 
end of this line, another sync pulse 
recharges Cl at once to the full peak 
voltage. Therefore, the voltage across 
Cl follows curve 2 in Fig. 36B and, 
as you can see, remains nearly at the 
peak value at all times. 

We can use the voltage across Cl 
as an age voltage by applying it to 
the video i-f stages as a bias. When 
we do so, the bias on these stages 
will be proportional to the strength 
of the carrier; it will increase on 
strong signals and decrease on weak 
ones, thereby varying the gain so that 
the signal applied to the video detector 
will be very nearly constant. 

Selecting the proper time constant 
for the R2-C1 circuit in Fig. 36A is 
somewhat of a problem. There are 
reasons for making it short and others 
for making it long. If we make it 
short (that is, use a value of R2 that 
will permit Cl to discharge fairly 
rapidly), the circuit will be able to 
follow more rapid fluctuations in the 
signal and will offer more freedom 
from noise interference than it will 
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if we make the time constant long. 
On the other hand, a short time con¬ 
stant may make the set lose vertical 
sync. Let us see why these effects can 
occur. 

First, suppose a sharp noise pulse 
that is higher than the peak of the 
sync pulse is received. The gain of 
the set will automatically and sud¬ 
denly be reduced by the age circuit. 
If the time constant is long, Cl will 
hold its high charge for several lines, 
during which time the gain of the set 
will be reduced. Therefore, the use of 
an age circuit having a long time 
constant means that there will be 
“holes” (large blacked-out areas) in 
the picture when noise is present, 
whereas the picture on a set with a 
manual contrast control would show 
nothing more than nearly unnoticeable 
short black streaks under the same 
conditions. 

Suppose, on the other hand, that we 
make the time constant quite short. 
Capacitor Cl will then discharge con¬ 
siderably in between the horizontal 
sync pulses, so the average age voltage 
(the voltage across Cl) will be rela¬ 
tively low. When a vertical sync pulse 
(which is much broader than a hori¬ 
zontal pulse) is received, however, Cl 
will be charged for a much longer 
time than it is during the horizontal 
pulses; consequently, the average 
voltage across Cl will increase during 
the vertical pulse. This means that 
the gain of the set will be reduced 
during the vertical pulse, an effect 
that may make the set lose vertical 
sync. 

Since synchronization is extremely 
important, a simple age system like 
this is usually made slow-acting 
(given a long time constant). Such a 
system will compensate for signal 
changes like those produced by 

switching stations, but cannot take 
care of rapid fluctuations, and of 
course is poor when noise is present. 

The de voltage that is obtained as 
a result of the age action is usually 
applied as a bias to the i-f amplifier 
stages, appropriate R-C decoupling 
networks being used to prevent coup¬ 
ling between the stages. The signal 
may also be applied to the rf stage 
ahead of the converter, in which case 
some arrangement is generally used 
so that the bias applied to the rf 
stage will be unaffected on weak sig¬ 
nals but will increase rapidly on 
strong signals. 

There is usually some control in the 
age network to set the threshold 
beyond which it operates. In older 
sets this may be the contrast control 
for the set, but in later models it is 
usually a separate control mounted 
at the rear of the set. 

Because it is the most economical, 
the basic age system with slight modi¬ 
fications is used in many modern low 
cost TV sets. However, the limitations 
of the basic age system are overcome 
in many sets by using a slightly more 
complex system known as a keyed age 
system. 
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KEYED AGC 
Most keyed age systems used in 

modern receivers make use of a source 
of age bias voltage which operates on 
the horizontal sync pulses only, and is 
unaffected by any noise or other 
variations that occur between the 
horizontal sync pulses. A typical 
keyed age system is shown in Fig. 37. 

The cathode of the age tube has a 
150-volt positive potential supplied 
to it. The positive 150-volt bias is 
also applied to the grid through R6 
and R5. The plate is almost at zero 
potential. There may be a small posi¬ 
tive voltage due to the drop across 
the diode in the first audio amplifier. 

Obviously, with these potentials, no 
plate current will flow under static 
conditions. However, when a signal 
is being received, these static condi¬ 
tions are altered. A positive-going 
composite signal from the plate circuit 
of the first video amplifier is applied 
to the grid through R5. This is the 
signal that controls the age voltage. 
The plate is connected to a winding 
on the horizontal output transformer 
through a capacitor, Cl, so that dur¬ 
ing every horizontal retrace period, a 
positive voltage pulse is applied to 
the plate. This positive pulse is suffi¬ 
cient to cause the tube to conduct, if 
the positive-going sync pulse applied 
to the grid is of sufficient amplitude. 
The plate current flowing through the 
tube is controlled by the amplitude of 
the positive horizontal sync pulse that 
appears on the grid simultaneously 
with the positive pulse applied to the 
plate. 

When the age tube conducts, elec¬ 
trons flow from cathode to plate, 
charging capacitor Cl with the polar¬ 

ity shown. Cl is of relatively low 
value so that it has time to discharge 
between positive voltage pulses. How¬ 
ever, the R-C filter, consisting of R4 
and C2, filters the pulsating voltage 
across Cl so that a constant de poten¬ 
tial appears across C2. The ampli¬ 
tude of this voltage will depend on 
the amplitude of the video signal 
applied to the grid of the age tube. 

RI, R2, and R3 form a series resist¬ 
ance combination through which age 
current flows from the negative side 
of C2 to ±150V. The setting of RI 
determines the current that will flow 
through R3 and R2 for a given charge 
on C2, and hence the age voltage 
developed. The diode is connected be¬ 
tween the junction of R2 and R3 and 
ground to avoid the possibility of 
applying a positive bias to the rf tube. 

The keyed age circuit described is 
typical, but there are a number of 
different variations which may be 
encountered. The threshold control 
may be in the grid circuit of the age 
tube; the grid signal source may be 
an age detector at the output of the 
last i-f stage; the source of positive 
pulses applied to the plate of the age 
tube may differ. This is sometimes 
simply taken off the primary wind¬ 
ing of the horizontal output trans¬ 
former, through a capacitor and drop¬ 
ping resistor, instead of having a sep¬ 
arate winding on this transformer. 
These are just a few of the variations; 
however, the same principles will 
apply to almost any age circuit that 
you may encounter. If you have 
gained a thorough understanding of 
the basic age circuit and the keyed age 
circuit described here, you will have 
very little difficulty understanding 
any age system. 
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Lesson Questions 

Be sure to number your Answer Sheet 57B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next Lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don't hold your answers 
too long; you may lose them. Don’t hold answers to semi in more than 
two sets at a time, or you may run out of lessons before new ones can 
reach you. 

1. List the two voltages that the TV low-voltage power supply must furnish. 

2. What type of sound detector is usually used in a TV receiver with an inter¬ 
carrier sound system? 

3. From what portion of the television signal is the age bias voltage usually 
derived? 

4. In a TV set that has no low-voltage power transformer, what type of B-|-
supply is usually used? Filament supply? 

5. Would you expect to find a bleeder resistor in a TV receiver with a trans¬ 
formerless power supply? 

6. How does having the high-voltage power supply controlled by the sweep 
system protect the picture tube? 

7. Where is the sound take-off point in (a) a separate-channel sound system 
and (b) an intercarrier system? 

8. What three functions may be performed by a gated-beam tube in a TV 
sound system. 

9. What would be the effect on the television picture if the time constant of 
C1-R2 in Fig. 36A were too short? 

10. Why is the keyed age system rarely affected by sharp noise pulses? 
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GOOD RESOLUTIONS 

deadly. Anything 
' next year can be 

When 
effect at 

done NOW—or at least a start can be made toward it 
that can be done next month or 

you make a good resolution, put it into 

Remember this when you make plans—when you 
make good resolutions. Put your plans and resolu¬ 
tions into effect at once. Get started! 

once. To postpone it 

The few hundred may not be as smart as the 
others—may not be as talented, as capable, or as 
well educated. But they ACT and achieve concrete 
results—while the plans and good resolutions of the 
millions fade out into airy nothings. 

Millions of people drcam about doing fine, worth¬ 
while things. But only a few hundred people ever 
get around to actually doing these things. 
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STUDY SCHEDULE 

Q 1- Introduction. Pages 1-2 

Q 2. The Operation and Characteristics of an Oscilloscope. Pages 2-10 

In this section, you learn how this important piece of test equipment 
functions and the design requirements necessary to make it useful in 
radio and television servicing work. 

□ 3. How to Use an Oscilloscope.Pages 11-13 

This section is designed to show you the many uses of an oscilloscope 
in television servicing. We go through the major sections of a television 
receiver and point out how the oscilloscope is used in wave-form observa¬ 
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IT IS very hard to do thorough and efficient radio or TV service work 
without the aid of good test equip¬ 
ment. Of course, you may be able to 
find burned out tubes and other sur¬ 
face defects, but some type of test 
instrument is necessary in measuring 
voltages, observing signal waveforms, 
making precise adjustments, and 
locating obscure troubles in electronic 
circuits. 
When selecting a piece of equip¬ 

ment, especially an oscilloscope, you 
will be faced with the problem of 
finding one that will fill your needs 
and still be reasonably priced. In this 
reference text, we will give you an idea 
of the features that the various types 
of test instruments should have to be 
the most useful. 

Even the best designed pieces of 
equipment have their limits. We will 
point these out and describe means 
of overcoming them. For example, a 
scope cannot be used to observe wave¬ 
forms in all electronic circuits without 
the aid of suitable probes. For in¬ 
stance, a low-capacity probe must be 
used when the response of a video 
amplifier is being checked; otherwise, 
the input capacity of the scope will 
reduce the high-frequency response of 
the amplifier. 

Regardless of the efficiency of the 
test equipment, it will be of no bene¬ 
fit if it remains unused. Therefore, 
we will briefly describe the uses for 
the various pieces of equipment and 
point out the methods of connecting 
them for the best results. The first 
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time that you use a new piece of 
rather complex test equipment, prog¬ 
ress will be slow and awkward; the 

more you use this piece of equipment, 
the sooner it will return dividends in 
improved and faster work. 

The Operation And Characteristics 
Of An Oscilloscope 

The oscilloscope is one of the most 
useful instruments in radio-TV serv¬ 
icing. You can use a scope as a signal 
tracer to follow the signals through a 
TV receiver to find where the signals 
may be lost or distorted. To use a 
scope effectively, however, you must 
know how it works and how its fea¬ 
tures influence its performance. 

Basically, an oscilloscope uses a 
tube, in which a concentrated stream 
of electrons “paints” a picture of a 
repeating waveform on a fluorescent 
screen by continuously superimposing 
cycles of this waveform, one over the 
other. The tube, as shown in Fig. 1, 
is similar to the picture tube used in 
TV sets, except it uses electrostatic 
instead of electromagnetic deflection. 
It contains an electron gun to form 
the electron beam, and a deflection 
system, consisting of vertical and hori¬ 
zontal deflection plates, to move the 
beam to any place on the screen. The 
circuits in the scope generate and con¬ 
trol the various signals and voltages 
that must be applied to the tube. As 
in a TV set, both ac and de voltages 
must be applied to the electrodes. 

There are four controls that vary 
the de- voltages applied to the scope. 
There are two centering controls. By 
adjusting these, you can move the 
beam and pattern that you are observ¬ 
ing to a position on the screen where 
it is easy to see. Two other controls 
are the brightness and focus controls. 
The brightness or intensity control 

regulates the number of electrons in 
the beam, and, therefore, the bright¬ 
ness of the trace. The focus control 
regulates the concentration of the 
beam electrons so that they arrive as 
a small diameter in-focus beam at 
the screen. 

AC DEFLECTION SIGNALS 
The electron beam is used to paint 

a picture of a waveform on the face 
of the tube. This is done by applying 
the waveform to be viewed, to the 
vertical deflection plates, and a saw¬ 
tooth signal to the horizontal deflec¬ 
tion plates. 
The sawtooth signal causes the 

beam to move from the left side of 
the cathode ray tube across the face 
of the tube to the right side of the 
tube at a constant speed. When the 
beam reaches the right side of the 
tube it is rapidly returned to the start 
of the line at the left side of the tube. 
This is done over and over, thus super¬ 
imposing the pattern each time it goes 
across the tube. 

The length of the line traced across 
the face of the tube can be controlled 
by means of a horizontal gain control 
on the oscilloscope, which regulates 
the amplitude of the sawtooth wave. 

In order for a stationary pattern 
to appear on the screen, the frequency 
and phase of the sawtooth wave must 
be synchronized with the wave applied 
to the vertical plates. Its frequency 
can be the same as that of the applied 
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signal, or it can be some sub-multiple 
of the applied frequency. If it is the 
same frequency, the beam will move 
across the screen once for each cycle, 
and one cycle will appear on the 
screen; if it is half the frequency of 
the applied signal, the beam will move 
across the screen once for each two 
cycles, and two cycles will appear on 
the screen. If it is one-third the fre¬ 
quency, three cycles will appear, etc. 

This synchronization of the hori¬ 
zontal sawtooth with the signal 
applied to the vertical plates is accom¬ 
plished by feeding part of that signal 
to the horizontal oscillator that gen¬ 
erates the sawtooth. This signal is 
called the “sync” signal. Its amplitude 
is adjusted by means of a sync control. 

The horizontal oscillator usually has 
two frequency controls ; one is a step¬ 
type control, which can be adjusted 
to one of various ranges; the other is 
a vernier, which can be adjusted to 
any frequency within the ranges set 
by the step control. 

Synchronizing the sawtooth gener¬ 
ated by the horizontal oscillator in 
this way, by using part of the signal 
applied to the vertical plates, is called 
“internal sync.” 

Sometimes it is desirable to be able 
to apply a signal from an external 
source to the horizontal oscillator. 
This is used in some alignment pro¬ 
cedures. The applied signal is then 
compared with it. This is called 
“external sync.” 

Sometimes it is desirable to be 
able to sync the oscillator with the 
power line frequency or a harmonic of 
it. This is called “line sync.” 

Sometimes we want to apply a sig¬ 
nal to the horizontal plates with a 
shape other than a sawtooth. This can 
be done by using an external sweep 
signal from a sweep generator. 

REQUIREMENTS OF A 
SERVICE OSCILLOSCOPE 

The performance and the all-round 
usefulness of the scope in service work 
depend upon five major electrical 
characteristics. These characteristics 
are frequency response, input imped¬ 
ance, sensitivity, sweep circuit fea¬ 
tures, and sync arrangements. If you 
know these characteristics and their 
influences on the reproduced wave¬ 
forms, you will be able to teil whether 
any scope you have or are consider-
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ing buying will meet your require¬ 
ments. Let us take up each of these. 
Frequency Response. The verti¬ 

cal amplifier system of the scope 
amplifies the waveforms applied to it 
so that they can be observed on the 
screen. It must be capable of passing 
and amplifying a wide band of fre¬ 
quencies. It must be able to pass the 
many types of waveforms and fre¬ 
quency components found in modern 
electronic equipment. For example, the 
color burst sent in transmitting a color 

FLAT TOP 
(LOW FREQUENCY) 

COMPARABLE 
LOW FREQUENCY 

' , SINE WAVE 

LEADING EDGE 
(HIGH FREQUENCY)' 

COMPARABLE 
HIGH FREQUENCY 
SINE WAVE 

FIG. 2. Comparison between sine waves 
and time segments of a pulse. 

TV program has a frequency of 3.58 
me. For this burst to be seen, the high-
frequency response of the scope must 
be above 3.58 megacycles. In fact, it 
should have a frequency response up 
to 4.5 or 5 megacycles. 

Complex waveforms sometimes con¬ 
tain high-frequency components. If 
these components are attenuated seri¬ 
ously or shifted in phase with respect 
to the other frequency components, 
the waveform becomes distorted as it 
passes through the vertical amplifier. 
Therefore, the frequency response of 
the vertical amplifier determines how 
faithfully various complex waveforms 
can be reproduced. If the scope itself 
distorts the waveform, it cannot be 
used to find obscure defects. 

Let us see how the frequency re¬ 
sponse of the scope can affect the 
shape of a square wave. A square wave 

is a complex waveform that consists 
of a base or fundamental frequency 
and an infinite number of odd har¬ 
monics. The high-frequency compo¬ 
nents of the signal determine the speed 
with which it rises from the base line 
to the peak amplitude and also the 
speed with which it will fall back to 
the base line again at the end of the 
pulse. For example, the horizontal 
sync pulse used in commercial TV 
systems must rise to a prescribed level 
in one-fourth of a microsecond. This 
is the length of time it takes a 2-mega-
cycle sine wave to rise from the nega¬ 
tive peak to the positive peak, as 
shown in Fig. 2. A scope must have 
a frequency response of 2 megacycles 
to pass the pulse without distortion. 
If the high-frequency response in the 
vertical amplifier system is not good, 
the leading edge of the pulse will not 
be straight, but will be rounded as 
shown at the left in Fig. 3. Further 
loss in high frequencies will destroy 
the shape entirely. 

The shape of the flat top of the 
pulse is affected by the low-frequency 
response of the amplifier. The effect 
of improper low-frequency response is 
shown in Fig. 3B. The top does not 

FIG. 3. How the loss of high and low 
frequency response in the vertical ampli¬ 
fier system of an oscilloscope affects the 

shape of a square-wave pulse. 
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remain flat. The poorer the low-
frequency response, the more the tilt. 
Input Impedance. The input im¬ 

pedance of a scope is an important 
characteristic because it determines 
how well the frequency response will 
be retained, and how much the scope 
will load any circuit to which it is 
attached. An oscilloscope is a high-
input-impedance device. It presents 
a high impedance except when it is 
used in high-impedance circuits or 
when very high-frequency components 
are to be reproduced on the screen. 
The video signal and pulse waveforms 
contain high-frequency components; 

impedance of a typical scope is 2 
megohms shunted by 20 mmf, its load¬ 
ing effect across a 25,000-ohm load 
will be quite severe if a high-frequency 
signal is to be observed. For example, 
at 320 kc, the loading will reduce the 
circuit impedance by a factor of 
approximately 30%. Therefore, there 
will be a substantial attenuation of 
the high-frequency components of the 
320-kc signal. The waveform would 
not be faithfully reproduced on the 
screen; it would be rounded and dis¬ 
torted because of the attenuation of 
the high-frequency components that 
make up the signal. 

FIG. 4. Oscilloscope loading of a circuit 
under observation. 

these waveforms must be applied to 
the scope through the proper type of 
probe in order to reproduce the high-
frequency components faithfully. 

The input impedance generally is 
rated in megohms shunted by micro¬ 
microfarads of capacity. The scope 
connected across any circuit adds this 
value of resistance and capacity in 
shunt with that circuit, as shown in 
Fig. 4. Since the reactance of the 
capacitive component changes with 
frequency, the scope will have a 
more severe loading effect at high 
frequencies. 
The amount of the circuit loading 

also depends upon the impedance of 
the circuit across which the scope is 
attached. If we assume that the input 

On the other hand, if the same scope 
is connected across a 2000-ohm im¬ 
pedance point, it will give a much 
better reproduction of the high-
frequency signals, and the impedance 
of the circuit will not be seriously re¬ 
duced. At any frequency below 4 
megacycles, both the low- and the 
high-frequency components of a pulsed 
waveform will be passed with equal 
amplification. Therefore, when you are 
observing waveforms that contain 
high-frequency components, you will 
get a truer reproduction of the sig¬ 
nals if you connect the scope across a 
low-impedance circuit. 
Although a scope is said to have a 

specific frequency response, it does 
not necessarily mean that you can 
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FIG. 5. Use of compensated probe in making high frequency observations. 
Color subcarrier rides on back porch of horizontal blanking pulse. 

(A) With probe. (B) Without probe. 

pick up a signal of a particular fre¬ 
quency from a circuit and have it 
faithfully reproduced on the screen. 
This is particularly true of high-
frequency signal components. If the 
scope has any severe loading effect on 
the circuit, the signal will be attenu¬ 
ated before it is applied to the verti¬ 
cal amplifier system. 

This high-frequency attenuation can 
be minimized by using a compensated 
probe and by choosing a point in the 
circuit where the loading is at a mini¬ 
mum. The compensated probe in¬ 
creases the input impedance of the 
scope so that there is minimum load¬ 
ing effect on the circuit. With the 
probe, the input impedance is a known 
quantity ; it does not depend upon the 
lead length or the ground proximity. 
Also, the shielded probe lead reduces 
stray pickup. 

The effect of a compensated probe 
is shown in the color signal waveforms 
in Fig. 5. In Fig. 5A a compensated 
probe was used. The amplitude of the 
color burst signal is normal; but in 
Fig. 5B a regular uncompensated 
probe was used, and the signals have 
been seriously attenuated. Probes will 

be discussed more fully in a later 
section. 

Sensitivity. The sensitivity of a 
scope is the minimum signal strength 
that it needs to produce a usable and 
undistorted pattern on the screen. 
If the scope is to be used effectively in 
checking and making adjustments in 
weak signal stages of modern TV sets, 
the vertical amplifier section should 
be sensitive enough to show the re¬ 
sponse pattern of a single rf stage 
when a standard service-type sweep 
generator is used. Also, the scope must 
have a vertical attenuator system so 
that high-amplitude signals (up to 
several hundred volts) can be ob¬ 
served without overloading the verti¬ 
cal amplifier. However, the attenuator 
system should be well designed to pass 
both strong and weak signals faith¬ 
fully. 

The sensitivity of a scope is usually 
rated in rms volts per inch deflection. 
If the sensitivity is 100 millivolts per 
inch, a 100-millivolt rms sine wave 
signal applied to the scope with the 
vertical gain set at maximum will pro¬ 
duce a 1-inch sine wave on the screen. 
Actually, the oscilloscope is a peak-
to-peak voltage indicator because both 
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negative and positive peaks of the 
waveform are visible. The peak-to-
peak voltage of a 100-millivolt sine 
wave will be 100 X 1-41 X 2, or 282 
millivolts. Therefore, a scope can be 
used not only to observe various types 
of waveforms, but also to measure 
them by comparing their amplitudes 
to the amplitude of a calibrated sine 
wave. This method will be described 
later. 
Sync and Sweep System Fea¬ 

tures. The sync and sweep systems 
of the scope should be versatile and 
easy to adjust if the instrument is to 
be used effectively in TV and other 
electronic service work. The sync sys¬ 
tem should be efficient enough to pro¬ 
vide positive locking of the horizontal 
oscillator so that the waveshape being 
viewed will remain stationary on the 
face of the tube. The horizontal sync 
system should have provisions for in¬ 
ternal and external sync. In addition, 
60-cycle sync is helpful in locking in 
some patterns, and also in comparing 
the signal frequency with the power¬ 
line frequency. 
The sawtooth sweep system must 

be linear to observe waveforms and 
alignment curves. The sweep fre¬ 
quency range should extend low 
enough to observe two or three cycles 
of the lowest frequency repeating 
waveforms, such as the field rate of a 
TV signal, and high enough to show 
the highest frequency waveforms, such 
as the line intervals of the TV signal. 

The horizontal sweep system should 
be arranged so that the internal sweep 
circuit can be turned off and an ex¬ 
ternal sweep signal applied to the in¬ 
put of the horizontal amplifier. This 
arrangement is best in many align¬ 
ment procedures. 

In other alignment procedures, an 
internal 60-cycle sine wave sweep sig¬ 
nal that can be applied to the hori¬ 

zontal circuits is very useful. This 
eliminates the need for an intercon¬ 
necting line between the horizontal 
output of the sweep alignment gener¬ 
ator and the horizontal input of the 
scope. However, provisions must be 
made for controlling the phase of this 
sweep when it is used for alignment 
work. 

TYPICAL SERVICE 
OSCILLOSCOPE 

A photograph of a typical service 
oscilloscope is shown in Fig. 6, and a 
block diagram of it is shown in Fig. 7. 
Let us go over it now. 

The sensitivity of the instrument is 
high enough to permit sweep align¬ 
ment of a single receiver stage (an rf 
stage, for example) without difficulty. 
A signal as low as 14 millivolts will 
produce a usable pattern on the screen. 
The vertical amplifier will also handle 
a peak signal of 1000 volts. Thus, 

FIG. 6. A typical oscilloscope. 
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UP TO IOOO SENSITIVITY - .014 VOLTS RMS/INCH 
VOLTS PEAK RESPONSE — 5 CPS TO 4 5 MC + 3 DB 

POWER SUPPLY 

FIG. 7. Block diagram of a typical oscilloscope. 

observations can be made of the high-
amplitude sweep waveforms. 

The vertical amplifier section con¬ 
tains four stages to give the desired 
high sensitivity and wide-band fre¬ 
quency response. The frequency re¬ 
sponse is nearly linear from approxi¬ 
mately 5 cycles to 4.5 megacycles. 
With this wide-band response, the 
scope will faithfully reproduce the 
sharp leading edges and the long-
duration flat-top portions of square¬ 
wave signals. 

The horizontal sweep oscillator can 
be synchronized internally, externally, 
or at the line frequency or harmonics 
of it. For internal sync, a signal is 
derived from the vertical pulse in¬ 
verter and is applied to the horizontal 
sawtooth oscillator. Provisions are in¬ 
cluded for using either the positive or 
the negative half cycle of the signal 
for sync purposes. The frequency 
range of the horizontal oscillator ex¬ 
tends from 10 cycles to 100 kilocycles, 

thus making it possible to observe in¬ 
dividual cycles of both high- and low-
frequency repeating waveforms. It is 
possible to lock in the horizontal 
sweep oscillator with sine wave signals 
as high as 3 megacycles. 

The horizontal oscillator can be 
turned off so that an external hori¬ 
zontal sweep signal can be applied to 
the input of the horizontal amplifier. 
Notice that two horizontal stages fol¬ 
low the oscillator to increase the am¬ 
plitude of the sweep signal applied to 
the horizontal deflection plates. 

On the scope, there are two controls 
that vary the height of the signal on 
the screen. One is the vertical attenu¬ 
ator, which is used to keep a strong 
signal from overloading the scope. 
The other is the vertical gain control; 
it is a finer adjustment. These are 
calibrated so that you can read the 
peak-to-peak voltage of the signal be¬ 
ing viewed when its height is set to 
one inch. 
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To do so, you adjust the vertical 
attenuator and the vertical gain con¬ 
trol to give a peak-to-peak deflection 
of one inch. The screen is ruled so 
that you can do this easily. 

You can then read the voltage from 
the settings of the two controls. The 
vertical attenuator has four settings. 
If it is set at X 1, the voltage can 
be read directly from the setting of 
the vertical gain control. If it is at 
X 10, the reading of the vertical gain 
control must be multiplied by 10. 
If it is set at X 100, the reading is 
multiplied by 100; and if it is set at 
X 1000, the reading is multiplied by 
1000. 
The scope has a calibration termi¬ 

nal where a 2-volt peak-to-peak sine 
wave is available that can be applied 
to the vertical input of the scope to 
check the accuracy of the calibration 
of these two controls. When this 
known 2-volt signal is applied, and the 
controls are set so that the vertical 
attenuator is at X 1 and the vertical 
gain control is at 2, the pattern should 
be 1 inch high from peak to peak. 

If the calibration is not accurate, 
it can be adjusted by a control on the 
scope chassis. 

To use the scope in certain circuits 
and to perform certain operations with 
the instrument, it is sometimes neces¬ 
sary to use an accessory probe. This 
may be a direct-connection probe, a 
low-capacity compensated probe, a 
demodulator probe, or a resistor-
isolated probe. As its name implies, 
the direct-connection probe is simply 
a shielded cable with a probe tip on 
the end. The shield, which is connected 
to ground, prevents stray pick-up sig¬ 
nals from distorting or otherwise in¬ 
terfering with the waveform under 
observation. The shield, however, 
causes increased input capacity, which 
may distort the high-frequency com¬ 

ponents, so it is more useful at low 
frequencies. 

The resistor-isolated probe, shown 
in Fig. 8A, inserts a resistor between 
the circuit under observation and the 
scope. The resistor functions as an 
isolating component to prevent the 
scope from loading the circuit under 
observation, changing its character¬ 
istics, or introducing feedback during 
alignment. This probe, together with 
the scope input capacity, serves as a 
low-pass filter. Thus, high-frequency 
signal components and harmonics are 
attenuated so that a clear response 
curve and marker pattern can be 
obtained. 

When waveforms that contain high-
frequency components must be ob¬ 
served, a low-capacity compensated 
probe is often used to prevent the 
scope from distorting the waveform. 
This distortion occurs because the in¬ 
put capacity of the instrument attenu¬ 
ates the high-frequency components 
more than the low-frequency com¬ 
ponents. 
A diagram of a compensated probe 

used with the oscilloscope is shown in 
Fig. 8B. The components are chosen 
so that they function as a voltage 
divider and impedance transformer to 
increase the input impedance of the 

GROUND PROBE TIP PROBE TIP PROBE TIP 

05 MFD 250MMF 
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mo 
TO VERTICAL INPUT OP SCOPE 

FIG. 8. (A) Resistor-isolated probe. 
(B) Low-capacity compensated probe. 
(C) Demodulator or detector probe. 
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instrument. Thus, by properly choos¬ 
ing the capacity and resistance of the 
probe with relation to the input im¬ 
pedance of the scope, it is possible 
to obtain a uniform voltage division 
over a wide band of frequencies. Both 
low and high frequencies are accepted 
with the same sensitivity, and the 
high-frequency components are faith¬ 
fully reproduced on the screen. 

The resistor and small capacitor in 
series with the signal path, of course, 
raise the effective input impedance of 
the scope. Thus, with the compensated 
probe, there is less loading on the cir¬ 
cuit under observation, equal sensitiv¬ 
ity to low- and high-frequency signal 
components, and more effective shield¬ 
ing between the cable and the external 
components. 

Another useful accessory is the de¬ 
modulator or detector probe shown in 
Fig. 8C. It consists of a crystal detec¬ 
tor, two resistors, and a capacitor. 
With this probe, it is possible to de¬ 
modulate or detect an rf or i-f signal, 

remove the modulation information, 
and apply the modulation information 
to the vertical input terminals of the 
scope. 

The detector probe is especially use¬ 
ful in alignment work and in tracing 
signals through the rf and video sec¬ 
tions of TV receivers. With it, you 
can observe the modulation at the grid 
or plate of an i-f amplifier stage. You 
can even observe the response of a 
resonant circuit or group of tuned 
circuits by using suitable sweep align¬ 
ment equipment and a detector probe 
with a sensitive scope. 

The accessory probes described in 
this section extend the use of a scope. 
They permit more critical observation 
of waveforms without frequency dis¬ 
tortion or loading. With them, you can 
observe the modulation components 
in rf and i-f sections of receivers. 
Although the probes are called acces¬ 
sories, they are actually essential parts 
of the scope if accurate and efficient 
work is to be done. 
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How To Use An Oscilloscope 
The oscilloscope can be used very 

effectively as a signal tracer to trace 
the signal through the TV receiver. 
By using the signal-tracing technique, 
you can quickly locate in a receiver 
you are servicing either a dead stage 
that the signal will not pass through 
at all, or a defective stage in which 
the signal is being distorted. Let us 
take up each section of the receiver 
and see how we would do this. 

TUNER AND I-F STAGES 

To trace the video signal through 
the tuner and through the video i-f 
stages, you use a detector probe to 
demodulate the rf signal. First look 
for a signal at the output of the tuner. 
You will not always be able to pick 
up a signal at this point, because it is 
usually very weak here. However, if 
you are close to a strong local sta¬ 
tion, you may be able to pick up the 
video signal at this point. When you 
are looking for a signal at the output 
of the tuner, turn the vertical sensi¬ 
tivity of the oscilloscope to maximum 
and adjust the sweep to some sub¬ 
multiple of either the field or the line 
rate. If you want to look at the field 
signal, adjust the oscilloscope sweep 
to about 30 cycles; if you want to 
look at several lines, adjust the sweep 
frequency to 7875 cycles per second. 
If you simply want to use the oscil¬ 
loscope as a signal tracer to find a 
dead stage, you can trace either the 
field or the line signal. However, if 
there is a defect in the set that is 
distorting part of the signal, set the 
oscilloscope sweep frequency to which¬ 
ever of the two signals is being more 
noticeably distorted. 

If you are unable to pick up a signal 
at the output of the tuner, move the 

detector probe to the output of the 
first video i-f amplifier to see if you 
can pick up a signal there. In most 
locations where the strength of the 
signal from the TV station is reason¬ 
ably high, you will be able to pick 
up a signal at the output of the first 
video i-f amplifier stage. Once you 
have been able to pick up a signal on 
the oscilloscope, whether it is at the 
output of the tuner or at the output 
of the first video i-f stage, as you go 
on through the video i-f amplifier, the 
signal strength should increase. In 
other words, if you picked up a weak 
signal at the output of the tuner, the 
signal should be noticeably stronger 
at the output of the first video ampli¬ 
fier and still stronger at the output of 
the second video i-f amplifier. 

Continue to trace the video i-f sig¬ 
nal on through the video i-f amplifier 
until you reach the video detector. 
When you reach the video detector, 
remove the detector probe; it will no 
longer be necessary. 

If the receiver is completely dead, 
you can continue to trace the signal 
through the video amplifier stages 
using only a direct probe, because it 
does not matter if the scope upsets 
the performance of the video amplifier 
slightly; you are interested in finding 
the stage that will not pass the signal 
at all. 

On the other hand, if the trouble in 
the receiver is a defect that is affecting 
only the high-frequency component of 
the signal, then you should use a low-
capacity probe with the oscilloscope, 
because the additional capacity that 
you would introduce by connecting the 
oscilloscope directly to the video am¬ 
plifier circuits would distort the wave-
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shapes and might lead you to suspect 
a stage that is actually operating 
satisfactorily. 
In Fig. 9 we have shown a block 

diagram of a television receiver show¬ 
ing the various points you should 
check in observing the signal in a TV 
receiver, and the frequency that the 
horizontal oscillator of the scope 
should be set to at each point. Of 
course, it is not necessary to look at 
the signal at all of these points when 
servicing a set. For example, if the 
trouble is that the vertical sweep cir¬ 
cuit will not remain in sync, there is 
no point in checking the waveshapes 
in the horizontal sweep system. Simi¬ 
larly, if you have a raster on the face 
of the picture tube, you know that 
both the horizontal and the vertical 
sweep circuits are working. If the 
defect is that there is no sound and 
picture but the raster is normal, you 
should trace the video signal through 
the video i-f and video amplifier stages 
to find the point at which the signal 
is lost. There would be no point in 
checking the sweep circuits, because 
they apparently are working satisfac¬ 
torily, otherwise you would not have 
a raster on the picture tube. 

BANDPASS MEASUREMENTS 
Sometimes the oscilloscope is used 

in conjunction with a sweep generator 

to check the bandpass of a stage. 
The stage may be a video i-f stage, 
a video amplifier stage, or the chromi¬ 
nance channel in a color receiver. 

When using an oscilloscope to check 
the response of a stage, you must 
refer to the manufacturer’s service in¬ 
formation to find out how the oscillo¬ 
scope and sweep generator are to be 
connected, and what the response is 
supposed to be. Connecting these in¬ 
struments to the circuit will affect the 
response of the circuit, so that the 
response pattern you will see on the 
oscilloscope will not be the same when 
the instruments are removed. How¬ 
ever, if you get the response you are 
supposed to get with the sweep and 
the oscilloscope connected, it will .be 
satisfactory when the two are discon¬ 
nected from the circuit. 

Simply checking the response of a 
stage by connecting the oscilloscope 
and sweep generator is of very little 
value if you do not have any informa¬ 
tion as to what the response should be. 
Manufacturers often peak one stage 
at a certain frequency to overcome 
deficiencies in other stages at this fre¬ 
quency. Therefore, you may obtain 
a very peaked response in one stage, 
and although you might think that 
this response indicates a defect, it 
could very well be the desired response 
for that particular stage. 
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Sweep And Marker Generators 
When you are aligning an AM 

broadcast receiver, all you need is a 
single-frequency signal generator that 
can produce an accurate signal on any 
of the various AM intermediate fre¬ 
quencies and at other key frequencies 
on the AM broadcast band. The 
broadcast-band signal generator often 
has 400-cycle tone modulation so that 
the loudspeaker can be used as an out¬ 
put indicator. 
For accurately aligning FM and 

TV sets, however, an instrument called 
a sweep-frequency signal generator 

nal that starts at 40 me and then 
gradually increases to the upper fre¬ 
quency limit of 50 me. At this time, 
the cycle reverses, and the applied 
signal frequency decreases from 50 to 
40 me. This change of frequency from 
40 me to 50 me and back to 40 me 
occurs at a rate of 60 or 120 times per 
second. 

Now, let us see what happens when 
this range of frequencies is applied to 
a wide-band amplifier that has a flat 
response between 40 me and 50 me. 
This is shown in Fig. 10A. 

Courtesy RCA 

Sweep-frequency generator. 

must be used. Instead of applying a 
single frequency to the input of the 
circuits under alignment, the sweep 
signal generator supplies a band of 
frequencies 10 to 15 megacycles wide. 
For example, the range of frequencies 
between 40 and 50 me can be applied 
to the input of the i-f section, so that 
you can clearly see the frequency re¬ 
sponse of the system and quickly de¬ 
cide whether or not alignment is 
necessary. 

The sweep signal generator does not 
supply this entire range of frequencies 
simultaneously. It produces one sig-

When a 40-mc to 50-mc sweep sig¬ 
nal is applied to the input of ap ampli¬ 
fier that has a constant gain on all 
frequencies between these limits, a 
constant current will be produced in 
the output of the detector circuit. The 
amount of current drawn by the diode 
will be the same for every signal fre¬ 
quency that is applied at the input. 
When a scope is connected to the out¬ 
put of the diode detector, the pattern 
reproduced on the screen will be a 
straight line. 

If we apply the same range of fre¬ 
quencies to an amplifier that has a 
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FIG. 10. Sweep frequency applied to wide-band amplifier. (A) Response flat between 
40 and 50 me. (B) Response flat between 43 and 47 me. 

constant gain between 43 me and 47 
me, the pattern reproduced on the 
screen will be as shown in Fig. 10B. 
Notice that the diode does not draw 
the same current for the entire range 
of frequencies. Instead, the diode cur¬ 
rent gradually increases from the low 
value of 40 me to a maximum value 
at 43 me. This maximum current is 
maintained to 47 me; in other words, 
the response of the amplifier is flat 
between 43 and 47 me. When 47 me 
is reached, the diode current gradu¬ 
ally decreases and reaches a minimum 
at 50 me. As you can see. although the 
amplitude of the signal applied to the 
input of the amplifier is constant be¬ 
tween 40 me and 50 me, the diode cur¬ 
rent at the output is not uniform, 
because the amplifier itself has less 
gain at some frequencies than at other 
frequencies. Thus, the change in diode 
current indicates the relative gain of 
the amplifier over the range of fre¬ 
quencies applied to its input. 

To obtain an accurate response pat¬ 
tern on the screen, the horizontal 
motion of the scanning beam must be 
synchronized with the changing fre¬ 

quency signal at the input of the 
amplifier. In actual practice, a sweep 
signal is applied also to the horizontal 
amplifier input terminals of the scope. 
The pattern on the screen then moves 
from left to right across the screen 
exactly in step with the sweep signal 
applied to the input of the amplifier 
section being aligned. 

The sweep signal generator that is 
used to align FM and TV sets must 
have several important characteristics. 
First, the output of the sweep oscil¬ 
lator must produce signals that have 
a constant amplitude. If the ampli¬ 
tude of the sweep signal changes and 
is not constant over the entire sweep 
frequency range, the response pattern 
reproduced on the screen will not be 
accurate. The variations in both the 
sweep signal and the response of the 
amplifier would be present at the out¬ 
put of the detector. Hence, it would 
be hard to find how much of the re¬ 
sponse pattern on the screen would be 
due to the variation in the sweep gen¬ 
erator and how much would be due 
to the nonlinear response of the 
amplifier. 
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Another important characteristic to 
look for in a sweep-frequency signal 
generator is the range of output levels 
that can be obtained from the instru¬ 
ment. When aligning a single tuned 
circuit or a single amplifier stage, the 
output signal level usually must be 
rather high to give a satisfactory pat¬ 
tern on the screen. On the other hand, 
when aligning a high-gain amplifier 
system, a very weak output is neces¬ 
sary to prevent overloading the verti¬ 
cal amplifier in the scope or one of 
the amplifiers in the system being 
aligned. Therefore, the output of the 
sweep frequency signal generator 
should be variable and the response 
must be constant for each range. 

In addition to constant amplitude, 
the sweep-frequency signal generator 
should have output frequency ranges 
that can be set on the intei mediate 
frequencies used in FM and TV sets, 
and it should produce the frequency 
ranges of each of the VHF television 
channels. Also, enough output must be 
available over these ranges, and the 
length of the sweep should be con¬ 
tinuously variable to at least 12 to 15 
megacycles. By having a wide devia¬ 
tion in both the i-f and VHF ranges, 
you can observe the response at the 
adjacent channel trap frequencies. 

MARKER GENERATORS 
Although the sweep generator ful¬ 

fills all the requirements just de¬ 
scribed, it is difficult to set the con¬ 
trols on the instrument so that the 
frequency range exactly corresponds 
to the width and the center frequency 
of the response curve of the receiver 
being aligned. The most convenient 
way of indicating and adjusting the 
frequency of the response curve is to 
mark the curve with a signal from a 
marker generator. The marker gener¬ 
ator signal produces a small “pip” on 

the response curve to indicate the fre¬ 
quencies represented by the curve. Be¬ 
cause the marker-generator frequency 
can be varied and the marker gener¬ 
ator is accurately calibrated, you can 
easily and accurately find where the 
picture carrier is on the curve, the 
location of various key frequencies, 
and the over-all width of the curve. 
The amplitude of the marker sig¬ 

nal can be controlled over a wide 
range, and the marker may be used as 
a single-frequency generator for spot 
frequency alignment. When it is used 
for single-frequency alignment, you 
can easily align tuned circuits and 
wave traps in a TV set by tuning the 
output frequency of the marker to the 
frequency of the circuits or traps. 
Marker Injection. The marker sig¬ 

nal can be added to the response curve 
in a number of ways. If the sweep 
generator has an internal marker, the 
marker signal can be inserted into 
the sweep signal by throwing the 
proper switch and adjusting the 
marker amplitude control. If the 
marker generator is a separate instru¬ 
ment, the signal can be applied at a 
suitable point in the amplifier under 
alignment. It can be inserted at the 
same point as the sweep signal or, 
in accordance with some manufactur¬ 
ers’ recommendations, at some other 
point where there is less loading or less 
interaction. 

The most important thing is for the 
marker generator to be connected at 
some point where it will not load or 
distort the response pattern of the unit 
under alignment. Also, the amplitude 
of the marker must be adjusted so 
that it does not change the shape of 
the response curve. The marker ampli¬ 
tude should be adjusted until the pip 
on the response curve can just be 
seen. At this amplitude, it will not 
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FIG. 11. Interconnection of alignment equipment. 

alter the true shape of the response 
curve. 

Usually the marker signal is applied 
through a blocking capacitor or an 
isolating resistor. However, if the 
marker generator has a weak output, 
as often occurs on the high band VHF 
channels, the signal can be applied 
directly to the unit under alignment. 

To be useful in alignment work, the 
marker generator must be very accu¬ 
rate, and the frequency must be vari¬ 
able over a wide range. You should 
be able to set the marker on any posi¬ 
tion of the curve and determine the 
frequency at that point on the curve 
within a fraction of a megacycle. This 
is particularly important in aligning 

the i-f section of a color receiver. The 
response curve must be calibrated pre¬ 
cisely because of the close frequency 
spacing between the signals on the 
response curve. 

SWEEP-ALIGNMENT 
TECHNIQUES 

Now that we have learned the im¬ 
portant characteristics of the sweep 
and marker generators, let us see how 
they are used in receiver alignment 
work. An important consideration in 
aligning any FM or TV set is to make 
certain that the test instruments are 
interconnected properly to prevent 
false and distorted patterns There are 
several methods of interconnecting 

17 



test equipment. Two typical methods 
are shown in Fig. 11. 
The most common interconnection 

method is shown in Fig. 11 A. Instead 
of using the internal horizontal sweep 
of the scope, a sine wave generated in 
the sweep generator is applied to the 
horizontal input of the scope to con¬ 
trol the horizontal motion of the beam. 
This same sine wave is used to control 
the deviation of the sweep oscillator 
in the sweep-frequency generator. 
Thus, the horizontal motion of the 
scope scanning beam is in sync with 
the changing frequency at the output 
of the sweep generator. 
The sweep and marker generators 

are connected to the unit being 
aligned, at the same point; the sweep 
generator is connected to the hori¬ 
zontal amplifier input of the scope; 
and the signal from the unit being 
aligned is applied to the vertical input 
of the scope. There are also ground 
connections between all the units. If 
the sweep signal generator contains an 
internal marker generator, the sepa¬ 
rate marker unit is not necessary. The 
marker signal is injected into the 
sweep signal within the sweep gen¬ 
erator. 

If the scope has a built-in sine wave 
horizontal sweep circuit and an asso¬ 
ciated phaser, only two interconnec¬ 
tions are necessary in setting up the 
alignment equipment, as shown in Fig. 
11B. In this method, the 60-cycle sine 
wave sweep of the scope is turned on, 
and its phaser is adjusted until there 
is an overlapped alignment pattern on 
the screen. The deviation at the out¬ 
put of the sweep generator, of course, 
also follows a 60-cycle sine wave 
change. When the phase of the hori¬ 
zontal motion of the scanning beam is 
made to coincide with the phase of the 
frequency deviation, the patterns on 
the screen will overlap. 

When sweep-aligning any receiver, 
it is always advisable to follow the 
manufacturer’s procedure for the spe¬ 
cific model—do not make alignment 
adjustments in a hit-or-miss manner. 
The accuracy with which you follow 
the recommended procedure will have 
much to do with the performance of 
the receiver after it has been aligned. 

In checking or making any align¬ 
ment adjustments, there are four very 
important provisions necessary. These 
are: a proper ground system, accurate 
bias and signal levels, adequate inter¬ 
ference rejection, and proper injection 
of marker signals. The type of ground 
system often makes the difference be¬ 
tween a satisfactory response curve 
and a variable and indefinite one. 
With a good ground system, your test 
units will show a true response that 
will not vary with placement of inter¬ 
connecting leads and changes in test 
equipment position. 

In order to get the response curves 
shown as typical by the manufacturer 
in his instructions, you must follow 
the manufacturer’s recommendations 
step by step. The amplifier must be 
operated with the recommended bias 
voltages, and the signal and output 
levels must follow the recommended 
values. The response pattern will be¬ 
come distorted if improper bias or 
too much signal is applied to the stages 
being aligned. 

There are variations in the recom¬ 
mended procedures and points of con¬ 
nection in different receivers, but the 
following recommendations are usu¬ 
ally included in all manufacturers’ 
alignment procedures. 

1. Adjust the contrast and age for 
proper bias and levels. 
2. Apply an external or a con¬ 

trolled internal voltage to the bias line 
to set up correct operating conditions. 
3. Apply a signal with as low an 
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FIG. 12. Sweep response curves. (A) Normal video i-f response. (B) Insufficient 
output filtering. (C) Result of not following bias recommendations. (D) Too much 
sweep signal overloads i-f. (E) Hum pickup or inadequate grounding. (F) Pattern 

tilt can be caused by poor low-frequency response in scope. 

amplitude as gives you a reasonably 
sized pattern on the oscilloscope. If 
the amplitude of the signal is too high, 
it may overload the receiver, and the 
response curve will be flattened. 

4. Take precautions when connect¬ 
ing test equipment to the unit being 
aligned so that the equipment does 
not influence the circuit operation 
enough to upset the response curves. 

It is very important to use a logical 
step-by-step procedure in adjusting 
any type of receiver. First, the test 
equipment must be interconnected cor¬ 
rectly. Second, all the recommended 
precautions should be followed to ob¬ 
tain reliable response indications. Last, 
random adjustments of the controls 
and hit-or-miss tactics should be 
avoided. Follow the recommended pro¬ 
cedures exactly, and do not adjust any 
control until you are certain what the 
control is and how it influences the 
circuit operation. 

Modern wide-band circuits seldom 
require realignment. If yon observe 
that the response curve of the circuit 
is distorted, the trouble is probably 
a defective component and not im¬ 
proper alignment. Therefore, look for 
defects first before you begin to align. 
If you merely want to “touch up” the 
alignment of a receiver rather than to 
carry out the complete alignment pro¬ 
cedure, always work with one align¬ 
ment adjustment at a time. Notice 
where a particular control is set, and 
move it on either side of its setting to 
see if there is any improvement in 
the response. Before proceeding to 
another control, restore the first one 
to its original setting. The danger in 
attempting to make touch-up adjust¬ 
ments is that you may get several con¬ 
trols misadjusted. When this happens, 
you will have to go through the entire 
procedure to establish normal operat¬ 
ing conditions. 
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FIG. 13. (A) Normal marker setting. Marker frequency 22 me. (B) Too strong marker. 
(C) Insufficient filtering. 

ALIGNMENT HINTS AND 
PATTERNS 

Fig. 12 shows some examples of in¬ 
correct response patterns that you 
might get if you do not follow the 
manufacturer’s recommendations or do 
not interconnect the test equipment 
properly. The normal response pattern 
for the i-f section of a television re¬ 
ceiver is shown in Fig. 12A. 

Fig. 12B shows the type of pattern 
that may be obtained when there is 
a stray signal picked up or insufficient 
filtering at the output of the amplifier 
being aligned. You can correct this 
condition by applying a signal of the 
proper level to the input and by using 
an isolating resistor and/or a capaci¬ 
tor at the point where the scope is 
connected to the output. These compo¬ 
nents are shown in Fig. 11. 
Fig. 12C demonstrates what can 

happen to the response pattern if the 
manufacturer’s bias recommendations 
are not followed, even with a signal 
of the correct amplitude and properly 
connected equipment. 

Fig. 12D shows what appears to be 
an excellent pattern. However, it is 
a false pattern. It was obtained by 
increasing the output of the sweep 
generator until it overloaded the i-f 
amplifier. Avoid this type of false re¬ 
sponse in your servicing work. Always 

apply just enough sweep signal to ob¬ 
tain a clear, usable pattern on the 
screen. Thus, in sweep alignment work, 
adjust the scope for high sensitivity 
and the sweep generator for minimum-
to-moderate output 

Insufficient grounding or hum pick¬ 
up can cause the type of distortion 
shown in Fig. 12E. Notice that the 
patterns do not overlap, indicating 
that there is a variation between the 
signal applied to the vertical input of 
the scope and the sync signal applied 
to the horizontal input. If touching the 
various leads causes the shape of the 
response pattern to change in this way, 
improper grounding is also indicated. 

The oscilloscope itself can produce 
distortion in the response curve. If 
it has poor low-frequency response, 
the response pattern will tilt as shown 
in Fig. 12F. 

As you can see, unless all the pre¬ 
cautions are taken and the manufac¬ 
turer’s recommendations are followed 
exactly, it will be almost impossible 
to align a TV receiver properly. 

Improper injection of the marker 
signal can also distort the response 
pattern. Remember that we said that 
the marker pip should be just large 
enough to be seen clearly on the re¬ 
sponse curve. A normal response curve 
with a marker of the proper amplitude 

20 



is shown in Fig. 13A. By using this 
marker signal and the proper point of 
injection, you will get an undistorted 
response curve, and you will be able to 
place the marker accurately on the 
curve. 

If the marker signal is too strong, 
the response pattern will be pulled out 
of shape and the marker pip will be 
fuzzy and too large, as shown in Fig. 
13B. The waveform in Fig. 13C again 
shows stray signal pickup and exces¬ 
sive marker signal. Notice that the 

marker signal spreads out because of 
insufficient filtering. This type of pat¬ 
tern may be obtained when the de¬ 
modulator output is not properly 
filtered. 

The oscilloscope and the sweep and 
marker generators are very important 
in TV servicing. Other instruments are 
also necessary if you are to do 
thorough and efficient work, so let us 
discuss some of the other instruments 
that are needed and find out what 
their requirements should be. 

VTVM And Miscellaneous Test 
Equipment 

The major use of vacuum tube 
voltmeters and high-resistance volt¬ 
ohmmeters is in finding defects in elec¬ 
tronic circuits by measuring ac and 
de voltages and resistance. They can 
be used to follow the voltage supply 
line from the power supply to each 
vacuum tube element. Because the 
vtvm is a high-impedance device, it 
can be used to check bias voltages in 
the various stages. In addition, if you 
use a radio-frequency probe with the 
vtvm, you can measure high-frequency 
signal voltages. However, in measur¬ 
ing high-frequency voltages, remem¬ 
ber to connect the meter to a low-
impedance point to prevent loading 
the circuit. 
The vtvm is frequently used in 

aligning the i-f amplifier and fre¬ 
quency demodulator sections of an FM 
receiver and the sound section of a TV 
receiver. Diagrams of typical fre¬ 
quency discriminator and ratio de¬ 
tector circuits are shown in Fig. 14. 

To align the i-f amplifier stages, 
shown in Fig. 14A, first connect the 

vtvm across the limiter resistor to 
measure the de component of the 
limiter grid current. This current flow 
varies with the peak amplitude of the 
i-f signal applied to the limiter grid. 
With a vtvm connected in this man¬ 
ner, apply an unmodulated i-f signal 
to the input of the sound i-f amplifier 
stages, and tune the i-f transformers 
for a maximum indication on the 
meter. 

To align the frequency demodulator 
stage, connect the vtvm across one leg 
of the discriminator output circuit. 
With the unmodulated i-f signal still 
applied to the input of the sound i-f 
amplifier, adjust the primary of the 
detector transformer for maximum 
reading. Next, connect the vtvm across 
the full output of the demodulator and 
tune the secondary of the detector 
transformer for a zero reading. 

Aligning the sound i-f amplifier and 
ratio detector circuits used in some 
FM and practically all modern TV 
receivers is similar to the procedure 
just described. First, connect the vtvm 
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FIG. 14. Alignment of sound i-f with vtvm. 

across the output of the ratio detector, 
as shown in Fig. 14B, and adjust the 
sound i-f stages and the primary of 
the detector transformer for maximum 
reading. Then, connect the vtvm be¬ 
tween the sound take-off point and 
ground, and tune the secondary for 
minimum reading. 

LINEARITY PATTERN 
GENERATOR 

The linearity pattern or bar gen¬ 
erator is used for both monochrome 
and color TV sets when making width, 
height, and linearity adjustments. The 
instrument forms a series of horizontal 
and vertical bars on the picture tube 
screen. The receiver controls are ad¬ 
justed until the bars are uniformly 
spaced across or down the screen. 

The bar generator contains a hori¬ 
zontal oscillator that operates at a 
lower frequency than the line rate but 
higher than the vertical field rate 
to form from 8 to 15 horizontal bars 
on the screen. It has a vertical oscil¬ 
lator that operates at a frequency 

higher than the line rate to form from 
12 to 15 vertical bars. The horizontal 
and vertical bars are generated in a 
fixed time sequence. Therefore, in a 
properly adjusted receiver, they should 
appear evenly spaced across and down 
the picture tube screen, and when both 
the horizontal and vertical oscillators 
are in operation a cross-hatch pattern 
is produced. 

Most modern bar generators include 
a provision for forming a white dot 
pattern that can be used to adjust the 
convergence circuits in a color tele¬ 
vision receiver. The dot pattern is 
formed by emphasizing and generating 
signals only at the time intervals that 
both the horizontal and vertical bar 
oscillators contribute signals simul¬ 
taneously. These time intervals occur 
during the line cross-over periods of 
the cross-hatch pattern. Consequently, 
the series of dots that is formed cor¬ 
responds to the positions of the hori¬ 
zontal and vertical crossover points. 

It is possible to obtain either a 
modulated rf or a video signal from 
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Courtesy Simpson 

Color bar generator. 

the output of a bar generator. The 
frequency of the rf signal at the out¬ 
put can be adjusted for any channel 
between 2 and 6, so the instrument 
can be connected directly to the 
antenna terminals of a TV receiver. 

To obtain a stationary locked-in bar 
or dot pattern, the generator must be 
synchronized by pulses from the de¬ 
flection circuits of the receiver being 
adjusted. A pulse from the vertical 
deflection circuit is usually applied 
to the vertical sync input of the dot 
generator. After passing through sev¬ 
eral circuits in the generator, it is used 
to sync the horizontal bar oscillator, 
because the oscillator must operate at 
a frequency that is a multiple of the 
field rate. On the other hand, a sync 
pulse from the horizontal deflection 
circuit will sync the vertical bar oscil¬ 
lator, because this circuit operates at 
a frequency that is a multiple of the 
line rate. 

COLOR-BAR GENERATOR 
The color-bar generator is used only 

in checking and adjusting color TV 
receivers. The instrument produces 
vertical color bars on the screen of 
the color picture tube that correspond 
to the primary and secondary color 
signals and the color-difference signals. 

A color-bar pattern is particularly 
useful in adjusting or checking the 
performance of the chrominance chan¬ 
nels and the matrix sections of a color 
receiver. Some color-bar generators 
form not only the individual color bars 
and chrominance sub-carrier signals, 
but also a complete TV signal for one 
of the standard VHF channels. This 
signal can be applied to the antenna 
terminals of the color receiver, so that 
the over-all performance of the re¬ 
ceiver can be checked. 
For example, you can check the 

operation of the tuner and i-f section 
because the signal formed by the in¬ 
strument contains both the picture 
and the sound carriers. You can also 
test the sound carrier traps with rela¬ 
tion to the chrominance and luminance 
signals at the input of the video 
section. 

To get proper hues in a color pic¬ 
ture, the hue and chrominance controls 
must be properly adjusted. This can 
be done by observing the colors of the 
bars in the bar pattern. Finally, you 
can check and adjust the luminance 
and chrominance channels to make 
certain that they will faithfully pass 
the signal components for which they 
were designed. 
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Using The Test Equipment To 
Check A TV Receiver 

We have discussed the requirements 
and operation of the various pieces of 
test equipment; now let us see how 
they can be used to check a color TV 
receiver. Many of the applications for 
the test equipment are demonstrated 
in the block diagram of the color 
receiver in Fig. 15. 
As you know, the tuner, the i-f 

amplifier section, the sound section, 
and the vertical and horizontal sweep 
sections of a color receiver are simi¬ 
lar to those used in monochrome re¬ 
ceivers. Therefore, the information 
that we give in this discussion con¬ 
cerning these sections also can be 
applied to monochrome receivers. We 
will indicate the various test instru¬ 
ments that can be used in each section 
and state what precautions should be 
taken to get proper results. 

TUNER 
By applying a VHF sweep signal to 

the antenna input terminals of the 
receiver and connecting a scope to the 
mixer-grid test point, you can quickly 
and easily check the response of the 
tuner. The response curve on the scope 
screen indicates the sensitivity, the 
band width, and the selectivity. Many 
defects can be located by observing 
the shape of the response curve. 

When connecting the scope to the 
mixer-grid circuit, it is often necessary 
to place an isolating resistor in series 
with the scope lead to keep from 
changing the characteristics of the 
mixer-grid tuned circuit. In some 
types of tuners, however, the isolating 
resistor already is a part of the tuner, 
and is in series with the line running 
to the recommended point of con¬ 
nection. 

The vacuum tube voltmeter can be 
used in the tuner section to check the 
negative grid bias voltage of the local 
oscillator to see if the tube is oscillat¬ 
ing with sufficient strength for effi¬ 
cient mixing action. The check for the 
strength of the oscillator signal also 
can be made at the grid of the mixer 
stage. 

Finally, the vtvm can be used to 
check the supply voltage and bias 
lines running to the tuner section. 
Sometimes the supply connections are 
made through terminal strips attached 
to the tuner or by leads coming from 
the back or sides of the tuner. 

VIDEO I-F SECTION 
The video i-f system of a TV set 

will give you an opportunity to use 
many of the test instruments described 
in this reference text. Starting at the 
output of the tuner, there are a 
group of resonant circuits that couple 
the tuner to the input of the video 
i-f amplifier. Usually these circuits 
have overcoupled and double-humped 
curves. There are usually trap cir¬ 
cuits to sharpen the skirts (the verti¬ 
cal portions) of the response curve. 
Therefore, it is necessary to align 
these resonant circuits precisely. 

The performance of individual i-f 
stages can be observed by using a de¬ 
tector probe with the scope. For ex¬ 
ample, apply a sweep signal to the 
grid of the mixer and connect a scope 
and its detector probe to the plate of 
the second video i-f stage. Tempo¬ 
rarily connect a 200-ohm composition 
resistor across the second i-f plate coil. 
This resistor will load the plate cir¬ 
cuit so heavily that the frequency 
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response of the stage will not affect 
the response pattern on the scope. The 
detector probe is connected to the 
plate instead of the grid of the second 
i-f to avoid loading the output of the 
first i-f stage. 

The pattern obtained is that of the 
first i-f stage and its tuned circuits. 
The other i-f stages can be tested in 
the same way. Rémember never to 
connect the sweep generator or de¬ 
tector probe directly to any tuned cir¬ 
cuit that is being adjusted. 
The scope used must have high 

sensitivity; otherwise there may not 
be sufficient gain from a single ampli¬ 
fier stage to produce a usable pattern 
on the screen. 

If a detector probe is not available, 
connect the scope at the video detec¬ 
tor output. When using this arrange¬ 
ment, load the stages between the sec¬ 
ond i-f and the video detector with 
resistors in order to get a true indica¬ 
tion of the response of the input cir¬ 
cuits. After the first i-f stages have 
been aligned, remove the loading re¬ 
sistors and align each of the other i-f 
stages in turn. 

The video i-f section has many traps 
and tuned circuits that require adjust¬ 
ment. Some of the tuned circuits re¬ 
move the sound signal component 
while others prevent the sound infor¬ 
mation from entering the video ampli¬ 
fier section of the color set. There arc 
also a number of single-tuned resonant 
circuits in the stagger-tuned i-f system. 

The numerous resonant circuits can 
be adjusted most accurately by apply¬ 
ing a single-frequency signal to the 
input of the i-f amplifier. This single¬ 
frequency signal can be either tone-
modulated or unmodulated, depending 
upon what type of output indicator is 
used. With an unmodulated signal, 
connect a vtvm to the video detector 

output. Set the VHF signal generator 
to each of the frequencies of the traps 
and tuned circuits, and adjust them 
for a minimum or maximum reading 
on the vtvm, depending upon whether 
they arc traps or single tuned circuits 
or a stagger-tuned combination. Gen¬ 
erally, the single-frequency unmodu¬ 
lated i-f signal is supplied to the grid 
of the mixer. However, the manufac¬ 
turer may recommend a special signal 
application jig or capacitive coupling 
device for inserting the signal. 
If a tone-modulated, single-frequency 

i-f signal is used, a scope can be con¬ 
nected as an output indicator in the 
video detector circuit. Each trap and 
tuned circuit can be adjusted for mini¬ 
mum or maximum audio modulation 
indication on the screen. 

The vtvm can also be used to meas¬ 
ure the bias and supply voltages in 
the video i-f amplifier. 

Video Amplifier. The method de¬ 
scribed for the video i-f amplifier also 
may be used to check the response of 
the video amplifier section. To pre¬ 
vent loading of the video stages, you 
should use a compensated probe with 
the scope. 

SOUND I-F SYSTEM 

There are two standard methods of 
aligning the sound i-f section of either 
a monochrome or a color receiver. One, 
which was discussed earlier in this 
reference text, is to connect a single¬ 
frequency generator to the input of the 
sound section, and use a vtvm to align 
the resonant circuits of the FM sound 
i-f section. 

The other is to apply a sound i-f 
sweep signal from a sweep generator 
to the input of the sound section, and 
connect the scope at the limiter grid 
circuit or at one section of the fre¬ 
quency demodulator output circuit. 
With the scope connected to the full 
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output of the frequency demodulator, 
you can observe the actual frequency 
demodulator “S” curve. Of course, in 
the sound i-f section, the alignment 
procedure must he carried out care¬ 
fully to obtain a minimum of inter¬ 
carrier buzz interference. 

It is also possible to signal-trace 
through the rf and i-f sections of a 
TV receiver with either a scope and 
its associated detector probe or a vtvm 
and its radio-frequency probe. Either 
a tone-modulated VHF signal or a 
receiver signal can be used. 

The vtvm can be used in the follow¬ 
ing circuits of the receiver to trace the 
supply voltage and bias lines. 

LUMINANCE VIDEO 
CHANNEL 

The luminance video amplifier con¬ 
tains a number of resonant circuits 
that attenuate undesired signals and 
channel the various segments of the 
luminance and chrominance signals to 
the proper sections of the color re¬ 
ceiver. In adjusting the traps and 
tuned circuits, you can use a tone-
modulated, single-frequency signal. 
You can apply a tone-modulated sig¬ 
nal at either the subcarrier frequency 
or the 4.5-mc sound-carrier frequency, 
to the input of the video amplifier 
and connect the detector probe from 
the vertical terminals of the scope to 
the grid of the second video amplifier. 
Now, adjust the tuned circuits for 
minimum or maximum indication on 
the scope as recommended by the 
receiver manufacturer. 

It is even more important to observe 
the response curves in the various sec¬ 
tions of a color receiver than of a 
monochrome receiver because of the 
critical positioning of the various sig¬ 
nal components on the curve. To 
check the response of the luminance 
channel, apply the video sweep sig¬ 

nal to the input of the first video 
amplifier, and connect the detector 
probe and scope to the output of the 
luminance amplifier. The response of 
the chrominance band-pass amplifier 
also can be obtained by connecting the 
scope and the detector probe to the 
input of the chrominance demodula¬ 
tors. Now, check each of the chromi¬ 
nance channels by connecting the 
scope and probe to the color difference 
phase splitter or amplifier in each of 
the chrominance channels. Of course, 
the video sweep signal is applied to 
the input of the first video amplifier 
for all these observations. 

CHROMINANCE CHANNELS 
In addition to observing the video 

response curves in the chrominance 
channels, as mentioned in the preced¬ 
ing section, you must also adjust the 
phase of the sub-carrier signals and 
the relative gain of the color difference 
channels when working on a color TV 
receiver. Several methods can be used. 

You can connect a color-bar gen¬ 
erator to the antenna terminals or use 
the signal from a TV station that is 
conveying the standard color-bar test 
chart, and check through each channel 
with a wide-band scope and its com¬ 
pensated probe. For the initial checks, 
the probe can be attached near the 
output of each color-difference chan¬ 
nel to observe the bar signals. Then, 
move the scope to the grids of the tri¬ 
color picture tube to observe the bar 
patterns while you make the adjust¬ 
ments. 

COLOR SYNCHRONIZING 
SYSTEM 

The circuits in the color sync section 
of the color receiver can be signal-
traced and adjusted by using a scope 
and its compensated probe. The color 
sync circuits use a phase-detector 
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control system. Therefore, the vtvm 
can be used to adjust the phase de¬ 
tector and also the sub-carrier gener¬ 
ating system. 

SYNC SEPARATOR AND 
AMPLIFIER SECTION 

The most useful instrument in sig¬ 
nal tracing and locating defects in the 
horizontal and vertical sync sections 
of a color or a monochrome receiver is 
the scope and its compensated probe. 
The compensated probe must be used 
to obtain a faithful waveform repro¬ 
duction and to prevent the scope from 
loading the circuit from which the sig¬ 
nal is taken. The most efficient means 
of checking the sync pulse circuits is 
to observe the waveforms on the scope. 

DEFLECTION AND 
CONVERGENCE SYSTEM 

The scope with its compensated 
probe is ordinarily used for adjusting 
and testing the performance of the 
sweep and convergence system. You 
can signal-trace the vertical oscillator 
and amplifier sections and observe the 
vertical signal at the grid of the verti¬ 
cal sawtooth oscillator by removing 
the vertical oscillator tube or in some 
way stopping the vertical oscillation. 
The horizontal sync pulses at the in¬ 
put of the horizontal afc system may 
be observed by taking the horizontal 
oscillator out of operation. Use the 
vtvm to adjust the horizontal afc 
system. 

By taking proper precautions and 
following the manufacturer’s recom¬ 
mendations, you can use a scope to 
observe the waveforms in the vertical 
and horizontal output stages and in 
the convergence circuits. 

The convergence adjustments are 
made by connecting a dot generator 
to the input of the receiver and observ¬ 
ing the dot pattern on the picture 
tube screen. This is the only way in 
which the convergence adjustments 
can be made in the present color sets. 
The adjustments consist of various 
magnets on the neck of the picture 
tube and various potentiometers and 
capacitors in the convergence circuit 
that change or alter the shape of the 
waveforms. When the adjustments are 
made correctly, the three electron 
beams pass through the holes in the 
mask to overlap exactly—one over the 
other—to form a white dot. 

SUMMARY 
Your test instruments take much of 

the uncertainty out of your work. By 
using them, you can make critical 
adjustments and observations so that 
you can efficiently repair all types of 
receivers and electronic equipment. It 
is important for you to know how 
to use them. For any piece of equip¬ 
ment to be of maximum benefit to you, 
you must use it whenever possible. 

It is true that the first few measure¬ 
ments or observations that you make 
with a piece of complex test equip¬ 
ment may take a long time. However, 
as you use the equipment more and 
more, and become accustomed to it, 
your speed, and the ease with which 
you make the adjustments, will im¬ 
prove. Eventually, the quality of your 
work and the speed with which you 
do it will be much improved over the 
hit-or-miss procedures that you would 
have to use without the aid of the test 
equipment. By using the equipment in 
a logical way, you will be able to do 
high-quality service work. 
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IT CAN BE DONE! 
Behind ninety-nine out of one hundred state¬ 

ments that “it can't be done,” is nothing but the 
unwillingness to do it. 

And in many instances, this unwillingness is 
nothing but laziness. 

To do something different—to do a thing, in a 
new way—would mean a little more work for a time, 
so the new idea is opposed. 

People will say “the new idea is good but not 
practical”—forgetting that the only test of practi¬ 
cality is the test of actually trying to do it. 

Of course, sooner or later the better way of doing 
a thing comes about. The assertion that a thing 
can’t be done, only stands in the way of a shiftless 
man. The same idea is bound to occur to an am¬ 
bitious man, and be carried out successfully. 

Every successful man has succeeded by doing 
things which some people said couldn’t be done! 
Success rests largely upon energy. 
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THIS lesson on color television 
receiver circuits expands upon 

the fundamental operation of the 
NTSC color television system de¬ 
scribed in an earlier lesson. It would 
be to your advantage to review the 
previous lesson on color television 
fundamentals and study the color 
definitions. We cannot overempha¬ 
size how important it is for you to 
know the exact meaning of color 
terms in order to follow the lesson 
content easily. 

Many of the stages contained in 
color television receivers perform 
similar functions to those in mono¬ 
chrome receivers. However, they 
may have major or minor changes 
to enable them to handle the addi¬ 
tional requirements of the color sig¬ 
nals. You should remember this fact 
when you are servicing color tele¬ 
vision sets. The symptoms produced 
by defects in these stages may not 
be the same as the symptoms pro¬ 
duced by similar defects in cor¬ 

responding stages of black-and-
white receivers. 

This lesson is concerned primarily 
with the circuits that are found only 
in color television receivers. However, 
we will briefly describe those that are 
common to both systems and point 
out the variations in them. Some of 
the color television circuits, such as 
the color tuner and the color video 
amplifier, were discussed in previous 
lessons. Therefore, we will not give a 
detailed discussion of them here. If 
you are not sure that you understand 
how these circuits operate, go back 
and review them. 

AN OVER-ALL PICTURE OF 
THE COLOR RECEIVER 

A block diagram of a typical color 
receiver is shown in Fig. 1. The sec¬ 
tions that are found in both black-
and-white and color receivers are 
shaded; those that are not shaded 
are used exclusively in color re¬ 
ceivers. Let us go through the re-
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ceiver and describe the various stages. 
At the top left-hand corner of the 

diagram are the tuner, the video i-f 
stages, and the sound channel. In 
monochrome receivers, the rf tuner 
presents few servicing problems. Color 
tuners probably will not require much 
more servicing than the tuners in 
monochrome receivers because they 
will usually have more than the re¬ 
quired band width. The major source 
of trouble will probably be tube fail¬ 
ures. Of course, the tuner must be 
properly aligned, because if the band 
width is reduced and the frequencies 
in the upper portion of the channel 
are attenuated, the color information 
will be lost. 

The i-f amplifier system contains 
from 3 to 5 cascade stagger-tuned 
stages. The i-f amplifier must have 
a wide band width so that it can 
pass the subcarrier of 3.58 me plus 
the upper sidebands (a total of 4.1 
me compared to 3 to 4 me in black-
and-white receivers) to prevent the 
loss of the chrominance information. 
The sound take-off point in the 

color receiver is usually at the output 
of the last video i-f stage. Removing 
the sound carrier at this point helps 
prevent the 920-kc beat signal from 
producing interference patterns on the 
reproduced picture. This 920-kc sig¬ 
nal is the difference frequency that 
results from beating the 3.58-mc sub¬ 
carrier with the 4.5-mc sound carrier. 
Notice that in Fig. 1 the sound sec¬ 
tion contains two detectors. The first 
operates like the video detector in a 
monochrome receiver and beats the 
sound and video i-f signals together 
to produce a 4.5-mc sound signal. The 
second sound detector (the ratio de¬ 
tector) removes the modulation from 

the 4.5-mc sound i-f signals. 
AGC voltage is usually applied to 

the tuner and the first three stages 
of the i-f amplifier, if the i-f system 
contains five stages; or to the tuner 
and first stage if there are only three 
i-f stages. A simple age circuit is used. 

The output of the video detector 
supplies the composite video signal 
to the first video amplifier of the 
color receiver. This stage separates 
the signal components and passes 
them into four separate channels. 
First, it supplies the luminance infor¬ 
mation (the brightness information 
or Y signal) to the luminance ampli¬ 
fier through an appropriate delay line; 
second, it supplies the chrominance 
information to the band-pass ampli¬ 
fier and on into the chrominance 
channels; third, it supplies color syn¬ 
chronizing information to the burst 
amplifier; and finally, it passes the 
composite synchronizing pulses to the 
sync separator stages of the color 
receiver. 

Let us trace each of the signals 
to learn its basic function, and its 
association with the other signals in 
the receiver. The luminance, or Y sig¬ 
nal, from the output of the first video 
amplifier is passed through a “de¬ 
lay line” and then is amplified by a 
second video amplifier before it is 
fed to the matrix unit. The delay line 
in the luminance section equalizes the 
time required for signals to pass 
through the luminance channel and 
through the chrominance channels. 
Thus, the luminance and chrominance 
signals arrive at the grids of the pic¬ 
ture tube at the same time. If this 
arrangement were not used, the hue 
and saturation would not coincide 
with the brightness detail. 
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Chrominance signals are supplied 
through the band-pass amplifier to the 
I and Q color demodulators. The 
band-pass amplifier permits only the 
chrominance spectrum to be supplied 
to these demodulators. In the de¬ 
modulators, the chrominance signal 
component is heterodyned with the in¬ 
serted subcarriers to recover the 
original I and Q signals. The Q sig¬ 
nal is supplied to a phase splitter 
which develops the positive and nega¬ 
tive Q components necessary for ap¬ 
plication to the matrix unit. Since the 
I channel has a wider frequency re¬ 
sponse than the Q channel, the gain 
per stage is not so great. Conse¬ 
quently, an additional amplifier is 
needed to build up the I signal to the 
same level as the Q signal, before it 
can be applied to the I phase splitter. 

In the matrix unit the luminance 
and chrominance signals are com¬ 
bined in stages called adders to form 
the three primary color signals of 
red, green, and blue. If the color 
system is functioning correctly, the 
proportions of the three primary color 
signals at the output of the receiver 
matrix are the same as those present 
at the input of the transmitting 
matrix. Each color channel consists 
of an adder stage, a video amplifier 
and a de restorer. Thus, the primary 
color signals are built up to a suitable 
amplitude for application to the in¬ 
dividual guns of the color picture 
tube. 
Let us now trace the color syn¬ 

chronizing information from the out¬ 
put of the first video amplifier through 
the color sync section. The color sync 
sine waves riding on the back porch 
of the horizontal blanking pulse are 
applied first to a burst amplifier 

which amplifies this color synchro¬ 
nizing component only. The burst 
amplifier is keyed by a pulse derived 
from the horizontal output circuit. 
Thus, it conducts only during the hor¬ 
izontal retrace interval, which is when 
the color burst arrives. The color 
burst is supplied to a phase detector 
which compares the frequency and 
phase of the color burst with a locally 
generated subcarrier component. 

The local subcarrier generator, that 
forms the subcarrier sine wave, is 
usually a crystal oscillator. The fre¬ 
quency and phase of the subcarrier 
sine wave are made to match those of 
the incoming sync burst by comparing 
these signals at the phase detector. A 
de component developed by the phase 
detector is supplied to the grid of a 
reactance tube, which is connected 
back to the crystal oscillator. The re¬ 
actance stage that is connected across 
the oscillator tuned circuit acts as a 
variable reactance to compensate for 
variations in the oscillator frequency. 
Any variation in the oscillator fre¬ 
quency causes a corresponding change 
in the reactance tube grid bias, and 
thus in the reactance across the tuned 
circuit. For example, if the oscillator 
drifts lower in frequency, the re¬ 
actance stage will decrease its ca¬ 
pacitive effect, and thereby increase 
the oscillator frequency. The sub¬ 
carrier sine wave at the output of the 
oscillator stage is applied to the quad¬ 
rature, or phase-shifting, amplifier. 
This stage, in turn, supplies an “in-
phase” signal to the I demodulator, 
and a 90° out-of-phase signal to the 
Q demodulator. Unless the subcarrier 
signals are inserted with this phase 
relationship, demodulation cannot 
take place. 
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A color killer is also associated with 
the color sync circuits to turn off the 
band-pass amplifier when a mono¬ 
chrome picture is received. This cir¬ 
cuit is controlled by the color burst 
signal. When a video signal is re¬ 
ceived that does not contain a color 
burst signal on its horizontal blank¬ 
ing pulse, the voltage supplied from 
the horizontal output transformer 
causes the color-killer circuit to con¬ 
duct. This causes a high negative 
bias to be applied to the grid of the 
band-pass amplifier. Thus, there is no 
output from the chrominance chan¬ 
nel because a monochrome signal con¬ 
tains no color signal. 
The horizontal and vertical syn¬ 

chronizing information from the out¬ 
put of the first video amplifier is 
applied to separate sync separators. 
These synchronizing pulses are fed 
through a sync amplifier to the verti¬ 
cal and horizontal sawtooth gen¬ 
erating circuits of the receiver. Thus 
far, the sync system is the same as 
that in a monochrome receiver. How¬ 
ever, in addition to generating the 
horizontal and vertical waveforms, 
the horizontal and vertical deflection 
amplifiers in a color receiver produce 
convergence waveforms. These cor¬ 

rection signals are supplied to either 
the convergence electrodes or the con¬ 
vergence coils, depending upon the 
type of picture tube that is used in 
the receiver, so that there will be 
proper convergence of the three beams 
over the entire surface of the screen. 

The low- and high-voltage supplies 
serve the same purpose as the corre¬ 
sponding circuits in a monochrome 
receiver. However, because more tubes 
are used in a color receiver, the low-
voltage supply must deliver higher 
current. The voltage for the second 
anode of the color picture tube also 
must be higher than the corresponding 
voltage in a black-and-white receiver. 
Variations in the second anode volt¬ 
age, however, are much more notice¬ 
able in the color picture. Hence, a 
voltage regulator is needed to hold it 
constant. 

The focus rectifier is usually used 
only in the color receiver. This circuit 
supplies several thousand volts to the 
focusing electrode to control the fo¬ 
cusing of the beams on the screen. 
Now that you have a general idea 

of the functions of the various sec¬ 
tions in a color receiver, let us take 
up in detail those sections that are 
used only in color receivers. 
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The Luminance Channel 
The luminance channel of the color 

receiver is composed of the first video 
amplifier stage, the delay line, and the 
second video amplifier stage. Its main 
function is to amplify the brightness 
detail of the color image that is to be 
reproduced, and to supply this Y 
(luminance) signal to the matrix unit. 

THE FIRST VIDEO AMPLIFIER 

The first video amplifier stage, in 
addition to supplying the Y signal to 
the rest of the luminance channel, 
is also generally the dispersal point 
for the chrominance and other types 
of control information present in the 
receiver color signal. 

We can demonstrate how the four 
major signal components are empha¬ 
sized and channeled to the proper sec¬ 
tions of the receiver by studying the 
typical luminance video amplifier sys¬ 
tem shown in Fig. 2. The composite 
color video signal present on the grid 
of the first video amplifier has a nega¬ 
tive sync polarity, as shown in Fig. 
3A. The chrominance signal informa¬ 
tion is removed from the cathode cir¬ 
cuit of the first video amplifier, and is 
applied through capacitor C14-5 and 
the potentiometer to the grid of the 
band-pass amplifier in the chromi¬ 
nance section of the receiver. Notice 
that there is a resonant circuit in the 
cathode circuit of the video amplifier. 
This trap, which is tuned to 4.5 me, 
makes certain that the sound infor¬ 
mation is completely removed from 
the chrominance signal component. 
The potentiometer is ganged with 

another that is in the grid circuit 
of the second video amplifier. This 
dual control is referred to collectively 
as the contrast control. One part con¬ 
trols the amplitude of the chromi¬ 
nance signal component, while the 
second regulates the amplitude of the 
luminance signal component. When 
the receiver has been properly pre¬ 
adjusted, a change in the setting of 
the contrast control produces correct 
proportionate changes in both the 
brightness and hue-saturation ampli¬ 
tudes of the color signal information. 
The wave-form of the signal at the 
chrominance take-off point in the 
cathode circuit of the first video amp¬ 
lifier has the same appearance as that 
on the grid. Waveform A in Fig. 3 
shows what the wave form would be 
if a series of vertical bars having the 
colors indicated were being scanned. 
The luminance video information 

is removed from across the video plate 
load resistor R14-16 and the peaking 
coil L14-1, and is fed through a de¬ 
lay line to the grid circuit of the 
second video amplifier. This signal 
component represents the brightness 
detail in the color picture. There¬ 
fore, it must contain high frequency 
components to render that detail faith¬ 
fully. 

Between the plate of the first video 
amplifier and the plate load resistor 
is a double-tuned resonant circuit. 
This circuit, which is tuned to the 
subcarrier frequency of 3.58 me, has 
the dual function of serving as a 
color sync-burst take-off point, and 
as an attenuator for the chrominance 
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signal components to prevent their ap¬ 
pearance in the luminance channel and 
on the grid of the second video ampli¬ 
fier. After the high-frequency chromi¬ 
nance data has been removed, the 
composite signal on the grid of the 
second video amplifier appears as 
shown in Fig. 3B. Notice that only 
the brightness information remains. 

The color synchronizing informa¬ 
tion from the secondary of the double¬ 
tuned transformer (L-14-5, L14-
6) is applied to the color sync section 
of the receiver. A small variable ca¬ 
pacitor, called the hue control, which 
is in the secondary tuned circuit, is 
used to vary the phase of the color sync 
signal so that a fine adjustment of the 
hue in the reproduced picture can be 
made. 

Composite synchronizing informa¬ 
tion for the horizontal and vertical 
deflection circuits is removed at the 
plate load resistor side of the reso¬ 
nant transformer primary winding. 
Thus, the chrominance information as 
well as some of the high-frequency 
video information is removed from the 
composite synchronizing signal that 
is supplied to the sync separators of 
the receiver. This sync signal wave¬ 
form is shown in Fig. 3C. 

SECOND VIDEO AMPLIFIER 

The second video amplifier stage 
in the luminance channel increases the 
amplitude of the composite luminance 
signal before it is applied to the ma¬ 
trix unit of the receiver. R15A-4 has 
a comparatively high resistance, but 
the plate load for the second video am¬ 
plifier is not the high value you might 
at first think. Instead, the true plate 
load presented to the second amplifier 
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FIG. 3. Luminance channel waveforms. 
A, waveform at grid of first video ampli¬ 
fier and at chrominance take-off point; 
B, waveform at grid of second video 
amplifier; C, composite sync from first 

luminance amplifier. 

is that contributed by the input circuit 
of the matrix unit. 
The luminance signal that is ap¬ 

plied to the matrix unit has a nega¬ 
tive sync polarity (the same as the 
waveform in Fig. 3B, except opposite 
in polarity). However, it is referred to 
as a +Y luminance signal because the 
brightest portions of the scene are 
represented by the most positive swing 
of the luminance signal. This is oppo¬ 

site to our usual conception of tele¬ 
vision signal polarity, which refers 
to the polarity of the sync pulse. 
When instructions refer to -|-Y, —Y, 
+Q, or —I components of the color 
signal, they are assuming the polarity 
of the signal that results in the high¬ 
est brightness when it arrives at the 
grid-cathode circuit of the picture 
tube. Therefore, a -J-Y signal is one 
that has a negative sync polarity, 
while a —Y signal is one that has a 
positive sync polarity. 

RESPONSE CURVES 

The functions of the luminance 
channel are also indicated by its re¬ 
sponse curves. Curve A of Fig. 4 
shows that the response of the first 
video amplifier is fiat from 0 up to 
4.1 me, which includes the subcarrier 
frequency of 3.58 me. Because of the 
degenerative cathode circuit, however, 
the response drops to a very low 
value at the intercarrier frequency 
of 4.5 me. The response of the lumi¬ 
nance channel after the burst trans¬ 
former is shown in curve B. Notice 
how the burst transformer causes a 
sharp drop-off of response at the sub¬ 
carrier frequency of 3.58 me. This 
drop-off indicates that the chromi¬ 
nance components are removed from 
the luminance signal prior to its ap¬ 
plication to the grid of the second 

response after burst take-off; C, over-all video response. 
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video amplifier. The over-all response 
of the luminance channel is indicated 
by curve C. 

DELAY LINE 

The delay line is another impor¬ 
tant part of the luminance channel. It 
can be in the form of a length of 
special coaxial cable, or it can be 
made up of lumped coils and capaci¬ 
tors. The function of the delay line is 
to delay the luminance signal com¬ 
ponent the same amount that the two 
chrominance signals are delayed as 
they pass through the chrominance 
channels. The luminance and chromi¬ 
nance signals must arrive in proper 
time relation at the grids of the tri¬ 
color tube. If the luminance signal is 
presenting the brightness detail of a 
bowl of fruit, for example, the chrom¬ 
inance information of hue and satura¬ 
tion must arrive simultaneously so 
that the fruit will be colored cor¬ 
rectly as its detail is being repro¬ 
duced. 

The time delay of a cable can be 
increased in two ways—by raising the 
distributed capacity or by increasing 
the inductive reactance. The inner 
conductor, which is usually a spiral 

coil, forms the inductive reactance, 
and a special coating and a special 
dielectric material form the distrib¬ 
uted capacity. Thus, the time delay 
can be shortened by shortening the 
physical length of the transmission 
line. 

In the luminance channel in the 
type of receiver which demodulates 
along the I and Q axes, the necessary 
delay is approximately 1 microsec¬ 
ond. It should be mentioned that the 
delay lines, just as regular transmis¬ 
sion lines, must be properly termi¬ 
nated in a resistance equal to the 
characteristic impedance of the line 
in order to prevent standing waves. 
If there is a mismatch, reflections can 
be formed that move up and down 
the transmission line and introduce 
spurious signals into the luminance 
information. 

As you can see, the luminance chan¬ 
nel in the color receiver is similar 
in many respects to the video ampli¬ 
fier section of a monochrome receiver. 
Now let us study the operation of the 
chrominance channels and the stages 
used in synchronizing the color infor¬ 
mation contained in the transmitted 
color signal. 

9 



FIG. 5. Chrominance channels of CBS-Columbia color TV receiver. 
Courtesy OB8 



The Color Synchronization Section 
The chrominance channels, which 

consist of a band-pass amplifier and 
the I and Q demodulators, recover 
the I and Q information from the 
chrominance subcarrier signal. A 3.58-
mc subcarrier signal is fed to the de¬ 
modulator stages from a crystal-con¬ 
trolled oscillator. The incoming 
chrominance signal and the subcar¬ 
rier signal produced at the receiver 
are synchronized by the color burst 
that rides on the horizontal blanking 
pulse. The color-difference signals that 
are formed at the output of the I and 
Q demodulators are fed to the matrix 
to recover the original primary color 
signals. 

The composite signal and the color 
sync signal are removed at the first 
video amplifier. Fig 5 shows that the 
composite video signal is applied to 
the grid of a band-pass amplifier. 
This amplifier blocks the lower-fre¬ 
quency components and permits only 
the chrominance frequency spectrum, 
between approximately 2.5 me and 
4.25 me, to pass through to the 
chrominance channel. The output of 
the band-pass amplifier is coupled 
through the resonant filters and po¬ 
tentiometer P16A-1 to the grid cir¬ 
cuits of the I and Q demodulators. 
The potentiometer, called the chromi¬ 
nance control, is used to adjust the 
amplitudes of the chrominance signal 
components supplied to the demodu¬ 
lators. When this adjustment is set 
properly, only the dual contrast con¬ 
trol needs to be used to vary the lumi¬ 
nance and chrominance signal levels 
so that the proper hue and satura¬ 
tion is retained when changes are 

made in the contrast control setting. 
To recover the I and Q color-differ¬ 

ence signals, a signal having the fre¬ 
quency of the original subcarrier sine 
wave must be generated at the re¬ 
ceiver and re-inserted at the demodu¬ 
lators. Therefore, let us find out how 
this sine wave is generated and how 
it is synchronized with the incoming 
chrominance signal. The operation of 
the chrominance demodulation sys¬ 
tem will be discussed in a later section 
of this lesson. 

OSCILLATOR STAGE 

Color synchronization is based on 
a phase comparison technique as 

FIG. 6. Block plan of color sync system. 

shown in the block diagram of Fig. 
6. First, an oscillator stage forms 
the subcarrier sine wave that is to be 
inserted. A portion of this subcarrier 
sine wave is applied to a phase detec¬ 
tor where it is compared with the in¬ 
coming subcarrier burst. The subcar¬ 
rier burst originates at the station 
and has a prescribed phase relation¬ 
ship with the I and Q color axes. 

The de voltage at the output of the 
phase detector depends on the phase 
relationship between the locally gen¬ 
erated sine wave and the incoming 
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subcarrier burst. As mentioned in an 
earlier section, this de component is 
supplied to the grid of a reactance 
tube. The reactance tube, in turn, re¬ 
flects a reactive component into the 
oscillator circuit, and thus regulates 
its frequency. The phase comparison 
system keeps the locally generated 
sine wave on frequency and in proper 
phase with respect to the incoming 
subcarrier burst. 

THE BURST AMPLIFIER 

The subcarrier burst enters the 
phase detector through a stage called 
the burst amplifier. Remember that 
the color synchronizing information 
is removed from the burst trans¬ 
former in the first video amplifier as 
shown in Fig. 2 and is applied to the 
grid of the burst amplifier tube VI7 
as shown in Fig. 5. The burst ampli¬ 
fier is keyed by a positive pulse 
derived from the horizontal output 
circuit. This positive pulse is applied 
first to the grid of the pulse shaper. 
The pulse shaper lengthens the pulse 
and controls its amplitude so that it 
can be applied as a negative pulse to 
the cathode of the burst amplifier. 
A de voltage is developed by the 
bleeder network, consisting of re¬ 
sistors RI 7-2 and R17-3, which ap¬ 
plies a high positive voltage to the 
cathode. This bias keeps the burst 
amplifier normally cut off. However, 
during the horizontal retrace interval, 
a negative pulse arrives at the cath¬ 
ode of the burst amplifier and causes 
the stage to conduct. At this time, the 
subcarrier burst is also present on the 
grid of the burst amplifier because it 
occurs during the back porch interval 
of the horizontal blanking time. 

Therefore, the burst signal is ampli¬ 
fied and appears at the output of the 
burst amplifier stage. 
The subcarrier burst is further 

emphasized by the tuned transformer 
T17-1A in the plate circuit of the 
burst amplifier. This transformer is 
tuned to 3.58 me and develops a 
strong 3.58-mc component across its 
secondary. Notice that the trans¬ 
former secondary also is a part of 
the phase detector circuit. A portion 
of the locally generated subcarrier 
sine wave is applied to this same 
phase detector circuit. This com¬ 
ponent is obtained from transformer 
T21A-1 in the plate circuit of the 
subcarrier sine wave amplifier, tube 
V21A, and is applied to pins 1 and 2 
of the phase detector. 

THE PHASE DETECTOR 

In your lessons on horizontal sync 
control systems and frequency modu¬ 
lation, you learned that the phase 
relationship between two applied sig¬ 
nals determines the amount of de 
voltage developed at the output of a 
phase detector circuit. Such is the 
case with the phase detector of a 
color receiver. In the example shown 
in Fig. 5, a de voltage is developed 
across capacitor C19A-6 and is ap¬ 
plied through a suitable filter circuit 
to the grid of the reactance tube in 
the form of a bias charge on capaci¬ 
tor C19A-1. 

REACTANCE STAGE 

The de component on the grid of 
V19A regulates the reactive com¬ 
ponent introduced across the oscilla¬ 
tor-tuned circuit by the reactance 
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tube. This, in turn, regulates the fre¬ 
quency and phase of the crystal oscil¬ 
lator and holds it in proper timing 
with respect to the incoming sync 
burst. 

SUBCARRIER SINE-WAVE 
AMPLIFIER 

The output from the subcarrier sine 
wave crystal oscillator, V19B, is re¬ 
moved from the cathode and is ap¬ 
plied to the grid of the subcarrier 
sine wave amplifier, V21A. Coil LI 
in the plate circuit of the amplifier is 
inductively coupled to a dual resonant 
circuit. The resonant circuit contain¬ 
ing coil L2 is tuned to the subcarrier 
frequency and develops the I de¬ 
modulator subcarrier sine wave. At 
the same time, the subcarrier sine 
wave from this resonant circuit is 
applied as the phase comparison sig¬ 
nal to the phase detector. 
The output of the amplifier also 

contains a second resonant circuit 
(containing coil L3), which is in¬ 
ductively coupled to the first resonant 
circuit. As you have learned, the sec¬ 
ondary voltage developed across a 
double-tuned transformer is 90’ out 
of phase with respect to the pri¬ 
mary voltage. Consequently, a 90’ 
related sine wave is generated for ap¬ 
plication to the Q demodulator. 

An important relationship to be es¬ 
tablished in the color receiver is the 
in-phase match between the locally 
generated subcarriers and the incom¬ 
ing I and Q chrominance components. 
The I subcarrier sine wave must be 
in phase with the I chrominance sig¬ 
nal, and the Q subcarrier sine wave 
must be in phase with the Q chromi¬ 

nance signal. However, in the color 
fundamentals lesson, you learned that 
the subcarrier burst does not have the 
same phase as the I and Q axes. Thus, 
to establish the proper phase rela¬ 
tionship between the subcarrier burst 
from the transmitter and the Q in¬ 
serted subcarrier, we must shift the 
phase of the subcarrier chrominance 
signal a small amount. This phase 
shift is accomplished by the small 
capacitor, called the hue control, in 
the secondary of the burst trans¬ 
former at the output of the first 
video amplifier, as shown in Fig. 2. 
The proper adjustment of this con¬ 
trol permits the rendition of truer 
flesh tones and better color detail. 

KEYER 

Still another factor to be considered 
in the chrominance channels is the 
method used to minimize any inter¬ 
ference between the luminance and 
chrominance signals. One source of 
difficulty is eliminated if the synchro¬ 
nizing information and color burst 
are removed from the chrominance 
signal as it passes through the band¬ 
pass amplifier. Thus, as shown in 
Fig. 5, the same positive pulse that is 
used to key on the burst amplifier is 
employed to key off the band-pass 
amplifier. It is applied as a negative 
pulse through capacitor C16B-3 to 
the grid of the band-pass amplifier. 
During the horizontal retrace inter¬ 
vals, the negative pulse on the grid of 
the band-pass amplifier blocks the 
passage of any synchronizing and 
burst information that arrives at the 
grid of the band-pass amplifier 
through capacitor C16B-4. 
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THE COLOR KILLER 

Still another special operation in 
the color receiver occurs when a 
monochrome picture is received. 
Under this condition, it is advisable 
to key off the chrominance channel 
to prevent any interference with the 
luminance signal that is reproducing 
a monochrome picture on the color 
television picture tube screen. This 
action is accomplished by a color-
killer circuit. The output of this cir¬ 
cuit is connected to the grid of the 
band-pass amplifier and applies a 
negative de voltage sufficiently high 
to cut off the amplifier when a mono¬ 

chrome signal is received. 
A monochrome signal does not con¬ 

tain a subcarrier burst on its hori¬ 
zontal back porch, so there is no sub¬ 
carrier burst at the grid of the burst 
amplifier to operate the phase detector. 
A positive voltage is developed at the 
junction of capacitor C18-2 and re¬ 
sistor R18-3, which is applied to the 
grid of the color killer. This results 
in an increase in plate current, which 
produces a more negative voltage on 
the grid of the band-pass amplifier. 
Thus, the negative bias that develops 
between grid and cathode of the band¬ 
pass amplifier is high enough to cut 
off the plate current. 
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The Chrominance Section 
The waveforms in Fig. 7 demon¬ 

strate the operation of the band-pass 
amplifier. The signal on the grid of 
the stage is, of course, the same as 
that developed at the output of the 
burst video amplifier. However, 
after the signal passes through the 
band-pass filter, it appears as shown 
in waveform B. Observe that all the 
chrominance signal components have 
averaged themselves about the zero 
axis. This is necessary before the 
chrominance I and Q signals can be 
recovered. Also notice that the color 
burst and synchronizing information 
have been removed from the chromi¬ 
nance information. The chrominance 
control at the output of the band-pass 
amplifier stage is able to regulate the 
amplitude of these “chrominance 
bars” and can serve as a method of 
establishing the proper chrominance 
signal amplitudes to reproduce the de¬ 
sired saturated colors. 

FIG. 7. Chrominance channel wave¬ 
forms. A, waveform at input to chromi¬ 
nance band-pass amplifier. B, waveform 

at output of band-pass amplifier. 

I AND Q DEMODULATORS 

The original signals that are con¬ 
tained in the transmitted subcarrier 
sidebands are recovered at the output 
of the demodulator sections by heter¬ 
odyning the chrominance signal from 
the band-pass amplifier and the sub¬ 
carrier sine wave from the phasing, 
or quadrature amplifier. As you 
learned earlier, the chrominance sig¬ 
nal, containing both chrominance 
components is simultaneously applied 
to each demodulator tube control 
grid. However, because of the 90’ 
phase difference between the inserted 
subcarrier frequencies, one component 
appears at the output of one demodu¬ 
lator section, and the other component 
appears at the output of the other 
section. 
A circuit diagram of a typical 

chrominance demodulation system is 
shown in Fig. 8. The chrominance 
signal is fed to the I and Q demodu¬ 
lator tubes together with the cw (con¬ 
tinuous wave) subcarrier signals. By 
heterodyning the two signals in the 
demodulator stages, the I and Q 
chrominance components are demodu¬ 
lated and appear in the plate circuits 
of the demodulator stages. 
The low-pass filter in the output 

of the Q demodulator has an upper 
frequency limit of approximately .5 
me, as shown by the response curve 
in Fig. 9A. This limited frequency re¬ 
sponse permits a narrow-band chromi¬ 
nance signal to pass through, but 
prevents any sideband interference 
from the I chrominance signal. The 
output of the Q demodulator then is 
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applied to a phase-splitting circuit. 
This circuit forms the positive Q and 
the negative Q signals required in the 
matrix section. 

The output of the I demodulator is 
developed across a low-pass filter 
with an upper frequency limit of 1.5 
me, as shown by the curve in Fig. 9B. 
Actually, the output circuit functions 
both as a load for the development 
of the wide-band I signal and as a 
time-delay filter. To reproduce a 
satisfactory color picture, the lumi¬ 
nance and chrominance signals must 
arrive at the matrix simultaneously. 
The amount of delay required in the 
various channels depends upon the 
channel band width—the wider the 
band width, the more delay required. 
No time-delay filter is used in the Q 
channel. A limited amount of delay 

is inserted in the I channel, however, 
and a still greater amount is used in 
the Y channel. 
Both I and Q demodulator output 

filters are designed to reject the sub¬ 
carrier frequency range near 3.58 me; 
thus any chrominance subcarrier fre¬ 
quency that remains in the I and Q 
signals is attenuated and removed. 
The signal output of the Q de¬ 

modulator is higher than the output 
of the I demodulator because the 

FIG. 9. Frequency response curves of 
Q and I demodulators. A, Q response; 

B, I response, 
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transmitted Q signal has two side¬ 
bands, while the I signal has only one. 
The Q sidebands add to produce a 
signal that is twice the amplitude of 
the I signal. Thus, to produce equal 
amplitude I and Q signals at the out¬ 
put of the demodulator sections, an 
additional stage of amplification must 
be used in the I channel. The proper 
amplitude relationships between the 
I and Q signals can be controlled by 
the degenerative gain control in the 
cathode circuit of the I amplifier. 

As in the Q demodulator, the out-

signal is used to synchronize the 
chrominance signal in the receiver 
with that in the transmitter. By 
studying the diagram, you will notice 
that the I signal lags the color burst 
signal by 57°, and that the Q signal 
lags the burst by 147° (57 90). 
We can plot the positions of the 

primary color signals on the color¬ 
phase diagram by using the values of 
the primary signals that make up the 
I and Q chrominance signals. These 
values are given in the color-bar chart 
in Fig. 11. 

FIG. 10. Phase relationships of color 
signals. 

put of the I amplifier is applied to a 
phase splitter stage. Here, the posi¬ 
tive I chrominance component is ob¬ 
tained from the cathode circuit, and 
the negative I component is obtained 
from the plate circuit. 

To understand the operation of the 
chrominance demodulation system 
thoroughly, it is necessary to under¬ 
stand the phase relationships of the 
various color components with each 
other and with the color burst sig¬ 
nal. All these relationships are shown 
in the color-phase diagram in Fig. 10. 

Keep in mind that the color burst 

To reproduce the primary colors 
and their complements, there must be 
an output signal from both demodula¬ 
tors for each color. Thus, for a satu¬ 
rated red hue, we must use a value of 
.601 and .21Q. The resultant vector, 
which is plotted on the color-phase 
diagram, has a value of .63. The I 
demodulator must detect the 60 value 
of the I signal, and the Q demodula¬ 
tor must detect the .21 value of the 
Q signal. 

In a previous lesson, you learned 
that the value of the resultant indi¬ 
cated the degree of saturation and 
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that the phase of the resultant indi¬ 
cated the hue being transmitted. 
When using the color burst axis as 
the reference line in the color-phase 
diagram, a fully saturated red color 
is transmitted each time the resultant 
signal lags the color-burst signal by 
76.5°, with an amplitude of .63. 
Suppose we wished to transmit a 

saturated blue hue. According to the 
color bar chart, blue is composed of 
—.321 and ,31Q. Notice that the Q 
component has a positive value, while 
the I component has a negative value. 
When plotted on the color-phase dia¬ 
gram, we find that a saturated blue 
hue has an amplitude of .45, and that 
it is 192° out of phase with the refer¬ 
ence burst. This phase change indi¬ 
cates a change in hue. 

The color-phase diagram shows not 
only the phase angles of the I and Q 
chrominance signals and the primary 

color signals, but also the positions 
of the R-Y, the B-Y, and the second¬ 
ary color signals. The important 
thing to keep in mind is that when 
the chrominance signals are demodu¬ 
lated, the phase differences between 
the various color signals and the I 
and Q signals remain constant. For 
example, when a saturated blue hue 
is transmitted, the chrominance sig¬ 
nal will always be 192° out of phase 
with the color burst signal. 
Another important fact to remem¬ 

ber is that the inserted subcarrier 
signals on the grids of the demodula¬ 
tor sections are 90° out of phase with 
each other. However, the inserted 
subcarrier signal on the number 3 
grid of the I demodulator is in phase 
with the I portion of the composite 
chrominance signal or 180° out of 
phase with it, depending upon the 
hue being transmitted, and the in¬ 
serted Q subcarrier signal is in phase 
or 180° out of phase with the Q por¬ 
tion of the composite chrominance 
signal depending upon the hue being 
transmitted. Because of the phase 
difference between the I and Q sig¬ 
nals, the I demodulator can demodu¬ 
late only the I component contained 
in the chrominance signal, and the Q 
demodulator can demodulate only the 
Q component contained in the chromi¬ 
nance signal. This is the basis on 
which the chrominance demodulation 
is accomplished. 
The chrominance and subcarrier 

signals consist of continuous sine 
waves. The subcarrier frequencies are 
maintained at a constant amplitude 
and phase, but the chrominance sig¬ 
nals are constantly varying in ampli¬ 
tude and phase according to the hue 
and saturation of the transmitted sig-
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FIG. 12. The relationships between the 
transmitted signal and the demodulator 
signals for a saturated red. A shows the 
original I signal, the original Q signal 
and the resultant modulated subcarrier; 
B and C are the signals generated at the 
receiver and applied to the $3 grids 
of the demodulators; D is the signal 
applied to the $1 or control grids of 
the demodulators—this is the same as 
the resultant in A; and E and F show the 

plate current of the demodulators. 

nal. Fig. 12 illustrates the relation¬ 
ships between the transmitted signal, 
the signals inserted at the #3 grids 
of the demodulators, and the plate 
current of the demodulators when a 
saturated red is being transmitted. 

By using the values of I and Q which 
represent a saturated red hue shown 
in Fig. 10, we find that the resultant 
transmitted signal is displaced 20° 
from the I subcarrier component and 
70° from the Q subcarrier component. 
These phase relationships are repre¬ 
sented in sine wave form in Fig. 12A. 

Notice that the I and Q subcarrier 
components, as represented by the 
dotted and dashed lines, are 90° apart, 
and the resultant or modulated sub¬ 
carrier transmitted from the trans¬ 
mitter to the receiver has the phase 
indicated by the solid curve. The 
phase and amplitude of this resulant 
are determined by the relative am¬ 
plitudes of the I and Q chrominance 
signals. 

Now, let us see how the demodula¬ 
tor sections interpret the amplitude 
and phase of the resultant modulated 
subcarrier signal in order to obtain 
the values of the original I and Q 
signals at the output. 
Waveform B shows the sine wave 

that must be inserted at the #3 grid 
of the I demodulator to recover the 
I signal information. Observe that it 
has the same phase as the original I 
subcarrier signal shown as the dotted 
curve in Fig. 12A. Waveform C shows 
the subcarrier sine wave at the #3 
grid of the Q demodulator. It has the 
same phase as the original subcarrier 
sine wave applied to the Q modulator 
at the transmitter. 

The two locally inserted subcarrier 
sine waves are applied to the #3 grids 
of the demodulator tubes, and the 
chrominance signal shown in Fig. 
12D, which is the resultant of Fig. 
12A, is applied to the control grids, 
as shown in the demodulator circuit 
in Fig. 8. The amplitudes of the in¬ 
serted subcarriers at the $3 grids are 
such that plate current flow exists 
only during the crest of the positive 
alternation of the subcarrier sine 
wave applied to the number 3 grids. 
In each demodulator tube the plate 
current flows in pulses with the peak 
amplitude determined by the ampli-
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tude of the control grid voltage at 
that time. 
At time 1 (called the “sampling” 

time) when the subcarrier sine wave 
at the #3 grid of the I demodulator 
is at its crest (waveform B), the I 
demodulator conducts. The amount 
that the I demodulator conducts de¬ 
pends upon the control grid voltage 
that exists at that instant. Waveform 
D shows that when the I subcarrier 
signal is maximum, the sine wave 
applied to the control grid has just 
passed its crest. This results in a 
rather large plate current pulse in the 
I demodulator circuit that corresponds 
to a value of .601. Thus, the ampli¬ 
tude of the plate current pulse that 
flows corresponds to the control grid 
voltage at that moment, as illustrated 
by waveform E. The Q chrominance 
subcarrier in Fig. 12A is going through 
zero at that instant and therefore 
contributes nothing to the resultant 
chrominance signal at that instant. 
Therefore, it makes no contribution 
to the I demodulator output. 

At time 2, the subcarrier sine wave 
at the 3 grid of the Q demodulator, 
waveform C, is at its crest and causes 
the Q demodulator to conduct. At 
this interval of time the resultant 
subcarrier sine wave on the control 
grid is just finishing its positive al¬ 
ternation as shown in waveform D. 
This results in a plate current pulse 
in the Q demodulator tube that cor¬ 
responds to the value of ,21Q. This 
plate current pulse in the Q demodu¬ 
lator is shown in waveform F. At this 
instant the I subcarrier in Fig. 12A 
is passing through zero and therefore 
contributes nothing to the resultant 
chrominance signal at that instant and 
can make no contribution to the Q 

demodulator output. 
Notice that the relationship be¬ 

tween the output of the I demodula¬ 
tor and the output of the Q demodu¬ 
lator corresponds to the original re¬ 
lationship between the I and the Q 
signal components, as shown in Fig. 
12A. An important point to recognize 
in understanding the operation of the 
chrominance demodulator is that 
waveform D is being applied to both 
control grids, but there is no interac¬ 
tion between I and Q components. 
The interaction is prevented by the 
90° phase difference between the sub¬ 
carrier sine waves applied to the #3 
grids (waveforms B and C). This 

I SAMPLING 0 SAMPLING 
TIME TIME 

FIG. 13. The relationships between the 
transmitted signal and the demodulator 
signals for a saturated blue. Notice that 
B and C are the same as B and C of Fig. 
12, because the signals at the $3 grids 
do not change, but the incoming signal 
applied to the control grids is different 
and this determines the plate current. 
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phase difference makes certain that 
the resultant subcarrier signal is 
sampled at the proper intervals to 
evaluate the I and Q information in 
their respective channels. 

When a blue hue is being transmit¬ 
ted, the subcarrier resultant signal 
transmitted between the transmitter 
and the receiver, as shown in Fig. 13, 
will be different in amplitude and 
phase with respect to the inserted 
subcarrier signals from the red one 
we have shown. The color-phase dia¬ 
gram in Fig. 10 shows the amplitudes 
of the I and Q signals and the phase 
relationships necessary to produce a 
saturated blue hue. By referring to 
the color-bar chart in Fig. 11, we find 
that the Q signal must contribute a 
value of .31, while the I must contrib¬ 
ute a negative value of —.32. When 
these values are plotted on the color¬ 
phase diagram, the resultant has a 
value of .45 and is displaced approxi¬ 
mately 45° from the T subcarrier and 
45° from the Q subcarrier. 

By comparing the phase relation¬ 
ships in Fig. 13 with those in Fig. 12, 
you will see that the sampling time 
still occurs on the positive crest of the 
inserted subcarrier sine waves. Figs. 
13B and 13C are exactly the same as 
Figs. 12B and 12C, because the lo¬ 
cally generated signals at the #3 
grids of the demodulators do not 
change. The difference in phase be¬ 
tween the I and Q subcarriers and the 
subcarrier resultant in Fig. 13, how¬ 
ever, is not the same as in Fig. 12. At 
time 1, when the signal at the #3 
grid of the I demodulator (waveform 
B) is going through its peak, the re¬ 
sultant is sampled on its negative al¬ 
ternation. At time 2, the subcarrier 
resultant is sampled when the signal 

at the #3 grid of the Q demodula¬ 
tor (waveform C) is going through its 
positive peak. As illustrated in wave¬ 
forms E and F, the plate current 
pulses are equal in amplitude but op¬ 
posite in phase. These pulses cor¬ 
respond to the values of —.321 and 
.31Q. 

From the illustrations in Figs. 12 
and 13, you will notice that the phase 
and amplitude of the resultant will 
depend upon the hue being transmit¬ 
ted. Similar diagrams may be drawn 
for each hue. The amplitude of the 
resultant varies according to changes 
in saturation. The important point to 
remember is that the chrominance 
sidebands in the subcarrier resultant 
are demodulated by the proper section 
of the demodulator system to obtain 
the original chrominance signals. 

Low-pass filters in the output cir¬ 
cuits filter the subcarrier frequency 
pulse components and establish the 
original I and Q video signals. This 
action is just the same as the opera¬ 
tion of an ordinary diode detector in 
reproducing the original audio or video 
variations. The waveform drawings 
in Fig. 14 demonstrate how the de¬ 
modulator plate current pulses, which 
occur at the subcarrier frequency, are 
filtered out to reproduce the original 
chrominance video information. The 
chrominance subcarrier is shown in A. 
The first pulse represents one hue, 
the second another. The locally gen¬ 
erated subcarrier is shown in B and 
when it is added to the received sub¬ 
carrier, a 3.58-mc signal similar to 
that shown in C is produced. The 
chrominance signal is then removed 
from the resulting 3.58-mc signal, C, 
producing a signal similar to D. This 
action is much the same as removing 
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FIG. 14. Action of chrominance de¬ 
modulator. A, chrominance signal; B, 
receiver subcarrier; C, receiver subcar¬ 
rier inserted; D, chrominance signal re¬ 

covered. 

the audio from the rf carrier in the 
detector in an AM receiver. 
The color demodulator is funda¬ 

mentally a heterodyne circuit, and as 
such produces many undesired signals 
in its output circuit. When the chrom¬ 
inance sideband signal heterodynes 
with the inserted subcarrier, the ex¬ 
citing frequencies as well as sum and 
difference frequencies are produced 
in the output. The output, however, 
is tuned to emphasize the difference 
frequency range which contains the 
original chrominance signal informa¬ 
tion. The other frequencies produced 
are filtered out and are not developed 
across the output circuit of the 
chrominance demodulator. 

The demodulator in Fig. 8 is often 

referred to as a synchronous detector 
because its operation depends on the 
use of a synchronized, inserted car¬ 
rier signal. This inserted carrier is 
synchronized by the subcarrier burst 
that rides on the horizontal blanking 
pulse. 

To form the original primary color 
signals, we must produce positive and 
negative I and Q signals at the output 
of the chrominance demodulation 
system. These opposite-polarity sig¬ 
nals are removed from the plate-ca¬ 
thode circuits of the phase-splitter 
stages, and are applied to the receiver 
matrix section. 

Matrix and Picture Tube Cir¬ 
cuits. The matrix unit of the color 
receiver combines the Y, I, and Q 
signals to form the primary color sig¬ 
nals of red, green, and blue. Each 
primary color signal is amplified, 
and after the de component of aver¬ 
age brightness is restored, it is applied 
to the grid circuit of the tri-color 
picture tube. Each color channel, as 
shown in Fig. 15, consists of a dual 
triode amplifier and a de restorer. 
Feedback is used with each dual 
triode video amplifier to obtain a flat 
frequency response. Although the 
plate resistor for the first triode 
video amplifier has a value of 10,000 
ohms, there is no peaking coil associ¬ 
ated with the output circuit. The 
feedback link from the cathode of the 
second video amplifier to the grid of 
the first video amplifier retains a flat 
frequency response. The feedback 
link is such that there is more feed¬ 
back at low frequencies than at high 
frequencies to compensate exactly for 
the shunt capacity losses in the 
vacuum tube stages. There is a shunt 
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FIG. 15. CBS color matrix and picture tube circuit. 
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peaking coil, however, in the plate 
circuit of the second video stage. 

The three amplifier channels differ 
in one respect. Video gain controls 
(P25-2 and P26-1) are associated 
with the green and blue channels as 
a part of the feedback link. There is 
no gain control associated with the 
red channel, which operates at full 
gain because the red phosphors of 
the picture tube screen require much 
stronger excitation than do the green 
and blue phosphors. 

The actual formation of each pri¬ 
mary color signal is accomplished by 
the voltage divider network at the 
input to each channel. The I, Q, and 
Y signals are supplied to the divider 
network. The resistors that form the 
network combine the three signals in 
proper proportion to form the origi¬ 
nal primary color signals of red, 
blue, and green, depending upon the 
amplitude of the applied signals and 
the values of the resistors. 

A conventional diode de restorer is 
used with each channel and its cor¬ 
responding electron gun. The plates 
of the diode restorer tubes are re¬ 
turned to a de voltage source for 
proper setting of the brightness bias 
of each gun. 

The brightness control circuits con¬ 
sist of a master brightness control, 
potentiometer P44-1 ; and individual 
brightness controls for the blue and 
green guns, potentiometers P44-2 and 
P44-3. The master brightness control 
simultaneously regulates the de bias, 
and thus the over-all brightness, on 
all three grids of the tri-color elec¬ 
tron gun, while the individual blue 
and green background controls are 
used to adjust the bias on the blue 
and green grids. Thus, the proper 

settings of the green and blue back¬ 
ground controls with respect to the 
fixed red bias establish the proper 
relative bias settings on the three 
guns. 
The three cathodes of the picture 

tube guns are in parallel and are re¬ 
turned to a junction point on the 
bleeder network that supplies proper 
voltages to the various electrodes of 
the tri-color tube. Retrace blanking 
pulses are also applied to the cath¬ 
odes of the picture tube. 

Controlled de voltages also must 
be applied to the individual acceler¬ 
ating electrodes of the guns to com¬ 
pensate for any variations in the guns 
and in the primary color dots. This 
is accomplished by using three poten¬ 
tiometers, P44-4, P44-5, and P44-6. 
Thus, equal brightness excitation re¬ 
sults in a true neutral or half-tone 
rendition when the three guns are ex¬ 
cited by equal signal levels of red, 
green, and blue. The screen and back¬ 
ground controls must be adjusted to 
produce true half-tone and color hues, 
regardless of the over-all brightness 
setting of the color picture tube. 

COLOR-DIFFERENCE 
DEMODULATOR 

In the synchronous demodulation 
system described in the preceding sec¬ 
tion, the I and Q color-difference axes 
are used to develop the chrominance 
signals in the wide-band I channel 
and in the narrow-band Q channel. 
It is possible, however, to develop 
color-difference signals directly in a 
color receiver without using the I and 
Q axes technique. 

In an earlier lesson we mentioned 
that the I and Q signals were origi-
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nally derived from color-difference 
signals at the transmitter. Therefore, 
if the subcarriers inserted at the re¬ 
ceiver are in phase with the original 
color-difference axes instead of with 
the I and Q axes, we can detect the 
actual color-difference signals at the 
receiver demodulator. This technique 
is often used in the narrow-band, 
economy-type color receivers. The 
color-difference signals, R-Y and 
B-Y, are developed at the output of 
the demodulator. Then, portions of 
these signals are used in the matrix 
to form the G-Y color-difference sig¬ 
nal. 

With the three signals in this form, 
it is a simple matter to derive the 
original primary color signals of R, 
G, and B by introducing the lumi¬ 
nance signal component Y into each 
of the color-difference signals. For 
example, (R-Y)-f-Y will give us R, 
the red primary color signal. 

It is not necessary to use a matrix-
ing unit or vacuum tube circuit to 
combine the luminance and chromi¬ 
nance signals. In fact, the combining 
of the basic luminance and chromi¬ 
nance components can be accom¬ 
plished within the color picture tube 
by supplying the chrominance signal 
components to the grids and the lumi¬ 
nance signal to the parallel cathodes 
of the picture tube gun. The lumi¬ 
nance or Y signal conveys the bright¬ 
ness detail in the reproduced color 
picture, while the color-difference sig¬ 
nals contribute the hue and satura¬ 
tion. 
Although the chrominance subcar¬ 

rier component from the transmitter 
is based on the I and Q axes, the 
transmitted signal also contains the 
color-difference information because 

there is a fixed relationship between 
these signal components as shown in 
the color phase diagram in Fig. 10. 
Thus, by matching the phase of the 
subcarrier signals at the receiver with 
the color-difference axes instead of 
with the I and Q axes, we can obtain 
the R-Y and B-Y signals at the out¬ 
put of the demodulation system. 

90* 
(R-Y) 

PHASES OP INSERTED 
aJB-CARRIERS 

SUB-CARRIER / 
BURST 0*--/_►IBO’(B-Y) 

FIG. 16. Demodulation along color 
difference axes (B-Y) and (R-Y). 

Notice in Fig. 16 that the locally 
generated subcarrier that is inserted 
in phase with the B-Y color-differ¬ 
ence signal, is 180’ out of phase with 
the incoming color burst signal. 
Another locally generated subcarrier 
sine wave in the receiver is applied 
through a 90° phase shifter in phase 
with the R-Y color-difference signal. 
Thus, by properly phasing the in¬ 
serted subcarrier signals at the re¬ 
ceiver, we obtain the R-Y component 
at the output of one demodulator sec¬ 
tion, and the B-Y component at the 
output of the other demodulator. 

One disadvantage of the color-dif¬ 
ference method of demodulation is 
that the band width in the chromi¬ 
nance channel must be limited to 
prevent interaction between I and Q 
sideband components. This means 
that less color detail can be obtained 
with the color-difference method of 
detection than with the I and Q 
method. Also, detection along the I 
and Q axes produces more life-like 
flesh tones in the reproduced picture. 
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FIG. 17. Motorola chrominance channel«. 



The major advantage of the color¬ 
difference detection method along the 
R-Y and B-Y axes is the simplicity 
and ease with which the basic pri¬ 
mary color signals can be formed at 
the guns of the picture tube. An 
elaborate matrix system is not neces¬ 
sary, and the proper proportions of 
signals can be obtained by regulating 
the over-all gain of the color-differ¬ 
ence channels in the receiver. 
Using Dual-Diode Demodulators. 

The demodulators used in some color¬ 
difference demodulation systems are 
similar to the I and Q demodulators 
described earlier. However, color¬ 
difference demodulation can also be 
obtained by using dual-diodes in¬ 
stead of multi-grid tubes. A circuit 
of this type is shown in Fig. 17. 
The chrominance signal from the 

video amplifier section passes through 
a band-pass amplifier which amplifies 
the chrominance spectrum and rejects 
lower frequency luminance signals. 
After leaving the band-pass amplifier, 
the chrominance signal is applied to 
a band-pass cathode-follower, tube 
V22A, which couples the signal into 
the demodulator circuit. A bi-filar 
winding in the cathode circuit acts 
as an unbalance-to-balance trans¬ 
former to develop chrominance com¬ 
ponents of equal amplitude but op¬ 
posite polarity. One chrominance sig¬ 
nal is supplied to the R-Y demodula¬ 
tor through capacitors C207 and 
C208 and the other to the B-Y de¬ 
modulator through capacitors C209 
and C210. 
In the demodulation process, a 

subcarrier sine wave is generated by 
a crystal oscillator, tube V28B, and 
is applied to the demodulator stages 
through a buffer amplifier, tube 

V22B. The subcarrier component de¬ 
veloped across inductor L2I0 is ap¬ 
plied to the R-Y demodulator; a sine 
wave 90° out of phase is developed 
across inductor L209 for application 
to the B-Y demodulator. 

FIG. 18. Basic diode demodulator. 

The dual-diode demodulator is 
connected much like a ratio detector 
for FM and has some similar charac¬ 
teristics. A simplified schematic of 
the R-Y demodulator is shown in 
Fig. 18. The received chrominance 
signal is taken from the cathode of 
V22A (Fig. 17) and applied to one 
half of T202. The secondary* winding 
of T202 is coupled to the primary 
winding so that a voltage is induced 
in it. The voltage applied to the pri¬ 
mary is shown as El in Fig. 18 and 
the voltage in the secondary as E2. 
These two voltages are in phase. 
The incoming chrominance sub¬ 

carrier is a resultant that represents 
two signals, R-Y, and B-Y, 90° out 
of phase. In the R-Y demodulator, 
it is necessary to evaluate the R-Y 
axis and prevent the B-Y axis from 
contributing any output. You have 
learned in your FM lessons that a 
ratio detector produces zero output 
when there is a 90° phase difference 
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between El and E3 and between E2 
and E3. In Fig. 18, the locally gen¬ 
erated inserted subcarrier (E3) will 
be in phase with the R-Y signal 
and 90° out of phase with the B-Y 
signal, so the B-Y chrominance sub¬ 
carrier information develops no sig¬ 
nal across output resistors R241 and 
R265. This prevents the B-Y color¬ 
difference component from interfering 
with the desired R-Y color-difference 
component that must be developed at 
the output of the R-Y demodulator. 
An incoming R-Y subcarrier com¬ 

ponent will have the same phase as 
E3. There will then be maximum 
output from the demodulator. The 
polarity of the demodulator output 
is determined by the polarity of the 
R-Y chrominance signal. Remember 
we discussed earlier how the hue of 
the color information determines the 
polarity of the subcarrier sideband at 
the output of the balanced modulator. 
Remember too that the angle of each 
color-difference axis remains fixed 
and only its amplitude and polarity 
change with the chrominance video 
information. These changes in the 
amplitude and polarity of the R-Y 
subcarrier component at the demodu¬ 
lator result in the recovery of the 
original amplitude and polarity of the 
chrominance video information. 

An opposite relation exists at the 
B-Y demodulator to produce the B-Y 
color-difference component. Here the 
B-Y signal is in phase with the in¬ 
serted subcarrier, while the R-Y sig¬ 
nal is 90’ out of phase. 

Let us refer again to Fig. 17. The 
low-pass filters at the output of each 
demodulator amplify the difference 
frequencies and develop the original 
R-Y and B-Y color-difference video 

signals. A series-resonant trap in each 
output circuit attenuates the 3.58-mc 
subcarrier frequency. After the color¬ 
difference signals are amplified, they 
are applied to the red and blue grids 
of the tri-color gun. 

Proper proportions of the R-Y and 
B-Y signals are supplied to the G-Y 
signal former and amplifier. As you 
have learned, the third color-differ¬ 
ence signal can be formed in a color 
system by adding and inverting the 
other two color-difference signals. 
This is the task of the G-Y amplifier, 
tube V23B. The output from this 
amplifier is fed to the control grid of 
the green gun. 

The luminance signal reaches the 
brightness output stage V29 through 
the delay line, and then is applied to 
the cathodes of the tri-color gun. A 
parallel resonant trap (L202) in the 
plate circuit attenuates any 3.58-mc 
subcarrier frequency that may still 
remain in the Y signal. Luminance 
and chrominance signals combine in 
the gun to form the original primary 
color signals and to modulate the 
three scanning beams accordingly. 

DUAL-TRIODE DEMODULATOR 

Until the circuits used in color tele¬ 
vision receivers are as standardized 
as those in monochrome receivers, 
there will be many variations in the 
color circuits and in the methods used 
to obtain the primary color signals. 
In our discussion of chrominance de¬ 
modulation systems, we have con¬ 
sidered two types—the synchronous 
detector system which uses two multi¬ 
grid tubes, and the color-difference 
system which uses four diodes to ac¬ 
complish the demodulation process 
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CHROMINANCE R-Y G-Y 8-Y 

FIG. 19. Block diagram of the circuits associated with the triode demodulator. 

However, there is a color demodula¬ 
tor circuit which uses a single dual¬ 
triode tube to detect both components 
in the chrominance subcarrier signal. 

As with either of the demodulator 
circuits described previously, either 
the I and Q, or the R-Y and B-Y 
axes may be detected by this circuit. 
Also, a combination of R-Y and Q 
axes may be detected by this circuit 
to obtain the three color-difference 
signals. The axes along which detec¬ 
tion occurs, of course, depends upon 
the phase relationships of the local 
subcarrier signals and the band width 
of the output filters. The circuit that 
we will discuss in this section uses 
the R-Y and B-Y axes. 

Fig. 19 shows the circuits associ¬ 
ated with this type of demodulator. 
Notice that two stages of amplifica¬ 
tion are used before the transmitted 
chrominance subcarrier signal is ap¬ 
plied to the plate circuit of the dual 
triode tube. This additional amplifi¬ 
cation is necessary to provide suffi¬ 
cient driving power to the demodula¬ 
tor. Stability is obtained in the cir¬ 
cuits by removing the color burst 
signal from the second chrominance 
amplifier stage and by using age bias 

to control the gain of the first chromi¬ 
nance amplifier stage. 

FIG. 20. Simplified diagram of one sec¬ 
tion of the triode demodulator. 

A simplified diagram of one of the 
triode sections of the demodulator is 
shown in Fig. 20. Notice that the lo¬ 
cally generated 3.58-mc subcarrier 
signal is inserted between the cathode 
and the grid of the tube and that 
the chrominance signal is inductively 
coupled into the plate circuit. The 
operation of this circuit is much like 
the conventional multi-grid demodu¬ 
lator circuit described earlier because 
the two signals are mixed, (^hetero¬ 
dyned, (one in the grid circuit and 
one in the plate circuit) to produce 
the difference signal in the output. A 
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filter circuit between the transformer 
winding and the grid of the color pic¬ 
ture tube removes the locally generated 
3.58-mc signal and the color subcarrier 
from the chrominance signal. 

The complete circuit diagram of the 
dual-triode demodulator is shown in 
Fig. 21. The dual-secondary trans¬ 
former in the plate circuits feeds 90° 
out-of-phase chrominance signals to 
the plates of the tube. The trans¬ 
former in the grid circuit feeds 90° 

FIG. 21. Complete circuit diagram of 
the dual-triode demodulator. 

out-of-phase locally generated signals 
to the grids. These signals are mixed, 
and the color-difference signals appear 
at the output. 

Ihe signal amplitudes required to 
reproduce the primary color signals 
in the color picture tube are not 
equal, so there must be a variation in 
the turns ratios of the two secondary 
windings of the chrominance trans¬ 
former and in the values of the two 
plate load resistors. When the phase 
and amplitude of the subcarrier signals 
on the grids and the values of the plate 
loads and transformer windings are 
correct, the red and blue color-differ¬ 
ence signals can be demodulated. 

The circuit in Fig. 21 further sim¬ 
plifies the color receiver circuits by 
eliminating the additional step neces¬ 
sary to form the G-Y signal. The 
green matrixing action is performed 
directly in the cathode circuit of the 
tube. The cathodes are connected to¬ 
gether, and because the total cathode 
current is determined by the R-Y and 
B-Y signals, the green color-difference 
signal appears directly at the output 
of the cathodes. Consequently, the 
dual-triode demodulator performs 
both demodulating and matrixing. 

No de restorer circuits are needed 
between the demodulator and the pic¬ 
ture tube grids because de coupling is 
used throughout the circuit. The three 
color-difference signals are applied di¬ 
rectly to the grids of the picture tube, 
and the brightness signal is dc-coupled 
to the cathodes. The Y signal and the 
three color-difference signals add in¬ 
side the picture tube to produce a full-
color image on the screen. 
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The Deflection and Convergence 
System 

In the color receiver, the sync and 
inter-sync separators and the hori¬ 
zontal and vertical sawtooth genera¬ 
tors are just like those used in the 
monochrome system. The synchro¬ 
nizing information is removed at the 
first video amplifier in the luminance 
channel and is supplied to the verti¬ 
cal and horizontal sync separators 
of the receiver. 

DEFLECTION SYSTEM 

Even the deflection output stages 
are similar in some respects to those 
used in monochrome receivers. There¬ 
fore, in Fig. 22, we will stress the 
sections that differ from those in the 
monochrome system. The earlier sec¬ 
tions of the sync and sweep systems 
are shown in simple blocks. 
The deflection output stages are 

identical up to the plates of the out¬ 
put tubes. The vertical output stage 
must incorporate a means of supplying 
a vertical waveform to the con¬ 
vergence stages, and the horizontal 
output transformer and high-voltage 
circuits must be designed to provide 
both the high de voltage necessary 
for the color tube, and a horizontal 
waveform to the convergence circuits. 

Parallel output tubes are used in 
the horizontal deflection system be¬ 
cause of the high current required 
to obtain full horizontal motion of 
the scanning beams of the color pic¬ 
ture tube. Notice that the horizontal 

output transformer and the horizontal 
damper tube are similar to those 
found in monochrome receivers. How¬ 
ever, to obtain the wide variety of 
voltages and pulse components used 
in the color receiver, the horizontal 
transformer usually contains many 
more taps. 
The high-voltage circuit is more 

elaborate than that used in conven¬ 
tional monochrome receivers. The 
high-voltage is rectified by the volt¬ 
age multiplier circuit consisting of 
tube V38 and the output diode V39. 
This arrangement produces the neces¬ 
sary high voltage for the color tube 
(between 20,000 and 30,000 volts). 
Since the adjustments and conver¬ 

gence in the color receiver are so de¬ 
pendent on a constant source of high 
voltage, it is necessary to have a 
regulator tube in the high-voltage 
section. In Fig. 22, the grid of the 
regulator tube is connected back to 
the bleeder network (potentiometer 
P37-4). When the voltage at the arm 
of the potentiometer changes with op¬ 
erating variables, the regulator causes 
a compensating adjustment of the 
high-voltage output. In this way, the 
high-voltage applied to the color tube 
remains constant. This prevents the 
convergence and other picture tube 
adjustments from drifting with line 
voltage and circuit changes. 

Another circuit that is seldom found 
in monochrome receivers supplies a 
high potential to the focus electrode 
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FIG. 22. Deflection system of a CBS-Colunibia color receiver. 

of the tri-color tube to keep the elec¬ 
tron beams focused on the phosphor 
dots. Thus, the focus rectifier tube, 
V37, receives a pulse from tap 10 on 
the horizontal output transformer. 
This pulse is rectified by the tube, and 
is supplied to the color tube through 
the focus potentiometer P37-1. 

CONVERGENCE 

In this lesson, we will discuss the 
convergence circuits that are used 
with color picture tubes having ex¬ 
ternal convergence coils. You will no¬ 
tice that the circuits are elaborate, 
and that one of the circuits we de¬ 
scribe uses a triode tube section for 
each set of convergence coils. The 
basic idea of dynamic convergence 
and the results obtained are the same 
regardless of the methods used to 
apply the convergence waveforms. 

The diagram in Fig. 22 shows that 

the vertical convergence voltages are 
obtained from the primary side of the 
vertical output transformer, and that 
the horizontal convergence voltages 
are obtained from a special winding 
marked A, B, C, and D on the 
horizontal output transformer. These 
waveforms, in the form of pulses, 
are applied to the input of the con¬ 
vergence system. To obtain proper 
convergence and focusing over the en¬ 
tire surface of the shadow mask, the 
focus and convergence waveforms 
must vary at the horizontal and ver¬ 
tical scanning rates. Since there are 
three convergence coils, one for each 
electron gun, similar waveforms must 
be generated for each of the three 
convergence coils. 

The convergence of the three scan¬ 
ning beams in the color picture tube 
depends not only on the proper ad¬ 
justment of the various de electrode 
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voltages and applied signals, but also 
on the special convergence waveforms 
in the three external convergence 
coils. The proper de adjustment of 
the convergence circuits is referred 
to as “static convergence”, while the 
proper adjustment of the correction 
waveform is referred to as “dynamic 
convergence”. The static adjustments 
are made to cause the three beams to 
converge at the center of the screen, 
and the dynamic adjustments are 
made to produce convergence over the 
entire screen. 
Dynamic convergence is necessary 

because the electron beams must 
travel a greater distance from the 
gun to the outer portions of the 
screen than from the gun to the 
center of the screen. Hence, a 
changing magnetic field must be pro* 
vided to exert a varying influence 
on the three scanning beams so that 

when they scan the outer portion of 
the raster they are made to reach a 
convergence point at a greater dis¬ 
tance from the gun. This changing 
magnetic field is obtained by ap¬ 
plying a correction waveform to the 
convergence coil. The magnetic field 
varies in accordance with the shape 
of the waveform applied. 

A typical tubeless circuit that is 
used in some receivers to produce 
proper dynamic convergence wave¬ 
forms for the convergence coils is 
shown in Fig. 23. The simplified cir¬ 
cuit of Fig. 24 demonstrates the basic 
construction of the convergence wave¬ 
forms and the operation of the con¬ 
vergence circuit. Tn this set, a sine 
wave applied to the convergence coil 
at the horizontal scanning rate will 
produce a magnetic field that will 
give proper horizontal convergence, 
and a parabolic wave applied to the 

TO BOTTOM ENO OF 
CONVERGENCE COILS 

MOUNTED ON TUBE NECK 

FIG. 23. Motorola dynamic convergence circuit. 
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FIG. 24. Simplified diagram of circuit shown in Fig. 23. 

coil at the vertical scanning rate 
will give proper vertical convergence. 
Let us see how these waveshapes are 
obtained. 
The horizontal convergence wave¬ 

form in the simplified convergence 
circuit is formed by a pulse from a 
special winding on the horizontal out¬ 
put transformer. It is applied through 
a potentiometer (which regulates the 
amplitude of the resultant conver¬ 
gence waveform) to a series resonant 
circuit that converts the pulse into 
a sine wave current. The resonant 
circuit, which is composed of a .01-
mfd capacitor and the horizontal¬ 
dynamic coil, is tuned to the hori¬ 
zontal line frequency. Therefore, 
when this waveform is applied to 
one of the convergence coils, it pro¬ 
vides horizontal convergence correc¬ 
tion over the entire screen area. 

In adjusting the convergence cir¬ 

cuit, you may find that one control 
influences the convergence near the 
center area of the screen, while a 
second control affects the convergence 
at the outer portions of the screen. 
However, by varying the settings of 
the two controls, it is possible to ob¬ 
tain practically true convergence 
along a horizontal line of the raster. 

The vertical convergence waveform 
is formed from the pulse-sawtooth in 
the primary of the vertical output 
transformer. It is applied across the 
parallel resonant circuit consisting of 
the 70-mfd capacitor and the 2-henry 
choke to form a parabolic current 
wave shape. 
The combined parabolic wave and 

sine wave is applied to the first con¬ 
vergence coil to provide the required 
horizontal and vertical dynamic con¬ 
vergence over the entire screen. There 
is a second convergence coil, called the 
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FIG. 25. Convergence circuits of CBS-Columbia color TV receiver. 

“vertical tilt coil”, to which a saw¬ 
tooth of variable amplitude and posi¬ 
tive or negative polarity is applied, 
to correct for vertical tilt. 
The entire circuit of Fig. 24 is 

duplicated for each gun in the picture 
tube. Such an arrangement permits 
precise adjustment of each beam to 
obtain precise convergence settings. 

A more elaborate convergence sys¬ 
tem is shown in Fig. 25. This system 
has special forming circuits as well 
as individual convergence amplifiers 

for the horizontal convergence wave¬ 
forms. The horizontal convergence 
waveforms are again derived from a 
pulse removed from a special winding 
on the horizontal output transformer. 
This pulse is applied to a group of 
three potentiometers referred to as 
tilt controls. From there the pulses 
are applied through shaping circuits 
to the grids of the convergence out¬ 
put amplifiers. 

The horizontal pulse is also ap¬ 
plied to the grid of the convergence 
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sawtooth generator V41A, where a 
horizontal sawtooth is developed in 
the plate circuit. This is supplied 
to a convergence cathode follower 
which adds the horizontal sawtooth 
to the waveforms being applied to 
the grids of the convergence output 
stage. Hence, a controlled parabolic 
waveform is developed in the plate 
circuits of the three convergence out¬ 
put tubes. 

The convergence output stages sup¬ 
ply these waveforms separately to 
the three pairs of convergence coils. 
Again the waveforms in each pair of 
coils can be adjusted separately so 
that true convergence can be ob¬ 
tained over the entire surface. 

The vertical convergence excita¬ 
tion is derived from the primary side 
of the vertical output transformer, 
as in the previous example. It is also 
applied to the separate vertical tilt 
coils through a group of three po¬ 
tentiometers, P41-3, P42-5, and 
P43-3. Another component is intro¬ 
duced in series from the vertical 
parabola controls and series induc¬ 
tors, to the first coil of each con¬ 
vergence pair. This is the parabolic 
waveform that is required for verti¬ 
cal convergence correction. 

The subject of obtaining true con¬ 
vergence and making proper adjust¬ 
ments will be discussed in detail in a 
later lesson. 
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Lesson Questions 
Be sure to number your Answer Sheet 58B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers too 
long; you may lose them. Don’t hold answers to send in more than two 
sets at a time or you may run out of lessons before new ones can reach 
you. 

1. If a defect in the tuner of a color receiver reduces the band width so 
that the frequencies in the upper portion of the band are lost, what will 
the result be? 

2. What will be the frequency of the interference signal produced if the 
sound i-f and color subcarrier signals beat together in the video detector? 

3. What will happen if a short in the delay line shorts the line out of the 
circuit? 

4. What is the purpose of the hue control? 

5. What is the purpose of the reactance tube used with the 3.58-me crystal 
oscillator? 

6. What is the purpose of the burst amplifier in a color receiver? 

7. What is the purpose of the color killer? 

8. Why is the output from the Q demodulator higher than the output from 
the I demodulator? 

9. What is the function of the matrix unit of the color receiver? 

10. What is the disadvantage of the color-difference method of demodulation? 
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COMPETITION 

justified— there 
who can deliver the goods 

And, another thing, force your competitor to rise 
to your level to survive—don’t stoop to his. Do your 
best work and you’ll find that your fears were not 

“ * * 

plenty of business for the man 

r%ts.xx¡jr» . 

When a competitor opens a shop in your neigh¬ 
borhood, your first reactions are probably the same 
as those of most people—you feel that he is “cutting 
in” on your trade and that, by fair or foul means, he 
may run you out of business. However, there is 
another view to take of this problem. 

First, forget your fears! A mind frozen by mis¬ 
trust and hate is incapable of reasoning; it will lead 
you to the very downfall you fear. Face the facts: 
someone else is in the same business, so you must 
make your services so much better than his that you 
get your share of the work. 

Welcome the competition as a spur—something 
to force you to your best efforts—something to make 
you become more careful, more efficient, more alert. 
You will find that honest competition adds enjoy-
ment to your work. 
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THE TV antenna system is a very 
important part of the complete 

TV installation. No matter how good 
the set may be, it cannot produce a 
satisfactory picture unless the signal 
fed to it by the antenna is sufficiently 
strong and free from undesired inter¬ 
ference. The human eye is very sensi¬ 
tive to fine detail, and it is therefore 
important that the TV antenna sys¬ 
tem be able to accept the entire band 
of frequencies that make up the tele¬ 
vision signal without destroying or 
distorting the characteristics of any 
part of that signal. 

Furthermore, it is important for the 
TV antenna to have sufficient direc¬ 
tivity to pick up the desired signal but 
reject any undcsired signals coming 
from other directions. This is particu¬ 
larly important in large cities where 
nearby buildings may reflect the sig¬ 
nal and cause ghosts or multiple 
images in the picture. 
To obtain maximum signal transfer 

between the antenna system and the 

receiver, the antenna itself must be 
matched to the transmission line, and 
the transmission line must be matched 
to the receiver input circuit. There¬ 
fore, an antenna with the proper im¬ 
pedance must be chosen, and the 
transmission line must be chosen to 
match both the antenna and the re¬ 
ceiver input circuit, or some means 
of obtaining these matches must be 
provided. If both VHF and UHF 
signals are to be received, a matching 
system must be provided so that the 
two antenna systems can work togeth¬ 
er without undcsired interference. 

In weak signal areas, special high-
gain antennas that will pick up as 
much of the signal as possible must be 
used. Also, in many cases, preampli¬ 
fiers—generally called boosters—must 
be used. 

Three bands of frequencies are used 
for television: two in the VHF range, 
and an extremely wide one in the 
UHF range. The lower frequency 
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VHF band extends from 54 to 88 me ; 
the higher, from 174 to 216 me. The 
UHF band extends from 470 to 890 
me. In some areas, it is possible to 
pick up signals in each of these bands 
if the proper antenna system is used. 
Naturally, the owner of a TV re¬ 
ceiver wants to receive as many sta¬ 
tions as possible, and wants an an¬ 
tenna system with a frequency re¬ 
sponse broad enough to cover all the 
channels used in his immediate area. 
Knowledge of TV antennas is im¬ 

portant to the practicing serviceman 
so that he can choose the proper kind 
of antenna for a particular reception 
area, and so that he can install the 
antenna properly for maximum signal 
at the receiver input. 

Before studying characteristics of 
various TV antennas, it is important 
for you to have a thorough under¬ 
standing of the behavior of the TV 
signal. That understanding makes it 
easier to see how the antenna responds 
to the signal. 

Behavior Of TV Signals 
The signals in the broadcast-band 

frequency range travel along the 
ground or bounce back and forth be¬ 
tween the earth and the Kennelly-
Heaviside layer. Signals at the fre¬ 
quency range used for television, how¬ 
ever, behave differently. They act 
more like light waves, the resem¬ 
blance becoming more pronounced as 
the frequency is increased. That is, 
these high-frequency signals travel in 
relatively straight lines from the 
transmitting antenna to the receiving 
antenna. They do not bend around 
hills or other obstructions as lower-
frequency radio signals do, nor are 
they normally reflected by the Ken¬ 
nelly-Heaviside layer. Therefore, tele¬ 
vision reception is not generally pos¬ 
sible at extremely great distances, be¬ 
cause the signals will not bend around 
the earth. (As explained a little later, 
there is some slight bending, but it 
cannot be depended upon to give sat¬ 
isfactory reception all the time.) 

As a result of this characteristic, 
the distance over which a television 
signal can be received is very limited. 
Also, the distance generally depends 
upon the height of the transmitting 
antenna and the height of the receiv¬ 
ing antenna. The best results are gen¬ 
erally obtained when each is as high 
as possible. 

An illustration of a true line-of-
sight signal is shown in Fig. 1A. As 
you can see, the signals from the 
transmitting antenna travel in a 
straight line Pl to the receiving an¬ 
tenna. 

Those that pass the receiving an¬ 
tenna continue on out into space and 
never return to earth. Notice that if 
either the transmitter or the receiving 
antenna were slightly less elevated, 
the curvature of the earth would in¬ 
terrupt the line of sight between them 
and thus prevent reception. 

As it happens, however, there is a 
certain amount of refraction (bend-
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ing) of VHF signals. As a result of 
this bending, VHF television signals 
can travel slightly farther than they 
could if they were strictly line-of-
sight. This is illustrated in Fig. IB, 
where P2 is a curved path actually 
taken by the signal. Comparing the 
length of P2 with that of Pl, you can 
readily see that the curved path per¬ 
mits signals to be received over a 
greater distance. The actual increase 
of receiving distance is not propor¬ 
tionately as great as shown here, be¬ 
cause the curve of the earth has been 
greatly exaggerated in these drawings. 
The increase in receiving distance 
caused by the refraction of the VHF 
signals, however, is appreciable. 

In some locations, this bending of 
the television signal causes odd effects. 
For example, it is sometimes possible 
to receive a satisfactory signal with 
the antenna mounted a certain height 
above the ground, but impossible to 
receive a signal with the antenna 
mounted higher. This effect occurs 
because if the antenna is mounted too 
high, the television signal misses it 
entirely. 

Refraction does not greatly affect 
UHF signals, and the distance over 
which these signals can be received 
is even more severely limited. How¬ 
ever, reflection does affect the UHF 
signal, often allowing reception where 
there is no line-of-sight between the 
transmitting antenna and the receiv¬ 
ing antenna. 

REFLECTIONS 

Waves used to transmit television 
signals can be reflected from conduc¬ 
tive material. If they strike a build¬ 

ing, for example, they will be re¬ 
flected from the metal structure of 
the building just as a light beam 
would be reflected from a mirror. 
(Some prefer to consider that the 
metallic structure of the building in 
such a case acts as an antenna that 
absorbs the signal and then re-radi-
ates it. Whichever explanation you 
prefer, the effect is the same; the 
radio waves take on a new direction 
after striking the building.) 

The reflection of the television sig¬ 
nal is sometimes helpful and some¬ 
times extremely annoying for the man 
attempting to erect a receiving an¬ 
tenna. It is helpful in those cases in 
which it permits television reception 

TRANSMITTING RECEIVING 
ANTENNA ANTENNA 

Pi A 

Q EARTH ^'' 

FIG. 1. The slight refraction of TV sig¬ 
nals in air permits reception over dis¬ 
tances that are longer than the line-of-

sight path. 

at points where it would be impos¬ 
sible to receive signals without the 
reflection. Suppose, for example, there 
is a large building between the trans¬ 
mitter and the location at which you 
are attempting to install a television 
antenna. If you cannot get the re¬ 
ceiving antenna above the obstruct¬ 
ing building, direct reception of the 
television signal will be impossible. 
You may, however, be able to pick up 
the signal by pointing the antenna to¬ 
ward some building or other object 
that will reflect the signal. In fact, 
this is a very common occurrence in 
installations made in large cities. 
An example of another location in 

P2 
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FIG. 2. How a reflected signal may give 
reception at a location not reached by 

the direct signal. 

which a reflected signal is very help¬ 
ful is shown in Fig. 2. Here the re¬ 
ceiving antenna is located in a deep 
valley. The direct signal from the 
transmitter cannot reach the receiving 
antenna that is down in the valley. 
However, the water tower on the hill 
at the left in this figure is in the 
line of direct signal, and since it is 
metallic, it reflects the signal down 
into the valley to the receiving an¬ 
tenna. 

In such cases, reflected signals are 
certainly helpful. Suppose, however, 
that the location at which you are in¬ 

stalling a receiving antenna is such 
that you get a perfectly good signal 
directly from the transmitter, but 
that you also get one or more re¬ 
flected signals from the same station 
that have traveled over different 
paths to reach the receiving antenna. 
Such a state of affairs is illustrated in 
Fig. 3. As you can see by examining 
this figure, the direct wave from the 
transmitter to the receiver travels 
through a considerably shorter dis¬ 
tance than any of the waves reflected 
from the various buildings. Radio 
waves, even though they travel at the 
speed of light (186,000 miles per sec¬ 
ond), require a measurable length of 
time to get from one point to another. 
Therefore, the reflected waves will ar¬ 
rive at the receiving antenna a short 
time later than the direct wave, the 
time difference depending on the rela¬ 
tive length of the paths. A radio wave 
traveling at the speed of light moves 

Courtesy AVCO Mfg. Co. 

FIG. 3. How reflected signals can cause multi-path reception, which 
may produce ghosts. 
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at the rate of 985 feet per micro¬ 
second (a microsecond is a millionth 
of a second), so a wave that travels 
over a path that is approximately a 
thousand feet longer than the direct 
path will arrive at the receiving an¬ 
tenna a microsecond later than the di¬ 
rect wave does. 

This sounds like a very small in¬ 
terval of time, but its effect on a 
television receiver is appreciable. The 
scanning beam of a 20-inch picture 
tube travels across the face of the 
tube at the rate of .260 inch per 
microsecond. Therefore, a reflected 
wave that reaches the receiving an¬ 
tenna one microsecond later than the 
direct wave produces a picture on the 
tube that is .266 inch (or a little more 
than % inch) to the right of the 
picture produced by the direct wave. 
If you are looking at the picture, you 
will see the basic picture—the one 
produced by the direct wave—and a 
superimposed image of the same pic¬ 
ture shifted % inch to the right. This 
effect is noticeable and rather dis¬ 
tressing. 
A multiple image of this sort, 

shown in Fig. 4, is called a ghost. It is 
possible for there to be several ghosts 
if there are several reflecting paths. 
In fact, there can be one for each 
path. It is not necessary that the time 
difference between the direct and the 
reflected signal be as great as a micro¬ 
second to produce a noticeable ghost. 
If the reflected wave arrives .19 micro¬ 
second later than the direct wave, the 
effect will be quite apparent. The time 
difference of .19 microsecond means 
that the reflected wave has traveled 
approximately 187 feet farther than 

Courtety RCA 

FIG. 4. Ghosts. 

the direct wave. As a matter of fact, 
a path difference of as little as 70 
feet will produce a blurring in the 
right-hand edge of the picture, al¬ 
though a distinct ghost will not be 
produced 

Ghosts are always injurious to the 
quality of the received picture. The 
distortion may be only slight if the 
strength of the reflected signal is low. 
If the reflected signal is as strong as 
the direct signal, however, the picture 
quality will be poor. If many ghosts 
are received, the effect will produce 
gray outlines of the picture rather 
than distinctly separate images. 

Ghosts caused by multiple-path re¬ 
ception can usually be eliminated by 
orienting the antenna so that only the 
direct wave is received, if the antenna 
has sufficient directivity. If the an¬ 
tenna does not have sufficient directiv¬ 
ity, however, it may be impossible to 
clear up the problem by reorienting 
the antenna. In that case, it will be 
necessary to use a more directional 
antenna. 
Highly directional antennas are 

particularly important for UHF re¬ 
ception, because UHF signals are 
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more likely to bounce off metallic ob¬ 
jects and cause multiple-path recep¬ 
tion. 

Improper matching between the an¬ 
tenna and the receiver can also pro¬ 
duce ghosts because of reflections 
within the transmission line that con¬ 
nects the antenna to the receiver. 
Suppose that a 100-ft. transmission 
line connects the antenna to the re¬ 
ceiver. Suppose, too, that all of the 
signal sent down the transmission 
line to the receiver does not enter the 
receiver, but that part of it is re¬ 
flected back up the transmission line 
to the antenna and then reflected 
down the line again to the receiver. 
If this happens, the part of the signal 
that was reflected up and down the 
line will have traveled 200 feet farther 
than did the signal that went straight 
down the line to the receiver. A path 
difference of this length will produce 
a ghost in the picture. 

UHF SIGNALS 
Though UHF TV signals behave in 

basically the same way as the VHF 
signals, there are certain differences 
that must be considered in installing 
TV antennas. A knowledge of these 
differences is particularly important 
in obtaining the best possible UHF 
reception. 

All television signals decrease in 
strength rather rapidly as they move 
out from the transmitting antenna. 
The UHF signals, however, decrease 
more rapidly than the VHF ones be¬ 
cause of the higher frequencies in¬ 
volved. That is, the UHF signals are 
absorbed by the earth and by sur¬ 
rounding objects more readily than 
the VHF signals. 

Also, reflection is more of a prob¬ 
lem in UHF reception because the 
amount of reflection depends upon the 
size of the reflecting object in pro¬ 
portion to the signal wavelength, and 
a small object that would not reflect 
a VHF signal will often reflect a UHF 
signal. 

Signal absorption by grounded ob¬ 
jects is also a problem in the UHF 
range. For example, the UHF lead-in 
must be kept as far as possible from 
grounded objects to prevent excessive 
signal loss, and special types of lead-
in must be used in some installations. 

POLARIZATION OF TV 
SIGNALS 

A radio wave consists of an electric 
field and a magnetic field that are at 
right angles to one another. In radio 
and television work, we usually con¬ 
sider only the electrical field when 
we are discussing the direction of a 
wave. Furthermore, we generally deal 
with a “plane polarized” form of this 
field—that is, one that lies all in one 
plane, which may be at any angle to 
the earth’s surface. 

From earlier lessons, you know that 
a voltage is induced in an antenna 
when it is in an electric field. If the 
antenna is in the same plane as the 
field, the voltage induced in it is a 
maximum; if it is at some angle with 
respect to the plane of the field, less 
voltage is induced in the antenna. 
Therefore, maximum efficiency is ob¬ 
tained when the antenna is mounted 
in the same plane as the electric field 
of the radio wave. 

Television signals are transmitted 
so that the electric lines of the wave 
are horizontal with respect to the 
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earth’s surface. For this reason, tele¬ 
vision signals are said to be “hori¬ 
zontally polarized.” There are several 
reasons for using horizontal polariza¬ 
tion, chief of which is that most noise 
signals are vertically polarized. 

Therefore, a horizontal antenna will 
pick up television signals most effi¬ 
ciently, and, at the same time, pick 
up noise signals poorly. For this rea¬ 
son, television antennas are usually 
mounted horizontally. 

Basic TV Antennas 
Now that you have some basic in¬ 

formation on TV signals and some of 
the reception problems, you are ready 
to study the actual TV antennas used 
to receive signals, beginning with the 
simple dipole. 

FIG. 5. A dipole antenna and its 
electrical equivalent. 

DIPOLES 

The dipole antenna shown in Fig. 
5A consists of two cylindrical metal 
rods mounted so that they are in line 
with one another but not in contact. 
This is the basic antenna used in the 
study of all more elaborate types, in 
predicting the behavior of more elab¬ 
orate antennas, and—in many cases— 
as part of more elaborate antennas. 

An exact mathematical analysis of 
the behavior of a dipole is both diffi¬ 
cult and complicated. Fortunately, it 

is not necessary to make such an 
analysis for our purposes. As a prac¬ 
tical matter, we can consider a dipole 
(or any other receiving antenna for 
that matter) to be a generator having 
an impedance ZA, as shown in Fig. 
5B. Of course, the energy furnished by 
this “generator” is actually induced 
in it by the television signal so it has 
the characteristics of the received sig¬ 
nal. 
The impedance ZA of the antenna 

depends on the length of the antenna 
with respect to the wavelength (\) of 
the signal being received. If the an¬ 
tenna is exactly half a wavelength, its 
impedance is approximately 72 ohms; 
if it is a full wavelength, its imped¬ 
ance is approximately 2000 ohms; 
and if it is 3/2 wavelengths, its im¬ 
pedance is approximately 90 ohms. In 
each of these cases, the impedance is 
pure resistance. 

If the wavelength of the received 
signal is such that the length of the 
antenna is between one-half and one 
full wavelength, its impedance is a 
combination of inductance and re¬ 
sistance, and the value is between 72 
and 2000 ohms; if it is between one 
wavelength and 3/2 wavelengths, its 
impedance is a combination of capac-
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ity and resistance and has a value be¬ 
tween 2000 and 90 ohms. 

Notice that the impedance of the 
antenna varies with the physical 
length of the antenna in proportion 
to the wavelength of the signal being 
received. 
The impedance of a simple dipole 

like that shown in Fig. 5A varies 
rather quickly as the frequency of the 
received signal is varied. Therefore, 
reception of a signal only slightly 
separated from the design frequency 

pickup by the line itself are in the 
same direction in each line at any in¬ 
stant, as shown by the white arrows. 
These latter currents flow through the 
antenna transformer in the receiver in 
opposite directions and cancel. There¬ 
fore, they produce no effect at the 
input of the set. Thus, the television 
signal delivered to the set is picked 
up only by the dipole; the length of 
transmission line theoretically does 
not affect the signal pickup. Also, 
noise signals picked up by the line 

FIG. 6. A two-conductor transmission 
line passes signal currents (black ar¬ 
rows) from the dipole to the receiver, 
but tends to cancel signals picked up by 

the line itself (white arrows). 

of the antenna will prevent proper 
matching between the antenna and 
the feed line. 

The dipole antenna is connected to 
a receiver through a two-conductor 
transmission line as shown in Fig. 6. 
As the black arrows show, the flow of 
signal current in the two conductors 
of the transmission line is in oppo¬ 
site directions at any instant. 
Because the two conductors are 

closely spaced, however, any currents 
that flow in them because of direct 

will cancel. There are practical rea¬ 
sons for keeping the transmission line 
as short as possible, however, and 
these will be explained later in this 
lesson. 

Radiation Patterns. The radiation 
pattern of an antenna shows the dis¬ 
tribution of the field strength of an 
antenna if it were used for trans¬ 
mitting. At the same time, it shows 
how well the antenna will receive 
from each direction. 

Fig. 7 shows the radiation pattern 
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of the dipole when it is operating as 
a half-wave, as a full-wave, and as 
a three-half-wave antenna. In each 
case, the dipole remains the same 
physical length, but the frequency of 
the incoming signal changes. 

Fig. 7A shows the radiation pat¬ 
tern of a half-wave dipole. Notice 
that there is no pickup off the ends of 
the dipole and there is maximum 
pickup at right angles to it. Also, no¬ 
tice that both halves of the pattern 
are the same size; this shows that the 
antenna picks up equally well from 
the front and the back. 

pole was cut (that is, if the dipole is 
one wavelength long for the received 
signal), the antenna has a radiation 
pattern like that shown in Fig. 7B. 
This pattern has four elongated lobes, 
which are at the angles shown with 
respect to the dipole. Again, there 
is no pickup at the ends of the an¬ 
tenna. There is, however, a major 
change. Notice that there is no pickup 
directly in front of or directly in back 
of the dipole as far as the signals of 
this wavelength are concerned. 

The two small dotted lobes at right 
angles to the dipole show how the 

FIG. 7. In these illustrations of the radiation patterns of a dipole as a half-wave, 
full-wave, and three-half-wave antenna, the dipole remains the same physical length, 

but the frequency of the signal it is receiving changes. 

A half-wave dipole is used as a 
standard reference antenna in deter¬ 
mining the relative worth of more 
complicated types of antennas. No¬ 
tice that each lobe of the half-wave 
dipole has been assigned the value 1.0. 
The dotted lobes in Fig. 7A show 
how the radiation pattern starts to 
change for signals of shorter wave¬ 
length. 
Engineers measure the pickup of 

any antenna by comparing it with a 
simple dipole like that shown in Fig. 
5A. 

If the frequency of the received 
signal is twice that for which the di¬ 

radiation pattern begins to change for 
signals at still shorter wavelengths. 
As the wavelength of the received 
signal becomes shorter, with the di¬ 
pole remaining the same physical 
length, lobes begin to appear at right 
angles to the dipole. When the wave¬ 
length of the received signal becomes 
so short that the dipole is three half 
wavelengths long, the radiation pat¬ 
tern has the shape shown in Fig. 7C. 
Although the reception at right angles 
to the dipole is as good as it is for 
a half-wave dipole, the signal recep¬ 
tion at angles of 42° from the dipole 
is even better: The center line of each 
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oí these side lobes has a value of 1.4, 
meaning that the pickup in these 
directions is 1.4 times as great as the 
maximum pickup of a half-wave di¬ 
pole in its best direction. In other 
words, the pickup in the directions 
of the side lobes is about 2 db greater 
than the pickup at right angles to a 
half-wave dipole. 
Remember, each dipole shown in 

Fig. 7 is the same length in terms of 
inches. Its length in terms of wave¬ 
length increases only because the 

The simple dipole is used in most 
UHF antennas. A somewhat more 
complex matching system, called a 
T-match, is used to provide satisfac¬ 
tory signal transfer between the 
simple dipole and the 300-ohm trans¬ 
mission line. 

Now that you are familiar with the 
basic television antenna, the simple 
dipole, you can study more complex 
types. Before you do, however, there 
is one further point to be considered. 
As mentioned earlier, the dipole can 

FIG. 8. A dipole can be considered to 
be a resonant circuit. 

wavelength of the received signal de¬ 
creases. 

If the wavelength of the received 
signal becomes even shorter, more 
lobes will appear in the radiation pat¬ 
tern; each time the dipole becomes a 
half wavelength longer, one more lobe 
will be produced on each side of the 
antenna. 

In the early days of television, 
simple dipoles were frequently used. 
In fact, most of the early sets were 
designed with 72-ohm impedance in¬ 
put circuits that would match coaxial 
cable and a simple dipole. Modern TV 
antennas, however, are more complex, 
even in strong signal areas. Today, 
a combination of a folded dipole and 
a parasitic element that shapes the 
radiation pattern is most popular. 

The study of the basic dipole, how¬ 
ever, is important in understanding 
the theory of antennas. 

be considered as a generator with an 
internal impedance ZA. It is also pos¬ 
sible, and sometimes more convenient, 
to consider the antenna as a series-
resonant circuit with an inductance 
L, a capacity C, and a resistance R, as 
shown in Fig. 8. The values of L and 
C are such that the circuit is reso¬ 
nant at the frequency for which the 
antenna is half a wavelength long. 

FOLDED DIPOLES 
A common form of television an¬ 

tenna, known as the “folded dipole” is 
shown in Fig. 9. It consists of a single 
rod or tube that is bent into the shape 
shown. In use, the antenna is mounted 
with the long side parallel to the 
earth and the unbroken long side on 
top. The transmission line is con¬ 
nected to the two ends of the an¬ 
tenna as shown. 

Such an antenna has the same radi¬ 
ation pattern as a simple dipole that 
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is half as long as the perimeter of 
the folded dipole. For example, a 
dipole cut for channel 2 (54 to 60 
me) is about 8.2 feet long. A folded 
dipole made by bending a rod 16.4 
feet long will have the same radiation 
pattern at the channel 2 frequency; in 
fact, as far as the radiation pattern is 
concerned, we could consider the two 
to be the same at all frequencies. In 
other words, the two will resonate to 
the same frequency and have identi¬ 
cal radiation patterns. 

We can, therefore, find out all we 
want to know about the radiation 
pattern of any folded dipole by study¬ 
ing the pattern of a simple dipole that 
is resonant to the same frequency, 
meaning one that is half as long as 
the perimeter of the folded dipole. Or, 
if we wish to make a folded dipole 
that will have the same radiation 
pattern as a particular simple dipole, 
we can do this by making it out of a 

The impedance of a folded dipole 
depends upon the spacing between the 
two long sides. The usual kind is 
made with a spacing of 1/64 of a 
wavelength, which gives an imped¬ 
ance of approximately 300 ohms at 
resonance—four times as great as that 
of a simple dipole. This spacing is 
used for most folded dipoles, and the 
300-ohm transmission line designed 
to match the folded dipole is avail¬ 
able. 

It is important to remember that a 
proper impedance match between the 
antenna and the line permits maxi¬ 
mum transfer of power from the an¬ 
tenna to the line. 
As mentioned earlier, the imped¬ 

ance of a simple dipole depends upon 
the frequency of the incoming signal, 
since it is this frequency that deter¬ 
mines whether the lengths of the an¬ 
tenna will be equal to half a wave¬ 
length, one wavelength, three half 

LENGTH BETWEEN THESE POINTS SAME AS 
OVERALL LENGTH OF SIMPLE DIPOLE. 

FIG. 9. A folded dipole antenna. 

rod that is twice as long as the simple 
dipole. 

There are two reasons for using a 
folded dipole instead of a simple di¬ 
pole that is the same as far as radia¬ 
tion pattern is concerned. First, the 
folded dipole has a higher impedance 
than a simple dipole at resonance; 
second, the folded dipole has a some¬ 
what broader frequency response than 
the equivalent simple dipole. 

wavelengths or some other length. For 
frequencies above resonance, the im¬ 
pedance of a dipole increases rather 
rapidly. The impedance of a folded 
dipole also depends upon the frequen¬ 
cy of the incoming signal; over a 
fairly wide range of frequencies above 
resonance, however, its impedance 
does not change as rapidly as that of 
a simple dipole. In other words, the 
impedance of a folded dipole is more 
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nearly constant than that of a simple 
dipole over a range of frequencies off 
resonance. 

Suppose that we have a simple di¬ 
pole and a folded dipole, each of 
which is perfectly matched to its own 
transmission line. With respect to the 
amount of signal power delivered to 
a receiver, these two antennas will be 
the same at their resonant frequency. 
At frequencies above resonance, the 
impedances of each will change, con¬ 
sequently, neither will be perfectly 
matched to its transmission line, and 
the amount of power each will deliver 
to a receiver will therefore decrease. 

a folded dipole has a wider frequency 
response than a simple dipole. This 
does not mean that a folded dipole 
picks up over a wider range than a 
simple dipole; their pickup is the 
same at all frequencies, since they 
have the same radiation patterns. It 
does mean, however, that a folded 
dipole and its transmission line will 
furnish more power to a receiver than 
a simple dipole and its transmission 
line over a range of above-resonance 
frequencies. 

This effect does not hold at all fre¬ 
quencies, because the impedance of 
a folded dipole rises very sharply at 

0IPOLE 

FIG. 10. An antenna using a parasitic 
element, called a reflector. 

Since the relative impedance changes 
in the simple dipole will be greater 
than in the folded dipole, however, the 
mismatch between the simple dipole 
and its transmission line will be 
greater. For this reason, the power 
that the simple dipole will deliver to 
a receiver will decrease faster at off-
resonance frequencies. Over ranges of 
frequencies above resonance, there¬ 
fore, a folded dipole will furnish more 
power to a receiver than a simple di¬ 
pole. This is an important considera¬ 
tion when an antenna is used for re¬ 
ception on more than one channel. 

For this reason, engineers say that 

frequencies near its resonant frequen¬ 
cy—that is, at frequencies where its 
length is approximately equal to one 
wavelength. This is not too important, 
however, because the frequency for 
which a low-band antenna is one 
wavelength long occurs in the fre¬ 
quency range between the two A HF 
television bands. 

At three times its resonant frequen¬ 
cy, that is, at a frequency for which 
the folded dipole is the equivalent of 
three half wavelengths, the folded di¬ 
pole has an impedance of about 100 
ohms. It has a somewhat wider re¬ 
sponse than a simple dipole at fre-
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quencies greater than this, though the 
effect is not as marked as it is at 
frequencies close to resonance. 

Because of its relatively wide fre¬ 
quency response, the folded dipole is 
one of the most popular types for use 
in complex multi-element arrays for 
VHF use. As mentioned previously, 
the simple dipole is the preferred 
type for use in UHF arrays. Also, a 
folded dipole made of 300-ohm line is 
frequently used for local reception of 
a TV signal. 

PARASITIC ELEMENTS 

A parasitic element is a metal rod 
or wire that is mounted near an an¬ 
tenna for the purpose of changing the 
radiation pattern. Such a parasitic 
element is not connected to the trans¬ 
mission line or to the antenna. It pro¬ 
duces an effect on the radiation pat¬ 
tern of the antenna because it picks 
up the signal and re-radiates it, 
changing the phase. This re-radiated 
signal is then picked up by the an¬ 
tenna. The antenna therefore has two 
signals induced in it: The original 
signal and the one re-radiated from 
the parasitic. These two may add to 
produce a stronger combined signal, 
or they may partially cancel each 
other to produce a weaker signal, de¬ 
pending upon the phase relationship 
between the two. As a result, the radi¬ 
ation pattern of an antenna that has 
a parasitic element mounted near it is 
different from that of the antenna 
alone. 

The effect of a parasitic clement on 
the radiation pattern of a dipole de¬ 
pends upon the length of the para¬ 
sitic element, on the spacing between 

the parasitic and the dipole, and on 
the frequency of the incoming signal. 
It is possible to get almost any de¬ 
sired pattern by choosing the proper 
element length and the proper spac-

FIG. 11. Radiation pattern for a dipole 
and reflector. 

An example of an antenna using a 
parasitic element is shown in Fig. 10. 
Here an element called a “reflector” 
is placed parallel to the dipole in the 
horizontal plane. The reflector is 
about 5% longer than the dipole. The 
spacing between the dipole and the 
reflector is usually one-quarter wave¬ 
length at the frequency for which the 
dipole is resonant, though spacings 
as close as .15 wavelength are used 
in special cases. The radiation pat¬ 
tern at the resonant frequency for a 
folded dipole and reflector spaced 
one-quarter wavelength apart is 
shown in Fig. 11. As you can see, the 
addition of the reflector increases the 
pickup considerably on one side and 
decreases it considerably on the other, 
the decrease being on the reflector 
side of the combination. 

When a reflector is added to a half-
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wave dipole antenna, we say that the 
antenna has gain. That is, the pickup 
of a dipole and reflector is greater 
than the pickup of the simple dipole. 
This is illustrated by the forward 
lobe of the radiation pattern shown 
in Fig. 11. Notice that this forward 
lobe has a value of 1.33 as compared 
with the forward lobe having a value 
of 1.0 for the simple half-wave dipole. 

Fig. 12 shows the radiation pattern 
for the combination when it is oper¬ 
ated at three times the resonant fre¬ 
quency. Notice that the spacing be-

backward lobe is considerably smaller 
than they are in the radiation pat¬ 
tern of the dipole alone. 

Since the combination of a dipole 
and a reflector picks up better in one 
direction than in another, particularly 
at the resonant frequency, it is said 
to be a directional antenna, or it is 
said to have directivity. Because the 
major lobe has a value greater than 
1.0, the antenna is said to have gain 
in that particular direction. This in¬ 
dicates that the antenna would pick 
up more of the signal than a dipole 

FIG. 12. The radiation pattern of a 
dipole and reflector operating as a 

three-half-wave antenna. 

tween the antenna and the reflector is 
now three-fourths wavelength. This is 
explained by the fact that the spacing 
between them is fixed at one-fourth 
wavelength when the antenna is 
erected; since the wavelength of the 
incoming signal is only one-third the 
original wavelength when the antenna 
is operating at three times the reso¬ 
nant frequency, the spacing, which is 
fixed in terms of inches, becomes three 
times as great in terms of wavelength. 
You can see, the center forward lobe 
is considerably larger, and the center 

cut for that frequency would. 
The combination can be made even 

more directional by adding another 
parasitic element on the opposite side 
of the dipole from the reflector and 
parallel to both of them (see Fig. 13). 
This element, called a “director,” is 
about 4% shorter than the dipole and 
is spaced one-fourth wavelength or 
less from it. The radiation pattern for 
a director-dipole-reflector combina¬ 
tion at the resonant frequency is 
shown in Fig. 14. Notice that the ad¬ 
dition of the director lengthens and 
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narrows the forward lobe and further 
shortens the backward lobe. 

The impedance of a dipole is de¬ 
creased to about 60 ohms by the ad¬ 
dition of a parasitic element spaced 
one-fourth wavelength from it. Its im¬ 
pedance can be brought back to about 
72 ohms by reducing the spacing to 
something less than one-fourth wave¬ 
length. Notice that this applies in the 
case of a simple dipole used as a basic 
receiving element in the parasitic ar¬ 
ray. If a folded dipole is used as a 

FIG. 13. A dipole with director 
and reflector. 

basic antenna, there is a correspond¬ 
ing impedance reduction when para¬ 
sitic elements are added. 
The increased forward pickup 

caused by adding parasitic elements 
to a dipole makes the combination 
very useful in areas that are some 
distance from a television station. 
Such antennas, however, are also very 
frequently used when the signal 
strength is high; here their decreased 
backward pickup is the characteristic 

that makes them desirable. In a lo¬ 
cation where there are strong reflected 
signals that can cause ghosts in a pic¬ 
ture, a properly oriented parasitic ar¬ 
ray may be able to pick out the de¬ 
sired signal and ignore the reflected 
ones, thus eliminating the ghosts. 

All parasitic arrays consisting of 
a dipole connected to the transmission 
line plus three or more positive ele¬ 
ments—usually one reflector .and a 
number of directors—are called 
“Yagis.” 

Unfortunately, the increased direc¬ 
tivity and antenna gain produced by 
the use of parasitic elements are ac¬ 
companied by a decreased broadness 
in response. This is generally true of 
any directional antenna arrays, al¬ 
though some are worse than others in 
this respect. Some directional anten¬ 
nas have frequency responses so nar¬ 
row that they will not pick up equally 
all frequencies in a 6-megacycle tele¬ 
vision signal. This fact, of course, 
rules such antennas out for television 
use, no matter what their other char¬ 
acteristics may be, since uneven re¬ 
sponse over the frequency range of a 
single channel would cause distortion 
of some portion of the TV signal. 

In some cases, however, carefully 
designed antennas of extremely high 

FIG. 14. Radiation pattern of dipole 
with reflector and director shown in 

Fig. 13. 
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gain are built for use on a single chan¬ 
nel. In general, those antennas have 
just enough response to cover the par¬ 
ticular channel for which they are 
designed. Therefore, the antenna will 
do an excellent job on the one chan¬ 
nel for which it was designed, but 
will not give satisfactory results on 
other channels. These antennas are 

designed for use in extreme fringe 
areas where high gain is the primary 
consideration. 
Additional gain can also be ob¬ 

tained by mounting two identical an¬ 
tennas one above the other and spac¬ 
ing them so that proper phasing is 
maintained. Such an arrangement is 
called a “stacked array.” 

Choosing the Proper Antenna 
The antennas you have studied so 

far are the basic ones. There are many 
other types in general use, but a great 
majority of installations consist of a 
simple dipole or a folded dipole, with 
one or more parasitic elements. 

Naturally, the demand for tele¬ 
vision receivers is greatest where tele¬ 
vision offers the greatest variety of 
entertainment; therefore, most receiv¬ 
ers are located in areas where there 
are two or more stations. For such 
receivers, it is necessary to erect an 
antenna that will pick up all the 
available stations and pick them up 
equally well. 
How complex an antenna must be 

depends upon many things, such as 
the signal strength in the area where 
the set is used, the direction of the 
station or stations from the receiver 
location, whether or not reflected sig¬ 
nals are present at the location, the 
sensitivity of the set, how much elec¬ 
trical noise there is at the point where 
the installation is to be made; all of 
these play a part in determining what 
antenna will be satisfactory. You 

will study all these factors and sev¬ 
eral others. 
Generally, television reception 

areas can be divided into three 
classes: 1. primary service areas; 2. 
secondary service areas (up to fifty 
miles from the station) ; 3. fringe 
areas (more than fifty miles from the 
station). Because the reception prob¬ 
lems are likely to be different for 
each area, it is generally necessary 
to discuss these reception areas in 
terms of the type of antenna required 
to give satisfactory results in each. Of 
course, it is virtually impossible to 
give exact information on the type of 
antenna that will be required in each 
particular case, but a knowledge of 
the various types of antennas that are 
used by other servicemen, plus an un¬ 
derstanding of why different types 
are used is sure to help you in choos¬ 
ing the proper antenna for use in a 
particular situation. 

The problem of choosing the proper 
antenna may be further complicated 
by the possible use of both VHF and 
UHF in a single area. In the follow¬ 
ing portion of the text, general specifi-
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cations on the type of antenna for 
use in the service area—both VHF 
and UHF—will be given. Additional 
information on installing both types 
of antennas together will also be 
given. 
PRIMARY SERVICE AREAS 
Reception areas within ten or fif¬ 

teen miles of the transmitting station 
are called primary service areas. In 

These antennas will sometimes give 
satisfactory results when the receiver 
is in the same city with the trans¬ 
mitting station, and when a relatively 
straight path exists between the re¬ 
ceiver and the television station. 
Ghosts, however, are a great problem 
with the simple built-in antennas. 

When you install a receiver that 
has a built-in antenna, you must be 

Courtesy Technical Appliance Corp. 

FIG. 15. A widely used form of indoor 
antenna. 

these areas the type of antenna used 
is not usually a very great problem. 

Indoor Antennas. In recent years, 
many television receiver manufac¬ 
turers have included built-in antennas 
with the receiver itself. These anten¬ 
nas have varied in complexity from 
folded dipoles made of 300-ohm twin 
lead mounted inside the cabinet to 
rather elaborate antennas with a sep¬ 
arate tuning control on the front 
panel. 

sure to try the receiver in various 
parts of the room where it is to be 
used because moving the receiver 
(with the antenna inside) only a few 
feet in one direction or the other may 
improve reception considerably. Also, 
you should try turning the receiver to 
various positions to obtain the best 
possible reception. 
The primary disadvantage of a 

built-in antenna is the lack of suffi¬ 
cient room inside the cabinet to in-
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stall an antenna long enough to reso¬ 
nate at the frequency of the incom¬ 
ing signal. Furthermore, it is often 
difficult to place the antenna where 
the best signal is received simply be¬ 
cause the receiver would not satis¬ 
factorily blend with the rest of the 
furniture if it were placed in the de¬ 
sired location. Also, it may be diffi¬ 
cult or impossible to eliminate reflec¬ 
tions with a built-in antenna. 

A slightly more elaborate indoor 
antenna that will often give good re¬ 
sults in an area where the signal 
strength is high is shown in Fig. 15. 
This antenna consists of two tele¬ 

tips of the two rods. Thus, lengthen¬ 
ing the rods or increasing the angle 
between them makes the antenna reso¬ 
nant at a lower frequency, and short¬ 
ing the rods or decreasing the angle 
between them makes it resonant at a 
higher frequency. Usually, it is neces¬ 
sary to adjust either the length or the 
angle when the set is tuned from one 
channel to another. 

One of the most important advan¬ 
tages of these antennas (which are 
usually called rabbit ears) is the pos¬ 
sibility of moving the antenna away 
from the receiver itself if desired. 

Courtesy Insuline Corp, of America 

FIG. 16. An adjustable window 
antenna. 

scoped metal rods secured to a base 
through a pivot. These rods are elec¬ 
trically insulated from each other and 
are connected to the two leads of the 
transmission line. The angle between 
the two rods can be changed at will, 
and the length of the rods can easily 
be changed by pulling out the tele¬ 
scoped sections. The whole antenna 
can be rotated simply by picking it 
up and turning it. 

The effective length of this antenna 
depends on the distance between the 

That is, the antenna can be set on a 
nearby table if the set owner finds 
that more satisfactory results are ob¬ 
tained. This is not, of course, possible 
with a built-in antenna. 
Lately, more elaborate “rabbit 

ears” with tuning controls and spe¬ 
cial sections for UHF reception have 
appeared on the market. If properly 
adjusted by the set owner, these an¬ 
tennas will sometimes give satisfactory 
results when the signal strength is 
unusually high. 
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Window Antennas. A window an¬ 
tenna usually gives better results than 
an indoor antenna, however, particu¬ 
larly when it can be placed in a win¬ 
dow that is on the same side of the 
building as the transmitter. A typical 
window antenna is shown in Fig. 16. 
As you can see, it is a folded dipole 
that is mounted on a very short mast. 
At the other end of the mast is a cross 
bar that can be secured to the win¬ 
dow frame, usually by extending the 
ends of the bar to wedge it across the 
frame. 
This antenna has a response like 

that of any other folded dipole. The 
ends of the one shown in Fig. 16 can 
be extended to make the antenna reso¬ 
nant to a lower frequency if desired. 
This is usually done, if at all, only 
when the antenna is first installed, 
since it is inconvenient to change the 
length thereafter. 

As mentioned previously, it is usu¬ 
ally better to install a window anten¬ 
na on the side of the building that 
faces the transmitter. However, it is 
sometimes possible to pick up an ade¬ 
quate signal on the other side of the 
building if buildings or other objects 
reflect the signal toward that side. 
Many other forms of indoor and 

window antennas have been devel¬ 
oped. Generally speaking, there is 
little to recommend one kind over 
another. The only way to tell whether 
a particular type will be satisfactory 
in a particular location is to try it 
there. 

Indoor antennas are not generally 
satisfactory for UHF reception be¬ 
cause the signal is greatly attenuated 
in passing through the building itself 

FIG. 17. A two-bay folded dipole and 
reflector combination. The larger section 
is used for low-band (channels 2 through 
6) reception, and the smaller section for 
high-band (channels 7 through 13) re¬ 
ception. The two sections can be in¬ 

dividually oriented. 

and because there are so many reflec¬ 
tions inside the building. 

Outside Antennas. The most com¬ 
mon type of outside antenna for use 
in a primary service area where more 
than one station is to be received is 
the antenna shown in Fig. 17 This is 
called a “two-bay” folded dipole. 

Notice that the lower section of 
this antenna is much larger than the 
upper part. The larger section is de¬ 
signed to have maximum response on 
the low channels of the VHF range, 
2 through 6; the upper section is de¬ 
signed to have maximum response on 
the high channels, 7 through 13. The 
two sections, or bays, are connected 
together with a length of transmis¬ 
sion line, and then connected to a 
single lead-in. The transmission line 
used between the two sections should 
be about 36 inches long, and the trans-
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Courtesy American Phenolic Corp. 

FIG. 18. Another form of two-band 
antenna. 

mission line connecting the antennas 
to the receiver must be connected to 
the larger section. No special match¬ 
ing section is needed between the two 
bays. 
The high-channel section of the 

antenna is generally mounted at the 
top of the mast to take advantage of 
the additional height. As mentioned 
previously, the signal reduction be¬ 
comes greater as the frequency is in¬ 
creased; therefore, it is important for 
the high-frequency antenna to be 
mounted as high as possible. 

In some particular cases, however, 
it is advantageous to put the low-
channel section of the antenna at the 
top of the mast, particularly when the 
low-channel stations are at a greater 
distance from the receiving location 
than the high-channel ones. 

Also notice that the individual sec¬ 
tions or bays of the antenna can be 
individually oriented for best re¬ 
sponse. This feature is very impor¬ 
tant when the high-channel stations 
and the low-channel stations are in 
different directions from the receiving 
location. 

A slightly different version of the 
two-band folded dipole and reflector 
that has been widely used is shown in 
Fig. 18. Notice that the major lobes 
of both the high-band and the low-

band antenna point in the same direc¬ 
tion, as shown in Fig. 19. For this rea¬ 
son, this antenna is not too popular 
because the high-channel section and 
the low-channel section cannot be in¬ 
dividually oriented for best reception. 
When all of the channels are in the 
same general direction, this antenna 
gives very satisfactory results. 
UHF Reception in Primary 

Areas. As mentioned previously, in¬ 
door antennas are not generally satis¬ 
factory for UHF reception because 
the signal is usually severely attenu¬ 
ated in passing through the sides of 
the building, and because reflections 
occur inside the building itself. 
A UHF antenna must have ex¬ 

tremely wide frequency response, be-

FIG. 19. The radiation patterns of the 
antenna shown in Fig. 18 for the low 

and high bands. 
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FIG. 20. Typical dimensions for a UHF 
bow-tie or fan antenna. 

cause the UHF band itself is so wide. 
Furthermore, good directivity is nec¬ 
essary to prevent the appearance of 
ghosts in the picture, and the antenna 
and its lead-in must be properly in¬ 
stalled to maintain the losses at the 
lowest possible level. 

Courtesy RCA 

Fit;. 21. A corner reflector and 
bow-tie antenna. 

1 o obtain the broad response neces¬ 
sary for UHF reception, the simple 
dipole is modified by making it 
“thicker. That is, the effective size 
of the dipole is increased by using a 
tapered construction like that shown 
in Fig. 20. Because of the shape, this 
type of antenna is called a "bow-tie.” 
One lead of the transmission line con¬ 
nects to each triangle. 

Although the individual sections of 
such an antenna can be made from 
solid pieces of metal, perforated sheets 
or screen wire are sometimes used to 
decrease the wind resistance. 

FIG. 22. Reception patterns for a corner 
reflector and bow-tie antenna at 500 me 

(left) and 850 me (right). 
The increased width of this type of 

dipole in comparison with one made 
from a single rod reduces the Q of the 
antenna so that the resonant peak is 
broader. This reduces the output at 
resonance, but it also provides a bet¬ 
ter impedance match to the trans¬ 
mission line over a wide band of fre¬ 
quencies. 

Because multiple-path reception is 
such a problem on the UHF channels, 
a bow-tie antenna is almost never 
used alone. Instead, it is used as a 
basic element in a more elaborate ar¬ 
ray. The extra directivity and gain 
provided by parasitic elements is very 
important on the UHF channels. 
One of the most common types of 

UHF antennas, a bow-tie with a 
corner reflector, is shown in Fig. 21. 
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Although the gain of this antenna is 
very high in comparison with the gain 
of VHF antennas commonly used in 
primary service areas, the directivity 
and the extra gain are very important. 
Fig. 22 shows the directivity patterns 
of the bow-tie with a corner reflector. 
Notice the extremely small back lobe. 
Although the forward lobe is some¬ 
what broader than is generally desir¬ 
able, satisfactory results can be ob¬ 
tained if the antenna is properly 
oriented. Its directivity in the vertical 
direction is very good so that ground 
reflections are no problem. 
The bow-tie and reflector UHF 

antenna is an excellent one for use in 
primary service areas because it has 
good directivity, high gain, and is 
easy to mount. 

SECONDARY SERVICE AREAS 

Reception areas between 15 and 50 
miles from a VHF station or between 
10 and 30 miles from a UHF station 
are generally considered secondary 
service areas. This term is not too 
well defined, however, and the real 
definition of a secondary service area 
depends in part on the surrounding 
terrain. For example, in mountainous 
sections, the secondary service area 
may begin 5 miles or less from the 
station. 

The television signal, although orig¬ 
inally transmitted with horizontal 
polarization, will become partially 
vertically polarized traveling through 
space because of reflections and other 
effects. In other words, the television 
signal at a remote location will have 
both a horizontal and a vertical com¬ 
ponent. To take advantage of all the 

signal reaching the particular loca¬ 
tion, the antenna must be able to 
pick up both components. A conical 
antenna is an excellent antenna for 
use in areas where the signal has both 
horizontal and vertical components. 
A stacked conical is shown in Fig. 
23. The stacking of the two bays re¬ 
sults in a greater signal pickup than 
a single bay would have. 

In many cases, the noise level at 
the particular location will affect the 
choice of antenna. Since most noise 
signals are vertically polarized, if the 

FIG. 23. A conical antenna. 

noise level is high, a horizontal an¬ 
tenna must be used to prevent exces¬ 
sive noise pickup. Therefore, a single 
bay conical should not be used in 
areas where the noise level is high. 
However, a stacked conical will often 
work satisfactorily because the two 
bays are arranged so that the pick¬ 
up of a signal having only a vertical 
component is low, while at the same 
time the pickup of signals that are not 
completely horizontally polarized is 
maximum. 
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In secondary service areas where 
noise is a problem, an antenna like 
that shown in Fig. 24 is often used. 
Notice that this is simply a stacked 
version of the two-bay folded dipole 
and reflector mentioned previously. 
Stacking the two antennas and main¬ 
taining the proper spacing between 
them, however, increases the gain and 
sharpens the forward response of the 
antenna. Again, notice that the high-
band section and the low-band section 
can be individually oriented for best 
response from the particular stations. 

The most important characteristics 
of an antenna for use in the secondary 
service area are medium gain and 
wide band response. Both the anten¬ 
nas described above meet these quali¬ 
fications and can therefore be used in 
areas where there are several TV sta¬ 
tions in operation. However, if the 
stations are located in different di¬ 
rections, it may be necessary to use 
a rotator to turn the antenna for best 
signal pickup from the desired sta¬ 
tion. Also, you must always consider 
the mechanical problem of mounting 
the antenna. Both of these antennas 
are relatively easy to mount. 
UHF Reception in Secondary 

Areas. In secondary service areas, the 
bow-tie and corner reflector men¬ 
tioned for the primary service area is 
generally satisfactory for UHF re¬ 
ception, provided it is properly in¬ 
stalled. In fact, the care exercised in 
installing the antenna is the most im¬ 
portant single factor in secondary 
service area UHF reception. 

In some instances you will find that 
a parabolic reflector will give greater 
signal pickup and better results at 

greater distances from the UHF sta¬ 
tion than the corner reflector. A di¬ 
pole with a parabolic reflector is 
shown in Fig. 25. If the antenna is 
mounted high enough, it will give 
satisfactory results. 

Also, UHF Yagi antennas are often 
used. Special Yagis designed to give 
satisfactory response over the entire 
UHF band are now available. These 
antennas are designed for use with 
the common 300-ohm transmission 
line. Further information on the prop¬ 
er lead-in for UHF use will be given 
in a later section of this book. 
A typical UHF Yagi antenna is 

shown in Fig. 26, and the radiation 
pattern at 550 megacycles is shown 
in Fig. 27. Notice the almost complete 

Courtesy JFD Mfg. Co., Inc. 

FIG. 24. Low-band and high-band 
stacked arrays mounted on the same 

mast. 
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Courtesy Tele-Tcch 

FIG. 25. Antenna with parabolic 
reflector. 

absence of the backward lobe and the 
extremely sharp forward lobe. 

Installation is seldom a problem 
with UHF arrays, because the entire 
antenna is extremely small. It is im¬ 
portant, however, that the antenna be 
mounted securely so that it cannot 
move in the wind. Even slight move¬ 
ment of the antenna will often cause 

FIG. 26. UHF Yagi antenna. 

annoying changes in signal strength 
and consequent picture flicker. 

When installing the UHF antenna, 
it may be necessary to try the an¬ 
tenna in several different positions on 
the customer’s roof to obtain best re¬ 
sults. There will undoubtedly be cases 
when the antenna will have to be 
carried all over a customer’s roof be¬ 
fore a satisfactory spot can be found 
where best reception with minimum 
interference is obtained. 

FRINGE AREAS 

There is no definite technical defi¬ 
nition of a fringe area, but it is gen¬ 
erally considered to be any area that 
is more than 50 miles from a VHF 

FIG. 27. Typical Yagi reception 
pattern at 550 me. 

station or more than 30 miles from a 
UHF station. Special precautions are 
necessary when installing antennas in 
such areas, both to pick up a satis¬ 
factory signal and to prevent local 
noise from interfering with reception. 
Installation techniques are very im¬ 
portant. 
A fringe area antenna must be 

mounted as high as possible. For this 
purpose, special masts with elaborate 
arrangements to prevent swaying in 
high winds must be used. 

If the receiving location is in a 
deep valley between two hills or 
mountains, it is often worth while to 
mount the antenna as high as possible 
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on the mountain or hill and use a 
long transmission line. 
One system that is often used ad¬ 

vantageously in fringe areas is a high-
gain antenna with a somewhat re¬ 
stricted band width. The antenna is 
peaked for maximum gain at the video 
carrier frequency. This type of an¬ 
tenna gives a somewhat stronger sig¬ 
nal at the carrier frequency than a 
broad-band antenna and also reduces 
response at higher video frequencies 
where most of the noise signal picked 
up in fringe areas is located. Of 
course, some of the higher video-fre¬ 
quency signal components may be 
lost when this type of antenna is used, 
but the reduction of picture interfer¬ 
ence usually more than compensates 
for the loss of picture detail. Many of 
the high-gain single-channel antennas 
designed for fringe area installations 
are peaked at the video carrier fre¬ 
quency. 
The use of antenna rotators and 

preamplifiers (boosters) is common in 
fringe areas. Lately, special boosters 
in weatherproof cases designed to be 
mounted on the mast at the antenna 
itself have become very popular. A 
typical booster of this type is shown 
in Fig. 28. By amplifying the signal 
before any noise picked up by the 
line has been added to it, the signal-
to-noise ratio of the receiver can be 
improved, and satisfactory results 
can often be obtained in areas where 
it would otherwise be impossible. 

An antenna rotator allows the set 
owner to orient the antenna so that 
best possible reception is obtained 
from a particular channel. An antenna 
rotator is a low-speed reversible mo¬ 

tor mechanically coupled to the mast, 
with a control box at the receiver. 
1 his allows the viewer to orient the 
antenna for best possible reception 
on each channel. 

Satisfactory reception can often be 
obtained with a single high-gain an¬ 
tenna similar to the one shown in Fig. 
29. When an antenna of this type is 
used with a rotator and a booster, 
weak signals can be picked up from 
any direction. 

Courtesy Electro-Voice 

FIG. 28. A booster designed for instal¬ 
lation at the top of the antenna mast. 

In areas where the signal is quite 
weak, it is sometimes necessary to use 
a separate antenna and transmission 
line for each channel and to provide 
a switching arrangement for connect¬ 
ing the proper antenna to the receiver. 
The Yagi antenna is an excellent 

one for use where the signal is weak, 



Courtesy LaPointe Plascomold Corp. 

FIG. 29. A four-bay stacked array. 

because of its extremely high gain 
and excellent directivity. In areas 
where there is only one station, it is 
more economical to use a Yagi type 
antenna than an all-channel antenna 
such as shown in Fig. 29. A typical 
Yagi antenna designed for VHF use is 
shown in Fig. 30. This antenna con¬ 
sists of a dipole, a reflector, and two 
directors. (In some cases, more di¬ 
rectors are used, with a consequent in¬ 
crease in gain and decrease in fre¬ 
quency response.) The dipole in this 
array differs from others you have 
studied in that it is made of one con¬ 
tinuous rod rather than a pair of rods. 
The two leads from the transmission 
line are connected to this rod at points 
an equal distance from the center. At 
first glance it would appear that the 
transmission line is shorted when it 
is connected to the antenna in this 

manner; actually, however, because 
of distributed capacity and induc¬ 
tance of the rod, there is an imped¬ 
ance between the two leads of the 
transmission line. Most manufac¬ 
turers install mounting tabs for con¬ 
necting the transmission line to the 
dipole and provide instructions for 
“fanning” the line (spreading it 
apart) so that it can be connected for 
proper impedance matching. 

As you would expect, this antenna 
has a very limited band width. As a 
matter of fact, most Yagis for VHF 
use are generally designed for recep¬ 
tion of a particular channel and can¬ 
not be satisfactorily used for reception 
of other channels. When you order 
such an antenna, therefore, you must 
specify the channel for which it is to 
be used since the spacing between the 
elements and the length of the ele¬ 
ments differ for every channel. 

Courtesy Trio Mfg. Co. 

The Zig-Zag high and low-band VHF 
antennas for fringe areas. Upper one 
covers channels 7-13, lower covers chan¬ 
nels 2-6. A special harness is used to 
connect these antennas to a single lead-in. 
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Some of the very latest VHF Yagis, 
however, have been designed with 
lower Q and greater band width. 
These “wide-band Yagis” will gener¬ 
ally give satisfactory results over a 
group of channels. Of course, the gain 
of a Yagi designed for multi-channel 
use is not as high as that of a Yagi 
designed for single-channel reception, 
but the added band width is a great 
convenience, particularly in those 
areas mid-way between two large 
cities. In such areas, signals are often 
available on adjacent channels: 2 
and 3, 3 and 4, etc. 

Stacked arrays are still very popu¬ 
lar in fringe areas. Many manufac¬ 
turers can provide stacking bars for 

FIG. 30. A Yagi antenna, 

mounting their simpler antennas one 
above the other to achieve extra gain 
and directivity. 
New fringe area antennas appear 

on the market from time to time. To 
judge the performance of each new 
type accurately, you must try it in 
your particular location. Remember 
that the surrounding terrain will often 
affect the performance of an antenna. 
UHF Reception in Fringe Areas. 

UHF reception is generally impossible 
more than 75 miles from the station. 
The fringe area for UHF is usually 
considered to be the area from 30 to 
75 miles from the station. 

In UHF fringe areas, stacked ar¬ 
rays are most common. Two or more 
Yagis with suitable matching bars 
are quite popular. A stacked array 
consisting of two Yagis is shown in 
Fig. 31. Each Yagi consists of a folded 
dipole with a reflector and four di¬ 
rectors. Stacked corner-reflector ar¬ 
rays are also quite popular. 

In UHF fringe areas, the installa¬ 
tion itself is of major importance. 
Mounting the antenna where the 
strongest signal is received, orienting 
the antenna properly, and keeping the 
lead-in as far as possible from 
grounded objects all contribute to im¬ 
proved performance. 

COLOR TV ANTENNAS 
The basic antenna systems for color 

television reception do not differ from 
those for monochrome reception. The 
choice of antenna type and accessories 
and the care with which the antenna 
installation is made is more impor¬ 
tant in color reception. 

Four antenna characteristics are 

FIG. 31. A stacked Yagi array. 
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Courtesy Tele-Tech 
Stacked V antennas for UHF. 

important in the reception of the color 
signal. These are band width, gain, 
radiation pattern, and stray resonant 
conditions. 
The response of an antenna can 

vary from 2 to 3 db over the 6-
megacycle channel occupied by the 
color signal without any serious in¬ 
fluence on the color picture quality. 
The danger lies in an accumulated re¬ 
sponse drop-off through a number of 
receiver stages. For example, a small 
attenuation at the antenna, the trans¬ 
mission line, the tuner, and the i-f 
system can result in a very serious 
over-all distortion. Thus, it is im¬ 
portant to retain as flat a response as 
possible in each of the individual seg¬ 
ments of a color receiving system. An¬ 
tennas designed for color reception 
should have a broadband response 
without sharp dips anywhere in the 
TV channels. 
Proper matching between the an¬ 

tenna, the transmission line, and in 
particular, the receiver input, is also 
important. If the transmission line 

impedance is not equal to the receiver 
input impedance, part of the signal 
traveling down the transmission line 
will be reflected back up the line 
setting up a series of voltage loops 
and nodes on the line called standing 
waves. The ratio of the voltage max¬ 
imum at a loop to the voltage maxi¬ 
mum at a node is called the standing-
wave ratio. Poor standing-wave con¬ 
ditions on the transmission line can 
make the antenna system frequency-
selective. By this we mean one range 
of frequencies is attenuated more than 
another range of frequencies because 
the loops and troughs of the standing 
waves on the transmission line depend 
on the frequency. It is possible for a 
much weaker signal to be delivered 
to the tuner input from one end of 
the channel than from the other. Since 
the chrominance information is at the 
opposite end of the bandpass from the 
picture carrier, either the picture car¬ 
rier or the chrominance information 
could be seriously attenuated. 

Antenna gain is also an important 
characteristic in weak signal areas. 
The fringe area antenna cannot be 
peaked at the picture carrier fre-

Courtesy RCA 
UHF rhombic antenna. 
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quency because it must have equal 
sensitivity to the picture carrier range 
and to the chrominance signal range, 
if a color picture of good quality is to 
be reproduced. Thus, the narrow band 
techniques which are helpful in ob¬ 
taining usable pictures in fringe areas 
cannot be employed. This throws an 
additional burden on the antenna sys¬ 
tem. 
Stray resonant conditions in the 

antenna system can also affect the 
reception of a color signal adversely. 
On occasion, dips are placed on the 
response curve of an antenna system 
by stray resonant lengths that de¬ 
pend on the element spacing, cross¬ 
arm lengths, and tie-rod dimensions. 
Likewise, the placement of the an¬ 
tenna near metallic surfaces of reso¬ 
nant length can produce these dips in 
the response curve. Reception of a 
color signal at UHF frequencies can 
be more affected by these conditions 
because of poorer standing-wave ra¬ 
tios with UHF band equipment and 
the fact that very short physical 
lengths of metallic pieces become 
resonant in the UHF band. 

A good radiation pattern is impor¬ 
tant in obtaining the best color pic¬ 
ture in an area with propagation prob¬ 
lems. A response pattern that has 
peak sensitivity in just a single di¬ 
rection and only minor secondary sen¬ 
sitivity lobes is preferable. As we 
have learned, with such a pattern, the 
pickup of interference or reflections 
is far less than it would be with an 
antenna having equal pickup from 
both sides. Remember that in the re¬ 
ception of a color picture, the pres¬ 
ence of interference or reflections not 

only influences the brightness detail 
but the hue and saturation of the 
color image as well. Thus, the influ¬ 
ence of noise and interference is the 
same as in monochrome reception, 
with the additional disturbance such 
interference can cause in the chromi¬ 
nance channels. 
Antenna orientation is an impor¬ 

tant consideration. Improper antenna 
orientation can cause picture smear 
or introduction of transients into the 
picture. These defects produce bright-

Courtesy Technical Appliance Corp. 

Twelve-channel antenna designed for both 
color and monochrome reception in pri¬ 

mary signal areas. 

ness defects on the color image plus 
hue and saturation disturbances. 
In summary, a well-planned and 

carefully installed antenna system is 
necessary for best color reception. 
Most of the present VHF and UHF 
antennas are quite satisfactory for 
color reception. 
Although it may seem that a strong 

signal is best for color television, too 
strong a signal may actually be detri¬ 
mental. If the signal is too strong, 
the high age voltage may change the 
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response of the rf amplifier so the 
color information may be attenuated 
or lost completely. Also, excessive sig¬ 
nal may increase the standing-wave 
ratio, reducing the signal amplitude 
at some frequencies in the channel. 

These difficulties resulting from ex¬ 
cessive signal strength can be cor¬ 
rected by inserting a resistor-type at¬ 

tenuator pad between the receiver and 
the transmission line. The exact 
amount of attenuation required for 
best results can be determined experi¬ 
mentally. When it is necessary to add 
an attenuator for best color recep¬ 
tion, the attenuator usually will have 
no adverse affect on the reception of 
black and white television. 

Transmission Lines 
The lead-in used to connect an an¬ 

tenna to a television set is called 
transmission line. Three types of these 
lines—coaxial, twin-lead, and shielded 
twin-lead—are in use. We shall first 
learn the physical characteristics of 
these lines, then study their electrical 
operation as carriers of rf current. 

Like any other conductors, trans¬ 
mission lines have distributed induc¬ 
tance and capacity. A line therefore 
has impedance when it is carrying rf 
current. In television, we are con¬ 
cerned with the “characteristic” or 
“surge” impedance of a line, which is 
the input impedance of an infinitely 
long section of that particular line. 
This characteristic impedance is de¬ 
termined by the physical construction 
of the line and by the electrical prop¬ 
erties of the material used in it. 
Other important properties of a 

transmission line are its attenuation, 
which is usually stated in db per 100 
feet for signals of various frequencies, 
and its ability to reject interference. 
We shall discuss each of these factors 
in the following description of the 
three main types of television trans¬ 
mission lines. 

TYPES OF LINE 

Coaxial Line. The coaxial line, 
shown in Fig. 32, consists of a wire 
surrounded coaxially by a tube of 
flexible metal braid that is spaced 
evenly from the wire by insulating 
material. The center wire and the 
outer braid (which is covered with 
waterproof insulation) are the two 
conductors in this line. 

The diameter of the wire, the dis¬ 
tance between the wire and the braid, 
and the dielectric constant of the in¬ 
sulating material determine the im¬ 
pedance of a coaxial line. The kind 
commonly used in television installa¬ 
tions (sold under the code number 
RG59U) has an impedance of 72 
ohms. Its attenuation is 2.2 db at 40 
me, 3.75 db at 100 me, and 5.6 db at 
200 me per 100-ft length. 

When coaxial line is used, the metal 
braid is grounded at the receiver. It 
therefore acts as a shield around the 
central wire, reducing interference 
pickup considerably. Because of this 
ground connection, the line should be 
used only with a set having an un¬ 
balanced input. 
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The two most important advan¬ 
tages of coaxial cable, or “coax” as it 
is commonly called, are its relative 
freedom from interference pickup on 
the line itself and its ability to serve 
as its own lightning arrester. (If the 
shield is properly grounded, lightning 
will jump through the insulator sur¬ 
rounding the center conductor and 

FIG. 32. A typical coaxial transmission 
line. 

return to ground before it reaches the 
receiver input.) The greatest disad¬ 
vantage is the high attenuation ratio 
as the frequency is increased. 
Twin-Lead Line. The twin-lead 

line, shown in Fig. 33, consists of two 
flexible wires molded into a flat rib¬ 
bon of plastic insulating material. 
The impedance of the line depends 
upon the diameter of the wires, the 
spacing between them, and the di¬ 
electric constant of the insulation. 
The kind most commonly used in tele¬ 
vision installations has an impedance 
of 300 ohms, although 150-ohm and 
72-ohm twin-lead line can also be ob¬ 
tained. 

The 300-ohm type has an attenua¬ 
tion of 1.1 db at 40 me, 2.1 db at 100 
me, and 3.6 db at 200 me, per 100-
foot length. As you can see, its at¬ 
tenuation is far less than that of 
coaxial cable, a factor that can be 
very important in an installation 
made where the signal strength is low. 

It does not have as much ability to 
reject noise pickup as coaxial line, 
however. 
Twin-lead is very popular because 

it matches the most common receiver 
input impedance, 300 ohms, and it is 
easy to install. Also, the cost of twin-
lead is quite low. The attenuation is 
quite low when the line is kept dry 
and free from soot. If the line be¬ 
comes wet, however, the losses in¬ 
crease alarmingly, particularly at 
UHF frequencies. In fact, the wet loss 
jumps to about 20 db per 100 feet 
in the UHF band. This means that 
only one-tenth of the antenna signal 
voltage would reach the receiver. 
Therefore, this type of line cannot be 
used for UHF. 
Tubular Twin-Lead. This special 

type of twin-lead was originally de¬ 
signed to prevent excessive “wet” loss 
in the line. The original type was as 
shown in Fig. 34. Notice that the cen¬ 
ter space is hollow so that there is 
practically an air dielectric between 
the two wires. 
This type of twin-lead has a low 

attenuation figure whether wet or dry. 

FIG. 33. An unshielded twin-lead 
transmission line. 

It does, however, have a tendency to 
fill with water if the upper end of the 
line is not sealed. Even ii it is, a cer¬ 
tain amount of moisture collects in¬ 
side the line due to condensation, and 
a drain hole must be provided at the 
bottom of the line. Another type of 
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tubular twin-lead, instead of having 
a hollow center, is filled with a di¬ 
electric material that has characteris¬ 
tics similar to those of air. 

This type of line has low loss, 
whether wet or dry, and has the added 
advantage of freedom from losses due 
to collection of moisture inside the 
line. Tubular twin-lead with the cen¬ 
ter insulator is generally preferred for 
UHF. 

Shielded Twin-Lead Line. If it 
were made in the conventional man¬ 
ner, a 300-ohm shielded twin-lead 
line would have to be extremely large 
in diameter, because the shield would 
have to be spaced far away from the 
conductors to reduce the capacity be-

FIG. 34. Tubular twin-lead with 
hollow center. 

tween them. However, the shielded 
twin-lead line, shown in Fig. 35, is 
reasonably small and yet has an im¬ 
pedance of 300 ohms. 
The two conductors used in this 

line are crimped into a series of saw¬ 
tooth sections. In manufacture, a tube 
of polyethylene (a plastic insulator) 
is extruded around each of these con¬ 
ductors. Each conductor touches the 
tube in which it is encased only at the 
points of the sawtooth; otherwise, the 
conductor is surrounded only by air. 
The effect of this construction is to 
reduce the capacity between the two 
conductors and the capacity between 
the conductors and the shield, because 

air has a lower dielectric constant 
than any other insulator. The line 
can therefore have a 300-ohm imped¬ 
ance and yet be reasonably small in 
cross-sectional diameter. 

The two conductors in their poly¬ 
ethylene tubes are enclosed in a shield 
of flexible braid, which is in turn en¬ 
closed in a thermoplastic insulating 
jacket. This shield is grounded when 
the line is installed and therefore 
permits the line to have as good in¬ 
terference rejection as coaxial line. 

The attenuation of this line is 2.4 
db at 50 me, 3.4 db at 100 me, and 
4.6 db at 200 me, per 100-foot length 
—slightly less than that of 72-ohm 
coaxial cable. 
Now that we have learned what 

practical transmission lines are like, 
let us learn how they operate when 
rf flows through them. 

LINE REFLECTIONS 

We mentioned earlier that the three 
important characteristics of a trans¬ 
mission line are its ability to reject 
interference, its attenuation, and its 
surge impedance. What effect the first 

Tubular twin-lead with polystyrene 
center. 

two of these have on our choice of a 
transmission line can be stated sim¬ 
ply. Generally speaking, we want as 
little attenuation in the transmission 
line as possible. All other factors be¬ 
ing equal, therefore, unshielded twin-
lead line is the best one to choose for 
an installation. If interference is a 
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Courtesy Federal Tel. and Radio Corp. 

FIG. 35. A shielded 300-ohm twin-lead 
transmission line. 

problem, however, a shielded line 
must be used in spite of its greater 
attenuation. 

Now, let us see why the impedance 
of a line is important. 

The job of a transmission line is 
to deliver a signal to a load. It can 
do so efficiently only if the load is 
resistive and has an ohmic value equal 
to the surge impedance of the line. 
If the load has reactance, or if its re¬ 
sistance is not equal to the impedance 
of the line, a phenomenon known as 
“reflection” occurs; part of the sig¬ 
nal that comes along the line to the 
load is returned, or reflected, back 
to the line, setting up a series of 
voltage loops and nodes along the 
line as the reflected signal adds to or 
subtracts from the original signal as 
the two are alternately in phase and 
out of phase. The series of loops and 
nodes are referred to as standing 
waves. 

To see what effect such a reflection 
has in a practical case, let us suppose 
we have a 72-ohm line connected to 
the input of a set that has a 300-ohm 
input impedance. (Some sets have in¬ 
put impedances of 72 ohms, others 
have input impedances of 300 ohms, 

while still others may have input im¬ 
pedances of either 72 or 300 ohms.) 
Suppose, too. that the line is con¬ 
nected to a folded dipole that has an 
impedance of 300 ohms. 

A signal picked up by the antenna 
is fed into the line and travels down 
to the set. Because the line and 
the set have different impedances 
(that is, their impedances are not 
matched), only part of the signal is 
fed into the line. This reflected signal 
travels back up the line to the an¬ 
tenna. Because of the mismatch be¬ 
tween the antenna and line imped¬ 
ances, part of this reflected signal is 
reflected again; it travels back down 
the line and again appears at the in¬ 
put of the set. 

If the line is 50 feet long, the part 
of the signal that has been reflected 
twice has traveled 100 feet farther 
than the part that was fed into the 
set at the time of the first reflection. 
(For convenience in reference, let’s 
call the former the reflected signal 
and the latter the original signal.) Be¬ 
cause of this difference in path length, 
the reflected signal will be slightly out 
of phase with the original signal; since 
both are applied to the input of the 
set, this phase difference will cause 
blurring of the picture. In other words, 
line reflections caused by mismatches 
of impedance at the ends of the line 
produce exactly the same effect as 
that produced by multi-path recep¬ 
tion. Severe ghosts can be produced 
by such mismatching, because it is 
perfectly possible for a strong signal 
to be reflected up and down the line 
several times, thus causing several 
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out-of-phase signals to be applied to 
the input of the set. 

Such reflections cannot occur if the 
impedance of the transmission line 
matches the input impedance of the 
set, because then all the signal that 
comes down the line will be absorbed 
by the set. If there is a proper im¬ 
pedance match at this end of the line, 
it does not matter whether there is a 
match between the antenna and the 
line as far as reflections are con¬ 
cerned. Therefore, one important 
thing to remember about a transmis¬ 
sion line is that its impedance must 
match the input impedance of the set 
if ghosts are to be avoided. 

ANTENNA MATCHING 

Whether or not the antenna imped¬ 
ance is matched to that of the line is 
not important as far as reflections are 
concerned, as we have just pointed 
out. However, the lack of an imped¬ 
ance match will have an effect on the 
transfer of the signal from the an¬ 
tenna to the line. 

We mentioned earlier that the an¬ 
tenna can be considered to be a gen¬ 
erator and the transmission line its 
load. You know from previous studies 
that the greatest transfer of power 
between a generator and its load oc¬ 
curs when the two are matched in im¬ 
pedance. Therefore, an impedance 
mismatch between the antenna and 
the line will give less than a maxi¬ 
mum transfer of signal power from 
the antenna to the line. 

As far as the antenna is concerned, 
a line that is properly matched in 
impedance at the receiver end will be 
an infinite line—that is, its actual im¬ 

pedance will be equal to its surge im¬ 
pedance at all frequencies. There¬ 
fore, we could be sure of getting a 
maximum transfer of signal at all fre¬ 
quencies if we could match the im¬ 
pedance of the antenna to that of a 
properly terminated line at all fre¬ 
quencies. 

Unfortunately, this cannot be done. 
As you learned earlier in this lesson, 
the impedance of an antenna depends 
upon the frequency of the received 
signal. An antenna can be made to 
have a fixed impedance for one fre¬ 
quency but not for all. Even a wide¬ 
band antenna will vary rather consid¬ 
erably in impedance over the tele¬ 
vision bands. 

Fortunately, this fact seldom causes 
any problems in the metropolitan 
areas where most installations are 
made. There the signal strength is al¬ 
most invariably high enough so that 
part of the received signal can be 
wasted without affecting reception. In 
such areas, usually the only imped¬ 
ance match of importance is that be¬ 
tween the line and the set; as long as 
this match is made, it does not matter 
much whether the line and the an¬ 
tenna are matched. If they are not, 
part of the signal will be wasted, but 
there will still be enough to operate 
the set satisfactorily in most cases. 

As a matter of fact, the antenna 
and the transmission line are often 
deliberately mismatched in areas of 
high signal strength where there are 
several stations. The purpose of doing 
so is to make reception fairly uniform 
over a wide band. If a 300-ohm line 
is used with a 72-ohm dipole, for ex¬ 
ample, there will be a 4-to-l mismatch 
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FIG. 36. A transformer for matching 
72 ohms to 300 ohms. 

at the frequency for which the dipole 
is cut. This will cause a loss of signal 
for that station; since the signa! 
strength is high, however, this loss 
is not serious. At higher frequencies 
where the dipole does not pick up as 
well, its impedance will increase. The 
impedance match between the anten¬ 
na and the line will therefore im¬ 
prove, and the consequent improve¬ 
ment in signal transfer will partially 
compensate for the reduced response 
of the antenna. 

This effect can be produced, by the 
way, only if the impedance of the 
antenna at resonance is lower than 
that of the line. The reverse of this 
condition (having the impedance of 

the line lower than that of the an¬ 
tenna) will not produce any helpful 
effect, because the impedance of an 
antenna always rises at off-resonance 
frequencies; therefore, the mismatch 
between the line and the antenna will 
get worse as the frequency increases. 

In fringe areas, where every bit of 
signal is needed, the match between 
the antenna and the line becomes very 
important. In this respect, it is for¬ 
tunate that it is usually necessary to 
use a separate antenna for each sta¬ 
tion in such areas, because each an¬ 
tenna and line can then be matched 
individually for a particular fre¬ 
quency. As we have just pointed out, 
this is the only way in which a per¬ 
fect match can be secured. 
Most antennas designed today will 

match 300-ohm line directly. If the 
basic antenna has low impedance, a 
matching section that provides a 300-
ohm antenna output is generally in¬ 
cluded as part of the antenna itself. 
This tendency of the manufacturers 
has greatly simplified the service¬ 
man's job of installing TV antennas. 

In general, you can use a 300-ohm 
antenna and 300-ohm transmission 
line in all installations. When this 
procedure is followed, there is no 
problem of matching. 

As most modern receivers also pro¬ 
vide a 72-ohm input when the shield 
of the coaxial cable is connected to 
the receiver chassis, and the center 
conductor is connected to one of the 
antenna terminals, use of a 72-ohm 
antenna and transmission line seldom 
leads to a matching problem. 

If the receiver input will not match 
the line impedance directly—for ex-
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ample, if the receiver input is 72 
ohms and the transmission line is 300 
ohms—you can use a matching trans¬ 
former like that shown in Fig. 36. 
Incidentally, the transformer can be 
used either way: to match 72-ohin 
line to a 300-ohm input, or to match 
300-ohm line to a 72-ohm input. 

On some receivers, separate inputs 
are provided for connecting the UHF 
antenna and the VHF antenna. When 
this feature is provided, it is usually 
best to use separate lead-ins from the 
individual antennas. If only one pair 
of input terminals are provided on 
the receiver, however, the UHF an¬ 
tenna and the VHF antenna must be 
connected together. They cannot be 
connected directly, however, and a 
special matching network must be 
used to prevent excessive loss. 
A complete matching network for 

connecting a low-band VHF antenna, 
a high-band VHF antenna, and a 
UHF antenna to a single lead-in is 

FIG. 37. Matching network for con¬ 
necting a low-band VHF antenna, a high-
band VHF antenna, and a UHF antenna 

to a single lead-in. 

shown in Fig. 37. This network iso¬ 
lates the individual antennas and 
keeps losses at a minimum. 
As mentioned previously, most 

modern TV antennas have the neces¬ 
sary matching devices built in as part 
of the antenna itself. If special in¬ 
structions for matching the antenna 
to a particular type of transmission 
line are necessary, those instructions 
will be included with the antenna. 
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Lesson Questions 

Be sure to number your Answer Sheet 59B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time, or you may run out of lessons before new ones can 
reach you. 

1. How does refraction (bending) affect the distance at which a television 
signal can be received? 

2. Assuming sufficient antenna directivity, how can ghosts caused by mul¬ 
tiple-path reception be eliminated? 

3. What is the impedance of a folded dipole operated at its resonant 
frequency? 

4. What is the primary disadvantage of a built-in antenna? 

5. Are indoor UHF antennas generally satisfactory? 

6. What is the most common type of outside antenna for use in a primary 
service area? 

7. What is the most important factor to consider in choosing an antenna for 
color reception? 

8. Which has the highest loss: coaxial line, twin-lead, or shielded twin-lead? 

9. What type of lead-in is preferred for UHF use? 

10. Proper impedance matching between the antenna and the transmission 
line is important: (a) to obtain maximum signal transfer, (b) to prevent 
ghosts. 
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SHOULD YOU DEPEND 
ON LUCK? 

Accident—chance—luck—have very little bearing 
upon the production of any great result or true suc¬ 
cess in life. Of course, there have been many dis¬ 
coveries and accomplishments which may seem to be 
the result of “luck.” 

For instance: Newton “discovered” the law of 
gravity by watching an apple fall from a tree. Galileo 
“invented" the telescope after hearing of a toy con¬ 
structed by a spectacle-maker. Brown “invented” 
the suspension bridge after watching a spider throw 
its web. 

But these discoveries and inventions were made by 
men trained to take advantage of what they ob¬ 
served. Thousands of untrained men had seen the 
same things and paid no attention. 

The new discoveries in Radio—Television—Elec¬ 
tronics will be made by men trained to take advan¬ 
tage of what they observe. 
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ALTHOUGH the technical aspect 
of the installation and adjust¬ 

ment of TV receivers is relatively 
simple, installation is sometimes a dif¬ 
ficult job because it must be done 
under the watchful eye of the cus¬ 
tomer. The customer usually demands 
that the set work as well in his home 
as it did in the show room, but there 
are many factors involved in the oper¬ 
ation of the TV set that may be 
different in the show room and in the 
customer’s home. Propagation, inter¬ 
ference, line voltage, and lighting con¬ 
ditions may all be different in the 
home from those in the shop where 
the customer bought the set ; yet it is 
the serviceman’s job when installing 
the set either to duplicate the quality 
of the picture the customer saw in the 
show room or to satisfy the customer 
that existing conditions make this 
impossible. This second alternative is 
apt to be more difficult because most 
customers have little or no under¬ 
standing of the many problems 
involved. 

Because of the difficulties just men¬ 
tioned, it is essential that the service¬ 

man making an installation literally 
“know all the answers.” He must 
know exactly where all of the con¬ 
trols are located and which controls 
to adjust for any picture corrections 
that are necessary, so that he can 
go about his business briskly and effi¬ 
ciently and make all necessary 
adjustments in an absolute mini¬ 
mum of time. If too much time is 
spent in adjustment, the customer is 
apt to think there is a defect in the 
receiver and demand that he be given 
another one. 

The customer must also be in¬ 
structed in the use of the operating 
controls on the front of the receiver. 
These instructions must be given in 
simple, non-technical, understand¬ 
able language. The serviceman should 
not leave until he is absolutely sure 
that the customer knows how to 
operate the set. After showing him 
how, the serviceman should have the 
new owner manipulate the controls 
to be sure that he knows the purpose 
of each. If the customer does not 
know exactly how to operate the 
controls, the serviceman may be 
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called upon to make unnecessary and 
unprofitable service calls until the 
customer does learn. 
Over-all Procedure. To insure the 

least difficulty on installation, a sys¬ 
tematic procedure must be followed. 
The first phase of this procedure is 
unpacking and inspecting the new 
television set. This should be done 
in the shop. 

Most receivers come packed in car¬ 
tons with all of the tubes, including 
the picture tube, installed. Remove 
the set from its carton and remove 
all of the packing material. Next, 
inspect the set thoroughly for any 
damage that might have occurred 
during shipping. Check to see that 
all tubes are in their sockets and 
check the connections at the high 
voltage lead on the picture tube, the 
speaker plug, and the antenna. After 
having inspected the set for damaged 
parts or loose connections and cor¬ 
rected any defects found, you are 
ready for the second step in the 
installation and adjustment process. 

The initial adjustment of the re¬ 
ceiver should also be done in the 
shop. This avoids a long, time-con¬ 
suming procedure in the customer’s 
home that might worry him. It also 
assures you that the receiver will 
work when you install it in the cus¬ 
tomer’s home; any difficulties will 
then be caused by external conditions 
rather than some failure in the 
receiver. 

A third step in the procedure is 
to deliver the set to the customer’s 
home and install it in a location that 
is satisfactory to the customer and 
insures optimum viewing conditions. 
If possible, it is best to put the set 
back in its carton when handling it 
during delivery. This will prevent 
damage to the cabinet. 

The last step in the procedure is 
a final adjustment in the customer’s 
home and the elimination of any 
interference that may be caused by 
external conditions in that location. 
Generally, this step can be carried 
out rapidly if the set has already 
been well adjusted in the shop. 

The installation of an antenna for 
the set may also be a part of the 
installation procedure. The orienta¬ 
tion of the antenna is a part of the 
last step in the installation proce¬ 
dure, that of readjustment and inter¬ 
ference elimination in the customer’s 
home. 

The four steps listed above outline 
the general procedure for any normal 
installation. However, there are some 
special conditions that may make the 
installation somewhat different, or 
you may wish to make commercial 
or custom installations. Before mak¬ 
ing any installation, you should check 
to see if there are any special con¬ 
ditions that would require extra 
equipment or a different type of TV 
set. If the location in which you are 
about to install a set has de power 
or power of some frequency other 
than 60 cycles, a special installation 
might be required. If the installation 
is in an area where the signal strength 
is excessive, you may have to atten¬ 
uate the signal on installing the set. 
When you are making a commercial 
installation you may have to hunt 
down noise sources created by the 
extra electrical equipment found in 
taverns, restaurants, etc. It is well 
to acquaint yourself with all of these 
conditions as far as possible before 
delivering the set to the installation 
site. This may avoid lengthy instal¬ 
lation time and possible trips back 
to the shop for extra equipment 
needed to meet these conditions. 
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Adjustments 
There are two main types of 

adjustments found on the modern 
television receiver. They are the 
operating controls, those which the 
set owner manipulates in the normal 
operation of the set; and the non¬ 
operating controls, those which nor¬ 

mally are not changed after initial 
adjustment by the technician install¬ 
ing the set. Table I lists these 
controls. However, there is some 
difference of opinion among manu¬ 
facturers as to which controls should 
be classified as operating controls 

CONTROL LOCATION TYPE 

Channel Selector 
Fine Tuning 
Volume 
Tone 
Contrast or 

Picture 
Horizontal or 

Horizontal Hold 
Vertical or 

Vertical Hold 
Focus 

Brightness or 
Brilliance 

RF Oscillator Adj. 

Width or 
Horizontal Size 

Vertical Linearity 

Horizontal Linearity 

Horizontal Drive 

Horizontal Lock or 
Horiz. Locking Range 

Horizontal Frequency 
Height or Vertical 

Size 
Sync Stability or 
Noise Gate 

AGC or Range Finder 

Ion Trap 
Picture Positioning Lever 

(Focus Magnet or Coil) 
Pincushion Magnet 
Deflection Yoke 

(Tilt Correction) 

Front 
Front 
Front 
Front 
Front, Front (Under 
cover), Rear Chassis 
Front, Front (Under 
cover), or Rear Chassis 
Front (Under cover), 
Rear Chassis 
Front (Under cover), 
Rear Chassis, or 
Tube Neck 
Front, Front (Under 
cover), or Rear Chassis 
Front (Under tuning 
knobs) 
Rear Chassis 

Front (Under cover), 
or Rear Chassis 
Rear Chassis 

Rear Chassis 

Rear Chassis 

Rear Chassis 
Rear Chassis 

Rear Chassis 

Rear Chassis 

Tube Neck 
Tube Neck 

Tube Neck 
Tube Neck 

Electrical, Knob 
Electrical, Knob 
Electrical, Knob 
Electrical, Knob 
Electrical, Knob or Shaft 

Electrical, Knob or Shaft 

Electrical, Knob or Shaft 

Electrical, Knob or Shaft 
Mechanical 
Focus Coil or Magnet 
Electrical, Knob or Shaft 

Electrical, Slug 

Electrical, Lever 
Electrical, Slug 
Electrical, Shaft 

Electrical, Slug or Lever 

Electrical, Shaft or 
Capacitor 

Electrical, Capacitor 

Electrical, Slug 
Electrical, Shaft 

Electrical, Shaft or Knob 

Electrical, Shaft, Knob, 
or Switch 

Mechanical 
Mechanical 

Mechanical 
Mechanical 

TABLE I 
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Courtesy Sylvania Courtesy RCA 

FIG. 1. Two typical arrangements for the location of controls. 

and which should be classified as 
non-operating controls. Therefore, 
some controls such as focus, bright¬ 
ness, and vertical and horizontal hold 
are found on the front of the set 
with the operating controls on some 
models and on the back of the set 
with the non-operating controls on 
others. Of course, the channel selec¬ 
tor switch, fine tuning, and volume 
controls are always classified as 
operating controls and are adjusted 
with knobs on the front or side of 
the set. 

There are two possible locations 
for non-operating controls. Some of 
them are always on the rear of the 
chassis; other mechanical adjust¬ 
ments are on the neck of the picture 
tube. 

You are not apt to find all of the 
controls listed in Table I on any one 
set, because this table is designed to 
cover as many models as possible. 
Some models have more adjustments 
than others. This table also gives the 
function, the possible locations, and 
the type of adjustment for each con¬ 
trol. If the location is apt to vary 
from one model to another, the most 
likely locations are listed. Under the 
column headed “type” it is indicated 
whether or not the control is an elec¬ 
trical or a mechanical device, and 
whether it is operated by means of 
a knob, a shaft, a lever, or a screw¬ 
driver-adjusted slug. For controls that 
vary in type from one set to another, 
there may be more than one listing 
in the “type” column. Fig 1. shows 
two typical arrangements for the 

4 



location of controls. In the Sylvania 
set, Fig. 1A, the controls on the 
front consist of the on-off-volume, 
brightness, channel selector, fine 
tuning, and surround-lighting con¬ 
trols. All other controls are consid¬ 
ered non-operating by this manufac¬ 
turer and placed either on the rear 
of the chassis or on the neck of 
the tube. The arrangement shown in 
the RCA set in Fig. IB is becoming 
more popular. Here, some of the 
controls that used to be considered 
non-operating controls have been 
brought up to the front of the set 
and hidden under a hinged cover. 
Thus, the adjustments indicated can 
be made from the front of the set 
by the owner while watching the 
picture. Fig. 2 shows the location of 
controls on the neck of the picture 
tube. 

As we have already mentioned, the 
initial adjustment of a new televi¬ 
sion set should be made in the shop. 
Once the set has been well adjusted 
in the shop, you know that the set 
itself is in good operating condition 
and any failure to operate properly 
in the customer’s home when it is 
delivered is generally caused by con¬ 
ditions existing at that location. 

Courtesy RCA 

FIG. 2. Top view of a typical picture 
tube (kinescope) neck, showing adjust¬ 

ments. 

Therefore, the only adjustments that 
need be made in the customer’s home 
will be those necessary to adapt the 
set to conditions there. 

In addition to adjusting new sets, 
you will often be called upon to 
readjust old sets, because many com¬ 
ponent parts in a television set slowly 
change value as they age. An adjust¬ 
ment check should be standard prac¬ 
tice after every repair. If the set 
has been adjusted to compensate for 
the slow change in value of a part 
as it ages and then that component 
finally breaks down and you replace 
it, obviously, readjustment will be 
required. Making sure that every set 
that leaves your shop or that you 
leave in the customer’s home is well 
adjusted will save you many profitless 
service calls. 
Adjustment Procedure. In gen¬ 

eral, adjustments are made in accord¬ 
ance with the requirements indicated 
by the picture that appears on the 
tube. However, for new sets, a logical 
and systematic procedure should be 
followed to check all adjustments 
before the set is delivered to the 
customer. For readjustment and 
adjustments after repairs, only those 
indicated by the quality of the picture 
need be made. 

The first step in the adjustment of 
a new receiver, after it has been un¬ 
packed and visually checked for any 
damage or defects, is to turn the set 
on and get as good a picture as pos¬ 
sible with the operating controls. From 
this picture you can generally tell 
what non-operating controls are most 
in need of adjustment; some adjust¬ 
ments should be made in any event. 
The rf oscillator slug for each channel 
received in the area, the ion trap, and 
the age control should be adjusted 
regardless of the quality of the picture 
received, before making any non-oper¬ 
ating adjustments. After the non-
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Courtesy Philco 

FIG. 3. Maladjusted brightness control 
might result in a picture like this. 

operating adjustments and the regu¬ 
larly required adjustments for a new 
set have been made the non-operating 
adjustments that position the picture 
should be made if necessary. These 
are usually on the neck of the picture 
tube. 

After you have made the necessary 
adjustments to the components on the 
neck of the picture tube, you should 
adjust the non-operating controls on 
the back of the chassis. However, this 
procedure is not rigid beyond the dic¬ 
tates of common sense. If, for instance, 
you cannot get a synchronized picture 
with the operating controls, obviously 
you must adjust some of the non-

FIG. 4. Maladjustment of the focus coil 
or focus control will produce a blurred 

picture. 

operating controls at least until you 
can get a picture. In general, the fol¬ 
lowing sequence of adjustment can be 
followed when adjusting a new set for 
delivery: 

1. Operating controls. 
2. Non-operating controls as re¬ 

quired for a steady picture. 
3. Ion trap. (To avoid damaging 

the picture tube this adjustment 
must be made as soon as possible 
after turning the set on.) 

4. RF oscillator slugs. 
5. Picture positioning and size con¬ 

trols. 
6. Other non-operating controls for 

optimum picture quality. 
The theory of operation of most of 

the adjustment controls has been dis¬ 
cussed in previous lessons. Therefore, 
they will not be discussed again in 
any great detail. Our main concern 
here is to observe the effect of the 
various controls on the picture, with¬ 
out going into the details of the cir¬ 
cuitry which causes that effect. 
The function of many of the con¬ 

trols found on television sets is obvi¬ 
ous from their labels. However, there 
are others whose function is not 
necessarily obvious. All controls are 
discussed here in terms of their 
function. 

GETTING A PICTURE 
The first step in the adjustment 

procedure is to connect an antenna, 
plug in the set, turn it on, and select 
a local channel with the channel¬ 
selector switch. Turn the volume and 
contrast controls to normal levels 
and turn the fine tuning to the point 
where the best picture is obtained. 
On some new sets this is all that 
will be required to obtain a reason¬ 
ably good picture. However, as we 
have already said, there are some 
adjustments that must be made, and 
most of the others should be checked 
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FIG. 5. Maladjustment of the vertical 
held produces a picture like this that 
runs up or down at a rate that depends 
upon how severe the maladjustment is. 

just to make certain that they are 
working and will operate properly 
if adjustment is required when the 
set is in the customer’s home. 

It is possible that you will not be 
able to get any picture at all with 
the operating controls, particularly if 
they do not include the brightness 
control. If you can get no picture 
by manipulating the tuning and con¬ 
trast controls, turn up the brightness 
control until there is a picture or at 
least a raster on the face of the tube. 
If no raster appears on the tube, 
the ion trap may be so far out of 
adjustment that the electron beam 
is not striking the face of the tube. 
Whether there is raster or not, the 
next step in the adjustment proce¬ 
dures should always be to adjust the 
ion trap. If this is not done promptly, 
damage to the tube might result. 
To summarize the first step in 

adjustment, the operating controls, 
and those that are sometimes consid¬ 
ered operating and sometimes non¬ 
operating, are listed here with brief 
instructions for their setting. 
1. On-Off control. The On-Off 

switch is usually a part of the sound 
volume control. Turn this knob until 

the switch clicks on and then set it 
for a comfortable listening level. 

2. Channel selector switch. Set for 
desired channel. 

3. Fine tuning control. Rotate un¬ 
til best picture is obtained. 
4. Contrast control. Adjust for 

most pleasing difference between light 
and dark areas. 

5. Brightness control. Adjust for 
most pleasing level of brightness. 
Fig. 3 shows the effect of a misad¬ 
justed brightness control. 

6. Focus control. After fine tuning 
control has been adjusted for best 
picture, adjust the focus control for 
clear, sharp picture detail. Fig. 4 
shows the effect of a misadjusted 
focus control. Focus may be adjusted 
with an operating control from the 
front, a non-operating control at the 
rear, or by repositioning the focus 
coil or magnet on the tube neck. 
7. Vertical hold. Stops picture 

from rolling up or down. Adjust un¬ 
til the picture moves slowly up and 
stops. See Fig. 5. 

8. Horizontal hold. This control 
stops the picture from tearing or 
slipping horizontally. Adjust to the 
point at which the picture does not 
tear or slip when switching from one 
channel to another. See Fig. 6. 

FIG. 6. Maladjustment of horizontal 
hold may produce a picture like this. 



ADJUSTING THE PICTURE 
Ion Trap Adjustment. The ion 

trap must be adjusted quickly to pro¬ 
duce a visible raster on the face of 
the tube. If this is not done promptly 
after the set is turned on, the second 
anode of the picture tube (which is 
struck by the electron beam until 
the ion trap is properly adjusted) 
may be seriously damaged or ruined. 
To make this initial adjustment of 
the ion trap magnet, rotate it or slide 
it back and forth a short distance 
until at least a fairly bright raster 
is produced on the face of the tube. 
To adjust the ion trap magnet, 

set the brightness control for normal 
brightness or maximum brightness if 
a normal level cannot be reached. 
Move the magnet back to the base 
of the tube neck, then move it for¬ 
ward, rotating it slightly in either 
direction until maximum brightness 
is reached. Reset the brightness con¬ 
trol for normal brightness, and adjust 
the focus control for good focus. 
Then readjust the ion trap magnet 
for maximum brightness. 
There may be two points of max¬ 

imum brightness. If so, use the set¬ 
ting nearer the tube base. 

If the corners of the picture are 
shaded, be sure that the ion trap has 
been properly adjusted for maximum 
brightness, but do not sacrifice pic¬ 
ture brightness to remove corner 
shading. The elimination of shaded 
corners will be discussed in a later 
section. 

RF Slug Adjustment. Although 
tuning the oscillator slug may seem 
to be rightfully a part of the align¬ 
ment procedure rather than of 
adjustment, when preparing new sets 
for delivery a check of this adjust¬ 
ment should be made. By making 
this check before proceeding with 
any further adjustments, you will 

make sure that you are not trying 
to compensate for misalignment of 
the rf section with other controls. 

To make this adjustment, set the 
channel-selector switch to the desired 
channel and the fine-tuning knob 
midway in its range. On most sets, 
this adjustment is made through a 
hole underneath the channel-selector 
switch and fine tuning knob. There¬ 
fore, remove them and, with a non-
metallic alignment tool, adjust the 
slug for best picture. Only a slight 
rotation of the slug will usually be 
required. Be careful not to turn it 
too far, or it will fall out of the coil. 
Be sure to tune for best picture rather 
than maximum sound—these may not 
be at the same point. This adjust¬ 
ment must be made for each channel 
to be received. 

The procedure outlined above can 
be used only for receivers having 
turret type tuners. Most modern 
receivers use this type of tuner. Sets 
using different tuners do not gener¬ 
ally require this adjustment. 
AGC and Sync Stability or 

Noise Gate Controls. Some sets have 
non-operating age controls and noise 
gate controls. The first usually de¬ 
termines the amount of age that is 
developed and fed back to the rf 
and i-f amplifiers. This control often 
goes under a different label. It may 
be labeled “DX range finder” or 
“Local-Distance” or some other name 
that would indicate that it is to be 
adjusted under abnormal signal con¬ 
ditions. On some sets the age control 
consists of, or is used in conjunction 
with, a switch that will completely 
eliminate the age voltage when 
switched into the “distant” position. 

The noise gate control adjusts the 
bias on a grid in a combination sync 
separator and noise limiter tube. This 
control may be set to improve sync 
stability in fringe areas or noisy local 
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areas. Both of these adjustments 
should be made for optimum picture 
quality and stability on all channels 
to be received. Both settings should 
be kept as low as possible to get a 
satisfactory picture. 
Focus and Picture Positioning 

Controls. Adjustments for properly 
positioning the picture on the face 
of the picture tube are usually on 
the neck of the tube. They consist 
of some means of changing the posi¬ 
tion of the focus coil and deflection 
yoke. 

Focus. You may consider the focus 
coil as a sort of nozzle that directs 
the stream of electrons flowing 
through the neck of the tube. The 
nozzle is opened or closed by decreas¬ 
ing or increasing the amount of cur¬ 
rent flowing through the coil. Thus, 
where focus is an electrical adjust¬ 
ment, it usually consists of a poten¬ 
tiometer that controls the current 
flow through the coil. Focus may also 
be a mechanical adjustment. When 
this is the case, the focus control is 
a non-operating control that changes 
the position of the focus coil on the 
tube neck. In other words, the 
nozzle cannot be opened or closed, 
but it can be moved closer to or 
farther from the screen. 
Where focus is a mechanical ad¬ 

justment, a permanent magnet is 
often used instead of a coil. 

Focus should be adjusted by care¬ 
fully observing the scanning lines in 
the raster on the face of the picture 
tube. When the focus is properly ad¬ 
justed there is maximum distinction 
between the scanning lines and 
the spaces between them. If the 
adjustment is electrical, slowly turn 
it first in one direction and then 
the other until the point of maxi¬ 
mum distinction is reached. If focus 
is mechanical, the same procedure 
applies, except that the adjustment 

will consist of moving the coil or 
magnet back and forth on the neck 
of the picture tube. The back-and-
forth motion of the coil is often 
accomplished by turning a flexible 
shaft, which is terminated in a screw 
threaded through a tapped hole in 
the magnet assembly. When the 
shaft is turned, the focus magnet rides 
back or forward on the screw, depend¬ 
ing on the direction of shaft rotation. 

Vertical and Horizontal Position. 
It is obvious, when you consider the 
focus coil as a nozzle, that it can 
control not only the concentration of 
the electron beam, but also the 
direction. Therefore, the focus coil 
is used to position the picture on the 
screen. 

In many sets the picture is moved 
by tilting the focus coil up or down 
or from one side or the other as re¬ 
quired to center the picture. How¬ 
ever, it is not essential to move the 
coil itself, if you can change the 
position of its magnetic field. Some 
sets have a metal plate mounted on 
the front of the focus coil which can 
be moved up, down or sideways to 
change the shape of the magnetic 
field through the neck of the tube 
the same as actually tilting the coil 
would. In any event you will usually 
find a picture positioning lever on the 
neck of the tube, which you will 
manipulate until the picture is cen¬ 
tered. It may be necessary to re¬ 
focus the picture after it has been 
positioned. 

Whenever the picture position is 
adjusted, the ion trap should be 
readjusted as already described. If 
corners of the picture remain shaded 
after you have readjusted the ion 
trap (see Fig. 7), move the deflection 
yoke assembly as far forward as 
possible, then readjust the ion trap. 

Picture Tilt. If the picture is not 
square on the face of the tube (see 
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Courtesy RCA 

FIG. 7. Incorrect adjustment of the ion 
trap magnet and focus coil. Note shaded 

lower left-hand corner. 

Fig. 8), square it by rotating the 
deflection yoke assembly in the 
proper direction. Always readjust 
the ion trap after making any other 
adjustments on the neck of the tube. 
Picture Size Adjustment. Width 

and height adjustments are provided 
to make the picture fit the viewing 
mask. These adjustments should be 
made with the set in the cabinet so 
that the picture fits the mask rather 
than the tube. 

If the picture is of incorrect height, 
adjust the height or vertical size con¬ 
trol, whichever it is called, until the 
picture fits the mask vertically. It 
will be necessary to adjust vertical 
linearity and height at the same time. 

Courtesy RCA 

FIG. 9. Incorrect height adjustment 
may make the picture too high. 

Courtesy RCA 

FIG. 8. A tilted picture of this kind 
means that the deflection yoke is rotated 

from its correct position. 

If the top or bottom of the picture 
is cramped or flattened, the vertical 
linearity should be adjusted. Fig. 9 
shows a test pattern of incorrect 
height, and Fig. 10 shows a test pat¬ 
tern in which the vertical linearity is 
maladjusted. 

When vertical linearity is off, it 
is usually necessary to adjust the 
vertical linearity and height controls 
alternately until the picture is linear 
and fits the screen. 

If the picture is too wide or too 
narrow there are three controls to be 
adjusted: horizontal drive, horizon¬ 
tal linearity and width. First, adjust 
the horizontal drive control until the 
picture is as near as possible to the 

Courtesy RCA 

FIG. 10. Maladjustment of the vertical 
linearity control may give this effect. 
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FIG. 11. Picture too wide 
Courtesy Belmont Radio Corp. 

(A), and too narrow (B). 

correct width. (Fig. 11 shows pictures 
that are too wide and too narrow.) 
Next, adjust the horizontal linearity 
control to correct for any cramping 
at one side or the other of the picture. 
(A non-linear picture is shown in 
Fig. 12.) Adjusting the linearity is 
apt to affect the width of the picture. 
Use the width control to readjust the 
picture to proper width. If a vertical 
white line (see Fig. 13) appears in 
the picture, readjust the drive control 
until the line disappears. If neces¬ 
sary, readjust the width and linearity 
controls alternately until the picture 
is linear and fits the mask. 
Replacing the Picture Tube. 

When a picture tube is replaced the 
ion trap, focus coil or magnet, and 

deflection yoke must be adjusted. In 
addition to these adjustments there 
are some precautions that must be 
observed. 

When procuring a replacement pic¬ 
ture tube you must be sure that the 
new tube has the same physical 
dimensions as the old one. It must 
also use the same type of ion trap 
and have the same deflection angle. 

Removing the picture tube. Most 
TV sets in use today have the picture 
tube mounted completely on the 
chassis with no mechanical connec¬ 
tion to the cabinet. To remove the 
picture tube from the chassis proceed 
as follows: 

1. Remove the tube socket from 

Courtesy RCA 

FIG. 12. Incorrect adjustment of hori- FIG. 13. Vertical white line indicates 
zontal linearity control. the need for horizontal drive adjustment. 
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the tube base. (If the socket is rig¬ 
idly mounted on the chassis, omit 
this step.) 

2. Remove the ion trap. 
3. Remove the strap that holds the 

front of the picture tube to the 
chassis. 
4. Remove the picture tube from 

the chassis by pulling it straight out 
from the front of the chassis so that 
no strain is placed on the neck of 
the tube. 

Installing the picture tube. To in¬ 
stall the picture tube, proceed as 
follows: 

1. Carefully insert the neck of the 
picture tube in the deflection yoke 
assembly and push the tube into 
place. 

2. Install the strap over the front 
of the tube, but do not tighten. 

3. Push the tube back so that the 
flare of the tube fits snugly against 
the deflection yoke assembly, and 
tighten the strap while holding the 
tube in this position. 

4. Place the ion trap all the way 
back, next to the tube base, on the 
neck of the picture tube. 

5. Connect the tube socket to the 
tube base. 

6. Turn the set on, and adjust the 
ion trap. 

7. Adjust focus, and position the 
picture. 

8. If corners of the picture are 
shaded, check to see that the deflec¬ 
tion yoke fits firmly against the flare 
of the tube. If it does not, re-position 
the yoke and readjust the ion trap. 

Horizontal Oscillator and Drive 
Adjustment. Both horizontal hold 
and horizontal lock adjustments have 
some effect on the frequency of the 
horizontal oscillator and hence affect 
horizontal synchronization. The hor¬ 
izontal drive control determines the 

amplitude of the signal sent from the 
horizontal oscillator to the horizontal 
amplifier. Since there is some inter¬ 
action between the horizontal lock 
and horizontal drive controls, the 
adjustment of these controls is often 
combined in one procedure, and the 
need for their readjustment is deter¬ 
mined by the response of the hori¬ 
zon tai hold control. Generally speak¬ 
ing, you should be able to rotate the 
horizontal hold control through a 
minimum of half its range without 
the picture going out of sync. If you 
cannot do this, it is a reasonable indi¬ 
cation that the horizontal lock needs 
adjustment. 
Each manufacturer recommends a 

specific procedure for horizontal 
oscillator adjustments which should 
be followed. However, the procedure 
given here may be considered one 
that is generally applicable to most 
receivers. 

Throw the picture out of sync by 
turning the horizontal hold control 
all the way to the left, the horizontal 
drive control (this may be a poten¬ 
tiometer shaft or a trimmer capacitor 
screw) fully to the right, and the 
horizontal lock adjustment to the 
right until the picture falls out of 
sync when the channel-selector switch 
is switched from one channel to 
another. With the picture out of 
sync, turn the horizontal lock control 
slowly to the left until the picture 
falls into sync. If a vertical white 
line appears on the picture, as in 
Fig. 13, turn the horizontal drive 
control to the left until the line dis¬ 
appears. If necessary, readjust width 
and linearity. Check the horizontal 
adjustment by rotating the horizontal 
hold control to see that the picture 
will stay in sync when switched off 
channel and on again, through at 
least half the range of the horizontal 
hold control. 

12 



(Correction or Pincushion Magnets. 
Television sets with large screen pic¬ 
ture tubes often have small magnets 
mounted just forward of the deflec¬ 
tion yoke to compensate for pin¬ 
cushion effect (curvature of the sides 
of the picture or corners of the picture 
bent inward). A picture or test pat¬ 
tern having straight vertical lines 
near the edge of the picture is best 
for making this adjustment. These 
magnets may be adjusted individu¬ 

ally to compensate for curvature on 
whichever side of the picture it 
occurs. To adjust the magnet, it is 
best to start with it in back close 
to the deflection yoke and move it 
slowly forward until the curve near 
the side of the picture is minimized. 
If the magnets are moved too far 
forward, the corners of the picture 
will bend inward and become shaded. 
If they are too far back, the sides 
of the picture will curve. 

Installation 
Once the set has been thoroughly 

checked and carefully adjusted in the 
shop, you are ready to install it in 
the customer’s home. This procedure 
includes connecting the set to its 
permanent antenna and orienting the 
antenna to produce the best possible 
performance. 

The first step in making an instal¬ 
lation is, of course, to take the set 
from the shop to the customer’s home. 
If the shop is a moderately large one, 
it will usually have delivery men to 
do this, with the installation crew 
coming to the customer’s home after 
the set has been delivered. In small 
shops the installation crew may also 
make deliveries. 

Special precautions should be taken 
in transporting a receiver from the 
shop to the customer’s home. As far 
as possible, it should be kept level 
at all times to prevent any of its parts 
from shifting position. To prevent 
its finish from being damaged, the 
set should be handled like any other 
piece of fine furniture. It should be 
protected by quilted pads while it is 
in the delivery truck, and it should 
be held by bands or ropes to keep it 
from shifting around or perhaps fall¬ 
ing over while the truck is moving. 

INSTALLING THE RECEIVER 

The location of the set inside the 
home is, of course, up to the customer. 
If he chooses a very poor location, 
however, you should point out the 
disadvantages of the location in a 
tactful manner and suggest a better 
one. Remember, if the customer gets 
eye strain from watching a set that 
is in a poor location, he will be apt 
to blame the set rather than its 
position. 

Lighting. In general, a set should 
not be placed so that a bright light 
(such as from a window or from 
lamps) is behind it or near it, as at 
A in Fig. 14. The eye will auto¬ 
matically adjust itself to the bright¬ 
ness level of the bright light rather 
than to the brightness level of the 
picture, with the result that the pic¬ 
ture will seem dark. Neither should 
the set be located so direct rays of 
a light can fall upon the face of the 
picture tube, as at B in Fig. 14. If 
they do, the apparent contrast and 
brilliance of the picture will be re¬ 
duced, and there may be reflections 
and glare from the tube face and 
from the protective glass in front of 
the tube. Preferably, the set should 
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FIG. 14. Two good and two poor posi¬ 
tions for a television set. Position A is 
poor because the bright light from the 
windows will distract the eye; position 
B is poor because light from the windows 
will be reflected from the cover glass 

and the picture tube. 

be located so that the direct rays of 
any light entering the room will be 
at right angles to the line of vision 
of the person watching the set. Hence, 
from a lighting viewpoint, positions 
C and D in Fig. 14 are good. 
To make viewing easy on the eye 

over extended periods of time, the 
room in which the set is located 
should be well lighted from some in¬ 
direct source. Ideally, the surfaces 
near the set should be almost as 
brightly lighted as the middle or 
darker grays of the scene on the 
picture tube. One set manufacturer 
helps solve this problem by encircling 
the picture with an illuminated tube 
called “Halo Light.” The intensity of 
the light from this tube can be con¬ 
trolled by the set owner so that, to 
some extent, ambient light conditions 
are built into the set and may be ad¬ 
justed for maximum viewing com¬ 
fort. A complete absence of light in 
the room other than that from the 
picture on the television screen is 
very hard on the eyes. 

The set should also be placed so 
that none of its viewers will have to 
watch the picture at too great an 
angle. A typical good location both 
from a lighting and a seating view¬ 
point is shown in Fig. 15. People 

sitting on the sofa or the chairs have 
a good view of the face of the set. 
During the day, light from the 

windows will illuminate the room 
without lighting the face of the pic¬ 
ture tube too much, particularly if 
Venetian blinds are installed on the 
windows. At night, light from the 
adjacent room may be allowed to 
come through the door, or indirect 
light sources may be fastened on the 
wall in which the door is set. This 
arrangement is therefore good both 
from the standpoint of furnishing 
light at right angles to the line of 
vision and from that of placing all 
viewers at some reasonable angle 
with respect to the picture tube. You 
must bear in mind, however, that you 
will rarely find the ideal conditions 
pictured here unless the set owner 
sets aside one room of his house ex¬ 
clusively for television viewing. Usu¬ 
ally the set will be installed in the 
living room where many other activ¬ 
ities take place. Therefore, location 
will have to be a compromise between 
the best viewing conditions and furni¬ 
ture arrangement and family living 
habits. 

Ventilation. Always keep in mind 
the fact that many components in a 
set may prove unstable or may de¬ 
teriorate rapidly if they are subjected 
to excessive heat. Since the set 
becomes quite warm in normal use, 

FIG. 15. A good room arrangement for 
watching television. All light sources 
are approximately at right angles to the 
line between the viewers and the set. 
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it should be located so that it can 
have enough ventilation. It should 
not be placed close to radiators or 
other sources of external heat, nor 
should any ventilation holes in the 
receiver cabinet be blocked by doilies 
or scarves. It should be several 
inches out from the wall to allow 
heat to escape through the back. 

If the set is a table model and has 
ventilation holes in the bottom, as 
many do, be sure that the table is 
strong enough to hold the set and 
that the ventilation holes will not 
be blocked. 

The proper height for a table model 
set depends somewhat on the furni¬ 
ture in the room. With ordinary 
living room furniture, the center of 
the tube face should be about forty 
inches from the floor. If the furni¬ 
ture is very low, however, the set 
should be somewhat lower than this 
so that it can be watched comfortably. 

Viewing Distance. One other fac¬ 
tor that should be considered is the 
distance from the set to the chair or 
sofa from which it will be watched. 
The optimum viewing distance for 
each size of picture is equal to 6 to 
8 times the height of the picture. 
Table II lists the best viewing dis¬ 
tances for pictures of different sizes. 
The viewing distance may be greater 
or less than the optimum distance, 
of course, but it is desirable to place 
the set so that most of the seats will 
be somewhere near the right distance 
for the picture size. 

Perhaps you feel that it is not really 
the business of the installer of the set 
to determine where it should be placed. 
Remember, however, that a television 
set is not like a radio receiver; it 
cannot be moved about a room read¬ 
ily, because its location is more or 
less fixed by the placement of the 
transmission line. Therefore, if it 

Picture Tube Size Approximate View¬ 
ing Distance 

12 inches 
14 inches 
16 inches 
17 inches 
20 inches 
30 inches 

4 ft.— 5'/2 ft. 
4</2 ft.— 6i/2 ft. 
5 ft.— 7 ft. 
5 ft— 7 ft. 
8 ft—11 ft. 
11 ft—15'/2 ft. 

TABLE II 

turns out that the customer is not 
satisfied with the location of his set, 
he will either call you back to change 
it or attempt to do the job himself— 
and in the latter case he may dam¬ 
age the set or the transmission line. 
A poor location for the set may there¬ 
fore result in your getting a call-back 
that could have been avoided if you 
had placed the set in a better location 
in the first place. If the customer 
has a service contract with you or 
your firm, he will expect you to 
change the location of the set free of 
charge. Therefore, you will be better 
off to see that the set is in a good 
location from the start. 

INSTALLING THE ANTENNA 
Once the location of the receiver 

has been selected and agreed upon, 
the next step is to install the antenna, 
connect it to the set and orient it for 
best reception on all stations to be 
received. If you are working in a 
strong signal area, this step will often 
be eliminated because indoor antennas 
will give satisfactory reception and 
the improvement obtained by using 
an outdoor antenna would not jus¬ 
tify the added expense to the cus¬ 
tomer. If an indoor antenna is used, 
you need only connect it to the set 
and find its length and position of 
best reception for the various channels 
received. Be sure that the customer 
knows how to adjust the indoor 
antenna for best reception. 
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Courtesy Technical Appliance Corp. 

FIG. IS. A typical two-band television 
antenna. 

Where an outdoor antenna is re¬ 
quired, antenna installation and ori¬ 
entation is somewhat more compli¬ 
cated and requires a crew of at least 
two men. The general procedure for 
installing an outdoor antenna is first 
to select a good location and mount 
the antenna so that it is held securely 
in place but the mast is not clamped 
down so tight that it cannot be ro¬ 
tated. The transmission line should 
be permanently connected to the 
antenna at this time, but not clamped 
to the mast; only a temporary con¬ 
nection to the receiver should be made. 

The next step is to orient the 
antenr.a for optimum reception on all 
channels that are available in the 
area. At the same time this is done, 
the final adjustments to the receiver 
can be made as required. 
The final step is to clamp the 

antenna permanently in the best 
position found during orientation, 
secure the transmission lines with 
stand-off insulators, and make a per¬ 
manent connection to the set. 

Erecting the antenna. The type 
of antenna that you put up will usu¬ 
ally be a compromise between what 

the signal conditions demand and 
what the customer is willing to pay 
for. In a previous lesson you learned 
the characteristics of the various 
types of antennas, and from that 
knowledge you should be able to 
select the most suitable antenna for 
a given signal condition. Probably 
the most common type of installation 
will consist of a mast mounted on 
some part of the roof or chimney 
with a high and low band antenna 
on the mast. Of course, there are 
some instances where an expensive 
tower installation or a long mast 
with guy wires may be necessary and 
others where only one antenna is 
required on the mast, but the two 
antennas mounted on a single mast 
which is attached to the roof of the 
house is probably the commonest 
type of installation. Therefore we 
will describe such an installation 
briefly here. 

A typical two-band television an¬ 
tenna is shown in Fig. 16. Such an 
antenna is usually of fairly light con¬ 
struction and the mast will be either 
aluminum or thin-wall conduit, so 
that if the mast is not over six or 
eight feet long the whole thing can 
be assembled on the ground and then 
pulled up to the roof for installation. 
The first step would be to assemble 
the antenna as shown in Fig. 16, with 
one exception. Do not tie the trans¬ 
mission line connecting the two 
antennas down tightly with a clamp 
as shown. This line should be per¬ 
manently connected to both antennas, 
but the clamp should not be added 
until both antennas have been 
oriented. 

Also permanently connect one end 
of a reel of transmission line to the 
antenna while it is still on the ground. 

The next step is to raise the antenna 
to the roof. This usually requires a 
minimum of two men. Tie two ropes 
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to the antenna assembly; one at the 
top for a man on the roof to use to 
pull it up, and the other somewhere 
near the bottom for the man on the 
ground to use to hold it away from 
the wall of the house. Arrange the 
reel of transmission line so that it 
will reel off freely as the antenna is 
pulled up to the roof. Be careful not 
to damage or bend the folded dipoles 
or reflectors, which are made of much 
lighter tubing than the mast or the 
cross sections. 

An alternative to assembling the 
antenna on the ground is to take all 
the various parts to the roof where 
the antenna is to be mounted, and 
assemble it there. This could be done 
by one man, but frequently the shape 
of the roof at the installation site is 
such that it is very inconvenient, if 
not impossible, to work on the roof 
with both hands free. The fewer tools 
the man on the roof has to handle, 
the fewer he will drop and have to 
climb back down for or have brought 
back up to him. 

Once the antenna is mounted on 
the roof with any of the standard 
clamps that are made for the various 
types of mounting, tighten the clamp 
just enough to hold the antenna in 
place temporarily, because you will 
have to rotate the mast when orient¬ 
ing the antennas. After mounting 
the antenna temporarily, decide what 
route the transmission line will take 
to the receiver and measure off enough 
line to reach the receiver. Be gener¬ 
ous; it is better to waste a few feet 
of transmission line when the line 
is finally clamped down and perma¬ 
nently installed than to have to make 
a splice in the line. When the antenna 
is temporarily installed and the 
transmission line is connected to the 
receiver, you are ready to orient the 
antenna. 

Orienting the antenna. The an¬ 
tenna must be oriented to produce the 
best possible reception from each of 
the stations in the vicinity. If the 
antenna is equipped with a rotator, 
of course, finding the right orienta¬ 
tion is no problem; the customer will 
turn the antenna to bring in the best 
picture each time he tunes in a 
different station. If the antenna is 
to remain in one place, however, it 
must usually be carefully oriented 
before the installation is completed 
so that the reception on all stations 
will be equally good. 

Orientation of the antenna is gen¬ 
erally a two-man job. There must 
be one man on the roof to turn the 
antenna, and there must be another 
at the receiver to watch the effect of 
turning it. These two men must have 
some way of communicating with 
each other so that the man turning 
the antenna can learn what happens 
when he turns it. A telephone like 
that shown in Fig. 17 is frequently 
used for this purpose. 

This particular telephone is sound 
operated. A sound-operated telephone 
is equipped with a high-output mag¬ 
netic microphone that is capable of 
operating a telephone receiver over a 
considerable distance without ampli-

Courtesy Wheeler Insulated Wire Co., Inc. 

FIG. 17. A sound-powered telephone 
handset. 
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licalion. The chief advantage of such 
phones is that they require no external 
power source. Conventional battery-
operated telephones are, of course, 
perfectly usable. 

Some installation crews clip their 
sound-powered telephones across the 
ends of the transmission line, thus 
saving themselves the trouble of 
having an extra inter-connecting line 
between the antenna position and the 
set position. However, connecting the 
telephone across the line may affect 
the characteristics of the line and 
thus impair the quality of the picture, 
thereby making it difficult to judge 
how good the picture is. For this 
reason we recommend that you have 
a separate connecting line between 
the two telephones. 
There are many possible systems 

you can use to find the right orienta¬ 
tion for the antenna. The one we 
are going to describe, however, is easy 
to follow and has proved to be very 
satisfactory. 

Note in Fig. 16 that the high-fre¬ 
quency antenna is so connected to 
the mast that it cannot be rotated 
without turning the mast. Therefore, 
you should orient the high-frequency 
antenna first by turning the mast. 
Then you can orient the low-fre¬ 
quency antenna by rotating the 
antenna assembly on the mast. Even 
if the high-frequency antenna were 
clamped to the mast so that it could 
be turned without turning the mast, 
this is still the best method, because 
it would be difficult to reach up 
through the low-frequency assembly 
and turn the high-frequency antenna. 
Let us assume that you are the 

man turning the antenna. First, orient 
the antenna so that it faces north 
(that is, points its rods east and 
west), and have your assistant at the 
receiver tune in the lowest frequency 
station that can be received in the 

high-frequency band (channels 7 to 
13). Then have your assistant de¬ 
scribe the quality of the picture to 
you as you rotate the antenna. For 
example, as the antenna is rotated, 
your assistant may make a report 
something like this: “Faint picture. 
Getting better—better—good picture 
—getting worse—no picture.” 

You must keep a record of picture 
quality versus antenna position as 
you rotate the antenna. A convenient 
way to do so is to use a chart like 
the one shown in Fig. 18. Mark a 
heavy line on the chart to represent 
the direction the antenna is turned 
when the reception is reported to be 
good, and make a broken line to show 
those directions in which the picture 
is reported to be poor or non-existent. 
If the picture is reported to have 
ghosts in it, draw a wiggly line to 
show the directions in which the 
ghosts appear. 
After you have made a complete 

rotation of the antenna in this man¬ 
ner, you will have a chart that shows 
how well the antenna receives that 
particular station in all of its pos¬ 
sible positions. Next, repeat the pro¬ 
cess with the station next higher in 

N 
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FIG. 18. Use a simple chart of this 
sort to help you determine the best 

orientation. 
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FIG. 19. Completed orientation charts for high band (A) and low band (B) 
antennas. 

frequency tuned in. Draw another 
line outside the first one to show how 
well the second station is received. 
If there are more than two stations, 
repeat the process again for each. 

Let us assume that only channels 
7 and 9 are to be received on the 
high band. Fig. 19A shows what the 
completed chart for the high-fre¬ 
quency antenna might look like. If 
this were the chart that you obtained, 
you would rotate the mast until the 
high frequency antenna faced slightly 
south of southwest, have your assist¬ 
ant check reception on both channels 
and, if reception is good, tighten the 
clamp on the mast so that it is 
permanently mounted in this posi¬ 
tion. Once the high-frequency antenna 
is oriented, you must repeat essen¬ 
tially the same process to orient the 
low-frequency antenna, but this time 
you rotate the antenna on the mast. 
Fig. 19B shows what the orientation 
chart for a low-frequency antenna 
receiving channels 2, 4, and 5 might 
look like. If you were to obtain a 
chart that looked like this, you would 
rotate the antenna until it faced 
about halfway between south and 
southeast, have your assistant check 
reception on all three channels, and 

then tighten the clamp holding the 
antenna on the mast so that the 
antenna is permanently mounted in 
this position. 

Once the antenna itself is mounted 
permanently in its proper position, 
you are ready for the final step of 
the installation, securing the trans¬ 
mission line and permanently con¬ 
necting it to the receiver. If un¬ 
shielded transmission line is used, it 
should be spaced out from the mast 
with a stand-off insulator as shown in 
Fig. 16. Similar stand-off insulators 
are available for running the line 
down the side of the house, as shown 
in Fig. 20. 
The transmission lines should be 

led as directly as possible from the 
antenna to the receiver. Unshielded 
twin-lead line should be twisted once 
every foot, to reduce pickup of local 
interference; shielded line can be run 
straight. 

Courtesy Phoenix Electronics, Inc. 

FIG. 20. Stand-off insulator for twin-
lead line. 
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Whenever possible, it is advisable 
to bring the line in through the base¬ 
ment and through the floor in back 
of the set. This will make it unneces¬ 
sary to run long lengths of line 
through the house. To make an 
installation of this sort, the line may 
be brought down the side of the house 
to a basement window. You can 
then drill the casement of the window 
and bring the line in through it. Just 
before the line is brought into the 
house, a lightning arrester should be 
connected to it. You can then bring 
the line over from the window to the 
point where the hole is drilled in the 
floor at the rear of the set. 
The owner may prefer the trans¬ 

mission line to be brought directly 
into the room in which the set is 
located without going through the 
basement, or the installation may be 
made in a house that has no base¬ 
ment. If so, bring the line through 
a hole drilled in the casement of the 
window, mounting the lightning ar¬ 
rester outside the window. From the 
window, lead the line along the base¬ 
board to the set. If it is a shielded 
line, secure it to the baseboard with 
staples; if it is unshielded twin lead, 
you can drive fiber-headed tacks 
through the center of the insulating 
ribbon to secure it. 
Whenever you drill a hole through 

the casement of a window to bring 
a transmission line through, be sure 
to slant the line downward from the 
inside of the house. This will prevent 
rain from coming in along the line. 
It may be possible to bring un¬ 

shielded twin lead in between the 
two halves of the window. This 
will make it unnecessary for you 
to drill a hole through the casement. 
A shielded line can be secured to 

the side of the house without fear 
that its characteristics will be 
changed thereby. Unshielded twin-

lead line, however, should be fastened 
to the house with stand-off insulators. 
The type shown in Fig. 20 is well 
suited to this use. If the house has 
masonry walls, you must drill holes 
and insert plugs in them for the 
screws. 

The location of the transmission 
line with respect to its surroundings 
is often important. In addition to 
being run as directly as possible from 
the antenna to the set, the line should 
also be removed as much as possible 
from sources of interference. For ex¬ 
ample, a transmission line brought 
down the back of a house away from 
the street is much less likely to pick 
up ignition interference than one 
that is brought down the street side 
of the house. It is also wise to make 
sure that the transmission line is 
not in some location where it can be 
damaged easily—in particular, it 
should be kept out of reach of 
children. 

FINAL ADJUSTMENT 
After the antenna has been in¬ 

stalled, oriented, and permanently 
connected to the receiver, you are 
ready for the last step of the installa¬ 
tion process—final adjustment. If a 
thorough adjustment was made at 
the shop before the receiver was deliv¬ 
ered, the final adjustment will be 
simply and rapidly accomplished. 
There are two general types of adjust¬ 
ment that will have to be made. The 
first is readjusting controls that 
might have slipped or been knocked 
out of adjustment in the handling of 
the set. For example, the ion trap 
may slip a bit. The second is making 
those adjustments that help compen¬ 
sate for signal conditions which may 
differ at the installation site from 
those that existed at the shop. These 
are usually age and sync stabiliza¬ 
tion adjustments. 
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Any interference that shows up 
should be eliminated at this time. 
The problem of interference elimina¬ 
tion is discussed in another section 
of this lesson. 

As a final performance test, check 
reception on each station to be re¬ 
ceived. The set should be thoroughly 
warmed up before you make this 
check. 
After the foregoing checks and 

adjustments are made, the only thing 
that remains to be done is to make 
sure that the customer knows how 
to operate the set. 
Customer Instruction. When the 

installation has been completed, you 
must show the customer exactly how 
to operate the set. If the manufac¬ 
turer supplies a customer manual, see 
that he gets a copy. If the customer 
has never owned a television set 
before, have him tune in each station 
to make sure that he knows how to 
adjust all the controls. Don’t just 
show him how the controls should 
be adjusted—show him the effect of 
maladjustment of a control, such as 
the fine tuning or contrast control, 
and then show him how to correct it. 
In other words, take time to make 
sure that the customer will be able 
to operate the set to his own satis¬ 
faction; you will be saving yourself 
a call-back or two by doing so. 

As a matter of plain common sense, 
don’t compare the performance of 
your customer’s set unfavorably with 

that of other models. Even if the 
set is not the best one, don’t mention 
that fact. Tell him what he can 
expect in the way of reception with¬ 
out saying that he could get better 
reception with a better set. Remem¬ 
ber, he is convinced the set is a 
good one, or he would not have 
bought it. 

Some customers will want to know 
exactly how the set works. You 
should do your best to tell him what 
he wants to know in language that 
he understands. If he appears to have 
a good technical background, you 
may be able to be fairly detailed in 
your explanation. If, on the other 
hand, he has no knowledge of elec¬ 
tricity, you’ll only be wasting time 
if you attempt to describe the opera¬ 
tion of the set from the technical 
viewpoint. No matter how simple you 
make your explanation, however, be 
careful not to give him any misinfor¬ 
mation. He may quote your expla¬ 
nation to his friends. If you have 
misled him, and someone points this 
fact out to him, he will bear you a 
certain amount of ill will. 

If you install a set during the day 
when there is not much on in the 
way of programs, it will be a very 
good idea for you to make an appoint¬ 
ment to drop back some evening to 
see how the set is working. Doing 
so will let you check up on the way 
the customer is operating the set as 
well as on the performance of the 
set itself. 
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Interference 
If, during the orientation of an 

antenna, you find interference, you 
should eliminate the interference 
before completing the installation. 
Sometimes reorienting or relocating 
the antenna, or rerouting the trans¬ 
mission line will solve an interfer¬ 
ence problem. It is for this reason 
that you were instructed not to secure 
the transmission line until orientation 
had been completed. 
When interference cannot be re¬ 

moved by moving the antenna or 
transmission line, there are some 
special steps that can be taken to 
eliminate it. However, before you 
can eliminate interference by any of 
the special means, you must be able 
to identify its source. Fortunately 
this is not too difficult because the 
various types of interference have 
characteristic patterns that are visible 
on the picture tube screen. 

There are two general types of in¬ 
terference—blanket and station. By 
blanket interference we mean inter¬ 
ference such as ignition noise that 
does not have an identifiable regular 
frequency. Station interference, as the 
name implies, is usually of an iden¬ 
tifiable frequency and can be re¬ 
moved with resonant circuits such as 
stubs or traps. 

A reconsideration of the television 
raster will help you understand the 
patterns that will result in the picture 
from interference of a constant or 
nearly constant frequency. You will 
recall that a field consists of 262.5 
lines repeated at a frequency of 60 
cycles per second. Thus, the hori¬ 
zontal deflection frequency is 15,750 
cycles per second. Therefore, if an 
ac signal of a frequency lower than 
the horizontal deflection frequency is 
applied to the grid circuit of the 

cathode ray tube, it will affect at 
least one complete line of the picture. 
The lower the frequency, the more 
lines it will affect. Thus, frequencies 
less than the horizontal deflection 
frequency produce horizontal bars in 
the raster, and the frequency of the 
interference is roughly 60 times the 
number of bars produced. 

If an interference frequency higher 
than the horizontal deflection fre¬ 
quency is applied to the grid circuit 
of the picture tube, it will affect only 
a portion of each scanning line and 
thus produce vertical bars. The fre¬ 
quency of this interference will be 
roughly equal to the horizontal de¬ 
flection frequency times the number 
of bars. It follows, of course, that 
interfering signals of varying fre¬ 
quency will produce lines or bars that 
are irregular rather than straight. 
You will recognize all of these symp¬ 
toms in illustrations used to show 
the effects of interference from vari¬ 
ous sources, later in this lesson. 

BLANKET INTERFERENCE 
By blanket interference we mean 

signals that interfere with television 
reception but cannot be eliminated by 
inserting traps or stubs at the antenna 
input terminals of the television set. 
This type of interference disrupts 
television reception regardless of its 
frequency. Therefore, when present, 
it is apt to appear on all channels. 

The principal type of blanket in¬ 
terference is noise. AM broadcast 
station interference is also included 
in this type because even though it 
is of a fixed, constant frequency, its 
strength, rather than its frequency, 
causes interference. 

Noise. Noise interference usually 
has its source in some sort of electric 
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Courtesy RCA 

FIG. 21A. Ignition interference causes 
streaks of this kind across the picture. 

Courtesy Belmont Radio Corp. 

FIG. 21B. Heavy ignition interference 
may make the set lose horizontal sync, 

as shown here. 

arc such as are created in the spark¬ 
plugs in an ignition system, at the 
brushes of a motor, or the contacts 
of a vibrator. It can be picked up 
by the television receiver either 
through the power line or through 
the antenna. Fig. 21 shows the char¬ 
acteristic effects of light and heavy 
ignition interference. 

If the noise is being picked up by 
the antenna or antenna lead-in, you 
may sometimes be able to eliminate 
it by relocating the antenna or trans¬ 
mission line or using a shielded line. 
Placing the antenna as high as pos¬ 
sible may help. Installing a booster 
may help if the interference is notice¬ 
able simply because the signal is weak. 

However, if the noise is being picked 
up by the antenna, the booster will 
not help because it will amplify the 
noise as well as the incoming signal. 
When the noise source is some 

piece of equipment in the house in 
which the television set is installed, 
the interference frequently enters the 
set through the power line. Such 
things as ultra-violet lamps, neon 
signs, electric razors, and similar 
spark-producing devices will all in¬ 
troduce noise into the power line. To 
eliminate this interference, locate the 
offending piece of equipment and in¬ 
sert a line filter such as is shown 
in Fig. 22 between it and the power 
line. If you cannot locate the noise 
source, insert the filter between the 
receiver and the power outlet. 

AM Broadcast Interference. If 
the television set is located close to 
a strong AM broadcasting station, the 
broadcast station may cause inter¬ 
ference that looks something like a 
wire mesh across the face of the 
cathode ray tube. This interference 
occurs because of the strength of the 
AM broadcast signal rather than the 
frequency characteristics of it. There¬ 
fore it cannot be eliminated with 
ordinary resonant traps or stubs. 

FIG. 22. An rf filter of this type will 
help keep interference signals out of the 

power line. 
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Moving and reorienting the TV 
antenna is not apt to help much, 
either, because the AM signal blank¬ 
ets the area. The most effective 
method of reducing this interference 
is to use a high-pass filter such as 
the one shown in Fig. 23. It is best 
to connect this filter directly to the 
tuner rather than to the antenna 
terminals at the back of the set. This 
is because there is a long piece of 
transmission line connecting the an¬ 
tenna terminals to the tuner which 
might pick up the AM broadcast 
interference. 

cuit tuned to that frequency across 
the antenna terminals of the televi¬ 
sion receiver and, since at resonance 
the circuit offers low impedance, 
effectively short out the interference. 
A parallel resonant circuit, tuned to 
the interfering frequency and con¬ 
nected in series with the transmission 
line, would also achieve a similar 
effect by attenuating the interference, 
because at resonance it presents a 
high impedance. 

A piece of transmission line cut to 
the correct length will act as a series 
resonant circuit. Such a piece of line 

C= 20 p pF CERAMIC 
L ■ 15 pH- 40 TURNS NO. 50 WIRE 

¿-IN. DIA. CLOSE W0UN0 

^«.075 pH-20 TURNS N0.30 WIRE 

¿-IN. DIA. CLOSE WOUND 

COIL FORMS ¿-IN. DIA. 

PLASTIC KNITTING NEEDLES 

FIG. 23. Use of this high-pass filter will reduce interference caused by a powerful 
nearby AM broadcast station. 

STATION INTERFERENCE 
The term station interference is 

used here to denote interference that 
is originating at a known or deter¬ 
minable source and is of a frequency 
that is known or can be determined 
and can be eliminated^ through the 
use of traps or stubs. 

Before studying the various sources 
of station interference, it is well to 
become familiar with the general 
nature of the devices used to remove 
it. Since the frequency of this type 
of interference is either known or 
determinable, it is obvious that we 
can take advantage of the character¬ 
istics of resonant circuits to remove it. 
Stubs and Traps. If we know the 

frequency of the interfering signal, 
we can connect a series resonant cir-

(which, since it is rather short, is 
called a “stub”) can therefore be 
connected across the antenna termi¬ 
nals of a set to eliminate interference. 
Two types of stubs may be used: 

the “open” and the “shorted” stub. 
The shorted stub is about a half 

wave length long at the frequency of 
the signal to be eliminated. The 
open stub, on the other hand, is 
approximately one quarter of a wave 
length long. 
To make a shorted stub, the ends 

of the transmission line are stripped 
clean of insulation, twisted together, 
and soldered to form a short circuit 
at the end of the line. An open stub 
is made simply by cutting off the 
correct length of transmission line, 
leaving the ends open. Obviously an 
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FIG. 24. Starting lengths for stubs 
made from 300-ohm twin-lead transmis¬ 

sion line. 

CHANNEL 
CAUSING 

INTERFERENCE 

STARTING LENGTH OF STUB 

OPEN 
3OOa UNE TO SET 

SHORTED 
300a LINE TO SET 

2,3 45" 90* 

4 40" 80“ 

5,6 35' 70“ 

FM 30" 60" 

7-13 16" 32" 

open stub is much easier to make. 
Furthermore, it is easier to work 
with, because a stub must be ad¬ 
justed in length to make it perform 
properly after it has been connected 
to the set; and it is much simpler 
just to snip a bit off the end of an 
open stub than it is to connect the 
ends of a shorted stub again after 
cutting a piece off it. 
When you use a stub, start with 

one that is longer than is needed. The 
starting lengths for stubs made of 
300-ohm-twin-lead line are given in 
Fig. 24, for various channels. Con¬ 
nect the stub to the antenna terminals 
of the set, then cut off half-inch 
sections from its end until there is 
some noticeable effect upon the inter¬ 
ference. As soon as you begin to 
notice an effect, reduce the length 
of the sections you cut off to a 
quarter inch or less. If you reach a 
point where the interference is com¬ 
pletely eliminated, stop. 

In most cases, however, it will be 
impossible to eliminate the interfer¬ 
ence completely. Instead, as you 
continue to cut off lengths of the 
stub, you will find that the interfer¬ 
ence first decreases, then begins to 
increase again. When this happens, 
you will have made the stub too 
short, and you will have to start over 
again. This time, however, you will 

know approximately how long the 
stub should be, and you will be able 
to recognize when you have made it 
the length that produces maximum 
interference elimination. 
During your adjustments of its 

length, the stub should be placed as 
nearly as possible in the position that 
it will occupy after you have finished. 
Changing the position of the stub 
frequently has an effect upon its per¬ 
formance. Another reason for not 
changing the position of the stub as 
you adjust its length is that its per¬ 
formance may be affected by nearby 
objects. 
An adjustable transmission line 

stub may be made by connecting a 
length of transmission line to the 
antenna terminals of the TV set, and 
wrapping a piece of aluminum or tin 
foil around it. The piece of foil 
effectively shorts the line, even 
though it does not actually touch the 
conductors of the line. Therefore, the 
effective length of the stub can be 
adjusted by sliding the foil back and 
forth along the stub line until a posi¬ 
tion is found that clears up or min¬ 
imizes the interference. 
The use of a stub will cause a 

change in the rf response curve of 
the front end of a set on channels 
close to the frequency to which the 
stub is tuned. In some cases this will 
cause smearing of the picture. 
This effect can be prevented by 

inserting a small capacitor in series 
with each line of the stub at the 
point where it fastens to the front 
end or antenna input of the receiver. 
These capacitors should have capaci¬ 
ties of 5 mmf for stubs used in the 
low TV band and the FM band and 
about 2 mmf for stubs used in the 
high band. Inserting these capaci¬ 
tors makes the stub a series-parallel 
tuned trap that is much sharper in 
response and will not affect the 
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FIG. 25. Three types of wave trap. (A) 
series resonant; (B) absorption; (C) 

parallel resonant. 

response curve of the front end of the 
set unless the stub is tuned directly 
to the channel. The addition of 
capacitors may make it necessary to 
use a longer piece of line for the stub. 
Wave Traps. If the station caus¬ 

ing the interference is comparatively 
low in frequency, a transmission line 
stub may have to be impracticably 
long to eliminate the interference. In 
such cases, you should use a wave 
trap tuned to the frequency of the 
interfering station instead of a stub. 
Wave traps are even used for some 
of the higher-frequency stations to 
avoid the need for having an extra 
piece of transmission line hanging 
from the set. 
A series resonant wave trap con¬ 

nected directly across the antenna 
input terminals is shown in Fig. 25A. 
Electrically, this is approximately 
the same as the quarter-wave open 
stub or the half-wave shorted stub 
previously described. 

A wave trap of this sort is often 
not as effective as an absorption trap, 
because the attenuation it produces 
in the undesired signal depends upon 
how low its impedance becomes at 
resonance in comparison to that of 
the receiver. Since the input of a 
receiver has a comparatively low im¬ 

pedance, a series trap may not be 
able to become low enough in im¬ 
pedance to produce sufficient attenu¬ 
ation of the undesired signal. 

The absorption trap shown in Fig. 
25B is commercially available. The 
transmission line from the antenna 
is connected to the terminals marked 
“in” on the wave trap and the 
transmission line from the receiver is 
connected to the terminals marked 
“out.” Thus, coils LI and L3 are 
inserted in series with the transmis¬ 
sion line. Coil L2, tuned by capacitor 
Cl, is coupled to coil LI; and coil 
L4, tuned by capacitor C2, is coupled 
to L3, L2-C1 and L4-C2 thus act as 
absorption wave traps, absorbing 
energy from the line at the frequency 
to which they are tuned. To use this 
trap, all you need to do is connect 
it in the transmission line and adjust 
Cl and C2 until the interference is 
minimized. 

Three different types of wave traps 
are shown in Fig. 25. Fig. 25C shows 
how parallel resonant wave traps can 
be used. Notice that a trap is con¬ 
nected directly in series with each 
conductor of the transmission line. 
Since each wave trap has a very high 
impedance at its resonant frequency, 
most of the interfering signal will be 
dropped across the traps and very 
little will be applied to the receiver 
input terminals. 
Now that you know how stubs 

and traps are used, let us look at the 
various types of interference they can 
eliminate. 
FM Interference. There are two 

types of FM interference that you 
may encounter. The first type is sec¬ 
ond harmonic interference. The sec¬ 
ond harmonics of the FM band, 88 
to 108 me, coincide almost exactly 
with the fundamental frequencies of 
the upper portion of the VHF tele¬ 
vision band (channels 7 to 13). 
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FIG. 26. Wavy interference of this sort 
that is continually changing is charac¬ 
teristic of FM interference. The varia¬ 
tions in the pattern produced are caused 
by the continually changing frequency 

of the interfering signal. 

Therefore, it is quite possible for the 
second harmonics of an FM station 
to be close enough to the frequency 
of one of the television stations to 
cause serious interference as shown 
in Fig. 26. In some cases the har¬ 
monic might coincide exactly with 
the television picture carrier fre¬ 
quency. 
Where FM second harmonic inter¬ 

ference comes in right on top of the 
TV signal, it is impossible to elim¬ 
inate it with a stub or wave trap, 
because the stub or trap would elim¬ 
inate the television signal as well as 
the interference. About the only solu¬ 
tion to this problem is to use a highly 
directive antenna and orient it so 
that the pickup from the FM station 
will be at a minimum. 

The second type of interference 
that can be caused by an FM station 
is image interference. Channel 2 is 
particularly subject to this type of 
interference. 

In a typical receiver having an i-f 
frequency of 25.75 me, the local 
oscillator frequency is 81 me (the 
picture carrier frequency 55.25 plus 
25.75). If an interference signal ex¬ 

actly 25.75 me higher than the local 
oscillator frequency is picked up, it 
can beat with the local oscillator to 
produce an i-f signal, called an image. 
The incoming signal required to pro¬ 
duce an image on channel 2 is 106.75 
me (81 + 25.75), which is well within 
the FM broadcast band. 

A trap or stub tuned to the fre¬ 
quency of the interfering signal 
(106.75 me for Channel 2) will elim¬ 
inate this type of interference. A 
quarter wave open stub is perhaps 
the most commonly used. It is as 
effective as any other device in elim¬ 
inating this interference, and it is 
easy to make and adjust. To make 
such a stub, start with a section of 
transmission line about 32 inches 
long, and then shorten it as has 
already been described. Reorienting 
the antenna or increasing the signal 
strength of the TV signal with a 
booster may help eliminate this type 
of interference. 
Local Oscillator Interference. 

Fig. 27 shows how interference from 
the local oscillator of another tele-

FIG. 27. Interference produced by the 
local oscillator of a nearby TV or FM 
set. The number and positions of the 
lines will change when the tuning of the 
interfering oscillator is changed. When 
the tuning operation stops, the pattern 

may change to that in Fig. 28. 
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INTERFERING RECEIVER INTERFERES WITH 

TUNED 
TO 

CHANNEL 

OSCILLATOR 
FREQUENCY 

(MC) 
CHANNEL 

FREQUENCY 
RANGE 
(MC) 

2 81 5 76-82 

3 87 6 82-88 

7 201 II 198-204 

8 207 12 204-210 

9 213 13 210-216 

TABLE III. The oscillator frequencies 
radiated from a TV receiver with a 
25.75-mc i-f, which might interfere with 

reception at another receiver. 

vision or FM receiver appears on the 
television screen. This interference 
is usually caused when the television 
antenna of the interfering receiver 
radiates signals from its local oscil¬ 
lator. Table III shows how a receiver 
tuned to channels 2, 3, 7, 8, or 9 
might interfere with a receiver tuned 
to 5, 6, 11, 12, or 13. This type of 
interference is not always picked up 
by the antenna but sometimes is 
picked up directly from a nearby set. 
Here again the frequency of the 

interfering signal is apt to be too 
close to the desired signal to be re¬ 
moved with traps or stubs. If the 
interference is caused by direct 

pickup, shielding the transmission 
line or the receiver may help, but 
there is little that can be done to 
eliminate it at the receiver that is 
picking up the interference. 

The best place to eliminate this 
type of interference is at the inter¬ 
fering receiver. Those signals are 
radiated because there is insufficient 
isolation between the oscillator stage 
of the interfering receiver and the 
antenna. The easiest way to elim¬ 
inate the interference is to install a 
booster amplifier between the antenna 
input of the interfering set and the 
antenna. 
Amateur Interference. There are 

three ways in which an amateur 
transmitter might interfere with TV 
reception. There may be excessive 
harmonic radiation from the amateur 
transmitter at a television channel 
frequency, the amateur transmitter 
signal may be close enough to the 
TV i-f to get directly into the i-f 
stages, or the amateur station may 
be operating on a frequency close 
enough to the television frequency 
signal to get through a set with poor 
selectivity. 

Harmonic interference is probably 
the most common type of amateur 

FIG. 28. Harmonics from an amateur 
or any other AM transmitter may pro¬ 

duce regular lines of this sort. 

FIG. 29. Another form of interference 
that may be produced by an amateur or 

other AM transmitter. 
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FIG. 30. Chart of the harmonics of the most popular amateur frequencies. Those 
that have an asterisk beside them fall in one of the TV channels. 

AMATEUK 
I K EQ. (me) 

X 2 
(me) 

X 3 
(me) 

X 4 
(me) (n>e) 

X 6 
(me) (me) 

X 8 
(me) 

X 9 
(me) 

X 10 
(me) 

3 5 7 10.5 110 17.5 21 0 21 5 28 0 31 5 35 0 

7 0 14 21 28 35 42 49* 56* 63* 70* 

14.0 28 42 56* 70* 84* 98 112 126 140 

21.0 42 63* 81* 105 126 147 168 189* 210* 

27.0 54* 81* 108 135 162 189* 216* 243 

28.0 56* 84* 112 140 168 196* 224 

50.0 100 150 200* 

interference. Fig. 28 shows the effect 
harmonic interference may produce 
on the television picture. In some 
instances horizontal lines like those 
shown in Fig. 29 may appear. The 
chart in Fig. 30 shows which har¬ 
monics of the most widely used ama¬ 
teur bands fall into the TV channels. 
A quarter-wave shorted stub cut 

to the fundamental frequency of the 
amateur transmitter and installed at 
the interfering transmitter is effec¬ 
tive in the elimination of even 
harmonic interference. It acts as a 
parallel resonant circuit (high im¬ 
pedance) at the fundamantai fre¬ 
quency. At even harmonics it acts 
as a series resonant circuit and will 
effectively reduce even harmonic 
pickup. 

An even more effective method of 
eliminating harmonic interference is 
to install a low-pass filter at the 
output of the interfering transmitter. 
These filters, which are commercially 
available, suppress all radiation from 
the transmitter that is higher in fre¬ 
quency than the fundamental band 
of operating frequencies. 

If the harmonic radiation is coming 
from one of the buffer stages rather 
than the antenna of the transmitter, 
the remedy is to shield the trans¬ 
mitter completely. In addition to the 
shielding, a power line filter similar 

to the one shown in Fig. 22 should be 
used. 
A strong signal from an amateur 

transmitter operating on the 21 or 
28 me amateur band is close enough 
to the i-f frequency of some TV 
receivers that it may get through the 
front end into the i-f amplifier. Many 
TV sets have i-f traps in the front 
end that can be adjusted to eliminate 
such interference or to reduce it to 
a minimum. If you encounter such 
interference in a set that does not 
have an i-f trap, you should add 
one. An effective series resonant trap 
to be installed across the transmis¬ 
sion line can be made with 14 turns 
of No. 22 enameled wire on a %-inch 
diameter form with windings spaced 
to fill about % inches of length. This 
coil connected in series with a vari¬ 
able capacitor having a rating of 15 
to 20 mmf makes an effective series 
resonant trap. 

Another, and usually more effec¬ 
tive, method of eliminating this type 
of interference is to install a com¬ 
mercial high-pass filter at the tele¬ 
vision set. Such a filter allows the 
set to receive only signals higher than 
54 me (low side of channel 2), and 
thus eliminates the possibility of in¬ 
terference at i-f frequencies. 

Co-channel Interference. It is 
possible that a television receiver may 
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be geographically located so that it 
receives two stations from different 
cities that are operating on the same 
channel. Theoretically both stations 
should be operating on exactly the 
same frequency, but they may easily 
differ by a few hundred cycles and 
still be well within the frequency 
limit set by the FCC. When the 
two stations differ slightly, a beat 
note will be developed, that causes 
interference which looks like that 
shown in Fig. 29. The number of 
bars developed depends on the differ¬ 
ence in frequency of the two carriers. 
If the two carriers are close enough 
together that the difference is less 
than 60 cycles, no visible bars will 
be produced, but unless the two car¬ 
riers are exactly synchronized, there 
will be an annoying variation in the 
brightness of the picture. 
The only way to eliminate such 

interference at the receiver is to use 
a highly directive antenna and orient 
it for the least interference. 
Adjacent-Channel Interference. 

A television receiver might also be 
geographically located so that it re¬ 
ceives television signals on adjacent 
channels. In any given city, channel 
allocations are usually such that 
there are no two stations in that 
city on adjacent channels, channels 
4 and 5, 6 and 7 are exceptions be¬ 
cause there are gaps in the frequency 
spectrum between these channels. 
However, where two adjacent chan¬ 
nels may be received, interference is 
likely to be caused by the picture 
carrier of the channel above the 
selected one or the sound carrier of 
the channel below it. 

For example, let us suppose that a 
television receiver with a 27.65 me 
i-f is located so that it can receive 
both channel 3 and channel 4. The 
receiver oscillator frequency on 
channel 3 will be 87 me. If the 

front end of the receiver has a suffi¬ 
ciently broad response, and it is 
quite apt to, the 67.25-mc picture 
carrier from channel 4 will beat with 
the 87-mo oscillator frequency, pro¬ 
ducing a 19.25-mc signal that might 
be passed through the i-f stages and 
cause interference. However, the i-f 
sections of modern receivers are usu¬ 
ally sufficiently selective to prevent 
this interference. 
Suppose that the same receiver 

could receive channel 2 as well as 
channel 3. Here the 59.75-mc sound 
carrier from channel 2 might beat 
against the 87-mc oscillator to pro¬ 
duce a 27.25-mc signal which is much 
more likely to get through the i-f 
stages and cause interference than 
the 19.25-mc signal. 
There are various methods of 

eliminating or minimizing this type 
of interference. Some receivers con¬ 
tain adjacent channel sound and 
picture traps that, when properly 
adjusted, are very effective in elimi¬ 
nating it. A directive antenna that 
is carefully oriented may also reduee 
pickup from the interfering channel 
to such a low level that the interfer¬ 
ence will not be objectionable. A 
stub cut to a frequency near that of 
the interfering station may attenuate 
the interference satisfactorily. 

Set Design. The manufacturers of 
TV receivers are quite aware of the 
interference problems that are en¬ 
countered in the field, and are con¬ 
stantly attempting to eliminate, as 
far as possible, the characteristics of 
the television set which make it sub¬ 
ject to these various types of 
interference. As we have already 
mentioned, many sets are produced 
with built-in traps for eliminating 
adjacent-channel interference and i-f 
interference. 
You will note that many of the 

various types of interference are 
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caused by signals developed in the 
i-f range of 21 to 27 me. FM, local 
oscillator, amateur, and adjacent 
channel interference are all some¬ 
times possible because the i-f of the 
television set is in the 21 to 27 me 
range. To eliminate many causes of 
interference some set manufacturers 
are producing sets with an i-f of 45 
me. This makes a considerable reduc¬ 
tion in the number of possible types 
of interference that might be encoun¬ 
tered on installation. 

Although we have discussed a large 
number of different types of interfer¬ 
ence, the situation is really not as 
bad as it might appear to be. Tele¬ 
vision broadcasters and manufactur¬ 
ers are constantly seeking ways to 
eliminate interference. Therefore, it 
is quite possible that you might 
install quite a number of new receiv¬ 
ers without running into any of the 
interference problems that we have 
discussed. 

Special Installation 
We have covered the routine prob¬ 

lems that you may encounter in an 
ordinary installation in the customer’s 
home. However, there may be signal, 
line voltage, or noise conditions at 
the site of the installation that 
present some special problems. Some 
servicemen may never encounter the 
problems discussed here, but on the 
other hand some one of the problems 
discussed here may be encountered 
daily by others. In any event a 
knowledge of the special installations 
discussed here should prepare you to 
make TV installations under almost 
any conditions that you might 
encounter. 

STRONG SIGNAL AREAS 
It is possible that you might make 

a TV installation in an area where 
the signal strength from one or more 
stations is excessive. There are two 
conditions that might exist. First, 
the signal strength from all stations 
received might be excessive, and sec¬ 
ond, which is more likely, the signal 
strength from only some of the 
stations might be excessive. 

To reduce the signal strength of all 
stations received, you should use a 
pad that will retain the correct im¬ 

pedance matching for the transmission 
line but reduce the signal strength. 
Two types of pads that may be used 
are shown in Fig. 31A. The chart 
at Fig. 31B gives resistance values 
for the 0 type pad. It may seem 
that it would be simpler to use series 

DB 
ATTENUATION 

3Ó0-0HM IMPEDANCE 0 PAD 

«1 r2 "3 

6 1000 100 1000 

12 470 300 470 

18 390 560 390 

n 4
330 1000 330 

0  30 310 2200 310 

(ALL R VALUES ARE IN OHMS) 

FIG. 31. Pads of the type shown at A 
may be connected between antenna 
terminals and 300-ohm twin lead to 
attenuate all incoming signals. The chart 
at B gives resistance values in an O 
type pad for several levels of attenuation. 
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resistors than to use either of the 
pads shown, but if this were done, 
the transmission line would no longer 
be terminated with the correct im¬ 
pedance. 

If the signal strength is not exces¬ 
sive on all channels, pads cannot be 
used, because a pad will reduce the 
strength of all signals equally. In¬ 
stead, use parallel resonant wave traps 
tuned to the frequency of the over¬ 
strong station. These should be con¬ 
nected as shown in Fig. 25C. If 
coaxial transmission line is used, only 
one trap connected to the center 
conductor is necessary. 

INSTALLATIONS IN DC 
AREAS 

In some cities there are areas where 
direct current rather than the con¬ 
ventional 60-cycle ac power is sup¬ 
plied. Installation of a TV set in 
these areas presents a problem, 
because neither the transformer type 
nor the transformerless type will 
operate on a de supply. As you know, 
ac is required to operate a trans¬ 
former, and the transformerless type 
of set uses the voltage doubler 
arrangement, which will not operate 
on de. 

If a television set is to be used 
where only de is available, some 
means must be used to convert the 
de to 60-cycle ac before it is applied 
to the set. No matter how you do 
this, it is expensive. There are two 
devices that may be used to make 
this conversion. One is an inverter, 
which consists of a vibrator trans¬ 
former and a suitable filter assembly, 
and the other is a rotary converter, 
which consists of a de motor and an 
ac generator assembled on a common 
shaft. A typical inverter is shown 
at Fig. 32A, and a typical rotary 
converter at 32B. 

Courtesy Carter Motor Co. 

FIG. 32. Either an inverter (A) or a 
rotary converter (B) can be used to 
change de to 60-cycle ac. The control at 
the left in 15 controls speed and hence 
frequency output of the rotary converter. 

Some inverters have the disadvan¬ 
tage that they have a tendency to 
vary in frequency, which may cause 
undesirable voltage variations in the 
TV set. However, inverters are avail¬ 
able that can be synchronized with 
a field frequency of the TV signal so 
that their outputs are constant in 
frequency. 

The output frequency of the rotary 
converter has less tendency to vary 
if the de voltage supplied to it is 
reasonably constant in amplitude. It 
is also controllable. A speed control 
can be used on the motor section of 
the rotary converter so that the 
output frequency can be adjusted. 
The faster the motor runs, the higher 
the output frequency will be. 

In selecting a device to convert 
de to ac, make sure that the unit 
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can supply the ac at the proper volt¬ 
age and frequency and also that it 
is large enough to furnish the current 
needed to operate the TV set. A TV 
receiver usually has a current re¬ 
quirement of several amperes at 
approximately 115 to 120 volts, 
60-cycle ac. 

Many inverters and converters are 
given both an intermittent-duty and 
a continuous-duty rating. Be sure 
that the continuous-duty rating is 
high enough to handle the require¬ 
ments of the TV set, because the set 
will probably be used for several 
hours during an evening. A device 
designed to supply the required cur¬ 
rent under intermittent conditions 
only would not be capable of 
handling the load. 

INSTALLATION IN 25-CYCLE 
AREAS 

Some areas are supplied with 25-
cycle ac power rather than the more 
conventional 60 cycle. A receiver 
using a power transformer designed 
for 60-cycle operation will not work 
satisfactorily on 25-cycle power, be¬ 
cause there is not sufficient iron and 
copper in the transformer. If such 
operation is attempted, the trans¬ 
former will soon burn out. 

The transformerless type of tele¬ 
vision receiver using voltage multi¬ 
plier circuits to obtain the necessary 
B-supply voltages will operate on 25 
cycles, but if it is designed for 60-
cycle operation the filter capacitors 
in the power supply should be replaced 
with capacitors of higher value for 
proper filtering of the B-|- voltage. 

There are sets designed specific¬ 
ally for operation on 25 cycles. 
Therefore if the customer wants a 
new set installed, all that is necessary 
is to see that he has purchased a set 
of the proper design. 

There may be instances where the 
customer has moved from a 60-cycle 
area and brought his television set 
with him. In this case the conversion 
may be simpler and less expensive 
for the customer than the purchase 
of a set designed for 25-cycle opera¬ 
tion. If the set is the transformer 
type, it will be necessary to use a 
frequency converter or else replace 
the power transformer with one de¬ 
signed for 25-cycle operation. If a 
satisfactory power transformer is 
available, the installation of a new 
power transformer is the cheaper 
alternative, but if one needs to be 
specially wound it may be just as 
cheap to purchase a rotary converter. 
If the set is the transformerless type, 
it is only necessary to change the 
filter capacitors, as we have already 
said. 

COMMERCIAL 
INSTALLATIONS 

The installation of a television set 
in an establishment such as a tavern 
or a restaurant does not present any 
problems that differ greatly from 
those encountered in a normal res¬ 
idential installation, but it does 
present more of them. This is par¬ 
ticularly true in the case of noise 
interference, because a tavern or 
restaurant usually contains many 
more electrical devices than the 
ordinary home—automatic phono¬ 
graphs, refrigerators, electric washing 
machines, neon signs, and fluorescent 
lights, for example. Considerable 
interference may be radiated by one 
or more of these devices. If you 
notice that the noise level is com¬ 
paratively high in the TV set, the 
interfering device can be identified 
by shutting off the various electric¬ 
ally operated machines one at a time. 
If you notice that the noise goes 
down when a certain machine is shut 
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off, that machine is generating at 
least part of the interference. You 
can probably reduce the interference 
from such machines by using a suit¬ 
able filter in the power line to the 
device. 

Noise pick-up in the transmission 
line from such devices or from nearby 
automobiles can be kept to a mini¬ 
mum by using shielded transmission 
lines. For this reason a shielded line 
is far superior to an unshielded line 
for a commercial installation. 

Since people are often more care¬ 
less about equipment in a commercial 
establishment than they are in a 
private home, make sure that the 
transmission line is securely fastened 
in place. If it is not, it may be 
kicked or pulled loose accidentally, 
or some one may be injured by trip¬ 
ping over it. It is also a good idea 
to run the transmission line in such 
a manner that it will be as incon¬ 
spicuous as possible. 

MULTIPLE ANTENNA 
OUTLETS 

There are several conditions under 
which it is desirable, if not absolutely 
necessary, to operate more than one 
TV receiver from a single antenna. 
In your own service shop you would 
probably find it convenient to have 

FIG. 38. A system of multiple antenna 
outlets which allows only one receiver 
at a time to be connected to the line. 

FIG. 34. With this type of installation, 
several sets can be connected to the same 

line at the same time. 

more than one antenna outlet with¬ 
out having to erect another antenna. 
In a dealer’s showroom it is almost 
essential to be able to demonstrate 
more than one set at a time. If he 
has a large showroom in which four 
or five sets might be connected for 
demonstration, a separate antenna 
for each set is out of the question. 
Many apartment house owners want 
a multiple outlet system to avoid 
having a hodge podge of antennas on 
their roofs. Even in many private 
homes there are two television sets 
which the home owner would prefer 
to operate from a single antenna, 
rather than install a second one. 

Fig. 33 shows an economical method 
of providing multiple outlets where 
it is convenient to have antenna con¬ 
nections at various locations but only 
one set need be connected to the 
antenna at any one time. In some 
cases this type of installation is satis¬ 
factory for a small service shop or 
dealership. 
Fig. 34 shows a simple way in 

which several receivers can be con¬ 
nected to a 300-ohm line. The match¬ 
ing networks shown permit the trans¬ 
mission line to be terminated in its 
characteristic impedance with the 
result that ghosts resulting from mis¬ 
match are avoided. 

It is necessary to know the relative 
signal strength in a particular area 
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FIG. 35. This matching network can be used to permit as many as 6 sets to be 
connected to the same line. 

before you can tell whether it is 
practical to connect 2, 3, or 4 receiv¬ 
ers to the same antenna, because the 
total signal delivered by the antenna 
is divided equally among the sets. If 
there are two sets, for example, only 
half the signal fed to the line by 
the antenna is applied to each of 
them; if there are three, only one-
third the signal is applied to each; 
and so on. 
The circuit in Fig. 35 shows a 

complete matching network that can 
be used to connect as many as six 
separate receivers to the same trans¬ 
mission line. The network constants 
are such that signals of equal strength 
will be delivered to each receiver. 

If fewer than six sets are to be 
connected to this network, the extra 
distribution boxes should be discon¬ 
nected to keep the network in bal¬ 
ance. For example, if only five sets 
are to be used, box No. 1 should be 

removed. The sets should then be 
connected to the positions marked 
set No. 3, set No. 4, set No. 5, and 
set No. 6. The fifth set should be 
connected to the leads that went to 
box No. 1. Similarly, if only four 
receivers are to be used, boxes No. 1 
and No. 2 should be removed, and 
so forth. 

In small apartment houses, systems 
like those shown in Figs. 34 and 35 
may be suitable. A more elaborate 
system must generally be used for a 
large apartment house, however, 
because of the larger number of sets 
to be connected to the antenna. 

Several systems have been devised 
to answer the problem of apartment 
house installations. One of these is 
the Jerrold “Mul-TV Antenna Sys¬ 
tem,” which we shall describe briefly. 

The simplest form of the Jerrold 
system is shown in block diagram 
form in Fig. 36. As you can see, it 

DISTRIBUTION BOXES 
Courtesy Jerrold Electronics Corp. 

FIG. 36. A block diagram of the Jerrold Mul-TV antenna system intended for use 
in apartment installations. 
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consists of a series of distribution 
boxes coupled to each other and to 
the antenna by 72-ohm coaxial 
transmission line. (For convenience 
in reference, we shall call this the 
distribution line.) A 72-ohm termi¬ 
nating resistor is connected across 
the end of the line. 

Two kinds of distribution boxes, 
called ADO-1 and ADO-2 by the 
manufacturer, are used in this system. 
The ADO-1 is used to couple one 
72-ohm set to the line, the ADO-2 
to couple two 300-ohm sets to it. 
Either kind of box can be used any¬ 
where in the system, so 72-ohm and 
300-ohm receivers can be connected 
to the line in any proportion. 

Each distribution box contains a 
cathode-follower amplifier and its 
power supply. The input of each box 
is connected across the distribution 
line; since this input consists of the 
grid circuit of the cathode follower 
and therefore has a high impedance, 
it attenuates the signal in the distri¬ 
bution line only slightly. For this 
reason a great many boxes can be 
connected to the line. 
The output of each box is taken 

from the cathode circuit of the cathode 
follower. Therefore, the only connec¬ 
tion between the input and the output 
is through the internal capacities of 
the tube, which are low. For this 
reason there is practically no back¬ 
ward transmission (from output to 
input) of signals through the distri¬ 
bution boxes. This means that any 
signal feeding back from the local 
oscillator of a set that is connected 
to the output of a distribution box 
will be very severely attenuated 
before it is applied to the distribution 
line of the system. The distribution 
boxes thus act as decoupling devices 
to prevent the receivers connected to 
them from interfering with each other. 

The manufacturer of this system 
offers several accessories that can be 
used to adapt it to meet various 
needs. For example, there is a match¬ 
ing transformer that permits the 72-
ohm distribution line of the system 
to be matched to a 300-ohm line if 
necessary. 

Another accessory device is a chan¬ 
nel amplifier that is intended for use 
in low-signal areas or in installations 
in which the run of the coaxial dis¬ 
tribution line is so long that the 
signal is attenuated too much. This 
amplifier contains four-plug-in am¬ 
plifier strips, each of which is a 2-tube 
rf amplifier that is designed to handle 
a particular channel. There is an 
individual gain control for each strip, 
an arrangement that permits the out¬ 
puts of all the strips to be adjusted 
to the same level. These individual 
outputs are applied to a mixing net¬ 
work from which they are fed to the 
main distribution line of the system. 

Each amplifier strip of this device 
has its own input. If an individual 
antenna is used for each station that 
is to be picked up, the transmission 
line from each antenna can be con¬ 
nected to the appropriate amplifier 
input. If a single antenna is to be 
used for all stations, however, an 
antenna matching network offered by 
the manufacturer must be used. 
Another network offered by the 

manufacturer is the reverse of the one 
just described. It is intended to be 
used to couple the transmission lines 
from as many as six individual anten¬ 
nas to the single coaxial distribution 
line of the system. It is used only 
with unamplified systems, of course. 

Finally, the manufacturer offers 
noise filters for each TV channel for 
use with amplified systems. Each is 
installed just ahead of the amplifier 
for that channel. 
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Lesson Questions 

Be sure to number your Answer Sheet 60B. 

Place your Student Number on every Answer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. Others, knowing they will finish 
the next Lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don’t hold your answers 
too long; you may lose them. Don’t hold answers to send in more than 
two sets at a time, or you may run out of Lessons before new ones can 
reach you. 

1. List the four major steps in the normal television installation. 

2. Why should the new set be adjusted in the shop before it is delivered to the 
customer’s home? 

3. List those adjustments that should always be made on a new set, regardless 
of the quality of the picture received before they are made. 

4. Why should the ion trap adjustment always be made on new sets? 

5. Name two adjustments that might remove shading from the corners of the 
television picture. 

6. Which kind of resonant circuit does an open quarter-wave stub act like 
(1) a parallel resonant circuit; or (2) a series resonant circuit? 

7. If a carrier of the channel below the one to which the set is tuned causes 
interference, which ONE of the following traps should you adjust: (a) the 
sound trap, (b) the adjacent-channel sound, trap, or (c) the adjacent-channel 
picture trap? 

8. If the signal from one station is excessively strong at a particular location, 
how can you reduce its strength without affecting the response of the set for 
other stations? 

9. What change should be made in a 60-cycle transformerless type of television 
set using voltage doublers for B-supply voltage, to adapt it for use on 25-
cycle current? 

10. What is the reason that shielded transmission line is used more in com¬ 
mercial TV installations than in ordinary residential installations’.’ 
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MAKE DECISIONS 

Not all your decisions will be correct one is 

So practice making clearcut, well thought out 
decisions. 

very fine thing to have an “open mind.” 
a fine thing ONLY if you have the ability 
a decision after considering all sides of a 

It is a 
But it is 
to make 
question 

Failure to make a decision after reasonable con¬ 
sideration of all facts will quickly mark a man as 
being unfit for any position of responsibility. 

perfect. But if you get the habit of making de¬ 
cisions, experience will develop your judgment to 
a point where more and more of your decisions will 
be right. 
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INSTALLATION AND ADJUSTMENT 
OF COLOR TV RECEIVERS 

IKE the circuits in early mono-
j chrome receivers, the circuits in 

the present color television receivers 
vary considerably. Color television 
is a comparatively new field, com¬ 
mercially, and more improvements in 
the circuit design and in the design 
of the color picture tube itself will 
have to be made before the circuits 
become standardized, as they are in 
the present black-and-white receivers. 

The differences in the present color 
receivers, of course, cause variations 
in the adjustments and in the adjust¬ 
ment methods. However, all receivers, 
regardless of their circuitry, contain 
essentially the same major adjust¬ 
ments. The noticeable and important 
variations exist in the receiver align¬ 
ment. 

We will not discuss color receiver 
alignment in this lesson, because any 
procedure that we might give would 
apply to one model only. Therefore, 
if you have to align a color receiver, 
we recommend that you obtain the 
manufacturer’s service information 

for that particular model, and follow 
the instructions step by step. 

The primary purpose of this lesson 
is to describe the adjustments neces¬ 
sary to obtain a satisfactory picture 
and to get the receiver in proper 
operating condition in the customer’s 
home. In other words, the instructions 
apply to a new color television re¬ 
ceiver. From your study of the color 
receiver circuits, you know that the 
color receiver is more elaborate than 
a monochrome receiver. Therefore, 
the adjustment procedure must be 
more exacting and involved than for 
a monochrome receiver. The proce¬ 
dures described in this lesson will be 
of a general nature. They arc designed 
to acquaint you with the various ad¬ 
justments and accessories that you 
will not find in monochrome receivers. 

There are relatively few color re¬ 
ceivers in use at present. However, 
the number should increase steadily 
as improvements are made, and the 
cost of the receivers is reduced. As 
more improvements arc made in the 
design of new receivers, the circuits, 



and hence the adjustments, will be 
refined and simplified. Although it is 
doubtful whether color receivers will 
ever be as easy to adjust as the 
present monochrome receivers, you 
should be able to understand and cope 
with any of the new adjustment pro¬ 
cedures. 

In addition to the adjustment pro¬ 
cedures, we will discuss briefly the 
test equipment used exclusively in 
adjusting and aligning color receivers. 
Finally, to give you an idea of how 
the servicing procedures on color re¬ 
ceivers are carried out and in what 
way they are similar to those for 
monochrome receivers, we will discuss 
some of the defects that you may 
encounter in your servicing work, and 
indicate how to recognize them by 
observing the reproduced image on 
the screen and by using various test 
instruments. 

Now let us begin our discussion of 
the color receiver by describing some 
of the precautions to be taken and 
the methods used to install a receiver 
in a customer’s home. You will find 
that in many respects the installation 
is the same as for a standard black-
and-white receiver. 

INSTALLATION 
Each color receiver is adjusted at 

the factory. However, it is difficult 
to pre-set a color receiver so that it 
will give a perfect picture on the 
screen immediately after it is in¬ 
stalled in the customer’s home. It will 
be your responsibility, therefore, to 
know now to make the adjustments, 
and to instruct the customer on how 
to operate the receiver. 

You can avoid call-backs by taking 
time to demonstrate the receiver ad¬ 

justment procedure. Explain the pur¬ 
pose of the various controls to the 
customer, and indicate those he can 
adjust, such as the hue, contrast, 
and color controls. Be sure to empha¬ 
size that he will misadjust the 
receiver if he tampers with any of 
the other controls. Stress particularly 
that good color reproduction depends 
upon the proper adjustment of both 
the monochrome and the color con¬ 
trols. It may be possible to tune a 
black-and-white receiver carelessly 
and still obtain a satisfactory picture. 
Color receiver adjustments, however, 
must be made carefully and accu¬ 
rately. 

Most color receivers manufactured 
at present are shipped with the pic¬ 
ture tube in place and all the com¬ 
ponents (the yoke, the convergence 
assembly, etc.) mounted on the neck 
of the tube. Earlier color receivers, 
however, were shipped with these 
components, including the picture 
tube, in a separate carton. When in¬ 
stalling this receiver, it was necessary 
to install the tube in the cabinet and 
the components on the tube neck 
before any adjustments could be 
made. 

In many respects, the installation 
of a recent-model color-television re¬ 
ceiver is comparable to the installa¬ 
tion of a standard black-and-white 
receiver. After removing it from the 
carton, you should give some thought 
to the proper location of the receiver 
with respect to the windows, interior 
lighting, antenna connections, and the 
electrical outlet. 

Light falling directly on the picture 
tube screen from windows or strong 
room lighting has an influence on the 
apparent colors in the reproduced pic-
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FIG. 1. Location of controls on 
Courtesy RCA 

a typical color TV receiver. 

tures. Colored lights and tinted lamp 
shades can contribute adverse shad¬ 
ing on the reproduced color image. 
Generally, it is preferable to view the 
color picture with conventional white 
room lighting and to position the 
receiver so that it is not facing the 
windows. 

After installing the receiver turn 
it on and attempt to tune in a black-
and-white program according to the 
following instructions. Notice that 
you use the usual monochrome con¬ 
trols (the channel selector, fine-tun¬ 
ing, brightness, and contrast). You 
may find, however, that more adjust¬ 
ments will have to be made before 
the receiver is operating perfectly. 
Remember, the receiver must be prop¬ 
erly adjusted to receive a black-and-
white picture before you can accu¬ 
rately adjust the color controls. The 
color tuning procedure will be given 
later in this section. 

The locations of the various con¬ 
trols on the front of a typical re¬ 
ceiver are shown in Fig. 1. Refer to 
this illustration as we go through the 
adjustment procedures. Remember 
that although the locations of the con¬ 

trols on color receivers vary, the tun¬ 
ing procedures are essentially the 
same, regardless of the make and 
model of the color set. 

With the channel selector switch 
set to the desired channel, turn the 
receiver on, and advance the volume 
control (sound) to approximately 
mid-position. Turn the color control 
fully counter-clockwise. This step is 
taken to permit proper monochrome 
adjustment before color is added to 
the picture. 
Advance the contrast control to 

approximately mid-position, and turn 
up the brightness control to obtain 
suitable screen illumination. Then 
adjust the fine-tuning control for the 
best picture quality and the volume 
control for suitable loudness. If neces¬ 
sary, adjust the vertical and hori¬ 
zontal hold controls to obtain a sta¬ 
tionary picture. Readjust the contrast 
and brightness controls for best pic¬ 
ture contrast. The average set owner 
has a tendency to turn the brightness 
and contrast controls too high. A 
high contrast setting causes a loss of 
the half-tone range in the reproduced 
picture. 
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Finally, adjust the tone control for 
most pleasing sound. After the re¬ 
ceiver has been in operation for some 
time, or after it is turned on again 
after an idle period, it may be neces¬ 
sary to readjust the fine-tuning and 
the contrast controls. This is normal, 
and you should instruct the customer 
accordingly. 

You probably noticed that the ad¬ 
justment procedure just described is 
almost identical to that used for any 
monochrome receiver. In fact, when 
a color receiver is reproducing a mon¬ 
ochrome signal, it is essentially a 
black-and-white receiver. Only those 
circuits that are common to both 
monochrome and color receivers oper¬ 
ate at this time. Therefore you would 
expect the adjustments to be similar. 

Before the receiver can reproduce 
a satisfactory color picture, it must 
be properly adjusted for monochrome 
reception. After making the mono¬ 
chrome adjustments just described, 
turn the channel selector to a color 
broadcast or to a station that is trans¬ 
mitting a color stripe on its standard 
monochrome test pattern. The color 
stripe is formed by a special signal 
consisting of two 8-cycle bursts, one 
at the beginning and another at the 
end of each horizontal scanning line 
of the monochrome video information. 
These signals produce a greenish-
yellow stripe on each side edge of 
the picture. On monochrome receiv¬ 
ers, these color stripes appear as two 
shadowy vertical bars without color. 
W hen the color circuits are properly 
adjusted, the color stripe will have 
the characteristic greenish-yellow hue. 
The color stripe is particularly help¬ 
ful when you are adjusting color 
receivers in the customer’s home, 

because if you use it, you do not have 
to use a color-bar generator. 

With a color signal available, ad¬ 
just the color controls as follows: 
Turn up the color control to approx¬ 
imately two-thirds of maximum. Ad¬ 
just the fine-tuning control for the 
best color picture—a picture that has 
a minimum of sound bars. The fine-
tuning control must be adjusted very 
carefully to keep sound interference 
in the picture at a minimum. When 
the fine-tuning control is set properly, 
the pattern produced on the screen by 
interference between the chrominance 
and sound carriers is not noticeable 
at a normal viewing distance if the 
receiver is aligned correctly. 

If the fine-tuning control is turned 
too far in the opposite direction, how¬ 
ever, the chrominance subcarrier spec¬ 
trum is attenuated, and there is 
inadequate coloring in the reproduced 
picture. When instructing the cus¬ 
tomer in the proper tuning procedure, 
demonstrate the effects of proper and 
improper settings of the fine-tuning 
control. 

Finally, adjust the color control 
for the desired saturation or strength 
of the color component in the repro¬ 
duced picture, and the hue control 
for the truest reds, blues, etc. With¬ 
out a color that can be used as a 
reference, it may be difficult to obtain 
true hues in the reproduced picture. 
Everyone is familiar with the color 
of the human skin. Therefore, if you 
adjust the hue and color controls 
until the reproduced image has the 
most life-like flesh tones, the other 
colors will be accurately reproduced. 

The preceding tuning procedures 
are used to tune a color receiver that 
is properly adjusted and operating 
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normally. You may find that many 
more adjustments will have to be 
made when the color receiver is in¬ 
stalled for the first time because some 

of the factory adjustments (particu¬ 
larly the positions of the components 
on the color picture tube neck) have 
moved during alignment. 

Com píete Adjustment Procedure 
Before adjusting a color receiver 

in a customer’s home, you should have 
some experience in manipulating the 
controls so that you will have an 
idea of how to proceed. In particular, 
you should be able to tell whether 
or not a receiver is operating satis¬ 
factorily. This means that you must 
know what each control is supposed 
to do and be able to recognize the 
primary and secondary colors. Much 
of your success in adjusting and ser¬ 
vicing color television receivers will 
depend upon your knowledge of these 
colors. 

Color television receiver adjust¬ 
ments are very critical, and it usually 
takes much longer to obtain peak 
performance than on a monochrome 

The secondary colors yellow, magenta, 
and cyan are formed by combining the 
primary colors blue, green, and red. 

Combining all three forms white. 

receiver. The alignment procedure, 
especially, must be made according to 
the manufacturer’s recommendations 
for each particular model. However, 
many other adjustments vary only 
slightly, regardless of the type of color 
receiver. Therefore, with small varia¬ 
tions, the adjustment procedures de¬ 
scribed in this section can be applied 
to almost any model. After studying 
this procedure you should have an 
idea of what to expect when you are 
called in to adjust a color set. 

PICTURE TUBE ACCESSORIES 
The accessories on the neck of a 

typical picture tube in a monochrome 
receiver usually consist of a deflection 
yoke, a centering magnet, and an 
ion trap. These components are rela¬ 
tively easy to adjust. However, there 
are several additional components on 
the neck of a tri-color picture tube, 
and more attention has to be paid 
to positioning a good color picture. 
Each adjustment, to some extent, af¬ 
fects the reproduced picture. In addi¬ 
tion, many of the adjustments react 
on one another; and for this reason 
it requires much more time to adjust 
a color receiver properly. 

Before discussing the adjustment 
procedures for the various accessories 
on the tri-color picture tube, let us 
briefly describe each component and 
find out how it affects the scanning 
beams in the tube. You are already 
acquainted with the positions of these 
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FIG. 2. Components on a tri-color tube iisins electrostatic convergence. 

components from the discussion in a 
previous lesson. 

The tri-color tube shown in Fig. 2 
is the type that contains an internal 
convergence electrode (electrostatic 
convergence). This tube uses indi¬ 
vidual magnets to position the beams 
during the convergence procedure. 
Fig. 3 shows the correct placement 
of the components on a color picture 
tube that uses an external convergence 
coil (magnetic convergence). Begin¬ 
ning at the picture tube socket, the 
first accessory that we encounter is 
the blue beam-positioning magnet, 
which is used to move the scanning 
beam from the blue gun in a lateral 

direction during the convergence ad¬ 
justments. The single magnet repre¬ 
sents a simplification over the three-
magnet type shown in Fig. 2. The 
method used to converge the three 
scanning beams will be discussed in 
detail later in this lesson. 

Now, let us see how the blue beam¬ 
positioning magnet is able to move 
the blue scanning beam laterally. The 
blue gun of the tri-color picture tube, 
unlike the green and red guns, con¬ 
tains a pole piece which serves to 
complete the magnetic field created 
by the magnet through the gun and 
back to the magnet. This is shown 
in Fig. 4. When the magnet is posi-
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FIG. 3. Components on a 
color tube using magnetic 

convergence. 

tioned so that the magnetic flux is 
greater on one side of the pole piece 
than on the other side, the electron 
beam is deflected in a direction that 
is perpendicular to the flux. By rotat¬ 
ing the magnet, the position of the 
magnetic flux can be varied to move 
the beam laterally in either direction. 
Purity Magnet Assembly. Next 

to the blue beam-positioning magnet 
is an assembly consisting of two ring¬ 
type permanent magnets used to con¬ 
trol the three electron beams so that 
they pass through the shadow mask 
and excite only the centers of their 

respective phosphor dots on t he screen. 
The magnetic field produced by these 
magnets is uniform. Because the 
magnets are in the shape of flat discs, 
the magnetic field can be varied either 
by rotating both at the same time or 
one with respect to the other. When 
the magnets are positioned so that 
their magnetic flux adds, the effect 
on the scanning beams is maximum. 
The action of the purity magnet as¬ 
sembly on the beams is shown in Fig. 
5. The arrows indicate that the three 
beams, as a group, can be moved in 
any direction. 

FIG. 4. 
lateral 
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Action of the blue 
beam - positioning 
magnet. 
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FIG. 5. Action of 
purity magnet on 

electron beam. 

Convergence Assembly. By far 
the most difficult adjustments to make 
are the convergence adjustments. 
These are made to bring the three 
electron beams together at the proper 
point on the shadow mask to prevent 
color fringing and misregistration of 
the reproduced colors. 

Probably the most important rea¬ 
son for making the convergence 
adjustments is to compensate for the 
varying distances that the beams 
must travel to reach the center, top, 
bottom, and sides of the screen. In 
addition, unequal grid bias is applied 
to the individual electron guns to 
compensate for the variations in the 
phosphors that are used on the screen. 
Without the convergence adjustments, 
the beams would not converge cor¬ 
rectly. If the convergence is not 
properly adjusted, the images on the 
screen will be outlined by one or 
more of the primary colors. 
The location of the convergence 

assembly for the magnetic converg¬ 
ence type of picture tube is shown 
in Fig. 3. Proper convergence of the 
three beams at any point on the mask 
in this tube is accomplished by apply¬ 
ing special waveforms to the hori¬ 
zontal and vertical windings of each 
coil. These waveforms, which are 
synchronized with the horizontal and 
vertical scanning rates, produce a 
varying magnetic flux between the 
pole pieces of the electron gun that 
changes the cross-over points accord¬ 

ing to the distance between the guns 
and the various points on the mask. 
A simplified drawing of the converg¬ 
ence coil and magnet assembly is 
shown in Fig. 6. 

With the convergence assembly po¬ 
sitioned over the electron guns, the 
magnetic flux causes the beams to 
move in a perpendicular direction as 
indicated by the arrows. The mag¬ 
netic field also can be varied by rotat¬ 
ing the cylindrical magnets that are 
positioned in the gap between the 
pole pieces of each convergence coil. 
By manually rotating this cylindrical 
magnet, the magnetic flux between the 
converging pole pieces can be varied 
to move the electron beam in either 
direction. 

Convergence in the electrostatic 
convergence type of picture tube in 
Fig. 2 is similar to the process just 

FIG. 6. Convergence coil and magnet 
assembly. 
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described. However, instead of apply¬ 
ing controlled waveforms to individ¬ 
ual coils, the horizontal and vertical 
correction voltages are applied to an 
electrode within the tube. These 
waveforms react on the electron beams 
to give proper convergence over the 
entire screen. 
Deflection Yoke. The deflection 

yoke used on the tri-color picture 
tube is essentially the same as the 
yoke used in monochrome receivers. 
Both are cosine wound, and both must 
be adjusted to obtain correct deflec¬ 
tion of the electron beams. 

The deflection yoke in a color re¬ 
ceiver must move three electron 
beams, and, because of the higher 
anode voltages, it is usually larger 
than the corresponding yoke in a 
monochrome receiver. In addition, to 
minimize the effect of the yoke’s mag¬ 
netic field on the electron beams as 
they pass through the bell portion of 
the tube, the turns near the ends of the 
windings are positioned vertically 
with respect to the other windings. 
Field Neutralizing Assembly. 

Stray magnetic fields around the face 
plate of the color picture tube can 
cause color impurity at the edges of 
the raster. To eliminate this unde¬ 
sirable effect, a means of equalizing 
or neutralizing these fields is provid¬ 
ed around the front rim of the picture 
tube. 

In the earlier color receivers, the 
neutralizing adjustment was made 
by passing a de voltage through 
a neutralizing coil. In later model 
receivers, however, a magnetic field 
equalizer, consisting of a band of soft 
iron to act as a pole piece and eight 
circular permanent magnets, is placed 
around the rim. Each of the perma¬ 
nent magnets can be moved toward 

or away from the picture tube, and 
the entire assembly, as shown in Fig. 
7, can be rotated. When the equalizer 
magnet assembly is adjusted proper¬ 
ly, it effectively neutralizes the unde¬ 
sirable magnetic fields, and permits 
the beams to strike their phosphor 
dots properly to ensure correct color 
purity. 

PICTURE TUBE 
REPLACEMENT 

In your service work, you may be 
required to replace the picture tube 

in a color receiver. Therefore, before 
we describe how to adjust the com¬ 
ponents on the neck of the picture 
tube, let us discuss the replacement 
procedure. 

The same precautions must be taken 
when handling a oolor picture tube 
as with a monochrome picture tube. 
When removing the picture tube from 
the receiver or from the shipping car¬ 
ton, always wear shatter-proof gog¬ 
gles. Also, always pick up and carry 
a color picture tube by the bell— 
never by the neck. 
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It is usually easier to remove and 
replace a color picture tube if the 
receiver is turned face downward on 
a protective pad. However, before 
turning the receiver on its face, make 
sure the chassis is securely bolted to 
the cabinet. Also make sure the set 
will rest on the cabinet and not on 
the knobs on the front of the receiver. 
Some receiver manufacturers advise 
removing the chassis from the cabinet. 
In other receivers, the picture tube 
can be replaced more easily if the 
chassis remains in the cabinet. 

As explained previously, the com¬ 
ponents on the tube neck will depend 
upon the tube type—whether it is an 
electrostatic convergence type or an 
electromagnetic convergence type. 

Nevertheless, both types have a 
mumetal shield (a metal shield that 
has been processed to eliminate mag¬ 
netic disturbances), a retaining ring 
assembly, a deflection yoke, a color 
purity assembly, and a type of beam¬ 
positioning adjustment. 

Be certain to discharge the picture 
tube before handling it in any way. 
This applies to the tubes received 
from the manufacturer as well as 
those in the receivers. Picture tubes 
are able to hold an electric charge for 
some time. Although the charge is 
not severe enough to be fatal, it may 
startle you and cause you to drop the 
tube. 

To remove the picture tube shown 
in Fig. 8, the receiver must first be 
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FIG. 8. How the picture 
tube is mounted in the 

cabinet. 
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laid face down. Next, remove the 
components from the tube neck, and 
loosen the four retaining rod thumb 
screws. The rods are connected be¬ 
tween the retaining ring on the pic¬ 
ture tube and the front of the receiver 
to support the picture tube and hold 
it in the proper position. 

After the rods are removed, slide 
the retaining ring and yoke assembly 
off the neck. Unclip the ground lead 
from the equalizer magnet assembly, 
if the tube contains this assembly; 
loosen tlæ clamping screw (see Fig. 
7) ; and remove the equalizer magnet 
assembly. Lift off the mumetal shield 
and the plastic insulator that is lo¬ 
cated between the shield and the 
picture tube. 

Grasp the picture tube by the flange 
near the screen or face, and lift 
directly upward. Place the picture 
tube face down on a protective pad. 

To install the new picture tube, 
remove it from its carton, observing 
the precautions described previously. 
Place the picture tube in position 
inside the cabinet so that the blue 
gun pole piece near pin 12 on the 
tube socket is toward the top of the 
cabinet. Install the insulator over 
the picture tube and position the 
high-voltage anode lead so that it is 
on the side nearest the high-voltage 
supply. Place the magnetic field¬ 
equalizing assembly in position, and 
tighten the clamping screw. Make 
certain, however, that the screw is 
not too tight. 

Place the mumetal shield and the 
yoke, which contains the retaining 
ring assembly in some receivers, over 
the neck of the tube, and secure the 
tube in place by using the retaining 
rods. Tighten the thumb screws just 

finger-tight. After the rods are in 
place you may return the receiver to 
an upright position. Be certain to 
position the yoke so that the wing 
nuts are located on either side with 
the leads toward the bottom. 

Next, slide the other components 
into position, and install the tube 
socket. Check to see that all the 
ground leads are in place and that 
the high-voltage lead is connected at 
the high-voltage power supply. Insert 
the plugs into the proper sockets, and 
adjust the components according to 
the information given in the follow¬ 
ing section. 

The first time you replace a color 
picture tube you may encounter some 
difficulty, because of the number of 
components on the tube neck. How¬ 
ever, if you make a note of the posi¬ 
tions of each component so that you 
can install them back in the same 
order, you should not have any trou¬ 
ble. Of course, the ease with which 
you replace the picture tube and make 
the required adjustments will increase 
with experience. 

ADJUSTMENT PROCEDURES 
The adjustment procedures required 

to obtain peak performance from a 
color television receiver can be clas¬ 
sified in five major categories. These 
are monochrome, high voltage, color 
purity, balance, and convergence ad¬ 
justments. The monochrome adjust¬ 
ments such as linearity, drive, width, 
height, and other adjustments com¬ 
mon to both color and monochrome 
receivers have been discussed in pre¬ 
vious lessons and will not be discussed 
here. 

Before making the purity, balance, 
and convergence adjustments in a 
color television receiver, you should 
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be sure that the correct voltage is 
applied to the high-voltage anode, 
beoause a number of critical picture 
tube adjustments depend upon a very 
accurate and stable high-voltage sup¬ 
ply. The voltage values, depending 
on the make of the picture tube used 
in the receiver, range from 19,500 
volts to 25,000 volts. Therefore, use 
a vacuum tube voltmeter with a high-
voltage probe that is capable of 
measuring voltages to 30,000 volts 
when checking the output of the high-
voltage power supply. 

To adjust the high voltage in some 
color television receivers properly, 
you must also measure the current 
drawn by the high-voltage supply. 
This is done, usually, by removing 
the fuse in the low B-f- lead and con¬ 
necting a 0-500 milliammeter to the 
fuse terminals. In other receivers this 
measurement is not necessary. When 
the current meter connection is re¬ 
quired, adjust the horizontal drive 
and the linearity controls for a min¬ 
imum meter indication. 

In all receivers, set the contrast 
and brightness controls at minimum. 
Then measure the voltage at the 
cathode of the final high-voltage rec¬ 
tifier tube with a high-voltage probe 
attached to a vacuum-tube voltmeter. 
When making the reading, set the 
horizontal hold control so that the 
raster is locked in when a signal is 
being received. Finally, adjust the 
high-voltage control, usually a poten¬ 
tiometer, until the value recommend¬ 
ed by the manufacturer is indicated 
on the vtvm. Remember, the high 
voltage supplied to the picture tube 
anode must be checked and adjusted 
before carrying out any other receiver 
adjustments. 

After the monochrome and high 
voltage adjustments are made, there 
are three major procedures to be fol¬ 
lowed in adjusting the picture tube 
and color circuits. These steps are 
purity, balance, and convergence. 

Color Purity. The purity adjust¬ 
ment controls the fidelity of the hues 
produced on the picture tube screen 
by correctly positioning the three 
electron beams as a group. When the 
center of the beam triangle coincides 
exactly with the center of the phos¬ 
phor dot trio, each beam will strike 
the precise center of its phosphor dot. 
When the adjustment is made cor¬ 
rectly, the hues will be faithfully 
reproduced on the screen of the tri¬ 
color tube. The purity adjustment 
is similar to the centering adjustment 
used with some types of monochrome 
picture tubes. 

The position and strength of the 
purity field is regulated either by an 
external purity magnet or by an 
external purity coil. The magnet is 
used with the magnetic convergence 
tube, while the coil is used with the 
electrostatic convergence tube. 

The position of the yoke also has 
an influence on the purity of the 
reproduced colors. Therefore, you 
must move the yoke slightly forward 
or backward in addition to adjusting 
the purity assembly. 
To make the purity adjustments 

on the electromagnetic convergence 
type picture tube, shown in Fig. 3, 
first set all the magnets in the field 
equalizing assembly at their maxi¬ 
mum distance from the picture tube. 
Then set the contrast control fully 
counter-clockwise and the brightness 
control fully clockwise. Set the red 
screen control to the fully clockwise 
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FIG. 9. Above, incorrect purity adjust¬ 
ment; center, better purity; below, cor¬ 

rect purity. 

position and the green and blue screen 
controls fully counter-clockwise. At 
this point, the raster should appear 
as shown at the top in Fig. 9. 

Rotate one or both of the rings of 
the purity magnet by the tabs, or 
rotate the entire assembly to achieve 
minimum color contamination of the 
red field. Adjust the yoke also by 

moving it forward or backward on 
the neck of the tube. The yoke can 
be moved after loosening the wing 
nuts at each side of the yoke housing. 
'Diese are shown in Fig. 3. Position 
the yoke for minimum color contam¬ 
ination of the red field. 

At this point in the purity adjust¬ 
ments the raster should be red, but 
there probably will be some color 
contamination around the outer edges, 
as shown in the center in Fig. 9. It 
is important that the raster have a 
uniform red hue as shown at the 
bottom in Fig. 9. Readjust the 
yoke and the purity magnets until 
the red color is as uniform as possible. 
However, you may have to compro¬ 
mise—especially at the outer edges. 
Advance the green and blue screen 
controls individually and check the 
purity of the blue and green fields. 
Now adjust all three screen con¬ 

trols to produce a low-level white 
raster. If the white raster shows some 
color contamination in the center of 
the screen, you might adjust, the yoke 
and purity magnets again. Usually 
a slight adjustment is all that is 
necessary. 
Color contamination at the outer 

edges of the raster may be improved 
by adjusting the magnets on the color 
equalizer assembly. Select the magnet 
nearest the contaminated area, and 
push it closer to the picture tube. 
Rotate the magnet for the desired 
effect. 

The purity adjustment procedure 
in a receiver which has a picture tube 
using internal convergence electrodes 
(electrostatic convergence) is similar 
to the procedure just described. How¬ 
ever, instead of the purity magnet, 
this tube usually has a purity coil. 
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The components on the neck of 
this type of color picture tube were 
shown in Fig. 2. 
When making the purity adjust¬ 

ments in some color television receiv¬ 
ers, the individual electron beams can 
be turned on and off by switches at 
the rear of the chassis. In others, 
the beams are controlled by adjust¬ 
ing the screen controls. However, to 
make the purity adjustments in either 
type of receiver, adjust the green and 
blue screen controls to minimum (or 
turn off the green and blue switches), 
and advance the red screen control 
to maximum. If the tube uses a neu¬ 
tralizing coil instead of an equalizing 
magnet assembly around the outer 
rim of the screen, disconnect it by 
removing the plug. 

Loosen the bolts that hold the yoke 
in place, and slide the yoke back as 
far as possible. In Fig. 2 notice that 
three beam-positioning magnets are 
also contained in the housing with 
the purity coil. Rotate these magnets 
to their outermost positions. 

Adjust the position of the purity 
coil and the current applied to the 
coil with the cross-purity control 
(sometimes called the color-purity 
control) to obtain the most uniform 

FIG. 10. Proper white balance. 

red in the center of the tube face. 
Refer to Fig. 9. Plug in the field 
neutralizing coil, and move the yoke 
assembly forward until the most uni¬ 
form red raster is produced. If there 
is contamination at the edges, vary 
the current in the neutralizing coil 
by adjusting the field neutralizing 
control. Check the purity of the blue 
and green fields by turning the red 
screen control fully counter-clockwise 
and advancing the blue and green 
controls separately. If color contam¬ 
ination exists, a compromise must be 
made in the yoke and purity coil 
adjustments. 
Balance Adjustments. The pic¬ 

ture tube adjustment that controls 
the proper brightness excitation of 
the phosphor dots is called balance. 
Usually this is adjusted at the same 
time as the purity adjustments. When 
the balance adjustments are made 
properly, the hues in the color picture 
are true and vivid, and there is a 
minimum of color contamination in a 
monochrome picture. The balance 
adjustment procedure involves setting 
the control grid bias and accelerating 
electrode voltages of the tri-color 
tube so that true whites are obtained 
(no color contamination) at low and 
high brightness levels. 

The balance adjustment is usually 
made while a black-and-white picture 
is being reproduced on the picture 
tube screen. First, advance the bright¬ 
ness control fully clockwise and the 
contrast control fully counter-clock¬ 
wise. Tune to a station that is trans¬ 
mitting a black-and-white picture, 
and adjust the blue and green video 
gain controls clockwise until the 
monochrome picture is free of any 
over-all color cast as in Fig. 10. Dis-
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regard any localized color fringing in 
the picture. 

Rotate the brightness control 
counter-clockwise to produce a very 
dark picture on the screen. Adjust 
the blue and green background con¬ 
trols for a uniform low-level mono¬ 
chrome picture that is free of all 
color cast. When the controls are 
adjusted properly, the picture should 
remain black and white as the 
brightness control is rotated through¬ 
out its range. Repeat the gain and 
background adjustments, if necessary, 
to achieve this. 

CONVERGENCE 
ADJUSTMENTS 

The purity control governs the over¬ 
all position of the three beams as 
a group, and the convergence control 
governs their individual positions 
with respect to each other. With one 
electron gun, as in the standard mon¬ 
ochrome picture tube, the only prob¬ 
lem is to position and focus the beam 
in the exact center of the screen. The 
tri-color tube, however, contains three 
electron beams which must converge 
and pass through the same holes in 
the shadow mask to strike the proper 
phosphor dots. Misconvergence pro¬ 
duces individual colors at the edges 
of all the objects in a monochrome 
picture, and improper color fringing 
in a color picture. 
To make the convergence adjust¬ 

ments, a signal, which is generated 
by a piece of test equipment called a 
white-dot generator, is applied to the 
receiver input or to the input circuit 
of the video amplifier section to pro¬ 
duce primary color dots or squares 
over the entire raster area. An exam¬ 
ple of the dot pattern is shown in 

Fig. 11. The adjustments are made 
to converge these dots into a series 
of white dots. 

There must be two types of con¬ 
vergence adjustments, regardless of 
the type of tri-color tube used in the 
receiver—static and dynamic. If the 
color tube contains an internal con¬ 
vergence electrode, static convergence 
is accomplished with a set of de ad¬ 
justments and beam-positioning mag¬ 
nets that align the three beams with 
respect to each other. The beam¬ 
positioning magnets cause the beams 

FIG. 11. Dot movement pattern. 

to move in the directions indicated 
by the solid arrows in Fig. 11. By 
correctly positioning the magnets and 
adjusting the de convergence voltage 
applied to the internal convergence 
electrode, the three beams can be 
made to produce a white dot pat¬ 
tern in the center portion of the screen. 

Static convergence in tri-color tubes 
having external convergence coils is 
accomplished by adjusting the cylin¬ 
drical magnets associated with each 
convergence assembly and by cor¬ 
rectly positioning the blue beam¬ 
positioning magnet over the blue gun. 
The cylindrical magnets can be ro-
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tated to vary the magnetic fields and 
cause the electron beams to move in 
the directions indicated by the solid 
arrows in Fig. 11. The additional blue 
beam-positioning magnet is adjusted 
to obtain the horizontal motion of 
the blue electron beam. These mag¬ 
nets are adjusted and positioned to 
converge a red, green, and blue dot 
pattern into a white dot pattern in 
the center of the screen. 
Dynamic convergence adjustments 

are made to produce the same faithful 
dot convergence over the entire raster 
area by applying special horizontal 
and vertical waveforms to the indi¬ 
vidual convergence coils (or to the 
convergence electrode). Each wave¬ 
form is controllable in amplitude, 
phase, and shape. The phase must 
be the same as that of the horizontal 
and vertical deflection signals, and 
the shape and amplitude must cor¬ 
respond to the curvature of the screen 
to compensate for the varying dis¬ 
tances the beam must travel between 
the guns and the various sections of 
the screen. 
Before making any convergence 

adjustments on either type of color 
picture tube, connect a dot generator 
to the proper point in the receiver 
to produce a synchronized dot pat¬ 
tern on the screen. The synchroniz¬ 
ing signals are obtained from the 
horizontal and vertical deflection 
circuits in the receiver. Clip the 
“horizontal lead” from the dot gener¬ 
ator to the insulation on one of the 
leads in the deflection yoke cable. 
This will supply the correct horizontal 
deflection waveform to the dot gen¬ 
erator. Vertical synchronization is 
obtained from the signal applied to 
the cathode of the red gun. There¬ 

fore, attach the “vertical lead” to the 
insulation of this lead at the picture 
tube socket. If the dot generator has 
internal vertical sync, omit this 
connection. 

Connect the “ground lead” to the 
receiver chassis, and the “output 
lead” to the delay line near the second 
video amplifier tube. However, be 
certain that the “output lead” does 
not short to the chassis because this 
point is at B-j- potential. Then, set 
the receiver to obtain a signal from 
some channel to provide the standard 
sync ¡mises for the dot generator. 
Static Convergence. Pre-set the 

red, green, and blue horizontal and 
vertical amplitude controls to mini¬ 
mum (fully counter-clockwise), and 
the red, green, and blue vertical tilt 
controls to mid-range. Adjust the 
three convergence magnets and the 
blue beam-positioning magnet as ex¬ 
plained earlier to produce a properly 
converged white dot at the center of 
the screen. 

At this point the dot pattern should 
appear as shown in Fig. 12, which 
represents a line of dots through the 
center of the screen horizontally and 
vertically. Actually, the dot triangles 
will cover the screen. The center 
dots will be converged, but there 
will be misconvergence at the sides 
and at the top and bottom of the 
screen. The dot triangles may not 
necessarily be equilateral triangles as 
in the illustration, but you should 
obtain approximately the pattern 
shown. 
Dynamic Convergence. After the 

dot is converged at the center of the 
screen, vertical and horizontal dy¬ 
namic convergence adjustments must 
be made to produce properly con-
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verged dots at the edges. Fig. 12 
shows the approximate positions of 
the rows of dots that should be used 
for reference purposes during the con¬ 
vergence adjustments. The dynamic 
convergence controls on some color 
receivers are located on the front 
panel, while in other receivers the 
convergence circuits and controls are 
contained in a separate chassis. An 
example of the latter type is shown 
in Fig. 13. Refer to this illustration 
as we discuss the adjustment proce¬ 
dure. 

Vertical Convergence. The vertical 
row of dots nearest the center of the 
screen must be converged first. Turn 
the red vertical amplitude control, 
shown in Fig. 13, fully clockwise, and 

adjust the red vertical tilt control 
for maximum displacement of the red 
riots from the blue dots at the center 
of the screen. Turn the green vertical 
amplitude control fully clockwise, and 
adjust the green vertical tilt control 
for a maximum displacement of the 
green dots. You will notice that these 
adjustments cause the dots to move 
in opposite directions. 

Unless the grid of the blue gun in 
the picture tube is grounded, it will 
be difficult to see the spacing between 
the red and green dots. Therefore, 
either ground the blue grid at the 
rear of the chassis (provisions have 
been made to ground the individual 
grids) or turn the switch that con-

FIG. 12. Proper static convergence. 
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FIG. 13. Convergence chassis showing adjustments. 

trois the blue gun to the off position. 
Follow either procedure, depending 
upon the type of receiver that you 
are adjusting. 

With the blue gun inoperative, the 
center row of vertical dots will appear 
as shown in Fig. 14A. Adjust the 
red and green vertical amplitude con¬ 
trols to produce straight vertical lines 
of red and green dots equally dis¬ 
placed from each other, as shown in 
Fig. 14B. Converge the two rows of 
dots, using the red and green con¬ 
vergence magnet adjustments, to pro¬ 

duce a single vertical row of yellow 
dots. The rows of red and green dots 
move in the directions indicated in 
the illustration. If the red and green 
dots appear displaced at the top or 
bottom, readjust the red and green 
vertical amplitude and tilt controls. 

Turn on the blue grid, and set the 
blue vertical amplitude control fully 
clockwise. Alternately adjust the 
blue vertical tilt and amplitude con¬ 
trols until the displacement of the 
blue dots is uniform with respect to 
the yellow dots along the entire ver-
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tical center line. The dots move in 
the directions shown in Fig. 14C. 
Adjust the blue convergence magnet 
and the blue beam-positioning magnet 
until the blue dots fall on the row 
of yellow dots, forming a single ver¬ 
tical row of dots as in Fig. 14D. 

Horizontal Convergence. The hor¬ 
izontal convergence adjustment pro¬ 
cedure is approximately the same as 

that for vertical convergence. How¬ 
ever, the horizontal row of dots near¬ 
est the center of the screen, illustrated 
in Fig. 12, is used for the reference. 
When the horizontal convergence con¬ 
trols are adjusted, the dots move as 
indicated in Fig. 15A. 

Turn the blue horizontal amplitude 
control fully clockwise and adjust the 
blue horizontal phasing control to 
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FIG. 15. Horizontal dynamic convergence patterns. 

produce maximum downward dis¬ 
placement of the blue dots at the 
center of the screen. Alternately ad¬ 
just the blue horizontal phasing and 
the blue horizontal amplitude con¬ 
trols to produce a straight horizontal 
line of blue dots across the screen. 

Ground the red grid of the picture 
tube at the rear of the chassis, and 
alternately adjust the green horizon¬ 
tal amplitude and phasing controls 
to produce a uniform displacement of 
the entire center line of green dots 
with respect to the center line of blue 
dots. 
Ground the blue grid and remove 

the grounding lead from the red grid 
of the picture tube. Adjust the red 
horizontal amplitude and phasing 
controls to produce uniform displace¬ 
ment of the center line of red dots 

with respect to the center line of the 
green dots. Remove the ground lead 
from the blue grid, and the dot pat¬ 
tern should appear as in Fig. 15B. 
The dots must now be converged 

to form a single line of white dots. 
To do this, short out the blue grid 
once more, and adjust the green and 
red convergence magnets until a 
single center line of yellow dots is 
produced. Finally, remove the ground 
from the blue grid, and adjust the 
blue convergence magnet and blue 
beam-positioning magnet to move the 
blue dots onto the yellow dots, pro¬ 
ducing white dots. After you have 
carried out these adjustments, a dot 
pattern should now show maximum 
convergence, both horizontally and 
vertically, over the entire screen. 
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Color Test Equipment 
Because a color television receiver 

has many of the same circuits found 
in a monochrome receiver, you will 
need all the test equipment ordinar¬ 
ily used to service black-and-white 
receivers. If you have had some 
experience in servicing monochrome 
receivers, you will have no difficulty 
in servicing these sections in a color 
receiver. However, to adjust and 
check the chrominance sections of a 
color television receiver properly, you 
will need two additional pieces of 
test equipment—a color-bar genera¬ 
tor and a white-dot generator. 

You learned in the preceding sec¬ 
tions that a white-dot signal generator 
is used in making convergence adjust¬ 
ments. The instrument produces sig¬ 
nals which form a dot pattern on the 
picture tube screen. A test instru¬ 
ment similar to the white-dot gener¬ 
ator can be obtained that will form 
not only a dot pattern, but also 
horizontal and vertical bars and a 
cross-hatch pattern for making hor¬ 
izontal and vertical linearity adjust¬ 
ments. An instrument of this type 
will be discussed later in this section. 

Adjustments in the chrominance 
section of a color receiver can be 
made most efficiently with a color¬ 
bar generator. This instrument forms 
a signal which produces a group of 
vertical color bars across the picture 
tube screen. With the color-bar gen¬ 
erator connected to the proper test 
point in the color receiver as instruct¬ 
ed in the manufacturer’s service infor¬ 
mation, the generator will produce 
from 10 to 16 different color signals 
which correspond to all the primary 

and secondary color signals, the color¬ 
difference signals, the I and Q signals, 
and black and white. By observing 
the color of the bars, you can accu¬ 
rately adjust the chrominance section 
to produce faithful color reproduc¬ 
tion. 

In addition to the white-dot and 
color-bar generators, you will need 
the equipment that is ordinarily used 
in servicing monochrome receivers, 
such as a sweep generator, a marker 
generator, a vtvm, and an oscillo¬ 
scope. These test units must have 
stricter tolerances, however, if they 
are to be used effectively in color 
television work. For example, the 
oscilloscope must have a wide-band 
response up to 4 or 5 me so that you 
can observe the chrominance side¬ 
bands above 3.8 me. Accurately cal¬ 
ibrated marker generators are neces¬ 
sary in performing the more critical 
alignment work required in color 
receivers. Because the frequencies 
are closely spaced on the response 
curve, the marker generator must be 
very accurate. This accuracy is ob¬ 
tained usually by using a crystal-con¬ 
trolled oscillator. 

The video sweep generator used in 
color television alignment must not 
only supply a linear sweep over the 
i-f and VHF ranges, but also it must 
produce the video sweep range be¬ 
tween 0 and 5 or 6 me. However, if 
the frequency output of the rf-if 
sweep generator that you have been 
using in monochrome receiver align¬ 
ment is flat, it can be used, together 
with a wide-band oscilloscope, to 
check the low-gain circuits by adding 
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0 
FIG. 16. Bar and dot patterns. A, horizontal bars; B, vertical bars; C, cross-hatch 

pattern; D, dot pattern converged. 

a chromatic amplifier with a high-
frequency probe. This instrument, 
which is usually a two-stage, wide¬ 
band rf amplifier, is connected to the 
various chrominance circuits under 
test, such as the Y channel and matrix 
circuits. The chromatic amplifier 
boosts the signal strength until it is 
high enough to obtain full deflection 
on the oscilloscope. Of course, addi¬ 
tional amplification is not needed in 
many of the stages. This test instru¬ 
ment is used only in the very low-
gain circuits. 
From your study of monochrome 

receiver alignment and adjustment, 
you should have an idea of how to 
use all the test instruments that we 
have just described, with the excep¬ 
tion of the white-dot and the color¬ 
bar generators. Therefore we will 
briefly describe these instruments and 
find out how they are used in adjust¬ 

ing and aligning color television 
receivers. As stated previously, we 
will not take up color receiver align¬ 
ment in this lesson. The alignment 
instructions should be obtained from 
the manufacturer for each model. 

DOT-PATTERN G ENE RATO R 

A combination bar and dot genera¬ 
tor, which is often used in color tele¬ 
vision work, will form a dot pattern 
for convergence adjustments, and 
also can generate signals which pro¬ 
duce horizontal and vertical lines, 
and cross-hatch patterns for making 
linearity adjustments on either a 
color or a monochrome receiver. 

To produce the bar patterns on the 
screen, the horizontal and vertical 
oscillators in the generator must 
operate at a prescribed frequency 
with respect to the horizontal and 
vertical scanning rates. For example, 
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to produce a number of horizontal 
bars on the screen, the horizontal os¬ 
cillator must operate at a frequency 
that is lower than the line rate but 
higher than the vertical rate. Fig. 
16A is an illustration of the pattern 
that would appear on the picture tube 
screen when the test instrument is 
adjusted to produce horizontal bars. 
In most dot-pattern generators, the 
number of horizontal bars is some¬ 
where between 8 and 15. 

To produce the vertical bar pattern 
shown in Fig. 16B, the vertical oscil¬ 
lator must operate at a frequency 
that is higher than the line rate. As 
the scanning beam travels across and 
down one line of the raster, the pulse 
signals from the vertical oscillator 
change the line illumination so that 
a series of vertical bars appears on 
the screen. The usual number of 
vertical bars is 12. 

If the receiver is properly adjusted, 
the bars will be evenly spaced across 
and down the screen, because they 
are generated in a prescribed and 
fixed time sequence. If this even 
spacing does not exist, it indicates 
non-linearity in the deflection sys¬ 
tems of the receiver. 

The cross-hatch pattern, shown in 
Fig. 16C, is formed when both hori¬ 
zontal and vertical bar oscillators are 
in operation. This pattern again can 
be used in making horizontal and 
vertical linearity adjustments simul¬ 
taneously, and for checking the over¬ 
all linearity of the horizontal and 
vertical circuits. 

To form a dot pattern on the pic¬ 
ture tube screen, the generator cir¬ 
cuits must emphasize and generate 
signals only at the time intervals 
during which both the horizontal and 

vertical bar oscillators are contrib¬ 
uting signals simultaneously. These 
time intervals occur when the lines 
cross in the cross-hatch pattern Thus, 
the dots shown in Fig. 16D correspond 
to the positions of the horizontal and 
vertical cross-over points. 

The dot pattern is used primarily 
in making horizontal and vertical 
convergence adjustments in color 
receivers. However, it can also be 
used to determine non-linearity in the 
horizontal and vertical circuits by 
observing the spacings between the 
dots over the picture tube screen. 

COLOR-BARGENERATOR 
The color-bar generator produces 

signals that form a number of ver¬ 
tical color bars on the screen of the 
picture tube. These bars are useful 
in adjusting and checking the per¬ 
formance of the chrominance chan¬ 
nels and the matrix section of the 
color receiver. The color-bar patterns 
produced by one type of color-bar 
generator is illustrated in Fig. 17. 

The color-bar pattern in Fig. 17 
is composed of ten vertical bars that 
extend from the top to the bottom of 
the screen. The first and the tenth 
are partly cut off at the extreme edge 
of the screen. Notice that the spaces 

FIG. 17. Color-bar pattern produced by 
one type of color-bar generator. 
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between the bars contain no color. 
You can use this half-tone back¬ 
ground, therefore, to compare the 
color levels and the background 
brightness. From left to right, the 
colors of the bars are dull yellowish-
orange, orange (I), bright red (R-Y), 
bluish-red, magenta (Q), blue (B-Y), 
greenish-blue, cyan (-1), bluish-green 
— (R-Y), and dark green. 

The circuits in the color-bar gen¬ 
erator transmit signals that corre¬ 
spond in phase and amplitude to 
each hue during the interval of one 
line of picture information. The sig¬ 
nal usually contains 8 cycles of the 
subcarrier frequency for each hue to 
be reproduced. 
Definite hues are reproduced be¬ 

cause the signal from the color-bar 
generator corresponds to the indi¬ 
vidual chrominance signals in both 
phase and amplitude. By studying the 
positions of the various color signals 
on the diagram in Fig. 18, you can 
see that all the chrominance signals 
used in color television transmission 
are spaced approximately 30° apart. 
Thus, by taking a sample, consisting 
of 8 cycles of the subcarrier signal, 
at each of these points, the hues can 
be reproduced on the tri-color tube 
screen. 

Sampling occurs because the output 
of the crystal-controlled bar oscilla¬ 
tor is applied to a circuit which 
produces a pulse signal having a 

vector is numbered to correspond to one 
bar. 

fundamental frequency that is twelve 
times as high as the line rate (or 
approximately 189 kc). The output 
of this circuit is used to key the sub¬ 
carrier signal from the subcarrier os¬ 
cillator. Each time the pulse signal 
is produced by the circuit, eight cycles 
of the subcarrier signal are fed to the 
color receiver. 

Many color-bar generators are 
able to produce not only the chromi¬ 
nance signals, but also the subcarrier 
signal similar to that sent from the 
transmitter. Therefore, the instru¬ 
ment can be connected to the antenna 
terminals. However, other color-bar 
generators must be used in the chrom¬ 
inance sections only. 
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Servicing Color Receivers 
Servicing a color television receiver 

is no more difficult than servicing a 
monochrome receiver, if you under¬ 
stand how the receiver operates. Of 
course, a color receiver contains many 
more circuits than a monochrome 
receiver. However, you can use essen¬ 
tially the same localization procedure 
by observing how the defect or dis¬ 
turbance affects the image on the 
picture tube screen. After some prac¬ 
tice you will be able to isolate the 
defect quickly to just a few stages. 

At this time you are probably un¬ 
familiar with what to expect from a 
properly adjusted color receiver. 
Many apparent defects in the color 
image may not be due to circuit fail¬ 
ures or troubles at all, but to improper 
receiver adjustments. As pointed out 
previously, the operation and adjust¬ 
ment procedures required for a color 
receiver are more precise and involved 
than for a monochrome receiver. 
Therefore, beware of diagnosing cir¬ 
cuit defects before you make certain 
that the color adjustments have not 
drifted or been made improperly. 
Before we discuss the servicing 

techniques that can be used in locat¬ 
ing defects in the circuits that handle 
the color information, let us point 
out some defects that require the 
same servicing techniques as in black-
and-white receivers. If you are fa¬ 
miliar with the operation of these 
circuits in the monochrome system, 
you should have no difficulty in ser¬ 
vicing them in the color receiver. As 
we go through the test procedures, 
some of the tests and servicing tech¬ 
niques will be familiar to you, because 

they were discussed in other lessons 
in this course. 

MONOCHROME DEFECTS 

As in monochrome receivers, the 
major source of trouble in the color 
receiver is defective tubes. This is 
even more true in the color receiver 
because additional tubes are required 
to take care of the color portion of 
the reproduced picture. Therefore, 
before carrying out any specific tests 
in a color receiver, check the tubes 
for burned-out filaments, low emis¬ 
sion, and internal shorts. Notice that 
this is the same procedure as for 
servicing monochrome receivers and 
radio receivers as well. 
You should have no difficulty in 

servicing the low-voltage power sup¬ 
ply in the color receiver. The high-
voltage supply should not be difficult 
if you understand the operation of 
the corresponding circuit in mono¬ 
chrome receivers. If you suspect 
trouble in this section of the color 
receiver, measure the high voltage at 
the cathode of the high-voltage rec¬ 
tifier tube, using a vacuum-tube volt¬ 
meter and a high-voltage probe. If 
the voltage is low, or if there is no 
voltage at this point, turn the re¬ 
ceiver off, and make continuity and 
resistance checks throughout the 
high-voltage section with an ohm¬ 
meter. Before using the ohmmeter, 
however, make certain that the con¬ 
densers are discharged. Also, when 
measuring the high voltage at the 
cathode of the high-voltage rectifier 
tube, turn the set off and allow enough 
time for the condensers to discharge 



before removing the meter lead from 
the high-voltage terminal. 

Defects in the horizontal and ver¬ 
tical sync and sweep circuits in both 
color and monochrome receivers will 
produce the same type of raster dis¬ 
turbance. Complete failure of the 
vertical sweep circuits will cause a 
horizontal line to appear; complete 
failure of the horizontal sweep cir¬ 
cuits will cause the entire raster to 
disappear, because the high voltage 
is obtained by the flyback action of 
the horizontal sweep, and if there is 
no sweep there will be no high volt¬ 
age. 

In a color receiver, defects in the 
horizontal and vertical sweep circuits 
also affect the convergence. If the 
circuits are functioning improperly, 
use an oscilloscope to view the wave¬ 
forms through the circuit. 
A defect in the sync circuits also 

can be located by observing the shape 
of the vertical or horizontal sync 
pulses from the sync take-off point 
through the sync system to the ver¬ 
tical and horizontal sweep amplifiers. 
If the video signal sync take-off point 
is distorted, you should check the 
video detector and any video stages 
that may be used between the detec¬ 
tor and the sync take-off point. If 
these stages are operating properly, 
there may be a defect in the tuner or 
the video i-f amplifier. 

The procedure used in servicing the 
sound section of a color receiver is 
similar to that used in a monochrome 
receiver. For example, if the receiver 
has a normal picture but no sound, 
begin at the sound take-off point and 
trace the sound through to the loud¬ 
speaker. Color receivers usually use 
an intercarrier sound system; the 

sound take-off point is either at the 
last i-f stage or at the video detector. 

If the sound is normal, but there 
is no picture, or a poorly synchronized 
picture when a monochrome signal 
is tuned in, look for a defect in the 
luminance or the sync sections. The 
servicing procedures required to lo¬ 
cate these troubles are the same as 
you would use in standard mono¬ 
chrome receivers. Therefore, the ex¬ 
perience that you have gained in 
servicing and locating troubles in 
monochrome receivers will be inval¬ 
uable to you in repairing similar 
defects in the corresponding sections 
of a color receiver. 

CHROMINANCE DEFECTS 
Disturbances that influence purity, 

balance, and convergence can make 
themselves apparent as monochrome 
defects. For example, improper con¬ 
vergence will cause a monochrome 
picture to appear to be outlined in 
one of the primary or secondary col¬ 
ors, as shown in Fig. 19. If a part 
of the picture is tinted or if one side 
shows a tint of one color and the 
other side a tint of another color, the 
purity adjustments should be checked. 

FIG. 19. Influence of improper converg¬ 
ence on a monochrome picture. 



If the entire picture is tinted one 
color, the red, green, and blue guns 
are not balanced. 

To determine if there is a raster 
disturbance, set the color receiver to 
an unused channel, and turn the con¬ 
trast control to minimum. Turn the 
brightness control to maximum, and 
you should obtain a normal gray 
raster. If there is color contamina¬ 
tion in a part of the raster, the purity 
adjustments should be checked. If 
the entire raster is tinted, the balance 
adjustments should be checked. Check 
the purity by turning the blue and 
green screen controls to minimum 
and the red control to maximum. You 
should obtain a uniform red raster. 
Check the blue and green fields by 
turning the red screen control coun¬ 
ter-clockwise and advancing the blue 
and green screen controls separately. 
If you obtain uniform primary colors 
over the entire raster, the purity 
adjustments have been made prop¬ 
erly. 

The balance adjustments also must 
be made correct!}' to obtain a black-
and-white monochrome picture rather 
than a picture tinted red or one of 
the other primary colors. When the 
beams are properly balanced, the 
raster should remain gray regardless 
of the setting of the brightness and 
contrast controls. With a signal from 
a dot generator applied to the receiv¬ 
er, the resultant pattern on the 
screen at low and high brightness 
should appear as shown in Fig. 20. 

Color fringing or outlining in a 
monochrome picture can be caused 
by defects in the convergence cir¬ 
cuits. Connect a bar-pattern signal 
generator to the receiver, and set the 
controls to produce a cross-hatch pat-

FIG. 20. Correct white balance adjust¬ 
ments. Above, correct white highlight 
adjustment; below, correct white low-

light adjustment. 

tern on the screen. Misconvergence 
will be indicated if color fringing 
appears around the edges of the bars. 
If you cannot converge the beam re¬ 
gardless of how much you adjust the 
convergence controls, use an oscillo¬ 
scope and observe the waveforms 
throughout the convergence circuits. 
You may find that the convergence 
waveforms are distorted. 

Before the convergence adjustments 
can be made properly, the correct 
voltage value must be applied to the 
high-voltage anode of the picture 
tube. Measure the voltage with a 
vtvin and a high-voltage probe, and 
adjust it to the value recommended 
by tb.e manufacturer. 

If you cannot locate the trouble 
by checking the purity, balance, and 
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convergence, the defect may be in the 
luminance channel of the receiver. 
For example, if the tube in the second 
video amplifier has weak emission, 
insufficient luminance signal will be 
fed to the picture tube grids. Remem¬ 
ber that the luminance signal passes 
through two video amplifier stages 
and the matrix section to the grids 
of the color picture tube. A defect in 
either video amplifier will influence 
the signals reaching all the picture 
tube guns in the same manner. In 
addition, even the monochrome ver¬ 
sion of the picture will have insuffi¬ 
cient contrast. 

Although a luminance channel de¬ 
fect affects all three colors, a defect 
in the matrix section will confine it¬ 
self to just a single color. Before 
deciding that the trouble is due to a 
matrix circuit defect, however, try 
readjusting the blue and green gain 
and background controls. Unless the 
matrix controls are adjusted correct¬ 
ly, the proper proportions of the 
primary color signals will not be fed 
to the grids of the picture tube. If 
the color contamination cannot be 
eliminated, one of the signals is weak 
or missing. Therefore, short out two 
of the control grids and observe the 
remaining primary color image on the 
screen. With the blue and green grids 
shorted to the receiver chassis, a 
strong red image should appear on 
the screen. With the red and green 
grids shorted, the image should be 
blue. Finally, a green image should 
be reproduced on the screen when the 
red and blue grids are shorted to the 
chassis. If one of the primary colors 
is absent or weak, there is a defect 
in that section of the matrix unit. 

If you thoroughly understand the 

operation of the color receiver, you 
can usually isolate the defect to one 
of the matrix sections merely by ob¬ 
serving the nature of the color tint¬ 
ing. For example, if the blue signal 
is missing or weak at the control grid 
of the blue gun, the reproduced pic¬ 
ture will have a yellowish tint because 
the red and green dots are excited 
normally. If the red signal is weak 
or absent, the reproduced picture is 
likely to have a complementary cyan 
tint, and if the green primary color 
signal is missing, the picture would 
have a magenta tint. 

Another type of color contamination 
can occur if the color-killer circuit is 
not operating. The color-killer sec¬ 
tion should produce a voltage which 
turns off the band-pass amplifier dur¬ 
ing reception of a monochrome sig¬ 
nal. If this section permits the lumi¬ 
nance information to pass through the 
chrominance channels, a fine back¬ 
ground of colored dots will appear on 
the screen. This indicates that the 
picture tube grids are being modu¬ 
lated by signal components from the 
chrominance channel. 

If a normal monochrome picture is 
received free of color contamination, 
but a color picture signal cannot be 
reproduced faithfully, there is a de¬ 
fect in the chrominance sections of 
the receiver. Color circuit defects can 
be classed in three main categories: 
no color, poor color synchronization, 
and improper hues. 

Defects in the color sync circuits 
can result in improper hues or color 
instability. Generally, improper ad¬ 
justments produce improper hues, as 
shown in Fig. 21A, while poor color 
sync stability caused by a circuit 
defect produces a continuously chang-
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FIG. 21A. Incorrect hue control adjustment. 

FIG. 21 B. Loss of color sync. 

FIG. 21C. Normal picture. 

ing color pattern, as shown in Fig. 
21B. A normal picture is shown in 
Fig. 21C. Notice how flesh tones are 
reproduced most faithfully when the 

receiver is in peak operating condi¬ 
tion. 

A color-bar generator is useful in 
locating defects in the chrominance 
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I* IG. 22. Color-bar generator pattern 
with color missing. 

channels because the signal output 
from this instrument can be fed into 
the various sections, and the resultant 
hues can be seen on the screen. By 
studying the colors, you will be able 
to detect which channel is probably 
at fault. 

If the chrominance channels are not 
operating properly, the color bar pat¬ 
tern shown in Fig. 22 will appear on 
the screen. Of course, both the 
chrominance signal and the locally 
generated subcarrier sine waves must 
be present at the grids of the demod¬ 
ulator tubes before the chrominance 
channels will function. A defect in 
the bandpass amplifier or an inoper¬ 
ative bandpass amplifier resulting 
from a failure in the color phase 
detector circuit could prevent chrom¬ 
inance signals from reaching the 
demodulators. If the crystal subcar¬ 
rier oscillator or its succeeding ampli¬ 
fier is inoperative, the inserted sub¬ 
carrier signals will be removed. Con¬ 
sequently, the chrominance signals 
would not be developed in the demod¬ 
ulator output circuits. 

FIG. 23A. I signal missing. 

FIG. 23B. Q signal missing. 
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FIG. 21A. Hum in thv (J channel. 

Fig. 2IB. Hum in the I channel. 

An oscilloscope is useful in locating 
defects in the color channels. By 
attaching the oscilloscope to the indi¬ 
vidual grids of the demodulator 
stages, you can quickly locate the 
points at which the chrominance sig¬ 
nals or the subcarrier sine waves are 
missing. 

When there is a defect in either 
the I (or R-Y) channel or the Q 
channel, the reproduced image is col¬ 
ored. This coloring is stationary, but 
there is an improper rendition of the 
hues. In a receiver that demodulates 
on the I and Q axes, the color images 
would appear as shown in Fig. 23. 
With the I signal missing (Fig. 23A), 
the dominant colors are in the green 
to purple range, while with the Q 
signal missing (Fig. 23B ), the dom¬ 

inant colors are in the orange to blue¬ 
green range. By observing tue image 
reproduced on the picture tube, you 
can quickly isolate the defect to the 
I or Q channel. Hum in the Q channel 
appears as green and magenta hori¬ 
zontal bars as shown in Fig 24A. 
Hum in the I channel appears as 
orange and cyan horizontal bars as 
shown in Fig. 24B. Again this defect 
demonstrates how each channel em¬ 
phasizes the range of hues that it is 
to pass. 
The color-bar generator is also 

helpful in locating misadjustments 
and circuit defects in the three chan¬ 
nels of the matrix unit. By observing 
the presence or absence of certain 
colors, you can quickly determine the 
defective section. For example, with 
the red signal removed, the color of 
the bars will range from blue to green 
as shown in Fig. 25A. Figs. 25B and 
25C illustrate the resultant bar pat¬ 
terns when the green and blue signals 
are absent. Thus, improper adjust¬ 
ments as well as circuit defects can 
be located quickly by using this test 
instrument and observing the repro¬ 
duced colors in the pattern. 

As you gain experience in servicing 
color receivers, you will find that 
many of the trouble-shooting tech¬ 
niques used in locating defects in 
monochrome receivers can be used 
effectively in corresponding sections 
of the color receiver. Color receiver 
adjustments must be made more ac¬ 
curately than those in the black-and-
white receiver because slight misad¬ 
justments will be more noticeable in 
the reproduced color picture. A cus¬ 
tomer who may disregard slight in¬ 
accuracies in the adjustment of a 
monochrome receiver will insist upon 
a faithful color rendition on his color 
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FIG. 25A. Red missing. fig. 25C. Blue missing. 

FIG. 25B. Green missing. 

receiver. Remember, the more experi¬ 
ence you have in receiver adjustments, 
the more rapidly and expertly you 
will be able to make them. 

As you have noticed in this and in 
other lessons, the circuits used in 
color receivers and the adjustments 
vary considerably. Therefore, while 
you are learning to service and adjust 
receivers, obtain the service informa¬ 
tion on each model and follow the 
manufacturers’ recommendations 
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Lesson Questions 
Be sure to number your Answer Sheet 61B. 

Place your Student Number on every \nswer Sheet. 

Most students want to know their grade as soon as possible, so they 
mail their set of answers immediately. < )t hers, knowing t hey will finish 
the next lesson within a few days, send in two sets of answers at a time. 
Either practice is acceptable to us. However, don't hold your answers 
too long; you may lose them. Don't hold answers to scud in more than 
two sets at a time, or you may run out of lessons before new ones can 
reach you. 

1. When you are installing a color receiver, when you turn it on for the first 
time to check its performance, which type of transmission should you try to 
tune in, a monochrome or a color transmission? 

2. Why must the fine-tuning control on a color receiver be adjusted more care¬ 
fully than the fine-tuning control on a monochrome receiver? 

3. When adjusting a color receiver for best color using a color program trans¬ 
mission, what color should you adjust for best reproduction? 

4. What adjustments are used to make the beams strike the center of their 
respective phosphor dots on the screen? 

5. If the black and white pictures obtained on a color receiver during a mono¬ 
chrome transmission are outlined in color, what is the most likely trouble? 

6. What is the purpose of the field-neutralizing assembly? 

7. If the black and white picture on a color receiver during a monochrome 
transmission has a blue tint, which one of the following adjustments should 
be checked: purity, balance, convergence? 

8. When making convergence adjustments, which would you use: a sweep 
signal generator, a dot generator, or a color-bar generator? 

9. Will a defect in the video detector of a color receiver affect the performance 
of the receiver on color programs only, on monochrome programs only, or 
on both color and monochrome programs? 

10. Will a defect in the I detector of an I and Q color receiver affect the per¬ 
formance of the receiver on color programs only, monochrome programs 
only, or on both color and monochrome programs? 



as ever. Kemember 
than you're paid to 
more than von do. 

X. Devote a few minutes each day to clear think¬ 
ing about your job, your future and your company’s 
future. 

HI. Develop a “we” and “our” attitude toward 
your company. Realize that what hurts company 
business hurts vou also. 

IX. Don't bury your nose in the details of your 
job. Assign routine duties to your assistants, so 
you will have time for more important things. 





STUDY SCHEDULE 

For each study step, read the assigned pages first at your 
usual speed, then re-read slowly one or more times. Finish 
with one quick reading to fix the important facts firmly in 
your mini!. Study each other step in this same way. 

1. Introduction 

In this brief section, you learn where TV signal distribution systems are 
used and why they are needed. You also find out how the remainder of 
this reference text is organized. 

[ I 2. Types of Distribution Systems. Pages 3-7 
Here you study various types of distribution systems—from a small 
two-receiver installation to an elaborate system that serves an entire 
city. After studying this section, you will "have an idea of the scope of 
the subject. 

□ 3. Component Units and Accessories. Pages 7-23 
Each piece of equipment that is used in distribution systems, regardless 
of the size, is discussed here. You learn how they operate and how they 
are designed to meet specific needs. 

I ] 4. Small Distribution Systems. Pages 24-29 
typical arrangements for small distribution systems arc described in 
this section. In addition, you learn some of the problems that may be 
encountered in the installation of a distribution system. 

O 5. Large Apartment and Community Systems.Pages 30-36 
I his section is devoted to distribution systems that are used in the more 
elaborate installations. You learn the arrangement of the components 
in typical installations and find out how they differ from the smaller 
systems that were discussed in earlier sections. 

COPYRIGHT 1956 BY NATIONAL RADIO INSTITUTE, WASHINGTON, D. C. 
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MULTIPLE-OUTLET AND 
COMMUNITY TV ANTENNAS 

AM AJORITY of the television sig¬ 
nal distribution systems that you 

will meet in your service work will 
consist merely of an indoor or an out¬ 
door antenna, used to supply TV sig¬ 
nals to a single receiver. However, in 
some localities it is not practical tc 
erect a separate antenna for each re¬ 
ceiver; this is particularly true in a 
large apartment house. 

There are areas in which it is prac¬ 
tically impossible to receive any tele¬ 
vision signals of sufficient strength to 
operate a receiver and obtain a satis¬ 
factory picture. For example, a com¬ 
munity may be situated in a valley 
or in a location where there is a high, 
mountain between it and the trans¬ 
mitter. In order to get TV signals to 
these isolated areas (isolated as far as 
TV signals are concerned), the com¬ 
munity itself, or a private company, 
can erect a large antenna on the sum¬ 
mit of the nearby mountain where 
television signal reception is possible. 
The antenna intercepts the television 
signals, amplifying equipment in¬ 
creases the signal strengths, and a sys¬ 

tem of coaxial cable and other acces¬ 
sories distribute the signals through¬ 
out the community. Usually the resi¬ 
dents subscribe to the television serv¬ 
ice, and pay a small monthly fee. 

The television signal distribution 
system in a large apartment house, on 
the other hand, is usually installed 
and maintained by the owner of the 
apartment building. He realizes that 
it is to his advantage to eliminate a 
“forest” of antennas on the roof. By 
installing a TV signal distribution 
system, only one antenna is required 
to supply adequate TV signals to all 
the apartments. 

Signal distribution systems, how¬ 
ever, are not confined to large apart¬ 
ment buildings or entire communities. 
The term “distribution system” can 
be applied to an installation that sup¬ 
plies signals to two receivers in a 
private home. The primary purpose 
of any distribution system, whether 
small or large, is to provide at each 
receiver outlet, a signal that will pro¬ 
duce a high quality picture with a 
minimum of noise and interference. 
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This signal standard is set at the 
antenna. The remainder of the system, 
consisting of the coaxial cable, the 
amplifiers, and the other accessories, 
cannot improve the picture quality; 
however, the components that are used 
must be able to maintain the quality 
of the signal throughout the system. 

The purpose of this lesson is to 
acquaint you with the various types of 
signal distribution systems, and to ex¬ 
plain how they operate. In the fol¬ 
lowing section, we will briefly describe 
each of the major types, from a simple 
two-receiver system for a private 

home to an elaborate system that 
serves thousands of sets in an entire 
community or small city. 

Later, we will describe in detail the 
equipment that is used in distribution 
systems. After you are acquainted 
with the components, we will discuss 
the systems again in more detail, and 
point out some of the problems that 
are encountered in planning installa¬ 
tions of this kind. Although you may 
never encounter a signal distribution 
system in your service work, you 
should know of their existence, and 
know how they operate. 
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Types of Distribution Systems 
Each type of distribution system, 

whether simple or complex, must be 
planned and installed carefully. Noth¬ 
ing can be left to chance—this applies 
particularly to the elaborate com¬ 
munity distribution systems. An over¬ 
sight or error in installing the system 
can greatly affect its operation. 

Now, let us briefly describe each 
type of distribution system that you 
may encounter. 

BASIC 
DISTRIBUTION SYSTEMS 

The simplest distribution system is 
the two-receiver arrangement shown 
in Fig. 1. The signals that are picked 
up by the antenna in Fig. 1A are fed 
to an outlet unit which divides them 
into two paths, and transfers them 
to both sets without causing serious 
losses in the signal level. In addition, 
to prevent interaction between the 
sets, the impedance of the outlet units 
must match the input impedance of 
the receivers. Interaction upsets the 
loading and impedance characteristics 
between the receivers so that the ad¬ 
justment of one influences the per¬ 
formance of the other. The outlet 
unit also must isolate the receivers 

from each other to prevent exchange 
of local oscillator signal components. 

The outlet units will be discussed 
in detail later in this lesson. How¬ 
ever, let us briefly describe the basic 
types, because they are used in all 
distribution systems, regardless of the 
size. The simplest outlet unit con¬ 
sists of either a resistor or inductor 
network that divides the signal and 
feeds it into two separate lines. 
Although this type of unit provides 
satisfactory isolation, it does appre¬ 
ciably decrease the signal strength. 
However, if the signal strength in the 
area is high, the resistor or inductor 
network will operate satisfactorily. 

In locations where the signals picked 
up by the antenna are weak, outlet 
amplifier units employing one or two 
vacuum tubes can be used to provide 
isolation between receivers and still 
provide little or no loss in signal levels. 
Still more elaborate outlet units with 
several vacuum tubes can be designed 
to provide small gains in addition to 
effective isolation between receivers. 

In a weak signal area, an amplifier 
unit called a wide-band amplifier can 
be placed between the antenna and the 
outlet unit, as shown in Fig. IB, to 
boost the signal level and to compen-

ANTENNA 
REC. 
NO I 

REC. 
NO 2 

o 
ANTENNA 

FIG. 1. Basic two-receiver plans. 

3 



AMPLIFIER NETWORKS 

FIG. 2. Small apartment building methods. 

sate for the loss encountered in the 
simpler type outlet units. The wide¬ 
band amplifier, as its name suggests, 
uniformly amplifies a wide range of 
frequencies. It can be designed to 
amplify either the high or low-band 
VHF signals, or the entire range from 
channels 2 through 13. 

MULTIPLE OUTLET SYSTEMS 

The distribution system can be de¬ 
signed to provide from four to ten 
individual outputs for feeding mul¬ 
tiple receiver outlets in a small apart¬ 
ment house, a dwelling, a school, or a 
service shop and store. The outlet 
unit may be a resistance or an induc¬ 
tance network, or a more elaborate 
unit employing vacuum tubes. 

The distribution system need not be 
elaborate. If the installation is in 
a strong signal area, the system can 
consist of a good antenna and a 
number of small vacuum tube outlet 
units. A dozen or more receivers can 
be supplied with signals using this 
arrangement, as shown in Fig. 2A. 
If the signal levels are weak, a wide¬ 
band amplifier can be added ahead of 
the distribution outlet amplifiers. 

Instead of using individual vacuum 
tube outlet units, a single high gain 
wide-band amplifier may be used to 
supply a very strong signal to a single 
distribution cable, as shown in Fig. 
2B. At each receiver, an attenuator 
pad of some type, either a resistor or 
an inductor network, is inserted to 
attenuate the signal and provide effec¬ 
tive isolation between the receivers. 
The amount of attenuation presented 
by each pad progressively decreases to¬ 
ward the far end of the line, so that the 
signals delivered to each receiver are 
approximately equal. The signal loss 
at each receiver is compensated for by 
the initial amplification of the signal. 

LARGE APARTMENT 
DISTRIBUTION SYSTEMS 
The preceding distribution methods 

are effective where there are no reflec¬ 
tion or interference problems, and 
where only a limited number of re¬ 
ceivers are to be supplied with signals. 

-►¡CH 2 p—-

from -►Ich 5 I*— 
SEPARATE 
ANTENNAS-»-[ CH II 

-►] CH IS 

FIG. 3. Channel-strip amplifier plans. 

MIXER 
TO 

-^DISTRIBUTION 
ARRANGEMENT 
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However, in larger installations or in 
locations where there are reception 
problems, the distribution system must 
be more elaborate. The basic arrange¬ 
ment of the components is similar to 
the methods described earlier, except 
that individual channel amplifiers may 
be used, as shown in Fig. 3, instead of 
a single wide-band amplifier unit. 

Each channel-strip amplifier is de¬ 
signed to amplify the signals of one 
channel only. It will reject the fre¬ 
quencies of the adjacent channels as 
well as all other signal frequencies. 
This arrangement reduces interference 
in the distribution system because the 
unit is sensitive over the desired signal 
ranges only, and no others. 

It is not always possible to orient 
a single antenna and obtain the best 
reception on a number of channels; 
by using individual antennas, each can 
be oriented for peak performance on 
the channel it is to receive. The 
signal can then be fed to its corre¬ 
sponding channel-strip amplifier. The 
outputs of the strip amplifiers are fed 
into a mixer unit which combines the 
signals so that they can be supplied 
over a single distribution line. 

In an installation which supplies 
signals to a large number of receivers, 

additional amplifiers must be inserted 
properly at spaced intervals to com¬ 
pensate for the attenuation of the 
signals as they pass along the distribu¬ 
tion cables. A typical distribution sys¬ 
tem used in a large apartment building 
or hotel is shown in Fig. 4. 
The signals from a single antenna 

or from four separate antennas are 
fed to the channel-strip amplifier and 
mixer sections. From the output of 
the mixer, the boosted signals are 
distributed to a multiple outlet unit 
which divides the signals into a num¬ 
ber of lines, and feeds them to outlet 
units located on the various floors of 
the building. From the outlet unit, the 
signals are distributed to the receiver 
outlets. As the signals pass through the 
chain of outlet units, they are gradu¬ 
ally attenuated. Therefore, after a 
specified number of outlets and a spe¬ 
cified length of cable, an additional 
wide-band amplifier must be inserted 
to restore the signals to their original 
level. Another group of outlet units 
can then be supplied with the signals. 

Usually, the signals are conveyed 
through main feeder cables to the 
several floors of the building. On each 
floor, the signal is supplied to a wide¬ 
band amplifier, and then into the 

FIG. 4. General plan of large apartment installation. 
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distribution lines to the apartments. 
Thus, it is possible to supply signals 
to hundreds of receivers in an apart¬ 
ment building or hotel by using a 
single antenna installation and a 
properly designed distribution system. 

COMMUNITY 
DISTRIBUTION SYSTEMS 

A community distribution system 
contains the same basic units em¬ 
ployed in a large apartment installa¬ 
tion, except that the spacing between 
outlets is greater and the antenna is 
generally on a mountain top some dis¬ 
tance from the community. 

The signals are amplified at the 
antenna location, and then supplied 
over cables to the community. The 
cables are run on private poles or 
space is rented on local telephone or 
power poles. Since the signals are 
attenuated as they are conveyed over 
long lengths of cable, wide-band 
amplifiers must be inserted into the 
lines at spaced locations to boost and 
restore signal levels to the original 
amplitudes. 

After the signal reaches the town, 
it is again amplified and divided so 

that it can be supplied to the main 
feeder lines that fan out into a com¬ 
munity. In a small community sys¬ 
tem, as shown in Fig. 5, the house 
connections can be made from these 
main arteries. However, in a more 
elaborate system, the main arteries 
just convey the signals about the area 
and retain proper signal levels. Sec¬ 
ondary feeder lines branch off the 
main trunk lines for feeding the 
receiver outlet sections. 

In a community system, additional 
components are required to compen¬ 
sate for the miles of cable needed to 
convey the signal throughout the area. 
In carrying signals over long spans of 
cable, high frequency signals are 
attenuated more than low frequency 
signals. Thus, at various locations 
in the distribution system, it is neces¬ 
sary to insert line-loss equalizers to 
intentionally attenuate the lower fre¬ 
quencies more than the higher fre¬ 
quencies, and thus maintain uniform 
signal levels on the line. 

Each of these distribution tech¬ 
niques will be discussed in more detail 
later. By understanding the operation 
of the various types, you should be 

LINES RUN DOWN 
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FIG. 5. General plan of a community system. 
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able to correct many of the distribu¬ 
tion problems you may encounter in 
your service work. Remember, the 

objective of any distribution system 
is to obtain uniform and reliable per¬ 
formance over the entire system. 

Component Units And Accessories 
In the preceding section, we learned 

the fundamental arrangements of the 
various types of signal distributions 
systems. Next, let us discuss the in¬ 
dividual components, from the antenna 
to the receiver outlets, that make up 
the systems. By studying the function 
and operation of each unit, it will be 
easier to understand the operation of 
any distribution system. 

ANTENNAS 

The type of antenna that is used in 
a distribution system depends upon 
the signal strength, the number of 
channels to be received, and the re¬ 
flection problems at the antenna loca¬ 
tion. In a metropolitan area where the 
signal strength is high, a simple dipole 
and reflector type antenna is often all 
that is needed. If the installation is 
some distance from the transmitting 
antenna, high-band and low-band di¬ 
poles and reflectors also can be used 
to feed separate amplifiers. One ampli¬ 
fier can boost the strength of the sig¬ 
nals from channels 2 through 6, while 
a second amplifier can boost the 
strength of the signals from channels 
7 through 13. 

If the antenna site is surrounded 
by tall buildings, there may be re¬ 
flection problems (ghosts). Reflections 
usually can be eliminated by using 

a separate antenna for each channel 
and feeding the signal from each 
antenna into an individual channel¬ 
strip amplifier. Each antenna can be 
rotated to receive the best signal with 
the least reflection pickup. 

The most common antenna type for 
community antenna systems is the 
five or six element Yagi. This an¬ 
tenna has a high gain and a good uni¬ 
directional pattern to minimize off-
channel interference pickup. A sep¬ 
arate Yagi antenna is often used for 
each channel to be received. 

For reception over a great distance 
and to prevent interference from other 
TV stations operating on the same 
channel frequencies (co-channel inter¬ 
ference), massive horn antennas of 
the type shown in Fig. 6 are often 
used. This design is of particular 
benefit in minimizing co-channel in¬ 
terference because the antenna has 
peak sensitivity (highest gain) in the 
desired direction and a much weaker 
sensitivity in all other directions. 

ANTENNA AMPLIFIERS 

In all distribution systems, with 
the exception of the simplest types, 
amplifiers are used to boost the signal 
strength before the signals are sup¬ 
plied to the transmission line. In 
community systems, the antenna am-
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FIG. 6. Jerrold Horn Antenna. 
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Antenna-mounted amplifier and control 
box. 

plifiers can be mounted either on the 
antenna mast or at the base of the 
antenna tower. For an apartment in¬ 
stallation, a location should be chosen 
that is convenient to the antenna. 
In any system, the antenna ampli¬ 
fier should be mounted as close to the 
antenna as possible to obtain higher 
signal-to-noise ratios, and to prevent 
transmission line attenuation. 

There are several basic amplifier 
methods in common use. The method 
to be used depends upon the needs of 
the system. It may consist of a single 
wide-band amplifier that boosts the 
entire frequency range from channel 2 
through channel 13, separate high-
and low-band amplifiers, or individual 

channel-strip amplifiers—one for each 
channel to be received. 

A high signal-to-noise ratio can 
be obtained (and interference elimi¬ 
nated) by fastening an additional 
strip amplifier to the antenna mast a 
short distance from the antenna so 
that the signal is amplified before any 
significant signal attenuation is in¬ 
troduced. Thus, strength of the noise 
signals picked up by the transmission 
line between the amplifiers on the 
mast and those at the base of the an¬ 
tenna tower is much lower than the 
signal strength. 

The amplifier-mixer units consist 
of four 2-tube channel strip amplifiers 
and a mixer circuit that is able to 
mix and distribute four TV signals. 
Strip amplifiers are available for any 
one of the twelve VHF channels, and 
UHF converter strips also can be in¬ 
serted for any of the UHF channels. 
For additional channels, two or more 
amplifier-mixer units can be cascaded. 

Channel Strip Amplifier. A sche¬ 
matic diagram of a channel strip 
amplifier is shown in Fig. 7. It con¬ 
sists of a grounded grid input stage 
and a pentode output amplifier. The 

Courtesy RCA 
RCA broadband amplifier. 
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RCA strip amplifiers and power supply. 

input, stage, using a 6AB4 triode, pre¬ 
sents a low impedance to match either 
a 300-ohm or a 75-ohm antenna 
system. 

The plate of the triode is coupled 
through a band-pass circuit to the grid 
of the pentode amplifier. A band¬ 
pass circuit consisting of inductors 
L15, L16, L17, and L18, the output 
capacity of the triode (increased by 
capacitor C25), and the input capac¬ 
ity of the pentode stage are chosen 
to pass only the frequency range of 
the channel to be amplified. The 
values of these components present 
minimum gain to the adjacent channel 
frequencies, and thus reduce the pos¬ 
sibility of adjacent channel inter¬ 
ference. To improve the stability of 
the strip and maintain a constant in¬ 
put impedance with a high signal-to-
noise ratio, a proper amount of neu¬ 
tralization is supplied through the 
feedback link consisting of inductor 
L15 and capacitor C30. 

The output of the pentode stage is 
coupled through the plug of the strip 
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PLUG-IN STRIP AMPLIFIERS 

FIG. 8. Mixer section. 

to the socket at the input to the mixer. 
All supply voltage and filament lines 
are adequately filtered by inductors 
or resistor-capacitor combinations. 
Mixer Units. The mixer section 

shown in Fig. 8 combines the four out¬ 
puts of the individual strip amplifiers 
so that they can be applied to a 
single transmission line. The actual 
mixing occurs in the inductor-capaci¬ 
tor sections. By using this type of 
circuit, which acts as an artificial 
transmission line, there is a minimum 
of interaction between the four chan¬ 
nels. The inductor-capacitor sections 
also serve as a transmission line feed-
through from the input to the output 
of the mixer, consequently additional 
mixer units can be connected in cas¬ 
cade to introduce other signals into 
the distribution system. 

The inductor-capacitor mixing sec¬ 
tion is an unbalanced arrangement, 
and it is possible to obtain a 75-ohm 
output directly from this section by 
making certain that the link on the 
second terminal board from the left 
(B2), as shown in Fig. 8, is connected 
between the top and middle screws. 
When a 300-ohm output is desired, the 
same link is moved to connect the 
middle and lower screws on the same 
terminal board. Thus, the output of 
the artificial line passes through 
an unbalance-to-balance transformer, 
consisting of inductors and capacitors, 
to the 300-ohm output cm the terminal 
board, Bl. 

Terminal board B4 on the right con¬ 
tains another 300-ohm input so that 
an additional strong local signal can 
be introduced into the distribution 
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Blonder-Tongue channel strips and 
amplifier-mixer. 

system. The stronger signal is attenu¬ 
ated by the balance-to-balance trans¬ 
former to equalize all the signal levels 
at the output of the mixer. To intro¬ 
duce this signal, however, the link on 
terminal board B3 must be connected 
between the middle and lower screws. 

A second 75-ohm output can be ob¬ 
tained at terminal board B4 by con¬ 
necting the link between the top and 
middle screws on terminal board B3. 
This arrangement permits the mixer 

unit to serve also as a two-receiver 
outlet, or as a single receiver outlet 
plus a line output into a distribution 
system. 

Although it is possible to transmit 
the actual channel frequencies over 
the distribution system, the losses in 
the coaxial cable would cause the 
high-band frequencies to be attenu¬ 
ated more than the low-band fre¬ 
quencies. Therefore, in a typical 
community system, all the signals, 
regardless of the channel frequencies, 
are converted to the frequencies of 
channels 2, 4, and 6. This method will 
be discussed in more detail later in 
this lesson. 
Wide-band Amplifier. In smaller 

distribution systems for hotels and 
apartments in stronger signal areas, 
multiple-channel reception can be ob¬ 
tained by using two wide-band ampli¬ 
fiers—one to cover channels 2 to 6 and 
a second for channels 7 to 13. A 
typical low-band channel amplifier is 
shown in Fig. 9. Notice that the input 
stages are two grounded-grid triodes 
connected in cascade. They present 

Courtesy Jerrold 
FIG. 9. Schematic diagram of Jerrold low-band amplifier. 
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the proper low impedance for match¬ 
ing the antenna circuit and establish¬ 
ing a low noise level. The output of 
the low-noise stage is transformer-
coupled to the first pentode amplifier. 
The three pentode amplifiers, con¬ 
taining stagger-tuned resonant cir¬ 
cuits, increase the level of the low-
band signals. In addition, the tuned 
circuits are close-coupled to obtain 
the necessary band width. 

The high-band amplifier strip is of 
similar design; however, an additional 
stage of amplification is needed be¬ 
cause it is more difficult to obtain as 
much gain per stage and maintain the 
broad band width in the frequency 
range from channels 7 to 13. 
Chain Amplifier. It is also pos¬ 

sible to design an amplifier to cover 
the entire range of frequencies from 
channels 2 through 13. It differs 
from the conventional type and is 
often referred to as a chain amplifier, 
because it is a multiple-tube arrange¬ 

ment connected into transmission line 
segments, as shown in Fig. 10. The 
chain amplifier is a method of cascad¬ 
ing a number of tubes so their plate 
current changes become additive, while 
their tube capacities remain isolated. 
In a conventional vacuum tube 

stage, the greater the band width 
required, the lower the gain that can 
be obtained from a particular tube 
type. This relationship exists because 
the greater the band width, the more 
the output circuits must be loaded to 
obtain a uniform impedance over the 
wide range of frequencies. This results 
in a lower output impedance and a 
lower stage gain. Also, a vacuum tube 
has both input and output capacities; 
the higher the signal frequency that 
must be passed by the stage, the lower 
the effective reactance presented by 
these capacities. Consequently, the 
obtainable output impedance becomes 
less and less with higher frequencies. 
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It may seem possible to obtain suf¬ 
ficient gain by connecting two or more 
tubes in parallel. However, while this 
arrangement will increase the current 
output, it will also increase the total 
capacity in the amplifier. Conse¬ 
quently, the output impedance for a 
given band width will be much lower 
(greater charge and discharge cur¬ 
rents because of the lower capacitive 
reactance), and the output voltage 
will increase very little. 

The problem, then, is to make the 
currents of the tubes additive without 
causing their capacities to add. This 
can be done by employing the chain¬ 
amplifier technique. Notice in the 
circuit in Fig. 10 that the cascaded 
tubes are isolated by small inductors. 
The combination of these inductors 
and the shunt capacities of each tube 
forms an artificial transmission line 
section. Like a transmission line, the 
impedance remains essentially con¬ 
stant along the line, and therefore, 
many sections can be added without 
altering the impedance and band 
width. 

With the plates of the tubes con¬ 
nected to a similar line, we have a 
method of plate current addition with¬ 
out the resulting addition of tube 
capacities. However, as in any trans¬ 
mission line, the charge and discharge 
of the inductor-capacitor chain require 
a definite time, causing a transmission 
delay. If the delay time presented by 
each tube is the same, however, phase 
distortion will not occur in the output. 

To set up proper conditions on each 
delay section, the lines must be prop¬ 
erly terminated as in any transmission 
line system. The terminations are the 

grid and plate resistors of the chain 
amplifier stage. 

Let us list some of the advantages 
and disadvantages of the two types of 
amplifiers. The chain amplifier reduces 
standing waves and matching prob¬ 
lems because it is, in effect, a con¬ 
tinuation of the transmission line. 
Since each stage is composed of a 
number of tubes, a change in tube 
characteristics or a failure of one 
tube will not result in a complete 
loss of service in the distribution 
system. 
With a conventional wide-band 

amplifier which amplifies only the 
signals of three to five channels, less 
equipment is required because there 
can be a wider spacing between the 
units. In addition, the gains of the 
individual strip amplifiers can be 
regulated to obtain uniform signal 
levels on all channels. Because of 
the narrower band width, as compared 
to the chain amplifier, there is a mini¬ 
mum of adjacent channel interference 
from strong local signals and from 
off-channel frequencies. 

TRANSMISSION LINES 

The type of transmission line used 
in a distribution system depends upon 
the distance between the antenna and 
the outlets, the size of the system, 
and the interference problems in the 
locality. If there is a great distance 
between the antenna and the first 
section of the distribution system, as 
in a community installation, open wire 
lines are usually employed because 
they attenuate the signals less than 
any other type. When the trans¬ 
mission line enters the community, 
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coaxial cable is used to convey the 
signal to the subscriber’s home. Using 
coaxial cable decreases the chance of 
radiation from the lines, which would 
introduce interference into the system. 

FIG. 11. Double-shielded cable. 

In a large city distribution system 
where the signals in some of the cables 
are at high voltage levels, there may 
be a strong radiation from the lines. 
In this case, it is possible to erect an 
antenna, orient it toward the lines, 
and pick up a weak but usable signal. 
This is unfair, of course, to those who 
subscribe to the distribution system. 
In other locations, the radiated signals 
may introduce ghosts into the pictures 
received by those who have put up 
their own elaborate antenna systems. 
Therefore, line radiation must be kept 
to a minimum. 

Line radiation can be eliminated by 
using a type of coaxial cable that has 
an additional outer braid. This type, 
illustrated in Fig. 11, is called a 
double-shielded cable. When the outer 
shield is grounded, signals cannot be 
radiated from the line. Double¬ 
shielded cable also is less subject to 
variations due to weather conditions, 
and it has a longer useful life than the 
conventional single-shielded type. 

Ribbon lines are used primarily in 
small systems of in connecting the re¬ 
ceiver to the outlet box in the home. 
This type of transmission line, like 
the open wire type, is not satisfactory 
for signal distribution purposes be¬ 
cause it is subject to interference 
pick-up, and it produces strong radi¬ 
ated signals. Ribbon lines also cause 
a higher signal loss. Therefore, as 
stated previously, coaxial cables are 
generally used to distribute the signals 
throughout the community. The larger 

FIG. 12. Transmission line losses. 
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TV TRANSMISSION LINES 
db. LOSS PER 100 FEET 

Type 
Nominal 
Impedance 
(Ohms) 

50 
MC. 

100 
MC. 

200 
MC. 

500 
MC. 

1000 
MC. 

VHF VHF VHF VHF VHF 

RG 11/u 75 14 2.0 3 1 5 1 8 0 

RG 59/u 73 2.7 3.8 5.7 9.4 14 2 

Ribbon 300 .8 12 18 3 2 5 0 

Tubular 300 . 7 12 2 0 3 1 4 6 

Open Wire 375 . 5 .8 1 2 2 0 

8 

3 0 

Open \\ ire 450 3 4 . 5 12 

JEL 101 75 13 1 75 2 8 — — 

JEL 102 73 2 5 3 3 4 9 — — 



diameter and lower loss RG11/U cable 
is used as the trunk or main artery 
line, while the smaller RG59/U is 
used between the take-off point on the 
line and the receiver outlet in the 
subscriber’s home. 

The amount of signal loss in the 
distribution system depends upon the 
type of transmission line used and the 
frequency of the signal to be con¬ 
veyed. Fig. 12 is a table showing the 
amount of attenuation in various 
types of lines. Notice that the open 
wire lines have less attenuation than 
the coaxial and ribbon types. There¬ 
fore for long distances, open wire lines 
should be used because fewer line 
amplifiers are required to maintain an 
adequate signal level. 

In planning a distribution system, 
the amount of cable attenuation not 
only determines the spacing between 
the amplifiers, but it also governs 
the number of receivers that can be 
connected to a specific cable. For ex¬ 
ample, let us assume that we wish 
to extend a distribution system a dis¬ 
tance of 200 ft. to a new receiver 
outlet. Also suppose that the signal 
level at the take-off point on the 
original distribution system is 1600 
microvolts, and that we must have at 
least 1000 microvolts available at the 
new outlet. If RG59/U cable is used 
to carry a low-band channel signal to 
the new point, it will present a loss of 
approximately 3 db per 100 ft. The 
attenuation over the 200-ft. span, 
then, will be 6db. If we compute it 
mathematically (db=20 log E1/E2), 
we will find that the signal voltage 
level at the far end of the cable will 
be cut in half, and the original 1600-

microvolt signal will be reduced to 
800 microvolts. Thus, the signal levei 
will have dropped 200 microvolts 
below the desired strength. 
To establish the 1000-microvolt 

level, we can arrange the system so 
that a 2000-microvolt signal is avail¬ 
able, or insert an additional ampli¬ 
fier at the input of the 200-ft. section 
of the line. 

Most TV sets will produce a snow 
free picture if the signal level at the 
receiver input is 1000 microvolts. 
Therefore, distribution systems are 
planned to maintain this signal level 
at each outlet. Of course, every 
attempt must be made to retain the 
same quality picture that exists at the 
antenna receiving site. 

LINE AMPLIFIERS 

The amplitude of the signals leaving 
the antenna amplifier is much higher 
than that normally required by TV 
receivers. You learned that as the 
signals progress along the transmission 
line they are attenuated, and become 
lower and lower in intensity. Just 
before the signals decline to too low 
a value, an additional amplifier must 
be inserted to restore the high ampli¬ 
tude levels. Therefore, in a distribu¬ 
tion system, it is a continuous process 
of amplification to hold the signals 
between prescribed levels. They must 
not be so strong that they will over¬ 
load the amplifiers and cause excessive 
radiation, nor must they become so 
weak that noise components are added 
and cause the reproduced pictures to 
be of poor quality. 

Like the antenna amplifiers, the line 
amplifiers are of three basic types— 
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FIG. 13. Blonder-Tongue high-gain wide-band amplifier. 

wide-band amplifiers (channels 3 
through 13), high and low-band 
amplifiers (which are essentially the 
same as the wide-band amplifiers), 
and channel strip amplifiers. A typi¬ 
cal wide-band amplifier is shown in 
Fig. 13. Notice that the amplifier 
contains four push-pull triode stages. 
The input circuit can be matched to 
either a 300-ohm or a 75-ohm line. 
The first stage is a grounded-grid 
push-pull amplifier with the input 
signal applied to the cathodes. The 
outputs of this stage are coupled to 
the grids of a conventional grounded-
cathode push-pull amplifier. Two more 
grounded-cathode push-pull stages fol¬ 
low, with the final stage matched to a 
300-ohm or a 75-ohm output line. 

Because the cathodes of tubes V2, 
V3, and V4 are grounded, these stages 
must be neutralized. Neutralization 
is accomplished in tube V2 by a feed¬ 
back path through capacitors CIO and 
Cll. Similar circuits are employed 
in the last two stages. 

The interstage coupling circuits are 
arranged to give uniform gain over 

the frequency range from channels 2 
through 6 and channels 7 through 13. 
The gain of the amplifier over these 
ranges is approximately 27 db. This 
can be adjusted with the common¬ 
cathode bias gain control associated 
with the final amplifier stages. 

Line amplifiers of the channel strip 
type are particularly versatile because 
the gain of each channel can be ad¬ 
justed individually. Thus, the signal 
levels can be equalized or adjusted 
in proper relation to each other. 
Another advantage of the channel 
strip amplifier is that automatic gain 
control can be employed to hold the 
signal levels uniform with changes in 
signal intensity and with the changes 
in operating conditions along the dis¬ 
tribution line. An age installation in 
the distribution system automatically 
increases the amplification when sig¬ 
nal levels are low, and automatically 
holds down signal intensities to a level 
where they will not cause overload 
when amplitudes are high. In addition, 
age compensates for cable variation 
due to weather and temperature condi¬ 
tions. In the more elaborate com-
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Jerrold antenna distribution outlet. 

inunity systems, every third line 
amplifier should be age controlled. 

LINE SPLITTERS 

In a distribution system, line split¬ 
ters are inserted into the main lines 
at various points to divide the signal 
between two or more secondary lines. 
The secondary lines branch out and 
distribute the signal throughout the 
system. The line splitters, however, 
must be designed to establish a cor¬ 
rect impedance match between the 
main line and the secondary lines. 
Otherwise, standing waves and reflec¬ 
tions will be set up and cause ghosts 
and other picture disturbances. 

Line splitters are two basic types. 
One type, shown in Fig. 14, is a low-
loss impedance matching unit that 
divides the signal into two parallel 
paths. Although this type does pre¬ 
sent minimum attenuation of the sig¬ 
nal levels, it also offers very little iso¬ 
lation between the secondary lines. 
When this type is used, all outputs 
must be terminated in 300 ohm lines 
or resistors. 

A second type of line splitter, 
which is composed of resistors, not 
only divides the signals into separate 
paths but also isolates one path from 
another. This type, however, presents 
a high insertion loss; the signal on 
each secondary line is substantially 
less than that at the input of the 
splitter. 

The type of line splitter used in 
any distribution system, therefore, 
depends upon the needs of the system 
and the signal level at the location 
where it is inserted. 

LINE-LOSS EQUALIZER 

The high- and low-band signals, as 
they pass through the transmission 
lines, are not attenuated equally. For 
example, notice in Fig. 12 that the 
attenuation of a low-band VHF signal 
in RG59/U cable is approximately 
3 db per 100 ft., while the attenuation 
on the high-band signal is more than 
5 db. If a low-band signal and a high-
band signal leave the antenna site at 

Courtesy Blondcr-Tonguc 
FIG. 14. Blonder-Tongue line splitter. 
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approximately the same amplitude 
levels, some distance away the low-
band signal will be substantially 
stronger than the high-band signal, 
because of the greater transmission 
line attenuation of the higher fre¬ 
quencies. If this condition exists over 
many thousands of feet of cable and 
if the signal is amplified by a number 
of line amplifier units, the lower fre¬ 
quency signal will eventually become 
strong enough to overload some of the 
units in the distribution system, while 
the weaker high-band signal will be 
near the noise level. 

To establish a proper uniformity in 
all the signal levels, special line-loss 
equalizers must be inserted at various 
points along the transmission line. 
The purpose of the line-loss equalizer 
is to attenuate the low-band, or low 
frequency signals more than the high-
band signals. The equalizer units are 
designed so that their frequency atten¬ 
uation characteristics are opposite to 
those of the transmission lines. Even 
in a system that is distributing low-
band channels only, it is necessary to 
use an equalizer to compensate for the 
difference in attenuation between 
channels 2 and 6. 

The equalizer circuit shown in Fig. 
15 consists of an inductor-capacitor 
impedance path for low- and high-
frequency signals. The values of the 
components are chosen so that the 
resonant frequencies of the series and 
parallel resonant circuits are near the 
high end of the frequency range. As 
you have learned, the output of a 
resonant circuit is highest at the 
resonant frequency. If we insert re¬ 
sistors RI and R2 to broaden the 

response curve, the frequency attenua¬ 
tion will vary over the entire range, 
with the result that the low-band fre¬ 
quencies will be attenuated more than 
the high-band frequencies. Thus, the 
high- and low-band signals at the out¬ 
put of the equalizer circuit again will 
have approximately the same relative 
amplitudes as those at the antenna. 

DISTRIBUTION OUTLET 
UNITS 

Distribution outlet amplifiers are 
used to connect the distribution cable 
to the lines that run into the indi¬ 
vidual dwellings. These units are able 
to handle anywhere from two to 
twenty-five receivers, depending on 
the type of unit used and the avail-

FIG. 15. Line-loss equalizer. 

able signal strength. Another func¬ 
tion of the outlet unit is to isolate 
one receiver from another, and one 
outlet section from another section on 
the distribution cables. Some outlet 
units provide a small gain, while 
others are low-loss, one-way devices. 

The circuit diagram of a two-outlet 
distribution amplifier is illustrated in 
Fig. 16. In a strong signal .area, the 
antenna is connected to the input 
of this unit, and two receivers can 
be supplied from its output. Not only 
is there excellent isolation between the 
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two receivers, but there is also some 
small amplification of the applied sig¬ 
nals. A feed-through connection is 
provided so that a number of units of 
this type can be connected in cascade 
to supply additional receivers. For 
example, two of these units can supply 
high level signals to four apartments 
in a duplex dwelling. Only one good 
antenna installation is required. In 
small community systems, the units 
are connected into the main feeder 
line; in larger systems they are con¬ 
nected into the secondary lines. 

The output voltage of these ampli¬ 
fiers can be as high as 1 volt. There¬ 
fore, a single unit in a strong signal 
area can supply more than two re¬ 

ceivers, if outlet pads of the type 
shown in Fig. 17 are used on the two 
receiver lines. At a fringe area loca¬ 
tion, a wide-band amplifier can be 
placed ahead of the outlet amplifier 
and, therefore, supply strong fringe 
signals to more than one receiver. 

The distribution amplifier shown in 
Fig. 16 is a two-tube unit. The con¬ 
trol grids of both tubes are supplied 
with signals from the impedance 
matching transformers through a seg¬ 
ment of transmission line formed by 
inductors L5, 1.6, L7, and the tube 
capacities. This same section of line 
serves as the feed-through path for 
other outlet units. When a single 
outlet unit is employed, the output 
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must be terminated with resistor R7 
to prevent setting up standing waves 
on the line. If other outlets units are 
used, a line is attached to this output 
to supply signals to the next unit. 
The final outlet unit on the chain, of 
course, must be terminated with a 
resistor (R7). 

Tube VI supplies one receiver out¬ 
put through the proper impedance 
transformer, while tube V2 supplies 
a second output. Each stage has a 
gain of approximately 1 db on the low 
band. The plate output components 
have been chosen to present a rising 
gain characteristic of the high band, 
with channel 13 having a gain of 
approximately 3 db. This arrangement 
compensates for the attenuation of 
the high-band .signals in the trans¬ 
mission line. 

The outlet units for a very small 
distribution system that is located in 
a strong signal area need not be 
elaborate. A simple method for sup¬ 
plying signals to two receivers is the 

resistor pad outlet unit shown in Fig. 
17A. This type of unit has an appre¬ 
ciable signal attenuation. Therefore, 
it must be used only in strong signal 
areas, if no additional preamplifica¬ 
tion is used. However, it does permit 
effective isolation between the re¬ 
ceivers. Other types of two- or four-
outlet units can be constructed of 
inductors, as in Fig. 17B, or small 
elevator transformers (Fig. 17C) simi-

TRANSFORMER 

BI-FILAR ELEVATOR 

FIG. 17. Two-receiver outlet devices. 
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FIG. 18. Schematic of distribution outlet. 

lar to those used in the tuner circuits 
of modern receivers. Although these 
are generally more expensive, they do 
not attenuate the signals as much as 
the resistor pad. 

A three-outlet, or bridging ampli¬ 
fier circuit is shown in Fig. 18. This 
type of unit is used in an apartment 
or a community antenna system to 
serve as an isolating link between 
the main feeder lines and the second¬ 
ary cables, called riser cables, to 
which the individual receivers are 
attached. In an actual installation, 
the number of receivers to be attached 
to each of the three outlets depends 

upon the spacing between the receivers 
and the type of transmission line that 
is used. In a closely-spaced apartment 
installation, as many as sixty receivers 
can be supplied with signal from a 
single three-outlet distribution ampli¬ 
fier of this type. 

TAP-OFFS 
AND OUTLET BOXES 

After the signal leaves the distribu¬ 
tion outlet amplifier, it passes down 
the feeder lines to various tap-off or 
isolation networks, as shown in Fig. 
19. These units, which are either re¬ 
sistance or inductance networks, tap 

ATTENUATION ON CH. 2 THAN 
ON CH. 13 

FIG. 19. Arrangement of outlet box and tap-offs. 
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FIG. 20. Indoor outlet box (above). 
Outdoor tap-off (below). 

Typical indoor and outdoor tap-off 
arrangements are shown in Fig. 20. 
The indoor unit in Fig. 20 is a com¬ 
bination tap-off network and outlet 
box. The illustration shows the coaxial 
cable feed-through connectors as well 
as the outlet for the receiver. For an 
outdoor or community antenna sys¬ 
tem, the tap-off is made from coaxial 
cable that is attached to the power or 
telephone poles. Below in Fig. 20 is 
shown the coaxial cable feed-through 
and the connection for the service drop 
that is to run into the dwelling. Notice 
that heavy steel cable and messenger 
wires are used to support the main 
cable from one pole to another, and 
from the tap-off point to the house. 
The service drop terminates in the 
house in a small outlet box. Some out¬ 
let boxes contain small capacitors to 
isolate any de components that might 
exist in the receiver. 

off the signals for the various re¬ 
ceivers, and at the same time present 
sufficient backward attenuation to pre¬ 
vent interaction between the receivers. 
The first tap-off along the line has a 
higher attenuation than the last one, 
because of the rising attenuation of 
the cable toward its far end. With 
this method, the signal levels at the 
first receiver and the last receiver are 
approximately the same. 

Another function of the tap-off net¬ 
work in some installations is to com¬ 
pensate for the non-linear frequency 
attenuation of the line. The network 
is designed, therefore, to offer higher 
attenuation to the low-band signals 
than to the high-band signals. 

Courtesy Jerrold 

Distribution equipment mounted on utility 
pole. 
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Small Distribution Systems 
Small distribution systems are simi¬ 

lar in many respects to much larger 
installations, except that fewer and 
less expensive units are needed to 
supply signals to a number of re¬ 
ceivers. We have discussed the various 
arrangements for the basic systems 
earlier in this lesson. Remember that 
the type of installation and the com¬ 
ponents used in the system are gov¬ 
erned by the signal strength, the in¬ 
terference problems, and the number 
of receivers that are to be connected 
to the system. 

Since these arrangements are funda¬ 
mental to all types of distribution 
systems, let us briefly review them 
so that you will understand them 
clearly. Later in this section we will 
describe the systems used in specific 
installations, and some of the prob¬ 
lems encountered in areas in which 
fringe signals as well as local signals 
are to be received. 

BASIC TWO-RECEIVER 
METHODS 

In a strong signal area where there 
are few interference or reflection prob¬ 
lems, the distribution system can con¬ 
sist of an antenna and an outlet unit. 
The type of outlet unit used, of course, 
depends on how strong the signals 

are, and how much loss can be per¬ 
mitted in dividing the signals into 
separate paths. If the signal levels 
are low, a wide-band amplifier can be 
inserted between the antenna and the 
outlet unit. 

If the installation is in a fringe 
area, the signal can be boosted and 
the system can be planned in any of 
the arrangements shown in Fig. 21. 
In Fig. 21A, an outlet unit and sepa¬ 
rate boosters (wide-band amplifiers) 
are used for each receiver. The boost¬ 
ers amplify the weak fringe signal and 
at the same time isolate one receiver 
from another. In the arrangement in 
Fig. 21B, a booster is mounted on the 
antenna mast or as near the antenna 
mast as possible to amplify the signals 
and establish a high signal-to-noise 
ratio before the signals are applied to 
the outlet unit. The transmission line 
is attached to the outlet unit (a no¬ 
loss type) and then through separate 
boosters, when necessary, to individual 
receivers. 

Still another plan (Fig. 21C) is to 
use separate high- and low-band 
boosters and separate high- and low-
band antennas. This is particularly 
desirable if the channels are received 
from different directions. 

FIG. 21. 

HIGH BAND 
ANTENNA 

Basic fringe area two-outlet plans. 
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INSERTED INTO CABLES 

UNITS SEPARATED 

FIG. 22. Basic distribution methods. 

MULTI-RECEIVER METHODS 
Any of the basic distribution sys¬ 

tems just described can be expanded 
to serve more receivers by adding 
additional amplifiers or additional no¬ 
loss outlet units. However, it should 
be emphasized that the antenna and 
the following unit, either an outlet 
unit or an amplifier unit, determine 
the picture quality. The remainder 
of the system cannot improve it. The 
primary purpose of the system from 
the output of this unit, therefore, is 
to maintain a constant 1000-microvolt 
signal level at each receiver outlet 
without any loss in quality. 

The distribution methods shown in 
Fig. 22 illustrate how the system can 
be enlarged to serve a number of re¬ 
ceivers. In the system shown in Fig. 
22A, the signals are greatly increased 
in amplitude before they are applied 
to the distribution line. Then, these 
signals are tapped off through net¬ 
works at various locations along the 
line. Of course, the signal strength 
decreases because of the attenuation 
in the isolation networks and in the 
transmission line. However, with suffi¬ 

cient signal strength at the input of 
the line, the individual receivers along 
the line will receive sufficient signal to 
reproduce a good quality picture. With 
this arrangement, all the units can be 
in one location. 
Another type of multi-receiver dis¬ 

tribution system is illustrated in Fig. 
22B. Notice that the signals from the 
antennas or the antenna amplifiers 
are fed to a wide-band amplifier and 
then over cables to the various out¬ 
let units. The outlet units are of the no¬ 
loss type containing several vacuum 
tubes. While this method provides a 
no-loss distribution system, the vac¬ 
uum tube units must be located some 
distance apart. Either of the methods 
shown in Fig. 22 is satisfactory for a 
distribution system in a small hotel 
or apartment building. 

If the distribution system is to 
serve twenty or more receivers, it will 
probably contain the following major 
units: An antenna-mounted amplifier, 
a wide-band amplifier, a line splitter 
to divide the wide-band amplifier out¬ 
put into four separate lines, and the 
required receiver outlet units. An ex-
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-5.7 DB AT 200 MC 

FIG. 23. Jerrold block plan distribution system. 

ample of a system of this type is 
shown in block form in Fig. 23. With 
a 1000-microvolt input signal applied 
to the wide-band amplifier, twenty re¬ 
ceivers can be supplied with TV sig¬ 
nals. Additional receiver outlets can be 
employed if the signal level is above 
0 db (or 1000 microvolts) refer¬ 
ence level. It is customary to represent 
a 1000-microvolt signal as a 0 db 
reference signal in antenna distribu¬ 
tion systems. The 1000-microvolt 
choice has been made because it 
assures a snow-free picture on most 
modern receivers. 

Now, let us see how the system can 
be planned to supply a signal greater 
than the 1000-microvolt reference 
level to the receivers on the distribu¬ 
tion line. With 0 db applied to the 
input, the wide-band amplifier in¬ 
creases the level to 25 db. However, 
the line splitter in providing the proper 
isolation between the four lines intro¬ 
duces a 6 db loss so that a 4-19 db 
signal is available at the input to each 
of the lines. Of course, the signal will 
be weakest at the last outlet unit be¬ 
cause of the line attenuation. Also, the 
highest frequency (channel 13) will 
encounter the greatest attenuation in 
the line. Therefore, the cable attenua¬ 

tion for channel 13 will amount to 
approximately 5.7 db per 100 ft. be¬ 
tween the input and last outlet box. 
The four preceding outlet boxes have 
an insertion loss of 0.2 db, or a total 
of 0.8 db. As a result, the -f-19 db 
level at the input of the line is reduced 
to 12.5 db at the last outlet box. The 
outlet attenuation on channel 13 is 
10.5 db. Therefore, the signal available 
at the last outlet is 4- 2 db. This 
2 db level is higher than the necessary 
0 db level to obtain a noise-free 
picture. 

Since the signal level at the last 
outlet is higher than 0 db, we can 
feed additional outlets on each line. 
However, if the signal applied to the 
input of the wide-band amplifier were 
lower than 1000 microvolts (0 db), 
we would have to increase the signal 
level at the input of the wide-band 
amplifier. We could increase the sig¬ 
nal by placing a high gain antenna 
in a higher or better location, or by 
mounting an amplifier on the antenna 
mast to increase the signal strength 
before the signals are applied to the 
transmission line. 

TYPICAL PROBLEMS 

In some locations, the television 
signals in the distribution system may 
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LOCAL 
ANTENNA 

HIGH GAIN 
FRINGE 
ANTENNA 

FIG. 24. Local reception plus addition of single fringe station to distribution system. 

not originate in the same area. For 
example, one or more locally trans¬ 
mitted signals may have to be dis¬ 
tributed- along with one or more weak 
fringe signals. There are various meth¬ 
ods that can be used to distribute 
all the signals over the one system. 

Suppose you wish to distribute a 
single weak fringe signal and several 
strong local signals. The best pro¬ 
cedure is to amplify the weak channel 
and then insert the local signals into 
the distribution system at the output 
of the amplifier. Of course, the local 
signal must be adjusted so that it 
will not overload the following ampli¬ 
fiers and outlet units and cause cross¬ 
modulation interference. 

A system of this type is shown in 
Fig. 24. A tunable booster is used 
to receive the weak channel signal, 
while the local signals are inserted 
into the system at some convenient 
point between the booster and the out¬ 
let unit. The insertion device can be 

a commercial line splitter, a resistor 
pad, an adjustable attenuator, or an 
outlet box. Probably the simplest in¬ 
sertion device is the matched attenu¬ 
ator pad shown in Fig. 25A. The local 
signal can be inserted into the line 
without attenuating the fringe signal. 
In this arrangement, some experi¬ 
mental work is often required to find 
the proper insertion point on the trans¬ 
mission line that runs between the 
booster and the outlet unit. This spot 
should be located where there is the 
least attenuation of the weak fringe 
signal. 
The chart in Fig. 25B gives the 

values of the resistor networks for 
either 300-ohm to 300-ohm, or 75-ohm 
to 75-ohm pads. Notice that the values 
of the networks vary with the amount 
of attenuation required to prevent the 
strong local signal from overloading 
the distribution system. 

Now, let us see how a distribution 
system can be arranged to receive a 

FIG. 25. (A) Attenuator pad insertion device. (B) Table showing values of the 
components. 
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INSERTION 

USE COMMERCIAL TRAPS 
OR TRANSMISSION LINE STUBS 

FIG. 26. Insertion of local and fringe signals into distribution line. 

number of weak fringe signals as well 
as several strong local ones. Again, 
the local channels must be inserted 
into the system through an insertion 
device, as shown in Fig. 26. The 
weak fringe signals are picked up by 
a separate antenna and are increased 
in strength by a wide-band amplifier. 
The insertion technique is the same 
as described previously. 

The antenna that is used to pick 
up the fringe signal should have a 
low sensitivity to the local channels, 
and, if possible, it should be oriented 
away from the local stations. How¬ 
ever, these conditions cannot always 
be met in a practical installation. If 
the strong local signals are present at 
the input of the wide-band ampli¬ 
fier, they will probably overload the 
unit and cause cross-modulation inter¬ 
ference. 

Therefore, it is usually necessary 
to insert a filter trap in the line to 
the input of the wide-band amplifier 
and tune it so as to reduce the strength 
of the local channel or channels. The 
filter trap can be a commercial unit, or 
in the form of a stub constructed from 
a section of 300-ohm line. A piece of 

aluminum foil wrapped around the 
line can be used to peak the stub for 
minimum strength of the local signals. 

There is another problem that you 
may encounter in a distribution sys¬ 
tem. Let us assume that there is 
adjacent channel interference between 
the strong local signals and the weak 
fringe signals. To eliminate this type 
of disturbance, check the antenna sys¬ 
tem and also be certain that the traps 
are properly adjusted in the receiver. 
The antenna used for the weak fringe 
signals should be of a type that will 
offer peak sensitivity to the desired 
channels and be as insensitive as pos¬ 
sible to the interfering local stations. 
The channel strip amplifier arrange¬ 
ment shown in Fig. 27 is particularly 
useful in minimizing adjacent channel 
troubles. The channel strip frequency 
can be chosen to amplify only the 
desired fringe signals. Separate an¬ 
tennas can be used for the various 
fringe stations with each antenna ori¬ 
ented for best signal-to-interference 
ratio. 

As an example, in Fig. 27 we will 
assume that the local signals are on 
channels 3 and 10 and that the fringe 
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CONTROLLED 

CH IO TRAP 

FIG. 27. Insertion of local signals into a channel strip distribution plan. 

signals are on channels 4, 6, 9, and 11. 
We can use filter traps at the input of 
the channel strip amplifiers to elimi¬ 
nate the signals from channels 3 and 
10. Therefore, these signals receive 
no amplification in the amplifier-mixer 
section. Instead, they are picked up by 
a separate antenna and inserted be¬ 
tween the mixer and the outlet unit. 
In an installation of this type, it is 
best to supply only enough local signal 
to keep the pictures from these sta¬ 
tions free from interference and back¬ 
ground noise. 
UHF can be added to the distribu¬ 

tion system by using a UHF converter 
and a separate UHF antenna, as 
shown in Fig. 28. If a single UHF 
channel is to be added, the converter 
can be either a pre-tuned or a tunable 
type, set to the exact channel. The 
converter automatically converts the 
UHF signal to an unused VHF chan¬ 

nel so that it can be distributed to 
the various receiver outlets. There¬ 
fore, the signal at the output of the 
UHF converter, which is often in the 
channel 5 or channel 6 range, can be 
supplied to the mixer section and on 
to the distribution line. 

If more than one UHF channel is to 
be added, pre-tuned converters can be 
used to supply signals to the mixer 
for each UHF channel. In this 
arrangement, the output of the UHF 
converters must be tuned to different 
VHF channels. 

LOCALS 

FIG. 28. Insertion of a UHF signal into 
a distribution line. 
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Large Apartment And Community 
Systems 

The antenna distribution systems 
required in large apartments or com¬ 
munity installations are more elab¬ 
orate than the smaller systems dis¬ 
cussed in the previous section. Of 
course, since more receivers are sup¬ 
plied with signals in the larger 
systems, more equipment is needed to 
maintain the signal levels throughout 
the distribution area. However, you 
will notice as you study the arrange¬ 
ments of the various pieces of equip¬ 
ment that basically the systems are 
the same. 

LARGE APARTMENT 
SYSTEMS 

A typical plan for a large apart¬ 
ment installation is shown in the 
diagram in Fig. 29. Let us assume 
that channels 2, 4, 7, and 13 can be 
received in the area. Notice that 
separate antennas are used for each 
of the four channels. 

In a strong signal area, the anten¬ 
nas can be connected directly to a 
strip-type master antenna amplifier 
unit. The cable that connects the 
antennas to the strip amplifiers can be 
RG59/U coaxial cables. Where the 
antenna signals on the high channels 
are less than 2000 microvolts (or 1500 
microvolts on the low channels), 
special channel pre-amplifiers gener¬ 
ally are used, as shown in the shaded 
block. To prevent as much signal 
attenuation as possible, the lower-
loss RG11/U cable is connected be¬ 

tween the antenna and the pre-ampli¬ 
fier strips. It is possible, of course, 
to distribute more than four channels 
by using additional strip amplifier¬ 
mixer units. UHF also can be distrib¬ 
uted over the system by connecting 
the special UHF converter into the 
channel strip amplifier. The channel 
strip amplifiers can be adjusted in¬ 
dividually so that the signal is the 
same strength for each channel. 

In this system, the output of the 
amplifier-mixer unit should be 700,000 
microvolts on each channel. Two main 
feeder lines supply signals to the com¬ 
pensator pads (TP) at various points 
along each line. The compensator 
pads, which supply signals to the dis¬ 
tribution outlet units, provide im¬ 
pedance matching and equalize the 
signal levels throughout the main 
feeder lines. 

The distribution outlet units can 
be either the three-outlet or ten-outlet 
types. Riser cables come off the dis¬ 
tribution outlet amplifiers to supply 
signals to the various receivers. As 
many as twenty individual isolation 
network units can be connected to 
each riser cable. Therefore, a large 
number of receivers can be supplied 
with signals from this basic distribu¬ 
tion plan. The attenuation presented 
by the isolation networks, as discussed 
earlier in this lesson, varies with their 
location along the riser cable so that 
equal signal levels are available for 
each receiver outlet. 
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ANTENNA DOWN LEAD. USE 2 'S« 
RG-ll/u WHEN PRE-AMPLIFIERS ARE ’S 
NECESSARY —RG-59/u CAN BE USED 
IN STRONG SIGNAL AREAS - KEEP 
LEADS AS SHORT AS POSSIBLE \ 

PRE-AMPLIFIER 

—SEPARATE YAGI ANTENNA FOR 
^S EACH CHANNEL 

MODEL CL-MC-2 WITH PRE-AMP. 
STRIPS IS USED ONLY WHEN 
SIGNAL STRENGTH AT EACH 
ANTENNA IS LESS THAN: 
1500 MICROVOLTS-LOW CHANNELS 

OR 
2000 MICROVOLTS -H'GH CHANNELS 

IN ORDER TO OBTAIN FULL 
OUTPUT FROM CHANNEL 
AMPLIFIER STRIPS OF 700,000 
MICROVOLTS. 

RG-59/U 

UHF CONVERTER CAN BE ADDED 

MASTER AMPLIFIER 

AOO-3 ADO-3 

TR-72 CL- ADO - 10 CL-ADO-3 CL-ADO IO OR-3 

Ó Ó ó 

ISOLATION NETWORKS COLOR-CODED ACCORDING TO POSITION 
ALONG RISER CABLE 

TYPICAL RISER CABLE - RG-59/u 

Courtesy Jerrold 

, MAX. OUTPUT FROM AMPLIFIER 
= 700,000 MICROVOLTS. USE 
EITHER OR BOTH OUTPUTS. 

MODEL TP-“LINE T" COMPENSATOR 
PADS USED TO TAP CL-ADO TO 
MAIN FEEDER LINE. 

Ó 
9 
9 
Ó. 

CL-MC-I WITH CHANNEL AMPLIFIER 
STRIPS. USE 2 OR 3 CL-MC-I'S 
FOR MORE THAN 4 CHANNELS. 

FINAL OUTLET MUST BE TERMINATED 

FIG. 29. Jerrold apartment house system 

COMMUNITY ANTENNA 
SYSTEMS 

A community antenna system that 
supplies television signals to hundreds 
or thousands of receivers is a complex 
installation. The typical plan shown 
in Fig. 30 can best be understood by 
tracing the signals from the antenna 
to a receiver outlet. 

The antenna site is generally located 
on a mountain top as near the city to 
be served as possible. However, the 
antenna location is not always a 

matter of convenience. Only after 
exhaustive tests have been made in 
the area, is the site chosen that deliv¬ 
ers the strongest and most consistent 
signals. 

The antenna used in a community 
distribution system is usually very 
elaborate. The installation illustrated 
in Fig. 31 employs high gain Yagi-
type antennas to obtain the best 
signal-to-noise ratio in the fringe area. 
The height of the antenna may be 
from 70 to 200 ft. Therefore, antenna-
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Courtesy Jerrold DISTRIBUTING SIGNALS IN TOWN AREA 
FIG. 30. Jerrold community antenna system. 
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mounted pre-amplifiers, which are 
similar to the wide-band amplifiers 
discussed previously, are used to am¬ 
plify the signal before it is applied 
to the transmission lines to the equip¬ 
ment house below the tower. 
UHF signals also can be conveyed 

over the distribution system by using 
a special UHF antenna-mounted con¬ 
verter to heterodyne with the UHF 
signal and reduce it to the VHF range. 
The UHF oscillator for the converter 
head is located in the equipment 
house. To provide the necessary stabil¬ 
ity, this oscillator is usually crystal-
controlled. The output signal from the 
UHF converter head is applied to the 
input of a VHF pre-amplifier before 
it is applied to the transmission line 
which runs to the equipment house at 
the base of the tower. 

In the equipment house, a consider¬ 
able amount of amplifying, convert¬ 
ing, and monitoring equipment is re¬ 
quired. Each signal from the antenna 
pre-amplifiers is passed through a 
trapping circuit to attenuate all off-
channel frequencies and FM interfer¬ 
ence. The signals are again amplified 
and applied to the conversion system. 
Frequency Conversion Methods. 

As explained earlier in this lesson, the 
channel frequencies supplied over 
most large distribution systems are 
in the low-band range from channels 
2 through 6. In the three-channel 
arrangement, shown in Fig. 30, all in¬ 
coming signals are converted to chan¬ 
nels 2, 4, and 6. The choice of these 
low-band, spaced frequencies is made 
to minimize adjacent channel interfer¬ 
ence problems and to provide the least 
cable attenuation. 

After reaching the equipment house, 
the frequency of channel 10 is con¬ 
verted to the channel 4 frequency by 
a high-low converter (WCON). The 
UHF signal is converted to channel 6 
at the antenna top, and therefore, it 
docs not require further conversion. 
The channel 3 signal is converted to 
channel 2 by the low-low converter. 
Thus, all three signals to be conveyed 
by the distribution system have been 
converted to low-band frequencies. 
Notice that an age unit (WAGCU) 

is associated with the three channel 
strips. Although the strip amplifiers 
contain individual gain controls, an 
age unit is desirable to maintain 
equal signal strengths with small vari¬ 
ations in the receiver signal levels. 

It is possible to add two more chan¬ 
nels (3 and 5) to the distribution 
system by converting the signals to 
sub-TV frequencies between 24 and 
30 megacycles and 40 and 46 mega¬ 
cycles. These new bands and the am¬ 
plifiers that are used to convey them 
are designated as 03 and 05. This plan, 
shown in Fig. 32, is called “K,” while 
the three-channel arrangement is 
called “W.” 

In the K plan, the two new channels 
are converted first to the 03 and 05 
frequencies at the antenna site. Five 
channel frequencies leave the conver¬ 
sion sections and are conveyed over 
the distribution lines into the city. 
Additional strips, of course, must be 
added at each line amplifier to am¬ 
plify the 03 and 05 frequencies. These 
sub-TV frequencies were chosen to 
minimize adjacent channel interfer¬ 
ence problems through the amplifier 
and distribution systems, and to per-
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FIG. 31. Antennas and equipment house for a typical community antenna system. 
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FIG. 32. K-plan addition of two channels 
to a three-channel distribution system. 

mit low-loss distribution of these low 
frequencies. 

At each distribution outlet, a con¬ 
verter must be installed to change 
the 03 and 05 frequencies to VHF 
channels 3 and 5. Therefore, the five 
channels (2, 3, 4, 5, and 6) are 
distributed over the remainder of the 
system and into the riser cables so 
that the receiver is able to pick up 
all the channels with no changes made 
in the set itself. 

Now, let us refer again to Fig. 30 
and trace the distribution system on 
into the community. After the sig¬ 
nals leave the equipment house, they 
are fed to either open-wire lines or co¬ 
axial cable. The distance between 
the antenna and the city may be a 
few thousand feet up to many miles. 
Therefore, line amplifiers must be in¬ 
serted along the line to maintain the 

signals at the proper levels. In an 
actual installation, an amplifier should 
be inserted every 54 db of cable loss 
(at 100 megacycles). In addition, 
every third line amplifier should be 
agc-controlled to improve the signal 
stability and uniformity. 

The output of the final amplifier 
usually is applied to a line splitter 
from which the main trunk lines 
spread out into the city. Additional 
line amplifiers and, if needed, line 
splitters, can be added to supply more 
receivers. 

The section of the distribution sys¬ 
tem from the line splitter to the in¬ 
dividual receiver outlet is similar to 
the systems used in large apart¬ 
ment house installations. However, the 
number of receivers connected to each 
riser cable depends on the separation 
between the dwellings and the over¬ 
all length of the riser cable. The 
attenuation caused by these compo¬ 
nents must be considered in planning 
the system so that each receiver outlet 
will receive an adequate signal. 

Notice in particular, that all cables 
must be properly terminated. Thus, 
the final outlet unit in any distribu¬ 
tion system contains a terminating 
resistor. In a simple antenna-receiver 
installation, the line can be improp¬ 
erly terminated and still not cause 
serious interference and reflection 
problems. However, when there are 
thousands of feet or many miles of 
cable, improper terminations cause 
the signals to race back and forth 
along the lines and set up multiple 
reflections and unstable conditions in 
the system. Therefore, it is very im¬ 
portant that a terminating resistor be 
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inserted at the end of each distribution 
line. 

You have learned in this lesson that 
the size and type of distribution sys¬ 
tem that is installed in any location 
depends upon the number of receivers 
to be supplied with signals, the in¬ 
terference problems in the area, and 
the signal strength. The most im¬ 
portant requirement of any system is 
to supply good quality pictures to all 
the receivers. Therefore, any system, 
whether small or large, must be 
planned carefully to meet this require¬ 
ment. 
You may not be called upon to 

service or install an elaborate signal 

distribution system. However, you 
should know how they operate and be 
familiar with the difficulties you may 
encounter in repairing a receiver that 
is connected to one of these systems. 
First you will have to decide whether 
the defect is actually in the receiver 
or in the distribution system. If you 
find that the receiver is at fault, you 
can repair it in the usual manner. 
However, if the receiver is operating 
normally, but there is no signal at 
the receiver outlet, you may have to 
locate and repair the defect in the dis¬ 
tribution system. With the knowledge 
you have gained from this lesson, this 
should not be too difficult a task. 
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Knowledge is of two kinds: 
You know a subject yourself— OR you 
know where you can find information 
about it.” 

YOU HAVE TWO KINDS OF 
KNOWLEDGE 

In fact, one of the important and valuable fea¬ 
tures of the NRI Home Study Course is the fact 
that you have built up a complete reference library. 
And you know where to look for more information 
on subjects when you need additional information. 

As an NRI graduate, you will know the answers 
to radio and television problems — or you will know 
where and how to find the answers to your problems 
as they arise. 

Almost two hundred years ago, Samuel Johnson 
made a statement which applies to you today — as 
you approach the end of your NRI Course. 

Johnson wrote: 




