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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.

E 1. Hum as aService Complaint

Pages 1-8

This section answers the important question: "What causes excessive hum?"
A review of power pack troubles is Wowed by practical examples of troubles
which may arise within the receiver itself. Be sure to notice how the serviceman
can unwittingly introduce excessive hum, so you can avoid these headaches.

E 2. Localizing Hum

Pages 9-17

The type of hum automatically localizes the defective section, so we need only
effect-to-cause reasoning, stage and part isolation. These procedures are given
in detail for both steady hum and modulation hum.

E 3. Residual Hum Problems

Pages 18-21

Once in awhile you may be called on to reduce the residual hum level in areceiver.
Hum-bucking circuits or changes in design are required, most of which take considerable time. These procedures should be tried only after reaching an agreement with the owner, as results cannot be guaranteed.

4. Oscillations, Squeals and Motorboating

Pages 21-28

Oscillations occur only when there is afeedback path, afeedback with the proper
phase and sufficient feedback energy. The cure is usually one of reducing the
feedback energy or destroying the path. You will study the paths and then
take up the methods of localizing the offending stage and curing the trouble.
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HOW TO ELIMINATE HUM,
SQUEALS AND MOTORBOATING
Hum as a Service Complaint
is a very common service
JE-J UM
complaint. However, hum is not
a trouble which is "there" or "not
there". Only a battery operated set
can be completely "humless"; there is
always some residual hum in even the
best receiver operating from a power
line or power converter. Your object,
therefore, 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.
You can learn to recognize hum very
easily. Just listen carefully to the
output of any properly operating
power line receiver when the surroundings are quiet and no program
is coming through the loudspeaker.
Turn the volume control to zero to
eliminate stray noises and other signals. You will soon become conscious
of a low-pitched humming sound if
your ears can hear low frequency
sounds. If the set is a standard a.c.
receiver using full-wave rectification
and operating on a 60-cycle power
line, you will be hearing 120-cycle
hum. (It is called 120-cycle hum because the fundamental frequency is
120 cycles; there are harmonics present also.)
Next, connect aheadphone in series
with a 10,000 to 50,000 ohm resistor,
connect this combination across the
filament terminals of any tube in an
a.c. receiver except the rectifier tube,
and slip on the headphones. You will

hear 60-cycle hum. You should learn
to distinguish the difference between
60- and 120-cycle hum, because this
will be important in recognizing the
source of hum in service work
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 variations in the amount of hum
present. For example, an outdoor public address 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 aconsiderable difference between the amount
of a.c. hum voltage in the output circuit and the amount of hum sound
which actually comes from the radio
loudspeaker. Midget or table type
receivers give relatively little hum
output, because the design of the
speaker and output transformer and
the limited amount of speaker baffle
do not favor the passage of low frequencies. As a result, half-wave rectification and less efficient filter designs are permissible in these sets because even relatively large amounts
of hum voltage are not appreciably
reproduced as hum sounds. On the
other hand, even an extremely small
hum voltage at the voice coil of a
loudspeaker in ahigh-fidelity receiver
may produce a relatively large
amount of hum sound, both because
the system is capable of reproducing
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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 apoint of noticing the hum level
of radio receivers you service for other
complaints, so you'll learn to know
the amount of hum to expect in various models.
Remember—the amount of hum
permissible in adevice depends agreat
deal upon the listener. Some ears do
not hear low frequency sounds well.
If you find you can't hear hum unless you bring your ear quite close to
a loudspeaker, be careful about handling customer complaints—your customers may hear hum much more
readily than you do.
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.
Surprisingly 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 definitely conscious of the
hum, he may then become so critical
that he listens for the hum instead of
the program.
el> Incidentally, when you are working on areceiver with an elusive case of
hum, you may yourself reach the point
where even anormal hum level seems
excessive. Getting away from the receiver for a while will frequently restore your sense of proportion. This
will also 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 satisfy a customer if his
radio is apparontly normal and the

usual hum elimination procedures do
not lower the hum level. Of course,
if the customer insists, and is willing
to pay for the large amount of time
that would be necessary, then there
are some elaborate procedures which
can be followed. These will be described in this lesson.
Before we study service techniques
for reducing hum, let's review quickly
the causes of excessive hum in radio
circuits. This will make it easier for
you to see just what must be done to
localize and eliminate hum troubles.
Power Lines. We will assume a
standard 60-cycle power line is used
in the examples in this lesson. Should
some other frequency line be used,
then the frequencies will be changed.
For a 25-cycle line, the frequencies
will be 25 and 50 cycles instead of 60
and 120 cycles in these examples.

POWER PACK TROUBLES
Most a.c. receivers have a power
supply like Fig. 1, in which an a.c.
voltage from the power line is rectified. The output of the rectifier contains a large amount of a.c. ripple, so
it is passed through a filter before
being used to supply the radio. Of
course, if there is any defect in the
filter, the hum level in the receiver will
be abnormal. Let's see what can go
wrong with a filter—starting with the
condensers, as they are the most likely
sources of trouble.
Filter Condensers. It is possible
for afilter condenser to open, to short
circuit, to develop leakage, to lose
capacity, or to develop a high power
factor. (A good condenser will have
a low power factor, or low series resistance. As this resistance increases
the capacity becomes less effective.)
When a condenser is open the effect
is the same as if the condenser were
not present at all, so the hum level
will increase, A short-circuited con-
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denser will kill the receiver altogether
instead of causing hum.
Leakage in a condenser has the
same effect as connecting aresistor in
parallel with the condenser. As this
does not affect the capacity, a leaky
condenser by itself will not cause
hum, but may cause another part to
do so, as we will show later.
Loss of capacity and high power
factor may be caused in wet electrolytic condensers by evaporation of the
electrolyte and in dry electrolytic CORdensers by drying out of the electrolyte.
Either defect produces more
hum, particularly if C2 (Fig. 1) is
the offender.
Choke Coil. Excessive d.c. current
through the choke coil, such as may
be produced by a leaky output filter
condenser, will saturate the choke coil
core and thus reduce the effective inductance of the coil. Reducing the
choke inductance of course lowers the
filter effectiveness, so the hum level
will rise. In this case the condenser
is the actual cause of trouble but it
is the change in choke characteristics
that causes the hum. Replacing the
condenser will allow the choke coil
to resume normal operation.
As you know, choke coils have an
air gap to prevent core saturation.
The gaps of well-made chokes are
filled with some non-magnetic material such as paper, cardboard, copper or brass spacers, etc. However,
the gap of an inexpensive choke often
has nothing in it; once in a while the
gap of such a choke will close up, if
the clamps holding the core happen
to loosen. This permits core saturation which lowers the choke coil inductance and raises the hum level.
If some of the coil turns short together, the inductance of a choke will
also be reduced, increasing hum. This
difficulty is not common with ordinary
choke coils, but does happen occa3

sionally when a speaker field is used
as achoke.
Rectifier Tube. A full-wave rectifier normally supplies current with a
ripple frequency of 120 cycles. If the
rectifier tube sections become unbalanced, so that one section passes more
current than the other, the fundamental ripple frequency will change to
60 cycles because the output is more
nearly like that of a half-wave rectifier. This often causes hum in the
set, because a filter which is adequate
for 120-cycle ripple may be unable to
filter the 60-cycle ripple sufficiently.
(Remember, a poor socket connection

FIG. 1. Although this standard a. c. power
pack is the type most commonly encountered,
the same filter troubles described in the text
will be found in a. c.-d. c. packs.

or a defective power transformer, in
which only half the high voltage secondary supplies voltage, will also
cause half-wave rectification and create hum. If the tube tests good, investigate these points.)
Sometimes a rectifier tube becomes
gassy, due to afaulty tube or because
of excess current flow. The high concentration of ions makes the tube continuously conductive, so it becomes
an imperfect rectifier and passes some
current on the reverse cycle.
This
again introduces 60-cycle a. c. in a
circuit designed to eliminate only
higher frequencies and may produce
hum. Also, an r.f. oscillation may develop, producing hum modulation as
we shall learn later. When you see
the rectifier light up with a purple-

pink glow, and know it is not a mercury vapor tube, you're justified in
assuming it is gassy. To cure the
condition you must usually replace
the tube. If there is an excess current flow, it must be reduced by replacing the defective part (usually
leaky filter condensers).
Tuned Filters. Some of the older
receivers have tuned filters. These
are adequate hum eliminators as long
as they stay tuned to the proper frequency, but are very difficult to retune if they drift off. If you find
something wrong with a tuned filter
nowadays, the easiest thing to do is
to remove the tuning feature so the
filter is no longer resonant, and replace the filter condensers with modern, high capacity electrolytic condensers. The hum reduction of the new

FIG. 2. Two common tuned filters.

filter will equal or better that of the
tuned circuit.
To change over tuned filters of the
type shown in Fig. 2A, remove C3 and
increase the capacity of Ci and C2;to
change over one like that in Fig. 2/3,
move the wire coming from terminal
A from point 2 to point 1 and increase the capacity of Ci and C2 each
to 8mfds. or more.
RECEIVER DEFECTS
Quite apart from the power pack,
there are many possible sources of
hum in the receiver itself. One of the
most common is cathode-to-heater
leakage in any tube in which the filament is operated from a.c. voltage directly. Normally, the cathode of such
a tube is insulated from the filament.

However, the cathode may short to
the filament or leakage may develop
between them. If either happens in a
set in which the cathode is connected
to the chassis through a bias resistor,
a hum voltage may exist between the
cathode and the chassis. (Cathode-toheater leakage is not troublesome if
self-biasing is not used and the cathode is grounded directly, as there is
then no way of developing a cathodechassis voltage.)
Cathode-to-heater leakage is most
likely to occur in a.c.-d.c. receivers,
where the difference in potential between atube cathode and its filament
increases as you progress along the
filament string (see Fig. 3). For this
reason, the first audio tube (the tube
most sensitive to hum) is always
placed first in the filament string of
such sets, where the potential difference is least, to minimize hum.
A tube tester may or may not show
up cathode-to-heater leakage, depending on the sensitivity of its leakage
indicator. Try another tube when
there is any doubt.
Decoupling Circuits. Figure 4
shows typical decoupling circuits used
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FIG. 3. The filament-to-ground voltage increases as you move along the filament string
in a. c.-d. c. receivers.

in plate and grid circuits, particularly
in audio stages. The filter R4-04 is
used in the plate supply. The combination normally forces signal currents through C4, keeping them out
of the power supply, and also acts as
an additional filtering section between
4

it is in good condition; but, if the condenser opens, the cathode-to-chassis
impedance will rise to the value of R.,
and this increased impedance will
cause aconsiderably higher hum voltage drop. Since this voltage will be
between the grid and cathode, it will
enter the stage and be amplified.
Hum Balancers. In a few radios,
you may find a triode tube in the
audio amplifier. The grid return to
such atube is made to some point representing the center tap of the actual
tube filament. Sometimes a centertapped resistor or potentiometer will
be used as shown in Fig. 5. The
potentiometer P is normally adjusted
so that hum is at a minimum. However, if this potentiometer burns out
or becomes disconnected at either terminal 1 or terminal 3, then it effectively just connects terminal A to one
side of the filament. This will introduce hum, as will improper adjustment of the tap.
Grid Circuits. If the grid circuit
of a tube (particularly a first audio

FIG. 4. Plate and grid decouplers.

the power supply and the tube. If C.
should open, acertain amount of hum
may get into the circuit from the
power supply and be fed through C.
to the following tube. It is also possible for signal currents to get out of
the circuit and enter other circuits
through the power leads; this may
cause motorboating, or other difficulties.
b.- Similarly filter R.-C 2 prevents signals from getting into the C supply
and keeps hum voltages from getting
into the grid circuit. If C2 opens, hum
voltages may be applied to the control grid.
We don't ordinarily think the bypass condenser C. has much to do with

COUPLING BETWEEN
HUM SOURCE AND GRID

FIG. 6. Capacity coupling exists between grid
wiring and the hum source.

tube) increases in impedance or becomes open, hum is practically certain
to result. To see why, let's look at
the circuit in Fig. 6. Here the stray
hum field is represented by a generator G, and the capacity between the
grid wiring and the hum source by a
a condenser C. Since C is of course
very small, it has a high reactance.
Since the hum generator feeds into
the voltage divider formed by C and
R, the hum voltage divides between
the reactance of C and resistance of R.

FIG. 5. How a hum balancer is connected to
give the effect of afilament center tap.

the hum level. However, if there is
even avery slight amount of cathodeto-heater leakage in the tube, there
will be a small 60-cycle current flow
from cathode to chassis. This will not
cause much voltage drop across the
low-reactance condenser C. as long as
5

The larger R is, the more hum volt- control opens circuits at the ground
age appears across it between grid end, the a.c. impedance between the
and ground, and the greater the hum grid and ground will increase because
output.
it will no longer be shunted by R..
When the grid input circuit has low
In a circuit like that shown in Fig.
impedance (R is small), it takes a 713, where the volume control is right
considerable amount of stray hum in the grid circuit, a defective control
voltage to dev
reciable hum can break the d.c. path. The a.c. imsignal. On the other han
hen the pedance rises to ahigh value, causing
grid circuit has high impedance, 'very -\a, loud hum. This open also produces
small amounts of stray hum voltage A "floating grid" (no bias), and will
may cause trouble. Sometimes a set :frequently cause distortion in the set
output as well as hum. In either case,
.the volume control will not properly
•
control volume, which is an additional
clue leading you directly to the
trouble.
INDUCTIVE COUPLING
Iron core transformers and chokes
have leakage magnetic fields which
exist in the space about the devices
and frequently travel through the
chassis. Most of them use soft iron
magnetic shields to limit this field, but
even so audio transformers must usFIG. 7. Two methods of connecting volume
ually be placed well away from power
controls. A defective control can cause hum
transformers and filter chokes to avoid
in either instance.
hum pickup.
develops hum because of an increase
If you replace an iron core choke
in the grid circuit impedance; the most or transformer, you must take special
common cause of such an increase is precautions not to introduce hum in
a defective volume control. As the', •the receiver—unless you can get an
-mitre). -wears r-a- poor -cón
-fitdfee'v-elops
exact duplicate, in which case there is
between the rotating arm and the no problem. If you must use one of
strip; causing an increase in the re- the "universal" replacement types, or
sistance between the grid and ground. some other type having similar elecIn many types, the strip itself may trical characteristics, you may find
wear out; this, of course, increases the after making the installation that the
resistance a great amount.
leakage magnetic field of this particuThis effect may even occur when lar part is different, or the shielding
the volume control is decoupled from poorer, so that some magnetic coupling
the grid circuit, as in Fig. 7A. Here, exists to another circuit or part and
the a.c. impedance between grid and hum develops. The amount of hum
ground is formed by R. in parallel increase will usually be slight, but it
with C2-R2, with the volume control may be noticeable to the owner of the
in turn shunted by C1-R1. Since the receiver.
condenser reactances are negligible, we
Frequently a simple change in the
have R., R., and R1 in parallel when position of the part, such as rotating
R, is set for maximum volume. If the it or tilting it at an angle, will clear up
6

this trouble. Usually, however, there
are so many wires connected to such
parts, and the mounting space is so
limited, that this is not practical; if so,
try using a shield. Soft iron is the
best shield at these low frequencies.
Make a practice of saving the cases
from defective transformers for possible future use as shields for others.
Since both inductive and capacitive
coupling can exist between wires, any
wires carrying large amounts of a.c.
current must be kept away from grid
and plate leads to prevent hum. Often
the filament leads are twisted together
so that induction from them to neighboring wires is minimized.
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
careful about this. Before moving
wires or parts, make a note of their
exact locations, and return them to
these positions when repairs have been
made.
Set owners often tuck excess lengths
of line cord into their radios. Watch
out for this—it may bring the a.c.
cord close to agrid, producing enough
coupling to cause hum.
REVERSED HUM-BUCKING COIL
If you disconnect aspeaker for any
reason, be very careful when you connect it up again. It is very easy to
make the mistake of connecting the
hum-bucking coil up backward—even
factory assembly workers have been
known to do so.
This hum-bucking coil is a small
coil wound next to the field coil. The
field coil usually carries a certain
amount of a.c. (particularly when used
as a choke coil in the power supply)
and induces some hum voltage in the
voice coil, making the loudspeaker
produce hum. The hum-bucking coil
is arranged so that when it is properly

connected to the voice coil, the voltages induced in the hum-bucking coil
by the field cancel those induced in the
voice coll. This prevents speaker field
induction from causing hum. However, if the hum-bucking coil terminals are reversed with respect to the
voice coil terminals, then twice as
much hum current flows through the
voice coil and the hum level increases
considerably. Figure 8shows how the
hum-bucking coil is usually represented on diagrams. Here, L1 is the
speaker field, 1-13 the voice coil, and L2
the hum-bucking coil.
Even without a diagram, you can
always tell when a hum-bucking coil
is used by tracing the connections

FIG. 8. The hum-bucking coil is placed between
the voice coil and field, and is so connected
that the hum voltage induced in it and the voice
coil by the field are out of phase and cancel.

from the output transformer to the
voice coil. If the two leads from the
voice coil go directly to the output
transformer, there is no hum-bucking coil. However, if one of the leads'
from the voice coil and one of the
leads from the output transformer secondary go to a small coil in the field
coil enclosure, a hum-bucking coil is
used.

POOR CONNECTIONS
It is quite possible for a poor connection to cause hum, particularly
when the joint is common to more than
one circuit, as in Fig. 9. Here the
grid resistor
and one filament terminal must both be grounded. As it is
difficult to solder to the chassis lug G
with parts in the way, G is connected
to terminal 7, and the resistor is then
connected between terminal 7and terminal 5. Now, as long as the ground

hum pickup is often shielded—particularly a grid lead which must be run
any great distance. The shield around
such a wire must be grounded to be
effective; if the ground connection is
poor or non-existent, the effect of the
shield is lost and hum can be introduced into the shielded wire.
Sometimes the shield must be
grounded at both ends, as in Fig. 10, to
reduce the hum level. A poor ground
at either end of the shield permits the
shield itself to pick up hum voltages
and transfer them to the wire within.
MECHANICAL HUM

FIG. 9. A poor connection between 7 and
grounding lug G introduces ahum voltage into
the grid circuit.

at the chassis is in good condition, this
will not cause any trouble because the
wire between 7 and G is usually too
short to have appreciable resistance.
However, suppose a poor connection
develops at G. This is the same as
adding a small resistor in the circuit
between 7 and G. The a.c. filament
current flowing through the resistance
of this poor connection causes a voltage drop; tracing from the grid to
ground, you can readily see that this
a.c. voltage drop will be introduced
into the grid circuit. Feeding directly
into the grid circuit like this, even a
small hum voltage may produce a
very loud hum. You can cure such a
condition, after isolating its source, by
resoldering the connections or by using
a different ground for the grid return.
Hum may also be introduced into a
circuit by apoor ground connection to
ashield. A wire in acircuit critical to

All the examples so far discussed are
classed as electrical hum, because
they cause ahum voltage which is reproduced as sound by the loudspeaker. Hum may also be caused
mechanically by a vibrating part
which produces sound directly. Almost invariably, mechanical hum is

,BOTH GROUND •

-

e CONNECTIONS%
MUST BE GOOD

...•••

FIG. 10. Watch for poor grounds.

produced by an audio or a power
transformer whose laminations are so
loose that the transformer core can
vibrate under the influence of the
varying flux.
The source of mechanical hum can
easily be discovered by careful listening. You can remedy the condition
just as easily, either by tightening the
clamping bolts or by driving a small
wedge between the transformer laminations. Either method will usually
secure the core so that it cannot vibrate.
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Localizing Hum
The same general procedures are
used to locate the source of hum as
are used to localize any other radio
trouble. Your first step should be to
confirm the complaint. Next, use effect-to-cause reasoning—which can
eliminate many localizing steps. For
example, the manner in which the hum
is reproduced will let you determine at
once the section of the receiver in
which the hum originates.
If the hum is produced steadily,
whether aprogram is tuned in or not,
then the hum must originate in the
power supply or in the audio amplifier,
since an audio frequency voltage cannot travel through the r.f. amplifier
by itself. Of course, the hum will be
more evident when you are tuned off
astation, because then there is no program to mask or drown out the hum.
On the other hand, if the hum is
tunable (is heard only when a signal
is tuned in) then we have modulation
hum, due to hum voltages entering a
defective r.f. or i.f. stage, or due to
modulation outside the receiver.
Let's repeat these two important
facts, to fix them firmly in your mind:
Steady hum originates in the power
supply or in one of the a.f. stages.
Modulation hum originates outside
the receiver or because of modulation
in an r.f. stage.
Since steady hum is the complaint
you'll meet most often, we'll study it
first. Modulation hum will be taken
up later in this lesson.
STEADY HUM
Let's assume the power line frequency is 60 cycles. Suppose you are
asked to service a standard a.c. receiver with full-wave rectification,
and acase of steady hum. You know
at once that the cause lies somewhere
in the power supply or a.f. circuits.

Next, ask yourself some mental questions about the operation of the receiver.
Is the hum accompanied by any
other complaint? How loud is the
hum? Is it 60-cycle or 120-cycle hum?
The answers to these questions will
help you greatly in localizing the
source of hum. Let's see what some
typical answers reveal.
ep. A steady 120-cycle hum of medium loudness, accompanied by weak
reception and possibly distortion, may
indicate the input filter condenser is
open, has lost capacity, or has developed a high power factor. Any of
these conditions will lower the operating voltages, causing weak reception. The fact that the hum is only of
medium loudness shows the following
choke-condenser sections are still effective.
The same combination of defects
may also mean the output filter condenser is leaky. This causes an excessive voltage drop in the choke, and
therefore lowers the operating voltages supplied to the set.
You can be reasonably certain a
filter condenser is causing this sort of
hum if you find a condenser with a
swelled-up container, or one which
grows hot after a few minutes' operation—or if you discover a deposit of
white chemicals about the vent on a
wet electrolytic. Replacing a suspected condenser with a good one and
listening to see if the hum is reduced
is often a simple way to confirm your
diagnosis. If you believe the condenser is open, has lost capacity, or has
increased in power factor, shunt it
with agood one (watching polarity, of
course, if you use an electrolytic). If
you suspect leakage, however, you
must disconnect the original conden9

ser before trying another one in its nating in the first audio stage can
—
cause more hum output than a large
choke coil will probab13? over
amount of hum in atube farther along
heat if you have a leaky output con-- ss,in the amplifier. From this you can
denser. However, this is not a very `:see, except for the power supply, the
helpful clue, since it's hard to tell just ¡first audio stage is the one most likely
how much heat should be developed Ito be the source of abnormal hum.
in a choke coil or speaker field.
A push-pull output stage will tend
u. Speaker fields are frequently quite to cancel any hum voltage coming
7 warm to the touch, even during norfrom the power supply to that stage
mal operation. If you know the volt- alone.
(The two tubes draw equal
age drop which should exist across the ,plate currents in opposite directions
field or choke, and measure a voltage through the output transformer, so
which shows that the drop is considerany ripple introduced in this plate
ably higher than normal, then you do supply will cause opposing fluxes in
have an indication of excess current the output transformer which tend to
through the field or choke coil.
cancel the hum.)
Many receiver
A very loud 60- or-120-cYCle hum, manufacturers, taking advantage of
accompanied by weak reception or a this fact, obtain ahigher plate voltage
dead receiver, usually indicates an by connecting the plate supply for the
open grid circuit, particularly in the push-pull stage at apoint in the filter
first audio stage. The hum frequency circuit where there, is less filtering.
depends on the source of the stray This is safe enough as long as the
field; the power transformer would in- push-pull tubes stay balanced, but the
duce a60-cycle voltage while the filter hum level will rise as soon as they bechoke would cause a 120-cycle hum. come unbalanced.
Watch for grid caps off tubes or on
Finding tubes which will balance is
the wrong tubes in such cases. The often something of a problem. Since
hum will be especially loud if the open the push-pull tubes are power tubes
is near the grounded end of the input and so draw high currents, a tube
device, because the parts and leads tester will often not show up an unstill connected to the grid will help balance unless the tubes are radically
pick up stray-fields.
.
different. Sometimes the only way
-----A very loud 120-cycle hum with a you can find two tubes which draw
loss of low frequency response, possiapproximately equal plate currents,
bly accompanied by oscillation, mo- and so minimize hum, is to keep tryt; torboating, or distortion, usually ing tubes in the set or to insert aplate
means an output filter condenser is current meter in each tube circuit.
open or has lost capacity.
Defective Stage Isolation. Almost
>b. A 60-cycle hum, in a standarefe- always, proper effect-to-cause reasonceiver using Aill'--Wave rectification, ing and a few tests will lead you imusually indicates cathode-to-heater mediately to the source of steady hum.
t_ leakage in an audio tube. The loud- This is particularly true of modern reness depends on which tube has the ceivers, where there are rarely more
leakage, since tubes near the input than two audio stages and usually
of the amplifier cause more hum than
only two or three filter condensers.
those farther along in the amplifier.,.7' These few items can be checked
Remember- that a
- hum —Voltage is
quickly and the source of hum located
amplified just like a signal voltage,
in a few minutes. However, if there
so even asmall amount of hum origiis some rather unusual steady hum
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condition (particularly in an elaborate
receiver), some of the following methods of further localization may have
to be used. Before trying any of these
methods, tune away from any signals
or turn the volume control to zero volume, so you can concentrate on the
hum.
b. The stage interruption test is an
easy way to localize the hum-producing stage. This method consists of
blocking the circuits, one at atime, to
determine which is causing the hum.
To apply the method to an a.c. receiver, start at the input of the amplifier and pull out the tubes one at a
time, moving toward the output each
time. (Of course, you must replace
each tube before pulling out the next.)
If pulling out aparticular tube makes
the hum disappear, then the hum is
originating in that stage or in the preceding coupling device.
If you notice that pulling out tubes
one at atime makes the hum decrease
each time, but does not stop it altogether, then probably the hum is getting into all the stages simultaneously.
This immediately indicates that the
trouble is in the power supply common to all the stages.
The tubes in universal receivers
can't be pulled out to perform the
stage interruption test. It is possible
to short circuit the input of each stage,
however, and achieve the same result.
If one end of the input part (across
which the signal appears) is connected
to the set chassis, you can short it out
by touching the control grid terminal
and the chassis with the probes of a
test lead. Move from stage to stage,
toward the output.
However, you
should not do this if bias sources are
placed in the grid circuit between grid
and chassis, because your test lead
will short out the bias. (An example
is shown in Fig. 11, where VT3 gets
bias from the tapped choke L..) In-

stead, hold the test lead right across
the input device itself (R 6 for example). This blocks hum signals from
preceding stages but will not stop hum
coming from the bias source, such as
might be caused by an open C7.
If the set chassis is not part of the
circuit, then you must identify the
B— return lead and short the grid
terminal to it, or else short across the
input part itself.
b. A signal tracer is very useful in
localizing hum sources. If the tracer
has an audible output indicator, all
you have to do is connect it to the
output of each stage in succession and
listen for the hum. Moving from input to the output, the first stage you
encounter having hum is the source.
Remember, this hum will get louder
as you move toward the set output.
If the signal tracer has only meters or
electric eye indicators, with no provision for phones or loudspeaker, then
you may find it more difficult to locate
arelatively low-level hum source.
A pair of headphones in series with
a blocking condenser can be used as a
signal tracer, moving from input to
output in the a.f. stages.
There are afew precautions to observe in using either asignal tracer or
a pair of headphones. Either device
may be more sensitive to hum voltages than is the amplifier. Since the
headphone is bound right to your ear,
hum levels will always sound louder
than those normally produced by the
loudspeaker, so even the normal residual hum level may sound high when
you are listening directly to the receiver stages. Be careful not to confuse this hum level with the abnormal
hum for which you are looking.
The c.r.o. is useful 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 aone- or two-cycle
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pattern, you can tell whether you have
60- or 120-cycle hum.
Defective Part Isolation.
Once
the defective stage has been isolated,
hum localization is relatively easy.
Naturally, the first step is to test the
tube in the defective stage, or try a
new one. If this gives no result, a
careful check of the grid, plate and
other electrode circuits will show the
part which is causing the trouble.
If there is any evidence that the
wiring has been changed about during
previous servicing, try shifting the
wires in that stage with a non-metallic rod. If you find any wire causes
variation in the hum level as it is
moved, move it carefully to the position of least hum.
It is usually possible to break circuits in a manner which will help in
localizing hum. For example, you
may hear hum when asignal tracer is
connected at terminal 5 of Fig. 11.
You cannot tell whether this hum
originates in the grid circuit of VT,
or in the plate circuit of VT2. By disconnecting condenser C., however, and
listening between terminal 5 and the
chassis, you can definitely tell where
the hum is getting in. If you hear it
between 5 and ground with condenser
C. disconnected, then it must be getting into that grid circuit; the most
logical cause of this would be an open
condenser C.
(Notice that C, and
resistor R, are used as a decoupling
filter in this grid circuit.) Of course,
disconnecting C. effectively raises the
grid circuit impedance by removing
the shunting effect of R,, and so may
make the residual hum level rise at
the VT, grid. Remember to make allowances for this.
Disconnecting C. while listening to
the output of the set will also help
point out the hum source. If the hum
decreases or vanishes, then it must
originate in some previous circuit; if it
remains or increases, it is being devel-

oped in the output circuit, the power
supply, or the loudspeaker.
You can connect a signal tracer
across a possible defective part and
listen for excessive hum. For example, if you are suspicious of condenser C7, connect asignal tracer between
terminal 8 and chassis. Any appreciable hum at this point indicates an
open condenser, because a good condenser would practically short circuit
hum voltage between these two points.
Similar use of the tracer will show you
whether condensers C1. and C. are
defective.
In the same way, you can separate
the circuits of VT1.and VT 2 and discover which is causing hum by unsoldering condenser C.. Again, remember
to make allowances for apossible rise
in hum caused by disconnecting the
shunting resistor R2 from the grid circuit of VT 2. If the hum source is in
the VT2 grid circuit, the most logical
suspect would be the volume control.
To separate circuits which are
transformer coupled instead of resistance coupled, disconnect the primary
winding and leave the transformer
connected to the following grid circuit.
Assuming the hum is present at the
grid, and remains with the primary
disconnected, the transformer is probably picking up the hum inductively.
This means you will either have to
move the transformer to a different
location or shield it.
Practical Hints. When filter condensers are mounted in a common
block, you will frequently find that
only one or two of the condensers are
defective. However, it is best to replace them all, because when one condenser in ablock goes bad, the others
will usually soon follow. (This is not
so true of condensers that are separated from each other.) Many servicemen make a practice of replacing
electrolytic condensers rather generously, particularly if the receiver has
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FIG. 11. Here are the testing points for localizing hum.

been operating for several years with
no condenser replacement. It is gradually being recognized that condensers, like tubes, can wear out.
When replacing condensers, be very
sure to make the proper connections.
See that the replacement condenser
has ratings like those of the original,
and that the replacement is connected
with the proper polarity and between
the right points.
An unusual source of hum is found
in some receivers in which the filter
condenser block is made up of dry
electrolytic condensers contained in a
waxed cardboard container, and is
mounted on the set chassis by means
of a metal strap around the block.
If the filter choke is in the negative
side of the circuit, the negative lead
of one of the condensers will not go
directly to the chassis (see Fig. 12A).
If leakage develops between the ungrounded negative terminal of the filter condenser and the grounded
mounting strap, the choke coil will be
shunted by the leakage resistance R.
This will reduce the effectiveness of
the choke coil and introduce hum.
If the set has acommon bus or lead
as the B— return so the set chassis is
not a part of the circuit (see Fig.

12B), none of the negative leads of
the filter condensers will go to the set
chassis. Leakage between any condenser section or lead and the chassis
through the strap will set up hum currents in the chassis between the leakage point and the C. return, thus providing chassis voltage drops which
may link with other circuits.
To stop hum in circuits like these,
either replace the condenser block or
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FIG. 12. Leakage to chassis through the cases
of filter condensers is asource of hum in many
a. c.-d. c. receivers.

cut the strap and make the condensers self-supporting.

radio frequency system, are not perfectly linear, so in practice we may
get
modulation hum from any ampli,
MODULATION HUM
fying stage.
Operating an amplifier at apoint on
Modulation hum develops in the r.f.
amplifier or outside the receiver. Since the curved region, as shown in Fig.
an audio signal will not travel through 13B, permits normal variation in one
the r.f. or i.f. stages by itself, it must direction but tends to cut off variations
be mixed with or modulate an incom- in the other direction. This does not
ing carrier to cause hum. Hum of this greatly matter to the incoming signal,
sort is more evident when a station is since the flywheel effect of the followtemporarily not modulating, as during ing resonant circuit will restore the
the silent period between programs, original wave shape. However, if hum
but you can hear it only when you are is introduced, the plate current will
have the appearance shown. Compartuned to a station.
The fact that mixing is necessary ing the x-y distance with the m-n or
for modulation hum to exist means the s-t distance in this figure shows
that there must be both ahum voltage you that the amplitude of the r.f.
and acurved tube characteristic in the signal has been changed by the hum
stage where the hum is introduced. voltage—in other words, amodulation
When an r.f. amplifier has a linear has occurred. The following tuned
Eg-Ip tube characteristic, the presence circuit will now reconstruct a comof both r.f. and hum voltages will not pletely modulated wave like Fig. 13C,
produce hum. If you were to take a so the hum voltage will be carried
cathode-ray oscillograph picture of along on the r.f. voltage just like any
the plate current when both the ripple original modulating signal.
and r.f. components exist in a stage
Effect-to-Cause Reasoning. When
operating as a linear amplifier, the you are tracking down modulation
pattern would be as shown in Fig. hum, notice whether it is heard on all
13A. As you can see, the hum signal stations, only on certain stations, or
is varying the r.f. signal, but the am- just on one. These are important
plitude (height) of the r.f. pulses re- clues.
mains exactly the same. (That is, if
Usually, if the source is within the
you measure the distance between set, you will notice that the modulapoints x and y and compare it with tion hum is heard on all reasonably
the distance m-n, or the distance s-t, strong local and distant stations. The
you will find they are the same.) This most common sources of such hum
means we have both an audio and r.f. are cathode-to-heater leakage in a
voltage existing together, but they are tube or adefective filter system in the
not modulated. In the plate circuit of plate supply for the oscillator of a
this stage, the tuned circuit will pick superheterodyne. (Very frequently a
out the r.f. voltage, and the audio volt- separate condenser-resistor filter comage will be ignored. Thus, ahum volt- bination is used in the oscillator plate
age introduced in alinear r.f. amplifier supply, because any hum in this supwill not be passed on to the next stage. ply will modulate the oscillator voltThis does not mean, however, that age and so be mixed with the incomonly a detector stage can give hum ing signal in the first detector.)
modulation. The Eg-Ip characteristics
If these points appear normal, then
of all amplifiers, including those in the check operating voltages carefully,
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noticing in particular the grid bias
voltages developed for the r.f. amplifiers. In addition, a lower than normal screen grid voltage will cause operation on acurved characteristic just
as excess bias will—so changes in the
values of bleeder resistors, or leakage
in ascreen-grid bypass condehser, can
cause modulation hum by producing
acurved characteristic in an amplifier.
If modulation hum appears to be
stronger at one end of the station dial
(usually the high frequency end), often some stage is in a regenerative
state which allows it to be easily
affected by stray hum fields or hum
voltages. Eliminating the excessive
feedback in such acase will frequently
remove the modulation hum. This
condition sometimes means that realignment or a check of the bypass
condensers is needed.
If the modulation hum appears
only on the stronger local stations, it
may be originating outside of the receiver. The power line picks up a
considerable amount of r.f. energy;
if the antenna or ground installation
is in poor condition, this power line
r.f. may feed through the chassis to
the input of the set. As the power
line may have non-linear characteristics, it is quite possible for these r.f.
signals to arrive with a hum modulation. Also, if the antenna is near
power lines, a poor joint may cause
rectification and mixing right in the
antenna system. The cure is to restore the antenna and ground to full
effectiveness, and, if necessary, to bypass the power line connections at the
set with asmall condenser. One condenser from each side of the power line
to chassis, which in turn is grounded,
is effective. (A separate ground cannot be used on an a.c.-d.c. universal
set unless a ground terminal is provided on the set by the manufacturer.
Don't connect a ground to the chassis
of such receivers.)
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Sometimes you can make the modulation hum disappear just by reversing
the power line plug in the wall socket.
If this reversal also changes the apparent strength of the signals, then you
have a definite indication of a poor
antenna or ground installation.
If modulation hum is heard on only
one station, the signals from that station are strong enough to drive one of
the tubes into the curved region of its
characteristic, external hum modulation occurs, or else the hum is originating in the station itself. Station hum
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FIG. 13. How modulation hum occurs.

is much more noticeable on high-fidelity receivers where there is a greater
response to low frequencies. To determine which of these possibilities exists,
try another receiver at the location or
move the defective receiver to your
shop. If hum is heard regardless of
location or changes in antenna, then
the station is to be suspected. If the
test receiver hums at the location of
the defect, overloading or external
hum modulation is occurring.
If some nearby station or some very
powerful station actually drives a
tube into detection, usually a wave

trap tuned to that particular frequency will reduce the incoming signal level enough to prevent hum modulation.
Defective Stage Isolation. When
you are tracing a steady hum, all interfering signals must be tuned out.
However, when you hunt for the
source of modulation hum, you need
an r.f. voltage source. To isolate adefective stage, you can use abroadcast
signal and asignal tracer with an au-

FIG. 14. There are several possible causes of
modulation hum in the frequency converter
stage.

dible output indicator, or you can
make use of a signal generator.
Is If you use asignal tracer, first tune
in some signal which has the modulation hum. Then, start at the input
of the receiver and move toward the
output with the signal tracer, listening
to 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. The signal
tracer must be tuned to the frequency
of the incoming signal until you pass
the first detector, at which point you

should change to the intermediate frequency of the receiver.
If you use a signal generator, start
at the second detector and move back
toward the input, feeding the signal
into the stage being tested and listening to the output of the receiver. Use
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 will be set at the i.f. value until
you pass the first detector, moving
back toward the input.
As you move toward the input, the
signal strength increases; 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,
shown on the tuning indicator, will
be approximately constant. Use a
d.c. type v.t.v.m. across the a.v.c.
leads if no indicator is on the set. An
audio indicating device would not
show up the overloading.
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.
Defective Part Isolation. Suppose
your stage isolation tests show that
the modulation hum arises in a frequency converter stage like the one
shown in Fig. 14. Let's see how the
defective part may be found.
The most logical causes of hum in
this circuit are cathode-to-heater
leakage in the tube or hum voltages
in the oscillator circuit caused by a
defective condenser C9. (Notice that
C9 and R. act as a filter.) It is also
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possible for condenser C, to be open,
permitting hum voltage to get into the
screen grid circuit; usually, however,
an open in this condenser would cause
lower than normal volume. This open
would cause oscillation if it occurred
in an r.f. or i.f. stage, but might not
do so in a converter as the output
is not tuned to the same frequency as
the input.
First, check the tube and try other
condensers across the suspected ones.
If tests show these parts are normal,
next use an audio signal tracer to
listen in the grid circuit between terminal I and ground, in the cathode
circuit, and in the other element circuits, to determine just which one
is introducing the hum. A station
should not be tuned in, since you are

looking for an audible hum voltage.
Of course, the hum level may be too
low to be heard directly; if so, the
easiest procedure is to substitute good
parts for logical suspects.
Hum does not often enter the grid
circuit of a first detector or an r.f.
stage, but it may get in if the grid
circuit opens up—because, say, of a
defective wave band switch arrangement—or if some hum-carrying wires
develop leakage to the grid circuit.
Capacity coupling between humcarrying wires and the grid leads is
usually kept at a minimum by the
normal arrangement of the grid circuit. Similarly, stray hum fields from
the power transformer or filter choke
will not usually induce hum voltages
in a radio frequency coil.

COMMON CAUSES OF HUM
This table covers only the more usual causes, with the most common first. Use
it as a guide or memory refresher. Make localizing tests first, unless you are led
directly to one of these troubles by the symptoms.

Type

Location

Causes

Steady, 120 cycle
(or 60 cycle, if set
uses half-wave
rectification)

1. Power Supply

Open, low capacity or high power factor
filter condensers; leakage causing choke
saturation; gassy rectifier tube.

2. A. F. Stages

Open decoupler condenser; open grid circuit; reversed hum-bucking coil; poor
connection.

Steady, 60 cycle

Modulation Hum

1. A. F. Stages

Cathode-to-heater leakage in tube; open
grid circuit; hum adjuster unbalanced
(where used); poor connections.

2. Power Supply

Defective rectifier tube; open in half the
high voltage secondary or in connection
to tube. (Full-wave rectification only.)

1. R. F. Stages

Cathode-to-heater leakage in tube; open
decoupler condenser; reduced screen grid
or plate voltage; excess bias; poor connections.

2. Outside Set

Poor Antenna or ground; power line modulation; defect at station.
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Residual Hum Problems
Residual hum problems may arise
if the original receiver design was poor
or overall aging of the receiver has
caused an increase in the normal hum
level. Assuming you have checked
for all the usual causes of abnormal
hum, your next step will be to see
what changes may be made in the design of the set to decrease the hum
level, provided the receiver owner is
willing to foot the bill for the time
required.
Before beginning such a procedure,
be sure to find out if the receiver was
repaired just before the hum was first
noticed. If so, the hum level may
have been raised by the repairs—or
you may have run into an owner who
has become critical of the normal
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FIG. 15. Eddy currents induced in a heavy
copper ring cut down the hum induction horn
the field into the voice coil.

hum level of the receiver, which was
called to his attention by the previous trouble.
Remember that the design of the
receiver was carried only to the point
where the hum level was considered
acceptable. This usually means that
not everything possible was done to reduce the hum, so going over the circuit
carefully will probably prove helpful.
HUM-BUCKING
The simplest initial step is to try
hum-bucking in the circuit if the nor18

mal hum-eliminating procedures are
not helpful.
First, find out if the loudspeaker
is adding to the residual hum level.
Short the primary winding of the
output transformer with a test lead;
if you hear hum, it comes from the
speaker. Next, see if the loudspeaker
uses a hum-bucking coil (Fig. 8). If
not, see if a shading ring is used, like
the one in Fig. 15. (This ring is between the front pole plate and the
field coil, so it can be seen only in
speakers having an open "pot" field
enclosure unless you take the speaker
apart.) This copper ring uses eddy
currents to reduce the hum induced in
the voice coil.
If the speaker has neither ashading
ring nor ahum-bucking coil, replacing
it with one having ahum-bucking coil
will usually reduce the hum level considerably. Some reduction may be
obtained by such a replacement even
if the old speaker has a shading ring.
Be sure the replacement speaker
matches the voice-coil impedance and
the field resistance of the original
speaker.
>Fig. 16 shows two ways to buck or
cancel out hum by deliberately introducing an out-of-phase hum into
the hum-producing circuit.
The method shown in Fig. 16A involves feeding a hum voltage from
some source (such as the input of the
filter in the power supply) into the
cathode bias resistor of the hum-producing stage.
If the cathode bias
resistor is normally bypassed, the
bypass should be removed.
Then,
the resistor R2 is added and varied
until hum is minimized. The .5-mfd.
condenser Cs is used in series with resistor R2 so there will be no d.c. current flow to upset the bias.

A somewhat similar scheme is
shown in Fig. 16B, which can be used
in any screen-grid or pentode tube
stage producing hum. Condenser C.
is connected across the screen-grid
voltage-dropping resistor R2, forming
a hum voltage divider with condenser
C2.
Any hum which is in the plate
supply will then be fed to the screen
grid, where it will be out of phase with
that in the normal plate circuit or grid
circuit of the tube. By choosing the
size of C. properly, the circuit can be
balanced and hum minimized.
Of course, these methods of humbucking should never be used if there
is any actual defect in the radio. Such
methods should be employed only
when you are attempting to reduce
a normal residual hum level. If the

each one individually results in very
slight reduction in the hum level. In
fact, you may have to use a sensitive
output indicator to determine whether
you are getting any drop at all. Make
measurements with care, because it
will take a number of small reductions to decrease the hum level appreciably.
Increasing the filter condenser capacities will frequently work wonders,

FIG. 17. Parts and lead placement contribute
to the residual hum problem by providing
capacity coupling.
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FIG. 16. Two methods of hum bucking.

residual hum level appears abnormally
high, almost always some defect exists which you can—and should—
find and correct by the basic methods
given in the earlier part of this lesson.
REDUCING RESIDUAL HUM
As you carry out the following
hum-reducing steps, you may find
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particularly on some of the older receivers. Values as high as 16 to 30
mid. can be used satisfactorily.
As you learned earlier in this lesson, inductive and capacitive coupling between wires often causes
hum, especially if the wiring has been
changed about. It is important that
plate and grid wires, particularly in
the first audio stage, be kept well
away from supply leads.
Fig. 17 shows two examples of how
the mounting of parts may cause stray
hum pick-up. It is common practice
for manufacturers to wire up circuits
in the easiest possible manner, using
blank socket lugs for mounting. The
plate resistor Ri in Fig. 17A may be
mounted as shown, between socket
terminals 3 and 4. Using terminal
4 brings one end of this resistor and
its supply lead close to grid terminal 5,
so that capacity coupling can exist
between the grid lead and both this

supply lead and the end of the resistor. Moving the resistor so it is
between terminals 3 and 1 brings the
B+ lead to terminal 1, which separates the resistor and supply lead from
the grid and reduces the coupling.
In Fig. 17B, the resistors Ri and R2
may be lined up on a terminal strip.
Here, moving either of the resistors or
reversing the connections to resistor
R, so as to move the grid lead away
from the plate resistor may prove
helpful.
Stray hum currents in the chassis
add to the residual hum level, parC4

have all of these grounded parts in a
single stage come to a single ground
terminal. This sort of connection will
remove the effects of stray chassis
currents. Of course, these four terminals must each make good contact
to the ground point, without any common lead, so as to avoid the situation
pictured in Fig. 9. (In Fig. 9, the resistor R should be brought to the
ground lug G directly instead of to
terminal 7.)
Three separate grounds may be
used in a circuit like that shown in
Fig. 18B. If hum is traced to such
a circuit, grounding terminals a and b
to the same point will prove helpful.
If the hum comes from stray chassis
current, removing ground caltogether
may help.
You might try shielding wires subject to hum pick-up to reduce the
amount picked up. Shielding must
be used judiciously, however, as there
so/ is

STRAY
CAPACITY COUPLING
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FIG. 18. Using acommon ground point in a
stage prevents hum currents in the chassis from
FIG. 19. Condensers in acommon block or
producing hum voltages in the stage.
case will have capacity coupling between leads
and sections which can contribute to the hum
ticularly if the manufacturer has
level.
again followed the easiest procedure
and grounded parts to different points is a considerable capacity between a
on the chassis. For example, in Fig. wire and its shield. This capacity
18A, terminal 1 and terminal 2 may shunts the circuit and will lower the
not be grounded to the same point on high frequency response of an audio
the chassis. If so, any stray hum amplifier considerably. Therefore, use
currents between these points will pro- no more shielding than absolutely
duce a voltage drop in the chassis, necessary and use low-capacity cable
which is effectively in series with the if space permits. (This type of cable
has a large amount of insulating magrid circuit and can cause hum.
There are four ground symbols terial between the inner wire and the
shown in Fig. 18A; it is desirable to shield, thus reducing the wire-to20

shield capacity by increasing the spacing between them.) Sometimes shielding can be avoided altogether by rerouting wires.
Stray capacity coupling may also
prove annoying if you have filter
condensers and acathode bypass condenser in the same electrolytic condenser block, as in Fig. 19. The cathode bypass condenser normally will
be about 10 mfd., and so will have

an impedance of about 130 ohms
to 120-cycle ripple. However, if there
is sufficient capacity coupling between
the filter condenser leads and this
condenser, an appreciable hum level
may appear. This will certainly be
true if the condenser loses capacity
or develops a high power factor. In
such cases, using separate condensers
will help considerably in lowering
the hum level.

Oscillations, Squeals and Motorboating
A certain amount of feedback takes
place in practically all radio tube
stages.
This feedback may be in
phase with the input signal, causing
regeneration, or out of phase, causing
degeneration. The amount of feedback is one of the limiting factors in
radio design. A certain amount helps
to obtain desired characteristics.
Regeneration increases the sensitivity,
while degeneration in an audio amplifier increases the fidelity by flattening the response characteristics.
However, if either kind of feedback
gets out of hand, undesirable effects
result. Excessive degeneration lowers
gain, while excessive regeneration
makes the receiver unstable.
As regeneration increases, the set
becomes much more critical in its operation.
Sensitivity and selectivity
increase abnormally and the receiver
response becomes very erratic. Small
changes in humidity (affecting circuit
Q slightly) will have such great effects
on the response that the receiver will
seldom act the same from day to day.
When regeneration is carried too far,
oscillation occurs. (There is so much
feedback that the stage sustains oscillation by itself). Then radio reception is blocked entirely, or is accompanied by squeals, whistles, rush-

ing noises, or motorboating sounds.
Before we learn how to localize
oscillation, let us see just how feedback can occur.
FEEDBACK PATHS
Fig. 20 shows a typical i.f. amplifier stage. As in all radio stages,
there is acertain amount of grid-plate
capacity. This can act as a feedback
path—even in modern pentode tubes,
in which the screen grid and the suppressor grid both tend to reduce this
grid-plate capacity to a very small
value. In addition, there is capacity
coupling between grid and plate leads,
as well as possible inductive coupling
between the input and output tank
circuits.
Since it has a path for feedback,
and resonant grid and plate circuits,
you can see that this circuit contains
all the elements of a tuned gridtuned plate oscillator. If the plate
tank circuit is tuned so that the plate
load is inductive (the tank circuit is
tuned above resonance), then the
feedback will be in phase with the input signal, will aid it, and may cause
oscillation.
Of course, oscillation will develop
only if there is enough feedback. This
will depend on both the amount of
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voltage in the plate circuit available for feedback to produce oscillation...
for feedback, and upon the effect the ---,,,,,f
V-jsum
up, oscillationOur
can Our
feedback has in the grid circuit. If (,only if there is: 1, a feedback path;
the stage has high gain, and if the et 2, feedback of the proper phase to aid
plate tank circuit has ahigh Q factor tgscillation (regeneration) ;and 3, the
(thus acting as a high impedance 7-s.trenehAf the feedback is sufficient.
load), there will of course be more Usually you will try tkic-aniscillatia;
voltage in the plate circuit available by blocking or removing the feedback
for feedback than if the stage had path or by reducing the amount of
low gain or the tank circuit a low Q feedback; changing the phase of feedfactor.
back is not usually possible unless the
The Q factor is also important in the feedback is caused by circuits whose
grid circuit; for the same amount of alignment may be corrected.
feedback, a grid circuit with a high
Feedback Examples.
Fig. 21
Q factor will have more voltage across shows several Fnore examples of cirit than one with alow Q factor. (The cuits in which feedback can occur.
reason is that the feedback capacity In 21A the plate load is inductive (unor inductance is in series with the less the reflected effects from the tuned
grid impedance, forming our old circuit L4-G 2 cancel all inductance in
friend, the voltage divider. The feed- the plate circuit), so feedback from it
back voltage must divide between will be in phase with the input signal
them; naturally, the higher the im- and so may cause oscillation. In adpedance of the grid circuit, the greater dition to the usual feedback paths,
the percentage of the feedback voltage coupling may also exist between the
that will appear across it.)
tuned circuit 14 -C 2 and the antenna
Thus, problems caused by feedback lead—especially if an excess length of
will always be most frequent in high antenna wire has been tucked into
gain stages where tuning circuits of the radio. Feedback along this path
high Q are used. The more sensitive may cause oscillation if it has the
the receiver, the more you can expect proper phase and is sufficiently large.
oscillation troubles.
In an audio stage like that shown
Incidentally,
proper
alignment in Fig. 21B, oscillation might occur
may clear up oscillation in a circuit but usually does not. The effectivelike that in Fig. O. If the tank cir- ness of the capacity coupling is relacuit C1-L, is far off resonance, the re- tively small, as the capacitive reflected effects on C2-L2 are reduced, actance of such small capacities is
so the Q factor of the latter circuit very high at audio frequencies, so
will rise. Similarly, if tank circuit most of the feedback energy is dropped
.L-C4 is far off resonance, the im- in the coupling.
In addition, the
pedance of tank circuit C3.-L3 will rise. audio transformers usually have apEither condition may produce in- preciable d.c. resistance. Thus, alstability and oscillation. When the though they resonate with their discircuits are all correctly aligned, the tributed capacities, the Q is very low,
reflected effects will load the tuned so rather large feedback voltages are
circuits in the offending stage and necessary to cause oscillation.
reduce their Q. Further, if the plate
Of course, if another stage is added,
tank circuits are carefully tuned the increased amplification makes it
slightly below resonance (using an in- possible for the feedback voltage to
creased trimmer condenser capacity be considerably higher; if sufficient
setting), then there is little chance coupling exists between the input and
22

output of the two stages, there may
be enough feedback to cause oscillation.
Also, inductive coupling between
transformers may cause trouble unless they are placed so minimum feedback can occur.
Since each of the resistancecoupled stages of Fig. 21C inverts the
signal 180°, two of them cause a360°

a low impedance to cause feedback.
For example, the a.c. plate circuit of
the output tube in Fig. 22 traces from
the plate, through the primary of transformer T, through condenser C., and
then through Cs back to the cathode.
Therefore, audio variations in this
plate circuit will create avoltage drop
across C., the amount depending on
the strength of the variations and on
the reactance of C.. Since C. is the
output filter condenser of the power
supply, this audio variation is impressed on other tube plate circuits.

FIG. 20. This i. F. stage can have either inductive or capacitive feedback paths between grid
and plate circuits.

change. Therefore, if there is any
stray coupling between the grid circuit of VTi and the plate circuit of
VT,, the feedback voltage will have
the proper phase to cause oscillation.
'Whether or not oscillation will occur
then depends on the amount of coupling, on the amplification (which determines the amount of feedback voltage) and on the size of the grid resistance (which determines the proportion of feedback dropped across the
grid circuit). The larger the grid resistance RI,the greater the drop across
it and the greater the likelihood of
oscillation.
Low-Impedance Paths. In each
of the foregoing examples, the feedback voltage is part of the rather
high voltage developed across a highimpedance circuit or part. It is also
possible for avoltage developed across
23

FIG. 21. Examples of stages where feedback
can cause oscillation.

The plate supply of tube VT,, for example, may thus be varied at an audio
rate.
Such variations introduced in the
plate supply of tube VT i are passed
through the intervening stages and
applied to the grid of tube VT,. If
there are enough stages, these variations may arrive back at the grid circuit of VT 2 in phase with the plate

variation and thus provide regenera- stage, because this is usually the only
tive feedback and oscillation.
On stage where enough power is available
the other hand, if VT, is coupled di- to sustain the oscillations. A pentode
rectly to VT2,the feedback will be output stage is particularly subject
degenerative. Therefore, such oscil- to these oscillations, because such a
lation will usually occur only if there stage has high gain, has atube with a
are three stages in the audio amplifier. relatively coarse screen grid strucThis kind of low-frequency oscillation ture (so that the inter-electrode cais usually called "motorboating", be- pacity is high), and uses circuit elements which readily permit parasitic
cause it has a "put-put-put" sound.
This trouble is most
If condenser C5 loses capacity, its oscillations.
reactance will increase, and the common when the output stage is run
amount of feedback will be greater. as a class AR or class B push-pull
Motorboating can therefore be mini- amplifier, where a low-resistance inmized by replacing C5 with a higher- put transformer must be used. A
capacity
condenser.
Incidentally, typical circuit is shown in Fig. W.
The oscillation occurs at frequenmost receivers have additional filtering (represented by R5-C 8) in the cies where the leakage inductance and
distributed capacity of the transplate circuit of the first tube, which
tends to remove such audio feedback formers form resonant circuits, or
where the transformer capacities reand thus prevent motorboating.
If either condenser C2 or C. in Fig. move the inductance effects, leaving
22 opens, the variations in the plate the grid and plate leads to act as transcurrent in that stage will develop an mission lines due to their distributed
a.c. voltage drop across the cathode inductance and capacity. The cirresistor. This drop will be introduced cuits act as tuned-grid tuned-plate
in the grid circuit; it will be out of oscillators which may produce oscilphase with the grid voltage, and so lations well up in the short waves.
This parasitic oscillation does not
will be adegenerative feedback. Such
degeneration does not cause oscilla- occur in every circuit, of course. It
tion—in fact, it suppresses it. Manu- may occur, however, in any circuit in
facturers sometimes deliberately in- which enough power is available, in
troduce this degeneration both to con- which enough feedback exists, and
trol oscillations and to flatten out the in which the grid inductance and
response characteristics of the ampli- capacity can form a resonant circuit.
Parasitic oscillation causes severe
fier. This must be done carefully, because too much will cause an excessive distortion, weak reception, and perhaps a rushing noise or exceedingly
reduction in gain.
Parasitic Oscillation.
Any un- high frequency whistle. The large
wanted (or unintended) self-sustained amount of power consumed lowers all
oscillation is a parasitic oscillation, operating voltages. The output tubes
because it "lives off" the stage. How- may glow blue or even get so hot their
The rectifier tube,
ever, servicemen and technicians elements melt.
usually use this term only to describe filter choke, power transformer and
oscillations which occur at some fre- output transformer will be passing
ive current, so will overheat.
quency to which the circuit is not e
tuned or which is outside the normal j.The con ition may be cured either
frequency band of the offending stage. Vby introchizl suppLession, making
In radio receivers, this trouble is the pláte circuit bypass condenser
usually limited to the output audio more effective, or else by shortening
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the effective length of the grid leads
so much that the tube will not be able
to oscillate.
As you have learned, alow Q factor
tends to suppress oscillation. Therefore, one of the most effective cures

bypass paths from the plates run
through condensers C2 and Cs to B+,
from B+ to B— by way of the output filter condenser, and then to the
cathode through condenser C1. Bringing C2 and Cs directly to the cathode,
as shown in Fig. 24, eliminates agreat
deal of this path, and so makes parasitic oscillations less likely. If C2 and
Cs are used in this manner, they must
have voltage ratings of 600 volts or
higher.
As an additional measure, grid
condensers of about .0005 mfd. each
can be installed to change the grid
resonant frequency, as shown by C.
and Cs in Fig. 24. (Sometimes they
are installed by the manufacturer.)
If used, C4 and Cs should return to
the same cathode point as C2 and Cs.
Remember that an electrolytic
condenser makes a very poor r.f.
bypass condenser because its indue-

FIG. 22. Motorboating usually occurs in an
audio amplifier which does not have decouplers
Re Cs,or where this filter is ineffective.

for parasitics is to insert suppressor.
resistors right at the grid terminals
of each tube, as shown in Fig. 24. Resistors R, and R, should be between
100 and 1000 ohms. Use the smallest
size which will eliminate oscillation.
In a Class B output stage, grid
current will cause distortion if values
above 500 ohms are used. Hence, if
larger suppressors are needed to stop
oscillations, use about 200 ohms and
consider the following procedures.
Manufacturers generally use condensers such as C, and Cs of Fig. £3 in
circuits where parasitics may develop,
to make the plate load more capacitive. Such condensers should be right
at the tube socket, a position which
makes the effective length of the
plate leads shorter, reducing further
the inductance effects as well as the
ability to feed back.
In the circuit shown in Fig. 23, the

FIG. 23. A typical push pull output stage.

tive winding limits its effectiveness at
high frequencies. For this reason, a
paper bypass condenser is connected
across the output filter condenser in
many receivers; sets without this feature frequently prove unstable. Never
assume that an electrolytic condenser
is an adequate bypass for all frequencies which may be present.
EFFECT-TO-CAUSE REASONING
As you have learned, oscillation
may occur in asingle stage of aradio
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receiver or may be the result of feed- other hand, the oscillati on i
sp
ro b
abl y
back across several stages.
Your originating in the audio amplifi er if
first problem is to localize the trouble, moving the control doe s no t affect
then you must cure it, generally by the oscillation.
reducing the gain of the stage, by
If the feedback occu rs in or throug h
restoring bypass facilities to normal, the circuit containing th e vol
ume con or by blocking feedback paths.
trol, varying the vol ume cont
ro lw ill
Oscillations may be audible or in- vary the amount of fe edb ack an d
audible, and may occur anywhere in throw this particular ci
rcu it i
n an dout
the radio. If the oscillations are au- of oscillation. If the sethas a t
un i
ng
dible, whether or not signals arfe
indicator, notice wheth er th e vo l
ume
tuned in, they are audio signals and control adjustment stops th e t
un i
ng
in all probability originate in the auindicator deflections as, well as the
dio amplifier. The only usual exsound output._-)Irthétuning indicator
ception occurs when an a.v.c. cone
- centinués tedeflect in step with th e
trolled stage is oscillating and block,oscillations, even when the volume
?' control is at zero, then one of the r.f.i.f. stages is oscillating.
no indicifole- is - used, pulFThiW
the last i.f. tube. If this stops the
sounds, the trouble is in the r.f. section; otherwise, an audio trouble is
present.
If oscillations occur only when a
station is tuned in, then they are undoubtedly starting in the r.f. or i.f.
stages. In a set with this trouble,
you will notice aloud whistle or squeal
FIG. 24. Here are pictured the cures for
as you tune in a station; then as you
parasitic oscillation in an output st ag e.
tune slowly through the proper dial
setting, the squeal will first drop to
ing
simultaneously—th at i
s, th e
zero frequency and then increase in
circuit starts to oscill at
e,
butsu ffi ci
en t
pitch again on the other side of the
grid bias is developed (p ar ti cu l
ar ly
correct dial point.
across a.v.c. resistors) to blo ck osc ilIf the ability to oscillate appears
lation at an audio rate. Mot orboat- greater at one end of the dial than
ing can be caused once i
n a w hil e b
y
the other, an r.f. stage is probably to
this particular combination of con - blame. In this case, the variation is
ditions.
caused by the fact that different freTo tell whether asteadily pro duce d quencies will vary the amount of feedwhistle or "put-put" i
s i
n th e au di o
back and may, because of differences
system or in the last i.f. stage,t
urn
in alignment, vary the input and outthe volume control to zero output. In put impedances of the offending stage.
most modern receivers the vol ume
Be careful in making this check for
control is at the input of the au di o suspected oscillation not to confuse
amplifier. If a volume cont
ro l adthese noises with whistles due to osciljustment will stop the s
oun d com i
ng
lator harmonic interferences, second
from the speaker, then it i
s or i
gi
na tharmonics of the i.f. amplifier, and
ing ahead of the control an d i
s p
ro bsimilar causes, which have been disably in the i.f. amplifier. On th e cussed elsewhere. These last inter26

ferences will show up only at certain
particular spots on the dial or only
on certain stations, rather than over
the entire dial or alarge portion of it.
Parasitic
oscillations
are not
usually audible except as a sort of
rushing noise. To help yourself diagnose them, remember that the great
amount of power taken when these
oscillations occur lowers the voltages
throughout the receiver, so that weak
or badly distorted reception, or possibly a dead receiver, may result.
LOCATING THE DEFECTIVE STAGE
The most common sources of trouble
are missing or poorly connected
shielding, and defective condensers in
supply circuits common to more than
one stage. The condensers most likely
to cause oscillation, arranged in order
with the most common troubles first,
are:
1. Open screen grid bypass.
2. Open or low-capacity output filter.
3. Open or low-capacity plate decoupler.
4. Open cathode bypass.
5. Open or shorted grid decoupler (a
shorted one removes bias).
6. Open bias supply bypass.
To make a quick check, first inspect the shielding visually, then tune
in a signal and try a good bypass
condenser across those listed in / and
2 above. If the oscillations continue,
it is best to localize the defective stage.
A simple way to localize the trouble
is to tune in a signal, and bring your
hand near one tube at a time. As
you approach the offending stage, you
will change the pitch of the whistle or
squeal.
If you have a signal tracer, use it
on each stage in turn (starting at the
input and moving toward the output)
with no signal tuned in. Since oscillations produce r.f. voltages, you will
find an r.f. voltage present when you
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enter the defective stage. Sometimes
this procedure will not work satisfactorily, because connecting the signal tracer or bringing your hand near
the offending stage may stop it from
oscillating. You will then probably
pass over the offender, find the signal
in the next stage, and believe that it
is the defective one.
In the audio stages, you can test
each stage with an audio signal tracèr,
starting at the input and moving toward the output. Here again, you
may stop the oscillation when you
connect the tracer.
The fact that your tests may stop
the oscillation temporarily makes it
rather difficult to do more than locate
the defective stage with test equipment. If an open bypass condenser
is suspected, you will have to hold
a good condenser across each section
you want to test. Remember, particularly when working with r.f.
stages, that long leads cannot be used
—you must hold the replacement condenser directly across the suspected
one. Bend the test condenser leads
so you can touch the proper points.
If the oscillation stops when you
make such acondenser test, remember
that it may do so because of the
presence of your hand, not because of
the condenser. If this happens, you
will find it out quickly, because oscillation will usually start again as soon
as you finish putting in the new condenser and remove your hand. It is
usually a good idea to temporarily
solder the trial condenser across the
suspected one, then take your hands
away to see if oscillation has stopped,
before making a permanent replacement.
You should, of course, check an
oscillating set to make sure that all
tube shields for which provisions are
made are actually used. But don't
assume that the shielding is satisfactory just because they are all present

—remember, a poor contact between
ashield and the chassis may make the
shield ineffective. Try grounding such
shields to the chassis with ashort test
lead or screwdriver blade. If this
helps, sandpaper the edges of the
shield and tighten the screws or rivets
used to ground it. Since rivets sometimes corrode, replacing them with
screws may prove helpful.
Oscillation in an r.f. stage may be
caused by a poor contact to the tuning condenser rotor shaft if the resistance of the contact provides a
common coupling between condenser
sections. Be sure to clean and tighten
wiping contacts if trouble is localized
in this sec'tion of the set.
Remember that abnormal feedback must occur in the set to cause
oscillation. To cure'the condition, you
must either block the feedback path
or make circuit adjustments to cut
down the amount of feedback. If you
can find nothing out of the ordinary
which could provide a feedback path,
see if the stage has exceptional gain.

Since this can easily be caused by
higher-than-normal screen grid voltage or by lack of proper bias voltage,
a short-circuited bias supply or an
open screen bleeder may be the cause
of the oscillation.
Misplaced wires are a frequent
cause of oscillation. Always look for
them if an oscillating set shows evidence of a previous repair. If you
find that moving a wire causes a
change in the pitch of the oscillation,
move both this wire and its neighbors
carefully until you find a position
which will give minimum feedback.
The manufacturer's service information is frequently helpful in finding this position. In all sets in which
regeneration is allowed to exist to a
considerable degree—small a.c.-d.c.
receivers,
for
example—misplaced
leads can easily cause oscillation. The
manufacturer of such sets will frequently give information on "lead
dressing," that is, how to position
leads with respect to each other and
to the chassis to prevent oscillation.

COMMON CAUSES OF OSCILLATION
This table covers only the more usual causes, with the most common first.
Use
U as a guide and memory refresher. Localize the trouble first, .then check for
these probable causes.
Causes

Condition

Location

Audible at all times.

Audio Stages

Defective filter or bypass condensers.

Squeals only when
station is tuned in.
Occurs on all stations.

I. F. Stages

Open bypass condensers; shielding missing or making poor contact; alignment
off; excess screen grid voltage; low bias;

Squeals only when
station is tuned in.
Occurs mostly at one
end of tuning band.

R. F. Stages

leads improperly placed.
Open bypass condensers; shielding missing or making poor contact; poor contact
at tuning condenser 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 41RH-2.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Will ashorted filter condenser cause hum?
2. What quick check can be used to determine if a suspected condenser is
open or has high power factor?
3. Excluding the power supply, what stage in a radio is the one most likely
to be the source of hum?
4. Is the temperature of a speaker field, used as a choke, a reliable indication of excess current flow?
5. If the complaint is a loud 120-cycle hum, with a loss of low-frequency
response and oscillation, what filter part would you suspect?
6: A 60-cycle hum is heard from a receiver using full-wave
Which two of the following can cause this hum: 1, shorted
2, cathode-to-heater leakage in a tube; 3, open output filter
open in one of the rectifier tube plate circuits; 5, reversed
coil.

rectification.
filter choke;
condenser; 4,
hum-bucking

7. Does capacity coupling to a grid circuit cause more hum in: 1, a highimpedance grid circuit; or 2, a low-impedance grid circuit?
8. What three conditions are necessary for oscillation to occur?
9. Suppose motorboating is heard and the tuning eye deflects in step with the
oscillations. Turning the volume control to zero output stops the sound
from the speaker but the tuning eye continues to deflect. What section
would you suspect is the source of the motorboating?
10. Name three procedures used to stop parasitic oscillations in an audio output stage.
Be sure to fill out a Lesson Label and send it along with your answers.
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To a vast number of human beings, the term "impossible" 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 why 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 thrilling 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 how it might be done.
This is the approach to the "impossible" that
works not only in science and invention, but in bringing 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 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.

Types of Distortion

Dl.

D

Pages 1-5

Although there are three kinds of distortion, only one type is of great importance to radio servicemen. You are shown that anon-linearity is responsible
for amplitude distortion and that improper operating voltages on tubes is a
very common cause of this condition.

2. Defects Producing Amplitude Distortion

Pages 5-12

Here you study in detail the circuit defects that can cause a tube or ironcore device to produce distortion. Then troubles in push-pull stages are
covered. This section serves to show you what to look for when you are
localizing the trouble.

D

3. Defects Producing Frequency Distortion

Pages 13-14

This short section gives a listing of the few defects which may cause unusual
amounts of frequency distortion. These defects are localized just like those
producing amplitude distortion.

D

4. Localizing Distortion

Pages 15-2 I

Now that you have studied the causes of distortion, you can confidently proceed to localize the trouble to the defective section, stage, circuit and part.
This portion of the lesson explains the methods used.

D

5. Loudspeaker Defects

Pages 22-30

As a loudspeaker is a mechanical device, it has many mechanical troubles
as well as the usual electrical opens and shorts. These can _he recognized by
the distortion or noise caused. Here you learn all about -thun and why
they occur.

D

6. Speaker Repair and Replacement
After finding the
field and install
once the method
for repairs if you

Pages 31-36

speaker to be at fault, you will have to remove the cone or
a replacement. This is a simple procedure in many cases,
of installation is seen. You can also send the speaker away
desire, and in some instances this is necessary.

El 7. Answer Lesson Questions and Mail your Answers to N.R.I.
8. Start studying the Next Lesson.
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HOW TO ELIMINATE DISTORTION
SERVICING LOUDSPEAKERS
Types of Distortion

W

HEN a customer tells you that
his receiver doesn't sound right,
you have a case of distortion to correct. He may say the set sounds as
though the person talking had a
"mouthful of mush," or the receiver
sounds "tinny or boomy," or he may
not be able to describe just what he
finds objectionable.
Complete elimination of distortion
from an amplifier or reproducer is, of
course, an impossibility, for the receiver without any trace of distortion
has not yet been made. Your task is to
reduce the distortion below the level
that causes customer dissatisfaction.
Therefore, when a customer complains about his receiver, be sure you
find exactly what he dislikes about its
performance. You can't depend on your
hearing; even when the receiver is
working at its best, you may consider
its output distorted, or the customer
may complain about distortion which
you find unnoticeable. Much depends
on what the customer has been used to
in the past and the exact quality of his
hearing. Remember that the untrained
human ear can stand reasonable
amounts of distortion indefinitely.
Some people even prefer it—for example, those who set the tone control
for a greater than normal bass response.
There are three types of distortion:
Frequency, phase and amplitude. Let
us see just exactly what they are, and
which you'll be called on to correct
most frequently in service work.
1

FREQUENCY DISTORTION
Frequency distortion occurs in areceiver or an amplifier which does not
pass all signal frequencies in the audio
range equally. Assuming that audible
sound ranges from 20 to 20,000 cycles,
ideal transmitting and receiving equipment should transmit and reproduce
these frequencies with their original
relative amplitudes. Fortunately, intelligible and entertaining programs
may be had with asmaller frequency
range. The usual inexpensive table
model radio receiver will have a frequency range of 100 to 3,500 c.p.s.;
high-fidelity receivers reproduce from
30 to 15,000 c.p.s. Both receivers will
receive programs from a high-fidelity
station, but only the one with the wide
frequency range can do them full justice.
You cannot tell whether a set has
good, bad or indifferent frequency response by listening to a program, as
the quality of the program itself is unknown. Instead, you must take frequency response curves to determine
the frequency range of the equipment.*
Since this is usually a long, tedious
procedure, the serviceman generally
neglects the frequency range of the receiver except when dealing with highfidelity receivers, and then only if
there is some possibility of a change
in response caused by new parts.
*The procedure used in taking frequency
response curves is explained elsewhere in
the Course.

PHASE DISTORTION
Since radio equipment employs coils
and condensers, phase shifts occur in
the transmission of different frequencies. Thus, several simultaneously
transmitted frequencies may not end
up in the same phase relationship, but
may be advanced or retarded in time.
Phase distortion is usually of no importance in sound reproduction, so we
will not consider the matter here; you
will meet it again in your studies of
television.
AMPLITUDE DISTORTION
When a radio produces signal frequencies that originally did not exist,
amplitude distortion is produced—so
called because it is the result of departure from the original amplitude wave
shape. Since the added signals are
usually harmonics of the original, this
distortion is sometimes called harmonic distortion.
Now let us see just what causes amplitude distortion. A graphical presentation will show you most clearly.

line characteristic like this is said to
be linear, and will faithfully reproduce
the input signal.
As you know, the E.-I„ characterlp

MPCIFAC,ATICK.,
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FIG. 2. The actual tube characteristic is never
straight, but there is a center portion which
will give relatively undistorted amplification.

istic of a vacuum tube is never a
straight line but is curved, as shown in
Fig. 2. Part of the curve is sufficiently
straight so that operation on it will
not produce appreciable distortion. In
Fig. 2the applied grid signal 1-2-3-4-5
swings the plate current over the almost straight section A-B-C of the

FIG. 3. Too high an input signal swings the
operation into the curved regions so distortion
occurs.

5

FIG. I. A straight line characteristic curve will
give linear, distortionless output.

curve; plate current wave 6-7-8-9-10
has approximately the same shape as
the input signal voltage, and no appreciable distortion exists.
Overloading Effects. Now suppose
we have the same grid bias and plate
voltage as for Fig. 2, but apply alarger
signal to the grid so that we work into
the upper and lower bends of the characteristic (Fig. 3). Here, the signal
1-2-3-4-5 swings the tube operation
over range D-B-E, producing the out-

No distortion occurs in adevice with
astraight-line operating characteristic
like Fig. 1. Here, the sine wave signal
1-2-3-4-5 produces an enlarged but
otherwise exact replica, 6-7-8-9-10.
Any device or amplifier with astraight2

put wave 6-7-8-9-10. The output wave
is highly distorted, as the peaks at 7
and 9 are flat. This type of distortion
is the result of overloading (too much
signal voltage).
The output wave shape in Fig. 3 is
still symmetrical, since the upper and
lower halves are identical. As you

[
Ï
ASTPIiTION,CAUSED, BY INCORRECT GRID 8IAS
FIG. 4. Even with a normal signal input, too
high or too low bias will shift the operating
point so distortion occurs.

know, this means that odd harmonics,
such as the third, fifth and seventh,
have been added to the fundamental.
Such distortion is quite noticeable to
the human ear.
Bias Changes. Suppose that instead
of overloading the stage with too much
signal, we apply a normal signal and
allow the bias voltage to shift. In Fig.
4A, the tube operating curve is the
same as in Fig. 2, but the operating
point is now point F. The bias voltage
has been reduced, allowing a higher
average plate current to flow.
Now when we apply grid signal 1-23-4-5, we will operate over the curve
in the region between G and H. The
output wave 6-7-8-9-10 has aflat portion at 7, and the swing from 6 to 7
is much shorter than the swing from
8to 9, so the upper half of this wave
is quite distorted compared to the
lower half. Since the two halves of the
wave are unsymmetrical, we have an
even harmonic distortion.
Similarly, we can get distortion at
the lower bend of the curve (Fig. 4B).
Here, the bias voltage has been in3

creased so Jis the 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 distortion
as that in Fig. 4A, except that it occurs on the other half of the wave.
Since the human ear can't recognize
phase shifts of 180°, the two distortions sound alike.
Plate Voltage Changes. Distortion
like that in Fig. 4 will also occur if
the plate voltage changes and the grid
bias remains fixed. Fig. 5 shows how.
Suppose the plate voltage is 250
volts and the bias is adjusted to give
class A amplification. Then, on curve
1 (the middle operating curve) the operating point will be B and the operating range A-C, so the output curve M
is produced—a duplicate of the grid
signal.
With the same bias, suppose we increase the plate voltage to 300 volts.

FIG. 5. Incorrect plate voltage can also move
the operating point to where distortion becomes excessive.

We will then operate on curve 2, over
the upper curve in the G-H region, 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 use curve 3 and operate in
the K-L region of the curve, getting
output curve P. This curve is like Fig.

4B.

Thus, overloading the tube, changing the grid bias or changing the plate

loading, if the overload causes an output like that in Fig. 3.
However, in Fig. 4A we find something very interesting. The average
Self-Biased Stages. In aself-biased normal plate current is represented by
tube stage, we normally get changes the line F. When we apply a signal,
in both the grid voltage and the plate the plate current rise from 6 to 7 is
voltage when any defect affects either. not nearly as great as the plate curSince these two changes tend to com- rent drop from 8 to 9. Therefore, the
pensate for each other, distortion in a new average caused by this signal
self-biased stage is not as great as that variation is somewhere near the point
shown by our curves so far. However, represented by the line A-A. Thus when
a self-biased stage cannot compensate a signal voltage is applied, the plate
fully for changes in operating voltages;
current average drops from the F value
some distortion occurs when any to the A-A value—so a drop in plate
change is made, but considerably less current when signals are applied shows
than occurs in a fixed-bias stage for you the stage is operating at or near
the upper bend in the tube characterthe same change.
Remember that changes in screen istic.
voltage will have much the same effect
In Fig. 4B, the plate current changes
as improper plate voltage. The dis- from the average value J to the value
tortion shown in Fig. 5 will occur if A-A—increasing when asignal voltage
screen grid voltage changes make the is applied. Therefore, an increase in the
tube operate over a curved part of its plate current when a signal is applied
shows the stage is operating on the
characteristic curve.
Low emission in atube, caused by a lower bend of the tube characteristic.
worn-out cathode or by low filament
In Fig. 8, we chose an operating
voltage, can also change the operating point exactly at the middle of the
point of an Eg-I, curve so that distor- curve. If the actual operating point is
higher or lower on the curve, an overtion occurs.
loaded input will cause unequal half
cycles and, again, aplate current shift.
PLATE CURRENT SHIFTS
The direction of the shift depends upon
In Fig. 2, the average of the plate whether we are higher or lower on the
current is the line B-B. When the sig- curve, as in
In general, there should be astead
nal is applied, the increase in plate
*late
current in a class A amplifier,
current from 6to 7of Fig. 2is equalled
.A
by the decrease from 8 to 9, so there khether
ate current increase or decrease
is no change in the average value of
the plate current. Thus, you should no- means some distortion is occurring in
tice no change in the plate current that stage. The direction of the change
when a signal voltage is applied to a shows whether the stage is operating
closer to the upper or the lower bend
class A stage.
In Fig. 3, the average plate current of the tube characteristic. This test apis the line B-B. Again the change from plies only to a class A amplifier, like
6to 7is equal to the change from 8to an r.f. stage with no a.v.c. or an
9, so the average plate current will not audio amplifier—not to adetector or a
change. Therefore, the plate current class B amplifier, where a plate curwill not tell us when a stage is over- rent change always occurs during nor-

voltage may shift the operating point
on the tube curve enough to cause distortion.
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mal operation when asignal is applied,
As you will learn later, this gives you

ahighly useful test for distortion in a
class A amplifier.

Defects Producing Amplitude Distortion
In this section of the lesson we are
going to concentrate on amplitude distortion, the type you will most often
be called upon to correct. Let us repeat, amplitude distortion exists when
the output wave shape no longer resembles the wave shape at the input of
the stage or section in which the distortion occurs; the change in wave
shape indicates harmonics which were
not an original part of the signal.
DEFECTS CAUSING TUBES
TO PRODUCE DISTORTION
Let us see what can happen in each
stage of a radio to produce distortion,
starting with defects which make tubes
distort.
Generally, stages ahead of the first
a.f. are free of amplitude distortion, so
you can usually concentrate on the
a.f. stages, power supply and speaker.
Let's see why.
Suppose the r.f. tube VT1 in Fi

FIG. 7. Operating an r.f. stage at cut-off, the
output wave is a series of pulses, but they are
reconstructed by the following resonant circuit.

6 is forced to operate on the curved
portion of its characteristic (Fig. 7)
by, say, excess bias and low screen
voltage caused by leakage in condenser C1.
This practically cuts off the lower
half of the plate curreal_t_ wave form—._
However) when we feed the output
I—through the coupling transformer T to the following resonant circuit, the latter's flywheel action* restores the lower half of the signal and
a replica of the original input signal
voltage appears across C for appli ca tion to tube VT2.Thus the di st
or
*When pulses of energy are fed into a
resonant circuit, the condenser charges up
on the pulses and then discharges through
the coil between pulses. This stores energy
in the coil, which in turn charges the condenser with the opposite polarity. When
the coil energy is used up, the condenser again discharges. As a result, we have
both positive and negative halves of a wave
across the condenser if the charging pulses
have the same frequency as the resonant
frequency of the L-C circuit. This continuing action of the resonant circuit, called the
flywheel effect, restores the missing parts of
the applied signal.

FIG. 6. A typical r.f. stage.
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has been corrected, but the customer
will probably complain of low volume
or low sensitivity; you'll service the
set for that complaint rather than for
distortion.
I> Similarly, the first detector is designed to operate at the plate current
cut-off point just like any other detector. It must cut off half the wave
(Fig. 7) to give the necessary mixing
action. If a defect occurs the detector
may work on the straight portion of
its curve and become more of an amplifier than adetector. Some mixing of

FIG. 8. An i.f. amplifier stage.

the incoming carrier and the locally
generated oscillator signal will still
occur, but the i.f. output of the detector will be low or circuit noise will
arise. Weak reception or noise—rather
than distortion—will be the customer's
complaint.
Incorrect electrode voltages in the
oscillator circuit may make the oscillator block and thus chop up reception. Again, the customer will not
recognize this as distortion.
10- However, an i.f. stage like that in
Fig. 8may cause distortion when overloaded. Suppose that a.v.c. filter con-

denser C breaks down, removing the
a.v.c. voltage from the i.f. and preceding tubes.
Then on strong signals, the sensitivity of the r.f. section of the receiver
will not be reduced by the a.v.c., so
the signal voltage developed across the
secondary of i.f. transformer T will
become considerably greater than the
d.c. bias across resistor R. This will
allow the tube to operate on both the
bends of its characteristic (as in Fig.
3), so both positive and negative signal peaks will be distorted just as if
adistorted a.f. signal had been modulated on the carrier at the transmitter.
This distorted signal will pass through
the second i.f. transformer T1,be rectified by the diode detector, and ultimately produce adistorted loudspeaker
output. The following resonant circuits cannot correct for this as both
halves of the wave have been affected
instead of just one half.
This overloading can also be caused
if VTi or some other a.v.c.-controlled
tube is gassy and draws grid current.
This current will set up a voltage
across R1 with the polarity shown. As
a result, the a.v.c. voltage will be opposed by this drop so is effectively decreased, and may allow the r.f. gain to
increase enough to produce a signal
which will overload VTi.
1111.- Trouble may occur in the second
detector VT2.For example, suppose
the r.f. by-pass condenser C2 opens.
This will allow so much r.f. energy to
be fed into the first a.f. stage, that it
may produce overloading and distortion.
10- If resistor R2 is incorrectly replaced
with a resistor of too high an ohmic
value, the diode detector may be eut
off for short periods because of the grid
leak and condenser action of R2-C2.
If the charge stored in C2 can't leak
off rapidly enough, weak signal pulses
6

will be cut off, thus producing a distorted output.
Audio Stages. Amplitude distortion
is most commonly produced in the
audio stages. Distortion caused by too
much grid bias sometimes occurs in
the first a.f. amplifier, which may be
the triode section of VT 2 in Fig. 8.
During rectification, a d.c. voltage is
built up across diode load resistor R2,
with point I negative with respect to
ground. If coupling condenser Cg becomes leaky, the d.c. voltage across
R2 will also appear across the volume
control R4.Then, as the slider arm on
the volume control is moved towards

tive. The self-biasing feature of tube
VT2 in Fig. 9will compensate for small
voltages across R2,but usually the
coupling condenser leakage progresses
to apoint where the self bias can't keep
up. The tube then operates on the upper half of its Eg-I, curve, and avery
annoying type of distortion is produced.*
You can easily tell if distortion is
caused by a leaky coupling condenser
—simply check with ahigh-resistance
voltmeter, or better still avacuum tube
voltmeter, to see if voltage exists across
R2.Here's how:
With the aid of atube chart, locate

FIG. 9. Most distortion complaints are due to
troubles in audio stages like this one.

the point of maximum volume, an increasingly negative bias will be applied to the triode control grid of tube
VT2,making the triode work on the
lower bend of its Eg-I, characteristic
curve, and so producing distortion.
The higher the volume control is turned
up, the greater the distortion becomes.

the control grid terminal on the socket
of tube VT2.Place the positive voltmeter probe there, as one end of R2
is also connected to this point. Touch
the negative probe of your voltmeter
to the other end of R2 (or, in this case,
to the chassis). Use a high voltmeter
range at first, dropping to a lower
lb- In a resistance-coupled amplifier, range if needed. If C is leaky, you will
the most common cause of amplitude get an up-scale reading on the voltdistortion is incorrect grid bias caused meter. If no voltage is present across
by a leaky coupling condenser. Fig. 9 R2,C is cleared of suspicion.
--shows rt, typical eirc • If condenser
*The next time you are servicing a standC leaks, R1,
-C and R2 form avoltage
ard a.c. receiver with a resistance-coupled
divider across the B supply. The volt- stage like this, shunt the coupling condenser
age developed across R2 has the polar- with aresistance of about 75,000 ohms. This
will give the effect of leakage in the coupling
ity shown, making the grid of the tube condenser and you can become familiar with
less negative than normal, or even posi- the distortion produced.
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Voltage across R2, however, is not tically cuts off plate current and causes
definite proof that C is faulty. Grid a choked-up sound, since only the
current drawn by a gassy tube will positive peaks of the signal can then
also produce avoltage across R2 with be amplified by the tube. The action
the same polarity as that caused by a is the same as that shown in Fig. 4B.
Many servicemen, untrained in efleaky coupling condenser. Both defects produce the same type of dis- fect-to-cause reasoning, stumble on
torre
To find whefrer the voltage -\ the fact that the distortion does not
sound so bad if resistor 61 is shorted.
_
R2 is caused by gas or by a
leaky coupling condenser, simply pull This, of course, removes all bias from
the tube out of its socket. If the volt- the 75 tube except that caused by conage across R2 disappears, the tube is ,
gassy; if the voltage remains, C is /
leaky. When testing a.c.-d.c. receivers
/ or battery sets—where the test might
be upset or damage caused by pulling
a tube—unsolder one lead of C and
notice the effect on the voltage across
R2. If the voltage disappears with C
disconnected, C is leaky. If the voltage
is still present, it is caused by gas in
the tube.
Troubles. Fig. /0 s ows
the audio and power supply circuits
of atypical a.c. radio using fixed bias.
The bias for the 42 tube is developed
across resistors 57 and 61, while the
voltage drop across 61 also biases the
75 tube. This circuit is widely used;
when distortion occurs in it, there are
anumber of points to watch.
Leakage in coupling condenser 45
will reduce the bias on the 42 tube and
increase its plate current. Since this
current flows through resistors 57 and
57
61
61, the voltage across them also increases. This in turn increases the bias
RECTIFIER
58
on the 42 tube, partially compensating
for the leakage, so distortion in the 42 FIG. 10. A good example of trouble in one
stage affecting another stage.
tube circuit may not occur until the
leakage is so bad the self-biasing action of resistors 57 and 61 can no longer vection current through resistors 35
compensate for it. However, only a and 55, and so allows reception withslight leakage in condenser 45 pro- out too much distortion. However, it
duces distortion in the 75 tube circuit, does not correct the real trouble, which
because the increase in voltage across lies in coupling condenser 45.
If resistor 61 is shorted out, the plate
resistor 61 is applied directly between
the control grid and cathode of this current of the 42 output tube will intube. Excess bias on the 75 tube prac- crease even more, and the tube will
8

soon wear out. Also, since leakage in
condensers is progressive, condenser
45 will become completely shorted before long, so the set will come back for
service.
We have gone into detail about this
incorrect "repair" for two reasons,
first, to impress you with the necessity
of finding the real cause of the trouble.
Don't attempt to cure distortion by
making changes in design unless you
know the effect of the change and the
original cause of the distortion. Second, the fact that shorting out the bias
clears up the distortion points to an
easy way of finding whether excess bias
is causing trouble. In receivers using
this popular circuit, simply touch the
top cap of the 75 and the chassis with
the fingers of one hand. Since your
hand is arelatively low resistance, this
practically shorts out the bias. If the
distortion clears up when you make
this check, you can be sure it is caused
by excess bias. A voltage check across
resistor 46 will show leakage in coupling condenser 45.
This distortion is prevalent in threeway
(a.c. -d.c. -battery)
portables
where the output tube plate current
may furnish bias for other tubes. A
gassy output tube would increase bias
while aweak tube decreases bias.

defect that has reduced the plate voltage rather than adjust the bias. If the
plate voltage of only the 75 tube has
been reduced, leakage in decoupling
condenser 47 is probably the cause. A
voltmeter or an ohmmeter will quickly show if this part is faulty.
DISTORTION IN IRON-CORE DEVICES
Distortion may occur in a transformer-coupled circuit like that in Fig.
11 if the d.c. plate current of tube
VT 1 increases because of lowered grid
bias, increased plate voltage or any
other reason.
The reason is that the d.c. plate current, as well as the a.c. signal current,
flows through winding L1 of the trans-

FIG. II. A transformer-coupled a.f. stage.

former. Audio transformers used in circuits like this are designed to carry a
normal amount of d.c. without ill effects. But if the plate current becomes
abnormally high, the transformer core
may become saturated.
This saturation will make the transformer non-linear in response. A plate
current increase will produce practically no increase in flux—and therefore
practically no secondary voltage—
while aplate current decrease will produce a flux change and a secondary
voltage. Thus, if saturation occurs,
one-half the signal current in the VT1
plate circuit will be wiped out by the
non-linear transformer action. The
secondary output will then be dis-

I> As another example, suppose there
is no voltage across resistor 46, and
the grid-cathode voltage of the 75 tube
is normal as measured across resistor
61, yet distortion clears up when you
touch the top cap of the 75 tube and
the chassis. This, you have learned,
shows excess bias—even though the
bias appears to be correct. But remember, Fig. 5showed that the correct bias
depends on the plate voltage. Evidently, then, the plate voltage has decreased, so what appears to be a correct bias is actually excessive.
Naturally, you should eliminate the
9

be considered satisfactorily balanced.
Such atest is not always conclusive,
however. Tubes may check satisfactorily at the reduced voltages of the
tube tester, but may not be matched"
under actual operating voltages. For
this reason, several tubes should be
tried to find a pair most nearly
matched. You will frequently find
high-power amplifiers have terminals
provided for connecting a meter to
check the plate currents individually,
and have individual bias supplies so
the bias can be adjusted to give equal
plate currents.

toned in much the same fashion as is
the output of a tube operating with
improper bias.
AMPLITUDE DISTORTION IN
PUSH-PULL STAGES

As you know, even harmonics are
cancelled in apush-pull stage like that
in Fig. 12, but odd harmonics are not.
Thus, distortion produced in one-half
the wave at each tube (second harmonic distortion) will be removed by
the stage. Distortion in both halves of
the input wave (third harmonic distortion) will not be removed, but this
I> Even if the tubes are perfectly
distortion is not usually appreciable
except at high output levels. This relamatched, distortion may still be passed
tive freedom from distortion is one rea- on to the loudspeaker if different

FIG. 12. A transformer-coupled push pull stage.

amounts of signal voltage are fed into
them. In Fig. 12, for example, signal
voltages el and e2 must be equal to
prevent distortion. They may not be if
transformer T1 does not deliver equal
voltages at all frequencies, if there is
aground in either Li,or L2, or if turns
in either winding are shorted.
Replacement is the only cure for a
faulty transformer, but you should
make sure the transformer is defective
before installing anew one. To do so,
disconnect both primary leads from
the circuit and feed asine wave signal
into the primary of 711,preferably a
frequency of 400 to 1,000 cycles from
an a.f. signal generator, although 6

son push-pull output stages are so
popular.
However, second harmonics will be
cancelled by apush-pull stage only if
the plate currents of the two tubes are
just about equal at all times. This
means that the two tubes must have
identical characteristics, and be fed
the same amounts of signal voltage,
for the stage to be free from distortion.
Your first step, therefore, in checking apush-pull stage should be to test
the emission of both tubes. When
tested on atube tester having a0-100
scale, the tubes should give readings
within a few points of one another to
10

+mite from a power transformer sec- voltage (1 volt will do) te the secondondary can be used in a pinch. (The ary. The two primary voltages should
low 60-cycle frequency may not pro- be approximately equal. Since a large
duce a balanced signal in less-expen- voltage step-up will occur, use the
sive transformers.) Then compare the highest a.c. voltage range of your tester
output voltages across L1 and L2. You first, then switch to a lower range if
can use an a.c. type v.t.v.m. or acop- necessary.
per-oxide rectifier type a.c. voltmeter
Shorts or leakage in input and outto make the comparison. While the lat- put transformers are not common,
ter is not very accurate on high fre- however. It is seldom that aproperly
quencies, such as may be obtained from designed transformer does not provide
an a.f. signal generator, it is perfectly equal secondary voltages. The usual
all right for comparative readings.
transformer defect is an open winding.
If the voltages are off by more than
Phase Inverters. Not all receivers
10%, trouble is present. You should
then disconnect the three secondary use costly and bulky transformers to
leads and check between one of them provide equal input signals to the pushand the transformer core with ahigh- pull tubes. We know that the signals
range ohmmeter. Normally the leak- must be of equal intensity and 180°
age should be greater than 20 megohms.
A relatively low resistance reading
(1 or 2 megohms) shows the presence
of leakage between the core and either
L1 or L2. No repairs are possible—install a new transformer.
If the leakage test does not disclose
a fault, check between each outside
lead and the center tap with an ohmmeter. The readings should be within
a hundred ohms or so of each other.
A much greater difference shows
shorted turns on one winding. (The
readings will not be the same because,
while there are the same number of
turns in the outside section as in the FIG. 13. Using a phase inverter to get the
section next to the core, the outside phase reversal necessary for push-pull operation.
turns are larger in diameter. Thus they
use more wire and have greater resist- out of phase. A tube will shift asignal
ance.)
180°, so an extra tube and a coupling
If you are still in doubt, apply alow and supply network may be used to rea.c. voltage to the primary and recom- place an input push-pull transformer.
One typical circuit is shown in Fig.
pare the voltages across L1 and L2
13.
Here the original signal eis applied
with all leads disconnected from the
receiver. If the unequality still exists, to the input of tube VT1, amplithe transformer is definitely unsatis- fied by this tube, and applied through
factory. A new one should be installed. coupling condenser Cs across R5 and
Rg to the input of tube VT8 as e
l.
The
1110- To check the output transformer, portion of the signal across Rg (e 8)is
disconnect all leads and apply a low fed to the grid of the phase inverter
11

tube VT 2.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, VTi drives
both output tubes whi
as a phase inverter. Pulling out VT1
will block all si nals while
VT2 will only block half of the pushpull stage.
Since VTi and VT2 are used in similar circuits, they should provide the
same gain. Therefore, if the tubes are
fed the same amount of signal, the signal 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 Rg properly, the voltage across
Ro (e 3)fed to VT 2 can be made equal
to the voltage e applied to the input
of tube VTi.Then, with both tubes
amplifying these signals the same
amount, elwill equal e2,and distortion
produced by even harmonics in output
tubes VT3 and VT4 will be cancelled by
this push-pull action.
Sometimes aging of VT2 will reduce
the phase inverter gain, causing unbalance and distortion. If tubes VTi and
VT2 cannot be matched, R5 and Re
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 Rg is
varied in value; when el equals e
2,
Rg
has the right ohmic value. A convenient way to make this adjustment is
to substitute a 10,000-ohm lineartapered rheostat for Rg, adjust it until
el equals e2,then measure the rheostat
resistance with an ohmmeter and install afixed resistor of the same value.
In very bad cases of distortion, remove tube VT2 and notice the effect
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on the tone quality. If there is no
change, no signal is passing through
VT4.You should then check tube VT2,
tube VT4,resistor Rg, coupling condenser C4 and the supply voltages to
VT4
.
Loudspeakers. As long as the cone
motion of aloudspeaker is proportional
to the signal currents flowing in the
voice coil, no distortion will occur in
the speaker. However, the voice coil
motion may be non-linear, due to
warpage, obstructions in the air gap,
etc. We will go into speaker defects,
repairs and adjustments in detail later
in this lesson. Right now, just remember the speaker can be non-linear too.
Summary. You have seen how incorrect voltages will make atube nonlinear in operation, and thus create distortion. This is the case you will generally encounter. Usually, defective
parts (except for loudspeakers, which
will be taken up later in this lesson) do
not cause distortion themselves; rather,
the distortion is produced by the
changes these defective parts cause in
the operating conditions of tubes or
iron-core devices.
For example, a condenser may become leaky or a resistor may change
in ohmic value, yet signals may pass
through them without excessive amplitude distortion being introduced. However, these defects may change the operating voltages of a tube enough to
cause serious distortion, or may allow
so much current flow through an a.f.
transformer primary winding or a.f.
choke that the core is saturated, decreasing the reactance so much that
distortion occurs.

Defects Producing Frequency Distortion
Frequency distortion occurs when
some frequencies are amplified more
than others. Whenever you have acombination of inductance and resistance,
capacity and resistance, or inductance
and capacity, frequency distortion will
always exist, although its amount may
be limited by proper initial design.
Therefore, there is always some frequency distortion in any audio amplifier, causing losses at both the lowand high-frequency ends of the audio
band.
Usually you will correct frequency

attenuated and the higher audio frequencies in the side bands will not be
passed completely (If only one side
band is attenuated, amplitude distortion occurs.) This condition may be
caused by the design or by too sharp
peak alignment. The alignment can be
quickly corrected with a frequencymodulated signal generator and an oscilloscope, by staggering adjustments
slightly so as to broaden the peak.
Severe side-band cutting can also be
caused by regeneration, although the
trouble causing regeneration usually
causes oscillation before a serviceman
is called in. Treat regeneration just as
you would oscillation complaints.
FREQUENCY DISTORTION IN A
TYPICAL AUDIO CIRCUIT

FIG. 14. A typical two-stage audio amplifier

distortion only when some defect has
caused a radical change in the frequency range. Let's see what this defect may be, starting with the r.f.
stages.
Side-Band Cutting. Some high
audio frequency loss will be caused in
the r.f. stages by side-band cutting,
unless the receiver has aband-pass response. When the tuned circuits
resonate sharply, the side bands are
13

Fig. /4 shows a typical two-stage
audio amplifier. Let's see how various
troubles may cause frequency distortion.
If either coupling condenser C or
Cg opens, the reduction in capacity will
cause severe frequency distortion. The
volume will be cut down tremendously,
but enough residual capacity will be
present in the wiring and between the
broken ends of the condenser leads to
allow very high-frequency audio notes
to pass. This defect can easily be distinguished by the great reduction in
volume.
Condenser Cg is used in the output
circuit to prevent possible oscillation.
If this condenser opens, there will be
no effect on low audio frequencies, but
more high audio frequencies (normally by-passed by C5)will be passed by
the stage to the speaker.
An open in condenser C1 or condenser Cg removes the by-passing
across the bias resistors, allowing de-

generation to occur. This will reduce
amplification somewhat, but will also
flatten the frequency response and give
better fidelity. However, if small
amounts of capacity remain in these
condensers, the higher frequencies will
be by-passed. There will then be less
degeneration and a rising response at
these frequencies.
110- Signals flowing in the plate circuit
of VT2 normally pass from the plate
through L,Cg and C4, back to the
cathode. The primary L acts as the
plate load across which the amplified
audio voltage appears.
If Cg loses capacity, the external
plate-to-cathode path for low audio
frequencies will be L,L1,C7 and C4.
The plate load will be L
L1;the
amplified signal voltage will divide between L and L1,most of it appearing
across filter choke L1 because its inductance is much higher than that of
L. The higher audio frequencies still
go through the remaining capacity in
C6 or find afairly low reactance path
through the distributed capacity of L1.
As a result, most low-frequency voltages are developed across LI,most
high-frequency voltages across L.
Since
audio signals developed across L1 cannot be transmitted to the loudspeaker,

there is a marked loss of low and
medium frequency notes.
This action will not occur in apushpull output circuit. But, if the schematic shows a single-ended* output
stage and you encounter aloud, highpitched response with a marked absence of bass notes, accompanied by a
loud hum, check the output filter condenser. This is easily done by shunting another condenser of about the
same capacity (workingvoltage at least
as high as the original) across the condenser you suspect is open. If you are
right the tone will at once clear up.
When making this test you must observe the polarity markings on the test
condenser. In this circuit, touch the
negative lead of the condenser to the
chassis and the positive lead to the -Iterminal of Cg.If the latter is not
readily accessible, use the screen of the
output tube (since it is directly connected to the positive terminal of C6).
Frequency distortion in high-fidelity
receivers may be caused by a slight
change in apart value or by misalignment. In ordinary receivers, defective
parts are usually responsible, as we
shall see later in this book.
*Only one tube—not push-pull.
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Localizing Distortion
The causes of distortion may be
found by using the same general procedures used for other defects: confirming the complaint, looking for surface defects, effect-to-cause reasoning,
then localization to a section, stage,
circuit and part.
When confirming the complaint, listen carefully to the receiver. Different
defects produce somewhat different
distortion sounds, and alittle ear training will often help you go right to the
trouble.
In the less obvious cases, particularly when dealing with a high-fidelity
receiver, be sure to get all the clues the
customer can give you. For example,
find out whether the distortion is noticeable as soon a the set ig_turne
distortion which occurs only after
the set has warmed up ahalf hour or
so is usually caused by gassy tub es or
by heat warping the speaker frame.
Many other worth-while clues like thi
can be picked up by careful questio
---ing.
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Interference Problems. Before going into the receiver, be sure the "distortion" is not produced by external
causes. The customer will frequently
confuse distortion with interference.
Perhaps one of the most annoying
types of interference is chopped-up reception caused by picking up two or
more stations at the same point on the
dial. If the customer's radio is bandpassed to 10 kc. or more, picking up
two stations 10 kc. apart and modulated with a5-kc. sound causes garbled
reproduction which sounds so much
like "monkey chatter" it is referred to
by this term. Nothing can be done with
an ordinary receiver except to reduce
fidelity by peaking the tuning system.
In a high-fidelity receiver with variable band width, compressing the band
16

width will help.
Sometimes when interfering stations
are distant, achange in antenna direction will favor one station more than
the other and allow satisfactory reception 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 simply to tune
elsewhere on his dial. 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 time reception may
be entirely satisfactory, for then not
as many distant interfering stations
will be picked up.
Now, let us see what can be done
about areal case of distortion.
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. The
speaker cone should be examined 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 caused either by a
tube defect or by incorrect operating
voltages.
Look for corroded connections at the
power supply terminals of battery receivers; these might lower operating
voltages and so cause distortion by
shifting the operating points of tubes.
Sometimes the wrong tube will be
placed in astage. Always check on this
when adiagram or tube layout is available,
*Pay no attention to a glow on the glass
envelope as this is natural; also aglow should
appear between the electrodes of a gaseous
type rectifier such as a type 82 or OZ4.

an audio signal through it from another receiver or from a phonograph
record. If the receiver is aphono-radio
combination, be sure to use a phonograph record. If the output from the
record is undistorted, the trouble must
be in the r.f. amplifier. If the output
from the record is distorted, as well as
that from the radio program, the
After making the usual check for trouble is in the audio amplifier.
circuit defects, you can then resort to
Many servicemen keep a phonoeffect-to-cause reasoning. However,
graph record player in their shops for
there are many causes of distortion;
checking receivers for distortion. Natnot until you distinguish them by their urally, agood quality pick-up must be
sounds is effect-to-cause reasoning used, as well as asymphonic recording
greatly helpful. Since the most common with awide tonal range and plenty of
sources of distortion in the average rehigh- and low-frequency notes, in orceiver are leaky coupling condensers or der to judge the fidelity of the receiver.
gassy tubes, you might check these
You can also check the audio amplipoints, but it is usually best to resort fier by using an a.f. signal generator
to section and stage isolation proceand ac.r.o. A comparison of the input
dures.
and output wave forms on the c.r.o.
screen will show if distortion exists.
DEFECTIVE SECTION ISOLATION
Details of this test will be given later.
There are two ways of making a Incidentally, an audio generator alone
section isolation. For convenience, we can't be used to localize distortion, because your ear won't notice distortion
divide areceiver into: 1. The a.f. section, which includes everything be- in asingle tone.
tween the output of the second detector
LOCALIZING THE DEFECTIVE
and loudspeaker; and 2, the r.f. secA.F. STAGE
tion, which includes everything beA worn volume control which makes
a poor contact between the slider and
the resistance element can chop up the
signal (the customer will call this a
distortion sometimes) or cause intermittent reception, noise or hum. If you
notice any noise as the control is adjusted, replace the control.

tween the antenna and the first a.f.
stage. You can isolate the defeltive
section either by clearing one of item
of any fault or by finding th 4 one
which is at fault.
First, yài can tune in asignal from
a broadcast station and listen at the
output of the second detector, either
with asignal-tracing device having an
audible output or with apair of phones
—or you might even feed from the second detector into an audio amplifierspeaker combination which is known
to be in good condition. If there is no
distortion at the output of the second
detector, the trouble must be in the
a.f. ampltfier.
To cheek the audio amplifier, feed

Let us assume you've traced the
trouble to the a.f. section of the receiver. Now, let's see how you can
localize the trouble to aparticular defective stage. There are two methods:
you can take voltage and current
measurements, or you can use some
form of signal tracing.
Voltage and Current Readings.
As you recall, amplitude distortion is
usually caused by abnormal tube operating voltages. By taking voltage
measurements and comparing them
with those given by the manufacturer,
you can determine when the grid bias,
plate voltage or screen voltage is not
normal. If you do not have the manu16

facturer's information, you can tell
from experience if the measurements
are unusual.
II> Current measurements quickly spot
class A stages in which distortion exists. Just connect a current meter in
the plate circuit, as in Fig. 15, and notice whether the reading changes when
signals are applied. You learned from
Figs. 4and 5 that distortion causes a
change in the average plate current
when signals are applied.
The direction in which the current

F-

FIG. 15. Distortion is occurring if the plate
current changes when signals are applied to a
class A stage.

changes is important. The table in Fig.
16 shows probable causes of either an
increase or decrease in the average
plate current when a signal is applied
to the input.
•
It's easier to make this check if you
measure the plate current indirectly,
instead of breaking the plate or cathode
circuits for adirect measurement. Notice the plate current of the tube in
Fig. 15 flows through resistors R2, R3
and R4. If the plate current changes,
the voltage across these resistors will
also change, so all you need do is connect avoltmeter across one resistor and
notice whether the reading changes
when a signal is applied. An increase
in voltage means an increase in plate
current, while a decrease in voltage
means the plate current has decreased.
This method is practical where you
have just one or two stages to work
17

with, as in most modern receiver audio
amplifiers. If you are dealing with an
amplifier having a number of stages,
some means of further isolation will
probably find the trouble faster. Let
us now consider some of the signaltracing methods.
Signal Tracing. Fig. 17 shows a
typical audio amplifier. Underneath
the diagram are the various pieces of
equipment which can be used to localize the stage producing distortion: A,
asignal tracer with an audible output
indicator; B, a pair of phones with a
protective condenser in series; C, a
phonograph pick-up; D, an a.f. signal
generator; and E, a cathode ray oscilloscope.
When using the signal tracer or the
phones, you can use either the output
of a second detector or a phonograph
record as the audio signal source, feeding it into terminals 1 and 2 of the
amplifier. First, tune in a station (or
play a record) and notice the distortion level of the loudspeaker output.
Next, it's a good idea to mute the set
loudspeaker so you won't hear it while
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FIG. 16. This chart shows what may be wrong
to produce a plate current change up or down.

you're trying to listen to the audio output of your signal tracer. To do so, disconnect the voice coil of the speaker
and connect a 10-ohm, 5-watt resistor
in its place across the secondary of the
output transformer.
Then, using either the signal tracer
or the phones, start at the input of
the amplifier and move to the output,
looking for the point where the distor-
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FIG. 17. Here are the devices that can be used to localize the distortion in an audio amplifier
like the one shown above.

tion originates. The signal must be kept
at a low level when using phones, to
avoid overloading them.
Start by sampling the signal fed
into the a.f. system. To do so, clip one
terminal of the test instrument to the
receiver chassis, and connect the hot
probe (marked H) to point 1. The signal should be clear and free from distortion at this point—if not, the r.f.
section rather than the a.f. section is
at fault. Next, move the hot probe to
terminal 3 to see if tube VTi introduces distortion. If it does, you have
isolated the trouble to this stage; check
the tube, the operating voltages and
the parts to find the exact cause.
No trouble can occur between points
3 and 4that will result in amplitude
distortion appearing at point 4. If coupling condenser C is leaky the signal
at 4will remain undistorted, although
the change in the grid voltage of VT2
will distort its output. An open coupling condenser will cause weak reception and frequency distortion, not
amplitude distortion.
Thus, the next place to sample the
signal after point 3 is at 5. If it is all

right here, check the signal applied to
output tubes VT3 and VT4 by connecting the hot probe first to point 6 and
then to point 7. (A signal tracer, which
indicates the signal level, will show if
the output tubes are receiving equal
signals better than a headphone.)
The signal should then be checked at
point 10. (If one terminal of the voice
coil is not grounded as shown, unclip
the test lead from the chassis and connect it to point 11 while the hot probe
is on point 10.) If the signal is clear at
point 10 but the loudspeaker reproduces distortion when reconnected, the
speaker itself is at fault.
Using a C.R.O. If a c.r.o. is used
to sample the signal, the signal source
should produce asingle frequency,preferably having a sine wave form.,This
means an a.f. signal generator must be
used. Then the signal samples gathered
at strategic points in the amplifier can
be directly compared to the source signal; in this way the nature of the distortion and the stage in which it originates can be accurately determined.
Fig. 18 shows in block form how the
a.f. signal generator and c.r.o. are con18

nected to the amplifier under test. The
hot lead of the signal generator is connected to the amplifier input (point I
in Fig. 17). The hot vertical amplifier
lead of the c.r.o. is connected to the
point under test through asingle-pole,
double-throw switch SW. When this
switch is thrown to point a, the c.r.o.
"sees" the signal fed into the amplifier. By throwing the switch to point
b, the signal being sampled can be seen
and mentally compared to the original
signal. Of course, the amplitude of the
sample signal will usually be greater
than that of the original, but if the
wave shapes of the two signals are the
same, no distortion exists.
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in Fig. 17, touch the hot c.r.o. test lead
to points 1,3, 5, 6,7, 8, 9and 10. When
the pattern first changes shape, you
have just passed through the defective
stage; you can then find the actual defect with your voltmeter and ohmmeter.
As the c.r.o. probe is moved from /
to 9, the signal strength increases, so
you should reduce the c.r.o. vertical
gain to keep the pattern from becoming larger than the original. When
moving from point 9to point 10, however, there is asharp reduction in signal voltage; here the vertical gain
must be increased to bring the pattern
up to normal size. Since the c.r.o. shows

t,
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18. The connections for a c.r.o. when
tracing for distortion.

Switch SW can be eliminated if you
connect the hot c.r.o. lead to the hot
signal generator lead, then, with a
piece of onion skin paper, trace over
the sine wave signal produced by the
signal generator on the c.r.o. screen.
You can then compare this trace with
the signal at other points.
When you have the a.f. signal generator and c.r.o. connected as described
above, set the c.r.o. timing and synchronizing adjustments to produce 2or
3 cycles of the input signal on its
screen. You are then ready to compare
signals. To do this in acircuit like that
19

signal strength as well as wave form,
you can use it to determine whether
the signals fed the push-pull output
tubes at points 6 and 7 are equal in
magnitude.
II> A number of typical c.r.o. patterns
and their probable causes are shown in
Fig. 19. These patterns are for ac.r.o.
with negative input polarity;* if the
input polarity of your c.r.o. is positive,
the pattern will be inverted. The actual causes, of course, are found when
*The method of determining c.r.o. input
polarity is described in another lesson.

The output will tell you whether the
output transformer and loudspeaker
are in good condition.
Do not inject the signal at points
6 and 7, for this feeds only one output tube at a time and so itself produces distortion. Instead, feed the signal into point 5, then into point 4, and
finally into point 1. As more stages are
included, reduce the phono volume to
prevent overloading the receiver amplifier. When you reach a point where
distortion is produced, the defective
stage has just been included in the
stages between the phono output and
the receiver loudspeaker.
Remember, any one of these isolation tests will locate the defective
stage. Which one you use in your ser-

the stage itself is analyzed. If you obtain a c.r.o., you will quickly learn to
interpret distortion patterns in terms
of the defect producing them.
Signal Injection. Instead of sampling the signal at various points in the
amplifier, you can feed a signal into
some point to see if the distortion occurs between this point and the loudspeaker. (Of course, you should not
mute the speaker if you use this meth-

UNDISTORTED SINE WAVE INPUT

TOO HIGH BIAS¡ OR
TOO LOW PLATE OR SCREEN VOLTAGE
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19. These are the c.r.o. patterns which
disclose conditions in an amplifier.

od.) The easiest signal source to use
for this is aphonograph pick-up. However, apick-up does not have sufficient
output to work from points near the
loudspeaker; for these points you
should use a two-stage, hum-free test
amplifier having minimum distortion
(like the one in Fig. 20) with the pickup. Adjust the test amplifier output by
its volume control so that the sounds
from the receiver loudspeaker approach normal room volume.
This amplifier is satisfactory for
checking anywhere in the amplifier,
except directly across the voice coil.
Therefore, you will have to start testing at point 8 or point 9 of Fig. 17.

FIG. 20. A record player and amplifier combination like this can be used to feed a test
signal into the amplifier being serviced.

vice work depends on your own inclination and the equipment available.
ISOLATING THE DEFECTIVE
R.F. STAGE
If your preliminary tests show the
trouble is in the r.f. section, your first
step should be to use effect-to-cause
reasoning—remember that distortion
in r.f. stages may be caused by overloading or by a defect in the second
detector circuit.
If effect-to-cause reasoning fails,
20
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FIG. 21. Here are the devices that can be used to localize distortion in an r.f. amplifier like
the one shown above.

you can isolate the defective stage with
an r.f. signal tracer. To check an r.f.
system like that in Fig. 21, tune in a
station that causes the loudspeaker
output to sound distorted. When you
know what the distortion sounds like,
substitute a resistor for the speaker as you did in checking the a.f. system. Connect the ground lead of the
signal tracer to the chassis, then hold
the signal tracer hot probe on point 1
and tune the tracer to the signal. Move
the probe to point 2. If you find distortion at either of these points, the
station output itself is distorted.
Next, pass to point 3 and tune the
signal tracer to the i.f. of the receiver,
then move the hot probe to points 4,
5 and 6' in turn. When you first hear
distortion, the defective stage has just

21

been passed. If you find none, check at
point 7 with the audio section of the
tracer to learn whether detection has
introduced distortion.
The c.r.o. is not very satisfactory
for sampling the signal in r.f. circuits,
since its sweep frequency is not high
enough to give auseful picture of the
carrier wave shape. However, the c.r.o.
may be used with an r.f. signal tracer
by connecting its vertical plates to the
a.f. output of the tracer. When this is
done the receiver should be fed from
a sine wave modulated signal generator. Sample the signal with the tracer
in the manner just described, and watch
the sine wave modulation on the c.r.o.
screen. When the wave shape becomes
distorted, you have just passed the defective stage.

COMMON CAUSES OF AMPLITUDE DISTORTION
I

SPEAKER

R.F.

DET.

Gassy a.v.c.controlled tube
(including Magie
Eye)

Incorrect voltages

Leaky coupling
condenser

Voice coil rubs
pole piece

Diode load resistor too large

Gassy tube

Spider cracked

Leaky or ehorted
by-pass condenser

Cone brittle
or torn

I

Leaky a.v.c.
filter condenser

A.F.

Volume control
worn
Tubes in pushpull stage
unbalanced
Incorrect supply
voltages

Cone unglued
Speaker field
open (when not
part of voltage
supply circuit)
Armature of
magnetic speaker
not centered

Loudspeaker DeFects
Most loudspeaker difficulties are mechanical. Therefore, once effect-tocause reasoning has localized the
trouble to the loudspeaker, avisual inspection will generally lead you right
to the cause of the trouble.
The speaker is likely to be involved
only when the complaint is distortion,
noise, weak reception, a dead set or
hum. Speaker troubles rarely cause intermittent reception or oscillation, although hardened mounting supports
may help cause microphonic howl. The
hum level produced by the speaker itself (not that coming from the set) is
above the design value only if the connections to ahum-bucking coil are reversed; this is cured by a simple reversal of the connections.
Distortion is one of the most common complaints caus.ed by adefective
speaker. Speaker distortion is of a
peculiar nature, accompanied by rasp22

ing, scraping sounds; it can be localized, but experience will quickly teach
you to identify it as soon as it is heard.
Let us now briefly review loudspeaker types, then take up speaker
troubles. In the next section of the lesson, we will cover the practical problems of repair and replacement.
SPEAKER TYPES
The most common loudspeaker today is the moving-coil type, in which
avoice coil is mounted so it can move
in a fixed magnetic field. The audio
voltage fed to the voice coil produces
a varying magnetic field around
it. The interaction between the two
fields makes the voice coil move back
and forth. A cone or diaphragm fastened to the voice coil moves with it,
creating sound waves in the surrounding air.

There are two general types of moving-coil loudspeakers. In one, the fixed
field is produced by a field coil. This
type is known as the electrodynamic
or dynamic loudspeaker. The second
type uses a powerful permanent magnet to establish the fixed field; it is
called the permanent-magnet dynamic
or the p.m. dynamic loudspeaker.
The only other kind of speaker used
much today is the magnetic type, which
we will describe later.
Moving-Coil Systems. Let us first
see just how moving-coil speakers are
constructed.
The paper or fabric cone is supported
by a paper, cloth, or leather ring or
rim, which is mounted on the speaker

flexible paper or fiber support, so constructed that it will normally hold the
voice coil part in and part out of the
air gap when no signals are applied.
When signals are applied, the spider
must not greatly impede the movement
of the voice coil and cone but must act
as a spring or restoring force, tending
to move the coil back to its at-rest
position.
II> There are two types of spiders, one
within the circumference of the voice
coil form and the other outside the cir-
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FIG. 23. A face view of an internal spider (A)
and an external spider (B).
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FIG. 22. The three types of loudspeaker spiders.

frame. The voice coil, which consists
of several turne of wire on athin fiber
or bakelite tube, is fastened to the apex
of the cone. To keep the voice coil
properly positioned in a relatively
small air gap between the center pole
piece and the front pole piece of the
loudspeaker, the apex of the cone is
supported by a "spider"—a highly
23

cumference, known respectively as the
internal and external spiders. Fig. 22,1
shows an external spider made of acircular paper ring glued to supports
mounted on the pole piece. In 22B is
an external fiber spider, while in C an
internal fiber spider is shown. The general shapes of these (fiber) spiders can
be seen in Fig. 23. Notice that the fiber
spiders have a curled construction so
they will move in and out. The paper
spiders have ridges or corrugations in
the paper so that the spider can stretch
readily under the influence of cone and
voice coil movements.
I> The cone-voice-coil assembly must
be entirely free to move under the influence of the desired signal. The voice
coil must not strike the pole pieces nor
encounter any foreign objects in the
air gap which might impede the back
and forth motion. The cone must not
vibrate at any frequency other than
that contained in the original signal,

nor should it produce any unwanted
noises. Let us now see just what can
cause trouble in the moving system.
VOICE COIL RUBBING

pressure, still keeping your finger tips
in contact with the cone rim. If the
voice coil hits the pole pieces you can
generally hear a scraping sound, and
you can often feel the scraping through
the tips of your fingers.

If the voice coil touches the pole
pieces, free in-and-out motion of the II> Let's see what can cause this trouble
and what may be done to correct it.
cone is interfered with and signals will
If the speaker frame is bent, this will
be distorted. High-frequency audio signals cause only a slight movement of tilt the cone, and in turn tilt the voice
the voice coil, but at low frequencies a coil so that the voice coil will rub
large movement
•1 against the pole pieces. To correct the
take place. Since the greatest rubbing trouble, bend the frame in the proper
occurs during the greatest voice coil direction and, if necessary, recenter the
movement, signals composed of low.
) voice coil.

Testing the centering of the voice coil by
pressing on the cone rim and listening for
rubbing sounds.

The frame may be warped by heat
from the speaker field. In most cases
like this, there will be no distortion for
ahalf hour or so, then distortion will
begin and gradually become worse.
Bending the frame back into shape or
replacing the speaker is the cure. This
trouble occurs most commonly with
small, light-weight speakers such as
those found in a.c.-d.c. receivers.
The voice coil is wound on a lightweight fiber or bakelite tube. This
tube is perfectly circular when new,
but heat or moisture may warp it out

notes are more affected by the voice
coil hitting the pole pieces than are
signals composed of high notes. For example, male voices will be affected
while female voices will be clear, so
you can make apreliminary check for
this trouble by tuning in amale voice
and setting the tone control for maximum bass response.
If such atest indicates rubbing, remove the speaker from the cabinet.
With the speaker on its back (cone
up), press in on the cone rim lightly
with your finger tips, then release the
24

of shape and allow it to rub against
the pole pieces. The remedy is to install a new cone.
The cone itself may lose shape; this
will bend the spider and throw the
voice coil off center. If the cone is bent
or crushed on one side, try to straighten
it. Should this prove impossible or
should the voice coil still rub, recenter
the voice coil. In extreme cases, anew
cone will be required.
Loose turns on the voice coil will
allow rubbing, since the clearance between the voice coil and pole pieces is
slight, especially in small speakers. If
possible, remove the cone (instructions
will be given later) and voice coil.
When this has been done, see if the
loose voice coil turns can be recemented
to the voice coil form. Before cementing, put a cork in the voice coil form
to prevent warping. Allow at least a
half hour for the cement to set, then
remove the cork and install the cone
in accordance with the instructions
given later for new cone installation.
Removal of acone for repair is adifficult procedure which is not always successful. If the cone is damaged during
its removal, chalk it up to experience
and install anew one.
I> Cones and voice coils are not the
only speaker parts which cause this
trouble. The spider is often at fault,
which means anew cone is necessary.
The spider may fatigue and lose its
ability to return the voice coil to its
normal position. Then the voice coil
will be too deep in the air gap, so at
times the end of the voice coil may
strike the bottom of the gap. A new
cone should be installed, although
sometimes athin metal washer placed
under the spider and the centering
screw or bolts will lift the voice coil
out of the air gap sufficiently to give
fair results.
Corrugated spiders which are fa26

tigued or which sag because of moisture absorption cannot be shimmed up.
Sometimes an inexperienced serviceman makes temporary repairs by shoving a small wad of cotton batting between the cone and the speaker frame.
This trick is also used at times when
awarped or crushed cone lets the voice
coil strike the pole pieces. The results
after a short time are nil—the only
satisfactory repair is to install a new
cone.
PARTICLES IN THE AIR GAP
Particles of dirt or iron filings in the
air gap will also interfere with free
voice coil movement. When you check
for an off-center voice coil, you can
feel the coil turns bump as they pass
over these obstructions. Sometimes you
can get out dirt particles if you feed 2.5
volts or less of 60-cycle a.c. to the voice
coil (a filament winding on the power
transformer can be used as the voltage
source) and put the speaker face down
on the workbench. The field must be
energized so the voice coil will move
back and forth. Non-ferrous particles
will often work themselves out of the
air gap. Lightly striking the back of
the pot (field enclosure) with awooden
mallet or large screwdriver handle will
help. (Don't try this on ap.m. speaker,
as you may demagnetize the permanent magnet by striking the back of the
center pole piece.) Compressed air
blown into the air gap from a bellows
or hand pump is also an effective means
of removing dirt.
When ferrous (iron) particles are
lodged in the air gap, the magnetism
holds them fast and makes their removal difficult. If the speaker is adynamic, disconnect the field and apply
110 volts a.c. from awall outlet across
the field with the set turned off. Place
the speaker face down and rap it
sharply on the back of the pot several

times. At some point in the a.c. cycle
all flux disappears from the air gap
and the iron particles can be jarred
-eut just as if they were dirt.
To clean filings from ap.m. speaker,\
remove the cone and push electrical (or'
tire) tape down into the air gap with
a piece of stiff wire. Metallic slivers
will adhere to the tape and be withdrawn with it. Never disassemble a
p.m. magnetic circuit to clean the air
gap, as this will weaken the magnet.
—Foreign material -in -the air-gap is...a
serious matter. Dust buttons (see Fig.
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Applying speaker cement to the inner edge of
the cone apex so as to fasten in a dust button
or dust cover.

a piece of neWspaper to prevent the
field from drawing metallic slivers off
the bench into the gap.
Whenever the cone is removed for
any reason, cover the air gap with
Scotch tape and remove the tape just
before you install the new cone. This
is particularly important with p.m.
speakers, since their field strength is
undiminished even with the set turned
off.
NOISES
A defective speaker may cause rattling and buzzing sounds. Each of these
sounds will have its own characteristics, which can best be remembered
after hearing them a few times. Let's
see how some of these noises are produced.
If the cone is exposed to considerable heat in an enclosed cabinet, or if
the field runs "hot," the cement holding the cone to the rim, the dust button to the cone, the cone to the voice
coil, or the corrugated spider to the
pole face may lose its holding properties. This causes sounds like those obtained by humming on a comb and a
piece of paper. Speaker cement carefully applied will correct this trouble.
Wait at least one half hour for the cement to dry before trying the speaker.
A spider leg may break under repeated movement; each time the broken pieces rub against each other the
cone will produce noises. A replacement cone is the only solution.

22A) will prevent anything from getting into the air gap, but their use is
by no means universal, particularly in
older speakers.

Cone defects can also cause undesirable sounds. If the cone is torn, the
torn sections may vibrate and produce
sound waves by striking against each
other. Scotch tape under and over the
tear will often fix this. Holes poked in
the cone can be repaired in the same
way.
In some cases the cone material may
dry out and become brittle; the cone

I> Most foreign objects enter the air
gap when the speaker is removed for
servicing and laid face up on the workbench. Dirt from the ceiling, particularly if you have abasement shop, may
fall into the cone and work its way into
the air gap. A piece of cloth over the
speaker will prevent this, or you can
place the speaker face down. Set it on
26

may then rattle when power is fed to
the speaker. This calls for anew cone.
110- The cones of speakers safely
mounted in their cabinets do not become torn or have holes punched in
them. A careless serviceman is usually responsible for such mishaps. Never
put the speaker on top of the chassis
when carrying the "works" to and
from your car; if the speaker is face
down it may slip and allow some sharp
corner on the chassis to rip or tear
through the cone. To carry a speaker
properly in a car, place it face down
on a seat, not on the floor. When you

particularly celluloid dial shields on
plastic cabinets—may be to blame. A
little speaker cement will permanently
anchor a dial shield in place. Speaker
cement can also be used to fix loose
push-buttons or anchor voice coil leads
which whip against the cone.
Loose tube shields will sometimes
buzz sympathetically. You can locate
the offender by barely touching it with
the back of afinger nail—you will feel
the vibration and may change the tone
of the buzz. To correct, bend the shield
to atighter fit.
In phono-radio combinations, avery
annoying buzz will frequently be set
up when asignal is fed to the speaker.
You will usually find one or more steel
phonograph needles hanging onto the
pole face near the cone, particularly
with p.m. speakers. When the cone
moves, it strikes the needles and acone
buzz results. Always pick off any
needles adhering to apot, even though
they do not produce a buzz at the
moment.
EFFECTS OF AGING

(1.tØ

Applying

speaker cement to
gasket ring.

{

teronons vo.

a loose

cone

reach for a speaker, don't just stick
out your hand and grab—your extended fingers may go through the
cone. If you must pick up a speaker
with one hand, take hold of the pot—
not the rim to which the cone is fastened, or the frame. If you treat speakers with care, you won't be likely to
damage them.
I> In a few eases you will find that
signal-distorting rattles and buzzes are
in sympathy with the cone vibration
but are not caused by a speaker defect. Loose chassis and cabinet parte—
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Aging of the loudspeaker cone can
also cause noise and distortion. A cone
subjected to considerable heat will
eventually dry out and become brittle,
causing a loss of high-frequency response and perhaps arattle. The only
cure is to replace the cone.
When new, the cone is carefully balanced. It weighs just so much, and has
aparticular shape best suited to give a
desired response. Dust collecting on
the top surface of the cone will cause
aweight unbalance, and distortion, in
time. Too, the cone may absorb moisture and thus increase greatly in
weight. This moisture may also soften
the cone, resulting in a loss of both
low and high frequencies.
The edge or rim of the cone undergoes considerable strain as the cone

vibrates back and forth. The ring between the actual cone and the speaker
frame may break or become fatigued,
particularly if it is leàther. There may
be very little physical evidence of aging. However, the tone quality of the
receiver will not be all that might be
expected froni it. If areceiver is being
pepped up, replacing a cone that is
several years old is a good idea.
ELECTRICAL TROUBLES

the residual magnetism in the field assembly. Then turn the set on. If the
field is energized, the screwdriver will
be attracted much more strongly than
by the residual magnetism. If there is
no increase in the pull, the field is open
or is not being energized.
Incidentally, this is one way of
magnetizing ascrewdriver if you want
such a device to pick up small nuts
or bolts in inaccessible corners of a
radio chassis. Just hold the screwdriver
near the air gap while the field is energized and it will be magnetized.

The most common electrical trouble
in aspeaker is an open field coil. HowOP- It is not safe to wear awrist watch
ever, there may also be an open voice
when working on loudspeakers—the
coil, ahigh-resistance joint in the voice
watch may become magnetized. While
coil circuit, or shorted turns in the
a jeweler can demagnetize it for you
speaker field.
easily, sooner or later abalance spring
Resistance in series with the voice
will have to be replaced if the watch
coil will, of course, make the signal
is repeatedly magnetized and demagenergy divide between the resistance
netize
and the voice coil. This cuts down outThe effect of an open field depends
put. This "high-resistance connecon how the speaker field is connected
tion" may mean that a connection
in the circuit. If it is used as a choke
has changed from practically zero
coil in either the positive or negative it,
ohms to just afew ohms-4 or 5ohms
side of the filter circuit, an open field
is a high-resistance value in a voice
will interrupt the B supply for the recoil circuit, where the impedance of the
ceiver, so the receiver will naturally be
voice coil itself may be only 2 to 6
dead.
ohms. Weak reception will be the only
n -t
he speaker
complaint unless the loading effects ----Cr"
field
has
its own excitation supply, or
of the voice coil on the output tube are
is
connected
between B+ and B— as
affected enough to cause distortion in
in many a.c.-d.c. receivers, an open
the output stage.
field will cause very weak reception
An open voice coil will usually cause
(also distortion). Reception also bea dead set. An ohmmeter will show
comes weaker and distortion develops
either an open voice coil or high rewhen the magnetic level of a p.m.
sistance, after disconnecting the coil
speaker goes down.
so as not to get afalse reading through
A break in the speaker field is almost
the output transformer secondary.
always caused by electrolysis or by excess current flow through the field.
The usual speaker field difficulty is
Electrolysis corrodes the field winding.
an open, which can be found with an
Excess current causes overheating
ohmmeter. As another easy test, hold
which will eventually open the winda screwdriver near the magnetic air
ing—usually near the inside of the
gap in which the voice coil moves.
field, where the heat is greatest. A
With the set turned off, see how much
break caused by electrolysis is very
pull is caused on the screwdriver by
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frequently right at the field terminals
where the winding itself, made of
rather small wire, is connected to
heavier leads which emerge from the
field enclosure. Sometimes you can cut
the paper or tape wrapped around the
field and expose these terminals. If the
break is right at a terminal, you can
often make anew connection, but the

magnetic speaker are shown in Fig.
24. These speakers are used in inexpensive a.c.-d.c. midgets, in some intercommunication systems, and as extension speakers.
When a signal is applied to the
armature coil, the armature (which is
pivoted in the center) swings back and
forth in accordance with the shape of
the signal wave form. The armature
motion is transmitted through a driving pin to the cone. This pin usually
passes through and is soldered to a
metal cap fitted to the cone apex, as
shown in Fig. 25. In some larger speakers, the solder may be replaced by a
nut.
The power-handling ability of a
magnetic speaker is slight; if excess
signal is fed to it, the armature may

FIG. 24. The "works" of a magnetic speaker.

field must be replaced if the break is
inside the winding.
> Weak reception and excessive field
coil heat may indicate shorted turns.
(Don't be surprised at the heat coming from the field coil even under normal conditions, however. Most loudspeaker fields dissipate about 8 watts
of power, which will definitely make
them uncomfortable to the touch after
operating for a while.)
To check for possible shorted turns,
allow the speaker to heat up for ahalf
hour or longer, then measure the resistance of the winding while hot. Compare the measured value with the field
resistance marked on the schematic
diagram of the receiver. Usually such
shorts develop between layers, so an
appreciable change in resistance will
be noticed.
MAGNETIC SPEAKERS
A picture and adiagram of atypical
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A picture of a magnetic speaker unit.

move enough to strike the pole pieces.
Thus, noise can be created by overloading. Turning the volume down will
clear this up.
> Trouble in magnetic speakers is
generally caused by: Crushed cones;
cones torn or fatigued around the
metal apex cap; loose electrical connections; general cone fatigue, causing improper centering of the arma-

ture and allowing the armature to hit
the pole pieces; iron filings in the air
gap; loose driving rods; open armature coils; and loss of magnetism.
Damaged cones or loss of magnetism
will usually cause weak, distorted reproduction; a new speaker is the best
solution. Loss of magnetism can be
identified by checking the output tube
and the voltages applied to it. If everything seems to be normal, yet acircuitdisturbance test performed on the output tube gives only a weak thud or
click, the speaker is at fault. If it has
no electrical or mechanical defects, the
only other possibility is loss of magnetism. The final test is, of course, to
try another speaker.
Naturally, loose parts or connections
should be tightened and filings in the
air gap removed.

strips) between both sides of the armature and the pole pieces so the armature is blocked in the center of the gap.
Then apply the soldering iron to the
junction of the driver pin and the cone
cup. When the solder melts, the cone
will move to its normal resting position. Allow the joint to reset itself, remove the shims and test the centering
—it should be correct.
If no shims are available, or cannot be introduced in the gap, notice
the armature position and determine
where the cone should be on the driving pin to center the armature. Apply
the iron to the joint and move the cone
manually to the proper position. Let

I> Loud chattering sounds are caused
by the, armature hitting the pole pieces
—recentering should be attempted.
Some speakers have screws permitting
armature adjustments, but most do
not. If no adjustment is visible, see
how the driving pin is attached to the
cone. If anut is used, screw it tighter;
this may offset the sagging of a fatigued cone and recenter the armature
between the pole pieces. If the pin is
soldered to the cone cup, touch the tip
of asoldering iron to the joint, taking
care not to burn the cone. When the
pin has loosened, the armature may
move to its natural position. Remove
the iron, let the joint set, and try the
speaker.
If the armature has not recentered
itself, slip shims (thin metal or paper

FIG. 25. How the magnetic driving unit is
connected to the cone apex.

the joint set before testing the speaker.
Repeat this procedure if necessary.
10. Test the armature coil with an ohmmeter when an open or short is suspected. Watch for an erratic ohmmeter
reading; this will indicate a partial
open in the coil which will cause machine-gun-like bursts of noise when
the system operates. Coils cannot be
repaired unless the break is plainly
visible. Since most jobbers do not stock
replacement coils, the speaker should
be sent off for an overhaul or a new
speaker should be installed.
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Speaker Repair and Replacement
spider shown in Fig. 22C was also commonly used in the earlier speakers. Detach the spider by unscrewing the screw
holding it to the center pole piece, then
disconnect the voice coil leads, and
you can lift the cone and voice coil
assembly out of the speaker frame.

In dealing with speaker troubles,
there are always four courses you can
take. You can: 1, try to repair the
defect; 2, install a replacement part;
3, send the speaker back to the manufacturer, take it to your local parts
jobber, or send it to afirm specializing
in speaker repairs;" or 4, install anew
speaker.
As a general rule, the cost of the
cone plus your time is greater than the
cost of a new speaker for midget a.c.d.c. or three-way receivers. If you replace an open field coil, it is usually
best to replace the cone at the same
time, since cones deteriorate rather
quickly. Thus, an open field in an inexpensive receiver requires a complete
replacement speaker for best customer
satisfaction.
With larger speakers this is not so
true. Repairs or overhaul may be the
best procedure. Of course, no repair
should be attempted if the response of
the speaker would be affected. And, as
mentioned before, cones should be replaced rather than repaired if they are
several years old.
Let us see how cones and fields can
be repaired.
REMOVING CONES
The first step is to examine the
speaker carefully to see what kind of
spider and rim mounting hold the cone
in place.
In many older speakers, the cone rim
is held by a metal ring bolted to the
rim of the speaker frame. You can
easily release the edge of the cone by
unscrewing the bolts. The internal
*If you cannot locate such a firm near
you, your favorite radio supply house undoubtedly can get the speaker repaired
for you.
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II> In most recent speakers, the edge
of the cone is glued to the speaker
frame. If the cone is to be removed and
then replaced, paint the rim with a
radio service solvent. This liquid softens the cement holding the cone and
its spacing ring to the speaker frame
so you can lift out the edge of the cone.
If the cone is to be destroyed and areplacement used, you can run a knife
around the edge, cutting the cone out
entirely.
Again, you must disconnect the
spider and the voice coil leads before
the cone can be removed. If the spider
is an external type secured by cap
screws, remove them with an end
wrench. Sometimes thin-nose pliers
can be used, but the screws are in a
rather awkward position between the
cone and the frame supporting the
cone. You thus have to work through
holes in the frame which do not allow
much room.
If the spider is a corrugated paper
type, you can loosen it with a solvent
or cut it off with aknife.
After removing the cone and voice
coil from the speaker, carefully scrape
off any paper adhering to the rim of
the speaker frame or to the pole face.
Clean the air gap thoroughly, using a
small hand pump to blow out dirt and
using a piece of tape to extract iron
filings. Methods previously described
can also be used.
le> Do .
not destroy the heavy card-

board rings around the cone rim unless
new rings are supplied with the replacement cone. These rings are used
to position the cone so the voice coil
will not be too far back in the air gap.
Another ring is then used on top of the
cone as agasket. Sometimes this gasket
ring is the only one used.

with cement and press it onto the cone,
sandwiching the cone rim between the
outer and inner rings. While the cement is still wet, adjust the position of
the cone rim so as to center the voice
coil approximately.
After the cement has set, center the
voice coil with speaker shims or acen-

INSTALLING CONES
Presuming you have the proper replacement cone, installing it is the reverse of removing the original cone.
If spacing rings are used, apply a
coat of speaker cement on both sides
of the bottom ring and both sides of
the cone rim. Set the lower ring in
place on the speaker frame rim and
install the cone with the voice coil in
the air gap. Be sure to position the
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Withdrawing shims from a speaker having an
external spider, after making the adjustments.

FIG. 26. How shims are used during adjustment
of an internal spider.

cone so that the voice coil leads come
near the speaker frame terminals.
These leads must be looped away from
the cone and directly back to the point
of connection, not wrapped around the
cone. If an external fiber spider is used,
the spider legs must line up with the
mounting supports.
Next, coat the outside ring or gasket
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tering gauge. Speaker shims are thin
strips or spacers (see Fig. 26) which
are placed equal distances apart in the
gap between the voice coil and the center pole piece, and thus hold the voice
coil equally spaced from the center
pole piece. Shims come in various
thicknesses for different speakers.
A centering gauge is shown in Fig.
27A. These gauges are intended for
specific speakers or voice coil spacings
and cannot be used universally. Before
the cone is installed, the gauge handle
is passed through the voice coil and
the gauge then pulled up within the
coil. It spaces the voice coil from the
center pole piece as shown in rig. es.
With shims or a gauge holding the
voice coil in the proper position, tighten the screws or bolts which anchor

the spider in place. If a corrugated
paper spider is used, treat the edge of
the spider with speaker cement and
fasten it to the pole face of the speaker.
Allow the cement to set before removing the shims or gauge. Then solder
the voice coil leads in place, positioning them so they will not whip against
the cone.
To check the centering of the voice
coil, remove the gauge or shims, then
move the cone and voice coil assembly
in and out by pressing against the cone
rim with your fingers, applying equal
pressure to both sides. You should hear
no scraping sounds.
If you find the cone is properly installed, cement the dust button or dust
cap in place, if one is used.
Next, connect the speaker leads to
the receiver. Turn on the set but do
not tune in aprogram. If the hum level
is abnormally high, the voice coil may
be connected backwards to the humbucking coil. Check by reversing the
connections of the voice coil leads. If
the hum is intensified, the original con-

description, particularly where the
cone is supplied separately from the
voice coil. This type of construction
is used chiefly with corrugated paper
spiders, because it is difficult to glue
down the spider with the speaker cone
in the way. A typical replacement
cone and voice coil assembly of this
kind is shown in Fig. M.
With this type replacement, cover
the spider rim with cement and place
the voice coil in the air gap, with the

GASKET

DUST CAP

CONE
VOICE COIL
LEADS

VOICE COIL
SUPPORT

COIL

FIG. 28. A cone and voice-coil assembly which
is put together during the installation of the
replacement.

coil leads coming out toward the terminals on the frame. Use a centering
gauge or speaker shims to center the
voice coil properly. Next press the edge
of the spider into place and let the assembly set long enough for the cement
to harden.
At this point it is a good idea to
solder the voice coil leads to the terminals on the speaker frame, as this
is easier to do without the cone in
place. Be sure to allow sufficient slack
in the voice coil leads to permit free
motion of the cone. Position the leads
so they will be well away from the cone
and speaker housing.
Apply a ring of cement around the
rim of the speaker frame. (Some manufacturers also recommend coating the
voice coil neck and cone apex with cement at this time.) Place the cone
apex over the voice coil neck and press
the cone rim tight to the speaker frame,
using the voice coil as a guide. Allow

FIG. 27. Using a centering gauge.

nections were correct and the excess
hum is caused by some chassis defect.
However, if the hum is reduced, the
last connection is the correct one.
Finally, try out the set to see if it
sounds normal, with no scraping
sounds or distortion.
> Sometimes the cone installation
procedure will differ from the above
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the cement to dry on the cone rim, then
run aring of cement around the junction of the cone and voice coil, being
careful that the cement does not run
inside the voice coil. After the cement
has dried, remove the center gauge or
shims. (The gauge should not be jerked
out. Instead, turn it like ascrew as you
pull it out. Be careful not to apply such
pressure that the voice coil is torn loose
or the spider damaged.)
Cement the gasket in place around
the cone rim. It's a good idea to turn
the speaker upside down, so it presses

tion (Fig. 29) or asolid pot (Fig. 30) .
Notice that the yoke construction lets
you see the field coil through the gaps
at the sides of the yoke.
The speaker field fits around a center pole piece. This piece connects at
the back either to the yoke or the pot,
which forms a magnetic return path
to the front pole plate of the speaker.
Thus the magnetic field is concentrated
in the voice coil air gap, between the
front pole plate and the center pole
piece.
To get the field coil out, you must

FIG. 29. This field enclosure is a yoke.

on the gasket while it is drying. Then
cement the dust cap in place.
SPEAKER FIELD REPLACEMENTS
In some speakers areplacement field
can be installed without disturbing the
cone-voice coil assembly. In others,
the moving system must be removed
before the field can be replaced.
The first thing to do is to examine
the speaker carefully. The pot in which
the field is housed may be made in
either of two forms—a yoke construc84

either remove the center pole piece and
slide the field coil out of the yoke or,
if the speaker has asolid pot, separate
the front pole plate and pot so the field
can be lifted out of the pot assembly.
(If the pole pieces and pot are welded
together, as they are in some speakers, you must send the speaker back
to the manufacturer or get anew one.)
If the speaker uses yoke construction, examine the rear of the yoke. If
there is alarge nut at the back of the
speaker, directly behind the center pole

piece, just remove this nut. You can
then extract the pole piece from the
front of the speaker assembly, unless
an internal spider is used. If one is, you
must remove the cone and voice coil
assembly before the field coil.
If the core is not held in place by a
nut, it will be either pressed or swaged
into the yoke assembly. Swaging, a
process similar to riveting, can be identified by hammer and chisel marks on
the rear of the core. As this fastens
the pole piece to the yoke permanently,
you must remove the entire yoke from
the front pole plate. If the yoke is
folded, as in Fig. 29, the assembly
must be returned to the factory.

of the speaker. Lift the field coil out
of the opening in the yoke and install
the replacement coil.
After replacing the field coil and
putting all spacers and washers, the
hum-bucking coil, and other parts in
their original positions, reinsert the
core through the voice coil opening and
drive it into position as shown in Fig.

10- The method of extracting apressed
core is shown in Fig. 31A. Hold the
FIG. 31. How to drive out the core, and replace it, in the types having this feature.

31B. You must be very careful not to
damage the voice coil. Drive the core
straight down.
If the core is not centered in the
voice coil opening, it may be centered
by driving it from side to side, as necessary, with a center punch. A hole is
provided in the front of the core for
this purpose. Be sure to tap the center punch lightly, so as not to drive
the core over too far and crush the
voice coil form.
TEST SPEAKERS
You can usually localize speaker
defects by the methods given in this
text. However, sometimes substitution
of a test speaker speeds up the diagnosis. Regular test speakers mounted
FIG. 30. The solid-pot type field enclosure.
in cabinets for bench work are availspeaker as shown, with the core over able and fill areal need in alarge shop.
In general their construction is simithe opening between the jaws of alarge
vise (or over aboard with ahole in it) . lar to that shown in Fig. 32. This outRemove the dust button with a razor fit consists of an 8-inch p.m. speaker
blade or sharp knife. Then, using a connected by arotary tap switch to the
large piece of hardened drill rod or cold secondary of a universal transformer.
rolled steel, drive the core out the rear The transformer allows the voice coil
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to be matched to any type or arrangement of output tubes.
To check a set which has push-pull
output, connect terminals 1 and 3 to
the plates of the power tubes and terminal 2 to B+. Disconnect the set
output transformer, but leave its
speaker field in the circuit. Turn the
set on and adjust switch SW to give
amatch, indicated by least distortion.
If results are satisfactory, you have
definite proof that the receiver loudspeaker is defective.
For a single output tube, use terminals 1 and 3, following the same
procedure.
If the field of the original speaker
is open and you wish to cheek the receiver to see if anything other than the
speaker is defective, substitute the 10henry, 100-ma, choke and the voltage
divider R for the field. To substitute
for the low-resistance field of an a.c.d.c. set, use terminals 6 and 7; for a
tapped field, use terminals 7, 5and 4;
for a field with no tap, use terminals
7and 4. Adjust the sliders on R so the
correct resistance is added in the circuit.
Of course, the field substitution sec-

tion is not used if the set being tested
has ap.m. speaker.
II> Even if you have a test speaker in
the shop, never leave the set speaker at
the customer's home. The set speaker
may be faulty, and you may be quite

FIG. 32. A test speaker assembly.

embarrassed to find distortion, rattles
or buzzes present after installing the
repaired chassis.
Speaker troubles requiring the use
of a test speaker are so rare that you
are advised not to buy or build atest
speaker until you have a large shop
through which many receivers pass
every day.
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Lesson Questions
Be sure to number your Answer Sheet 42RH-1.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.

1.

In aproperly operating class A stage, does the plate current change when
signals are applied to the grid?

2.

Which TWO of the following operating voltage conditions will cause the
tube to operate over the lower bend of its characteristic curve: 1, bias too
low; 2, bias too high; 3, plate voltage low; 4, plate voltage high?

3. Why is an r.f. amplifier relatively free from amplitude distortion?
4. Suppose you have aresistance-coupled amplifier with acoupling condenser
from the plate of one tube to the grid of the next. Explain briefly how
leakage in this condenser causes distortion.
5. How can you determine whether a voltage found across a grid resistor
is due to a gassy tube or to aleaky coupling condenser?
6. If tube VTi in Fig. 13 burns out, will the symptom be: 1, hum; 2, distortion; S, ,itad set; or 4, howling?
7. What defects would you suspect when distortion does not show up until
the set has operated for at least ahalf hour?
8.

Is voice coil rubbing more noticeable when low-frequency sounds or highfrequency sounds are being reproduced?

9. What is the best way of getting iron filings out of the air gap of p.m.
speakers?
10.

If a speaker field is used as a choke coil in the filter circuit, what will
be the symptom produced by an open field?
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HOW STRONG IS THE CHAIN?
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 valuable 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 asubject or alesson in aday 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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STUDY SCHEDULE No. 43
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.
D 1. How Noise is Produced

Pages 1-6

Some noise is always present, due to atmospheric disturbances and normal circuit disturbances. However, the loud popping, crackling, sputtering sounds
that result in a hurry-up call to a serviceman are caused by poor connections
(which in turn produce arcing or partial open circuits) or by partial short
circuits. Electrolysis, mechanical stresses, poor soldering and aging all produce these poor connections. A list of common parts defects is included.

CI 2. External Noise Sources

Pages 6-9
The antenna system and man-made electrical disturbances can cause a great
amount of noise. Hence, you must first determine whether the noise originates
within the set or is external. If external and due to antenna system defects,
you should go over the system and put it in good order. Certain household
appliance defects can also be cured, but man-made interference is the subject
of another lesson.

D 3. Localizing Noise Within the Set

Pages 9-17

Again we follow the standard service procedures to localize the defective stage,
circuit and part. Stage-blocking or signal-tracing are the most useful techniques to use.

D 4. Intermittent Reception

Pages 18 -21
The manner in which parts defects produce intermittent operation or intermittent hum, oscillation, noise, etc. is given here. You are shown that just
certain parts defects are likely to cause intermittent trouble, which helps to
narrow down the possibilities in all cases except intermittent operation or
intermittent noise. This section shows how and why intermittent troubles
occur.

D 5. External Intermittent Troubles

Pages 21 -24
First, determine the exact nature of the complaint. In many instances, you
will find that atmospheric conditions are the cause of the complaint. In cases
of intermittent noise or fading, the antenna system may be at fault.

D 6: Localizing Intermittent Troubles

Pages 24 -36
Having localized the trouble to the set, you are ready to locate the defect.
Here is acase where wiggling parts and connections, thumping tubes and other
parts, and pulling on wires may disclose the defect. However, if this fails,
localization must be made. The signal tracer is the best device to use, as it
breaks the receiver circuit up into smaller sections and makes it possible to
find the trouble more quickly. However, other methods are given also.

D 7. Answer Lesson Questions, and Mail Your Answers to N. R. L

D 8. Start Studying the Next Lesson.
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SERVICING NOISY AND INTERMITTENT RECEIVERS

How Noise Is Produced
is another of the annoyN OISE
ances which always exist to a

I> The irregular nature of noise is
easily demonstrated by a c.r.o. With
certain extent in aradio receiver. The no signal tuned in on the receiver and
residual noise level may be very low the c.r.o. connected to indicate the
in low-sensitivity midget receivers, audio output, you should get astraight
line pattern similar to that shown in
but it is liable to be rather high in
Fig.
2A. (You may get a small hum
larger sets having more tubes and
ripple.) Should you notice irregular
greater amplification.
jagged lines instead, as in Fig. 2B,
What is noise? It may perhaps best
then noise is present.
be described as an unpleasing sound
If asine wave signal is fed through
or sounds with irregularly-produced,
a noisy set, the noise will distort the
sharp peaks—for example, popping,
pattern, as in Fig. W.
crashing, hissing, frying, clicking and
On the c.r.o. screen, aregular broadscraping sounds. Whether a sound is
cast signal may look somewhat like
a noise or not depends on the materials used in producing it. Striking a a noise signal because it is continuboard with a hammer produces a ously changing and is so crowded and
complex. The noise pattern is more
noise, as the board structure and
shape produce irregular sound waves.
However, when a piano string is
FILE
struck by the hammer in the piano
action, a pleasing musical sound is
VOLT
produced, because the string vibration
FLASHLIGHT
CELL
produces a regularly repeated wave
form consisting of a sine wave fundamental plus harmonics. Th at is another
SOLDERED TO ZINC CASE
characteristic of a noise—it is not a FIG. 1. While scratching the file with contact "A," a clattering, static-like noise will
sine wave nor is it produced by asine
be heard in the phones.
wave source. Thus, hum, squeals and
whistles are not classed as noises and
broken up, but to avoid confusion, do
are therefore treated in other lessons.
not have a broadcast signal tuned in
You can demonstrate one kind of
while looking for the noise source.
noise to yourself with the simple cirOb- The very sharp changes in noise
cuit shown in Fig. 1. Place a pair of
signals mean that noise pulses contain
headphones in series with a flashlight
frequencies ranging from low audio
cell, attach one side of the circuit to
frequencies on up into the r.f. specthe file, then draw lead A across the trum. If any noise pulse gets into a
file teeth. You will hear a clattering tuned circuit, some component of the
noise in the phones which will be pulse will probably be at the right
quite similar to the noise caused by frequency to pass through the tuned
several radio difficulties.
circuit just like a radio signal, or it
1

may "shock excite" the tuned circuit
into momentary oscillation, producing
a noise-modulated signal capable of
being passed on through the radio.
The tuned circuits do help keep out
noise at other frequencies, however.
We may pick up more noise at some
frequencies than at others, but this
is either caused by the noise source
radiating better at those frequencies
or by the receiver being more sensitive at those points.
BACKGROUND NOISE
Before studying noises produced by
defects, let's learn something about
the kinds of noises which may be
heard at any time from a sensitive
receiver.
Atmospheric Disturbances. Practically any radio will pick up atmospheric noises at times. (F.M. receivers
using limiters have the ability to wipe
out the amplitude variations producing noises, and so do not reproduce
atmospheric noise when an incoming
signal has the limiter saturated.)
These noises, caused by electrical
disturbances in the atmosphere, are
usually much worse as thunderstorms
approach. The short waves are particularly subject to both these and
man-made noises (to be described
later.) You may be called in at some
time to see if you can get rid of atmospheric noise on the short-wave
bands. Since the amount of noise
varies with the season and the wave
bands used, suggest the trial of other
bands. Sometimes a better aerial
system, particularly the noise-reducing variety, will prove helpful by giving a better signal-to-noise ratio.
However, since you have no control
over atmospheric disturbances, you
must explain the trouble to the customer instead of making any actual
repair.
Circuit Noise. We usually consider

that each and every electron is perfectly controlled in ordinary circuit
actions. Actually this is not true—
there is always a certain amount of
random electron motion. This random motion will have no effect as long
as it is small compared to the electron movement we introduce as a
signal.
However, when we try to
amplify signals so weak that they are
not much larger than the random
electron movement, we run into
trouble with circuit noises.
Similarly, tubes contribute greatly
to the amount of noise. We think of
the electrons emitted from the cathode
as moving steadily to the plate.
Actually, they tend to form small
bunches and go over to the plate in
shots or spurts. (This is called the
"shot effect.") The average number
of electrons emitted over a period of
time is constant, but from instant to
instant there are small variations in
the number of electrons emitted. This
effect is particularly noticeable in the
first detector of superheterodynes.
However, as long as these variations
are small with respect to the signal,
little noise is heard.
If a high gain radio receiver is
tuned to a point on the band where
no signals are picked up and the
volume control is turned up, you will
hear considerable amounts of noise.
Then, as you tune in a signal, the
a.v.c. circuits reduce the sensitivity of
the set. If this signal is large enough,
the amplification drops considerably.
This reduces the noise level, but the
strong signal is still reproduced at full
volume. When this happens, the noise
becomes unnoticeable, because the
signal-to-noise ratio is so high.
Therefore, you will always find receivers more noisy between stations,
or when you attempt to pick up
weak long-distance signals, than they
are on strong local stations.
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shown by a visible sparking, then
starts through the air space. Since
the resistance of the air gap varies
rapidly, the circuit current is changed
erratically and noise is produced.
This arcing often occurs in circuits
where oscillations may be set up,
with the circuit in turn radiating electric and magnetic fields. This circuit
then acts as a small transmitter, introducing its noise signal into other
circuits.
Thus, we can say any circuit condition producing an irregular current
change will produce noise. Hence, a
rapidly closing and opening contact
of any kind can cause noise by producing either a partial open circuit
or apartial short circuit. An arc also
will produce noise.

BASIC CAUSES OF NOISE
Now let's turn to noise-producing
defects.
The sharp, ragged peaks
and breaks in the signal produced by
noise show that the noise is caused
by a sharp and sudden change in
current or voltage in a signal circuit
or electrode supply circuit.
If we open and close a circuit
rapidly, we make sharp changes in
the circuit current and so cause
noise. Similarly, if a short circuit
across part of a circuit opens and

HOW POOR CONTACTS ARE
PRODUCED
Since some sort of faulty contact
is normally responsible for noise, let's
learn how these poor contacts develop so we will know where to look
for them.
FIG. 2.
The c.r.o. pattern for no noise
Electrolysis. One of the most pre(when no signal is tuned in and the hum
valent sources of a partial open or
level is low) is shown at A. A noise pattern
is shown at B, while C shows noise mixed
arcing contact is a form of corrosion
with a sine wave signal.
Noise patterns
produced by electrolysis. This corroresemble the rapidly changing patterns produced by voice or music modulations, except
sion exists where moisture or chemifor being more irregular in shape and timcal deposits on the surface of a wire
ing.
To avoid confusion it is best not to
provide a conductive path for current
have a broadcast signal tuned in while testing for noise.
flow in and out of the wire. This
flow sets up an electrochemical action,
closes rapidly, it will cause large producing a form of oxidation or corchanges in the current flow or in the rosion which eventually eats away the
signal voltage and will produce a conductor. This action is hastened
noise.
if the surrounding air is salty (near
Noise may also be produced by a seashore) or contains industrial
sparking or arcing at a poor contact. fumes, or if there is a deposit of corAn arc is formed when two points at rosive soldering flux on any of the cirdifferent potentials are so close cuit wiring. Tropical climates, which
together that a spark can jump have high humidity, cause so much
between them. When this happens, corrosion that sets for use in these
the air in the gap ionizes and becomes climates must be specially insulated
semi-conductive.
A current flow, and moisture-proofed.
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We can particularly expect corrosion to occur at exposed joints. The
action will be retarded if the joint
is wax-coated or is insulated by a
compound or insulating tape which
does not absorb and hold moisture
and contains no active chemical ingredients itself.
10- Similarly, when coil windings are
well protected, corrosion rarely develops on the winding itself. However, there is always the possibility
of chemical deposits from the sweaty
hands of workers, soldering fluxes
and °the material, being under the
protective coating. In windings with
many layers, such as audio transformers and speaker fields, electrolysis is liable to be set up between
layers.
Remember, this electrolysis sets up
an action which will eat through the
wire itself.
As the wire is eaten
away, the reduced cross-sectional
area produces resistance at this point.
The resulting heat will burn away the
remaining wire, providing a momentary open circuit. If the voltage is
sufficiently high, an arc may form
across the break. The heat of the
arc may then melt enough of the
copper to close the circuit again, and
the action may be repeated over and
over.
Mechanical Stress. Often, wires
or parts are mounted so that contraction and expansion resulting from
temperature changes may cause a
break. Thus, you may find aresistor
or condenser with its leads pulled so
tightly between two mounting points
that contraction caused by cooling
will pull the leads loose from the part.
Coil forms may expand when heated
and thus break wires pulled tightly
to the terminals. If the broken ends
of the wire are held in place by wax
or coil dope, an arc may form.
Poor Soldering. Again we must

emphasize the importance of good
soldering. Usually the original soldered joints in a receiver are well
made. However, servicemen all too
frequently do sloppy soldering work.
A cold-soldered joint almost invariably traps a considerable amount of
soldering flux within the joint, where
it may cause a high resistance
between the wires being joined together. Always be suspicious of any

An example of poor soldering. The lumpy
cracked appearance shows too much solder
was used and the joints were not heated
enough.

joint with alarge blob of solder on it.
Upon heating such a joint, you will
frequently find that soldering flux
boils out of it.
Also, the average serviceman uses
entirely too much solder.
Great
amounts of it often drip down
between terminals. These may form
a path between terminals and provide partial short circuits which can
cause noise.
Watch your own soldering. Heat
the joint thoroughly before applying
solder, then use solder sparingly. If
you have a receiver for repair and
observe poor soldering, go over these
joints with a hot soldering iron to
remove excess solder. Be certain excess amounts of flux are completely
removed.
Effects of Aging. Insulation is
greatly affected by aging. It will
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dry out and crack, so that when wires
are bundled together partial shorts
can exist between them. If an arc
occurs between terminals of a tube
socket, the socket may carbonize and
thereafter provide a semi-conductive
path between terminals.
10- Dust and dirt will inevitably collect on a radio receiver and will produce leakage paths between tube
socket
terminals,
between
parts
mounted on terminal strips, and between the plates of tuning condensers.
lb- Wave-band switches and other contacts which depend on spring tension
will eventually lose this tension with
use and thus become noisy.
10- The volume control is one of the
most frequent sources of noise. Poor
contacts may develop between the
rotor arm and its contacting ring and

ranged in approximately the order in
which they are most commonly found.
Tubes:
Internal shorts; poorly welded connections; gas.
Volume Controls:
Worn resistance strips; poor contact to resistance strip; poor contact between rotor and contacting
ring.
Coils, Air or Powdered-Iron-Core:
R.F., oscillator or i.f. coils partially
opened by corrosion; shorts between turns; leads snapped near
lugs; coil shields making poor contact to chassis.
Coils, Iron-Core:
A.F. transformers, power transformers, chokes and speaker fields
corroded where the winding and external leads join; shorted layers in
windings; shorts between windings
and core; loose laminations; poorly
grounded shielding.
Tuning Condensers:
Dust and metal particles between
plates; worn wiper contacts; plates
bent or warped out of shape.

Good soldering produces a smooth, even coating of solder. The joints have been heated
sufficiently to melt the solder and just enough
solder has been used to coat the joint thinly.

between the rotor arm and the resistance element. The element itself
wears away and becomes pitted, presenting differing contact resistances
at different points.
COMMON PARTS DEFECTS
The following list shows the more
common sources of noise within the
radio receiver. The items are ar-

Resistors, Candohm (5- or 10-watt
resistor mounted in ametal housing, used for voltage dividers) :
Poor contacts between taps and
resistor elements; internal arcing;
shorts between turns on wirewound resistor elements.
Switches:
Dirt and corrosion on contacts;
possible loss of spring tension.
Carbon Resistors:
Cracks in the resistor element.
Condensers, Wet Electrolytics:
Internal arcing caused by sludge
partly shorting the plates; scintillation (arcing) caused by highvoltage peaks breaking down the
5
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more common troubles in their approximate order. You may find other
troubles, or you may find the order of
Leakage Paths:
troubles is different, depending on the
Leakage between terminals of a
kinds of receivers you work on and the
tube socket or along terminal
type of climate you have. The more
strips, caused by dust, dirt, soldermoist the climate (particularly if the
ing flux, excess solder, or carbonipercentage of salt or corrosive fumes
zation of the insulating material.
is high), the greater the amount of
The preceding list gives just the trouble.
dielectric film, poor contact
grounding bracket on chassis.

to

External Noise Sources
Noises are not always caused
within the set. It is well to know
what external sources can cause noise,
because you will be called on to cure
these troubles as well.
LOCALIZING NOISE TO SET
As with other complaints, question
the customer carefully. Find out if
there is anything about the noise
which will reveal its source. A noise
that occurs at a certain definite time
every day, and at no other time, is
undoubtedly caused by some external
source, perhaps some machinery in the
neighborhood. If noise is heard every
time the oil burner comes on, it is
probably caused by the oil burner
electrical system. Also, be sure the
customer is not complaining about
normal atmospheric disturbances.
If no clue leads you to the source
of the noise, turn on the radio to confirm the complaint.
II> If again no clue leads to the trouble, the next step is to disconnect the
aerial and ground leads from the set,
connect them together, and short the
aerial and ground posts on the receiver with a small length of wire.
(If the set has only an antenna, disconnect it and ignore the statement
about shorting the aerial and ground
terminals.)
With the antenna and ground leads

moved well away from the radio, turn
the volume control all the way up and
rotate the tuning dial. Adjust the
other controls also. If the noise is
not present, the trouble is outside the
set, and is either in the antennaground system or is caused by an external noise source being picked up
by the antenna.
On the other hand, if the noise is
still present, it is originating in the
receiver or is coming in over the
power line.
lb- We must now localize further. Most
servicemen carry a line noise filter.
This is a complete plug-in unit containing chokes and by-pass condensers
and is obtainable from any radio supply house. Plugging this filter into the
outlet and the radio into the filter
blocks noises from _claming in over
the power line. Hence, if the noise
stops, it is coming in over the power
line; if it continues, it is probably
originating in the receiver.
Usually, if the noise is traveling
over the power lines, disconnecting
the antenna and ground will reduce its
intensity (because the noise is probably being radiated from the power
lines and introduced again via the
antenna).
Using aTest Set. A test receiver—
a three-way (a.c.-d.c.-battery) portable receiver with a built-in loop and
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provision for an external antenna—is
excellent for localizing the noise
source. To use it, treat the customer's
radio as directed in the previous
section, and at the same time operate
the test receiver on its batteries (not
plugged into the power outlet). If
noise is heard in both receivers, it is
of external origin.
You can check the customer's antenna by connecting the test receiver
(still operating on batteries) to the
antenna, and you can plug the test receiver into the power line outlet and
switch to power line operation to determine if noises are coming in over
the power line.
If the customer's receiver has aloop
antenna, it is not practical to disconnect the loop. However, you can rotate
the loop if it is adjustable, or rotate
the entire cabinet if a fixed-position
loop is used. If the noise varies in
loudness when the loop is rotated, the
loop is probably picking up the noise.
This test will not always work,
because the noise field may be so
strong that it apparently has no direction. If so, using an extra receiver
is the only sure test in the customer's
home.
I> Of course, you can always carry the
customer's radio to your shop. If the
set is quiet in the shop, the noise is
probably originating in or near the
home of the customer (unless jarring
the set in transit has temporarily
cured some internal trouble). However, if the same noise continues, it is
definitely originating within the set.
OUTSIDE NOISE
There are many external sources of
noise which you will often be expected
to run down.
Man-Made Interference. Noises
are caused by faulty switch contacts,
arcing at motor brushes, and other
faults of man-made apparatus. This

subject is so broad that complete details for running down and curing such
interference are given in another lesson in your N.R.I. Course.
Antenna System Troubles. Many
things may happen to make an antenna system a source of noise. You
may find the antenna is down altogether, or is touching another wire, a
tree, or some other object. Some one
may have connected another lead-in
to the same aerial wire. There are
liable to be corroded contacts where
the lead-in wire joins the antenna, as
well as at any other point where the
lead-in wire is not a continuous wire

Loose wire ends touching the chassis will produce noise. Be sure ALL strands of wire are
twisted together and contact ONLY the terminal to which a connection is intended.

—at a lightning arrester or at a leadin strip, for example.
You may find a loose connection at
the binding post or Fahnestock clip
where the antenna or ground leads
fasten to the receiver—or even frayed
ends of the lead-in wire shorting to
the set chassis. Carefully examine all
these items, even going all the way up
to the antenna wire if it is a logical
suspect. If any of these defects are
found, repair the condition and try
the receiver again.
111- If nothing is visibly wrong with
the antenna system, reconnect the antenna and ground leads to the re-
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ceiver. Wiggle the wire from the rewhen there is wind, watch out for an
ceiver to the window strip to see if
antenna erected so that it can sway
noise is produced. Also wiggle the
in the wind and touch foreign objects
strip and shake the lead-in wire
(such as metal gutter piping, another
itself. If there is a poor connection
antenna, or metal weather-stripping).
at any point, you will notice an inYou may find that rainstorms change
crease in the noise level as the joint
the resistance to ground by providing
is moved.
leakage paths across insulators.
Many modern all-wave antennas
Usually a high-range ohmmeter will
have a two-wire, twisted-pair lead-in.
show if any leakage exists. If you
After these antennas have been up for
find any, the antenna system should
several years, the insulation between
be repaired before going further.
the pair of wires may rot to such an
House Plumbing and Wiring. If
extent that shorts can develop between
the complaint is noise when any one
these leads. Shaking the lead-in wire
walks around in the room, the resultvigorously will usually show up the
ing vibration may be jarring the radio
trouble by increasing the noise greatly.
(this condition will be discussed
If you suspect the lightning arrester
later), but probably, some water pipes
is defective, disconnect it and see if or electric cables are rubbing together
the noise stops. Be sure the connecunder the floor. This will cause a
tions at the arrester are clean and
great amount of noise. It can be
tight.
cleared up either by wiring the pipes
Wiggle the ground lead to see if it together to make agood electrical conis loose. If it is, tighten the ground
nection between them or by wedging
connection or grounding clamp.
the pipes apart with a piece of wood
You can use test equipment to deso they cannot touch. Move electric
termine if the antenna is partially
cables apart and away from pipes.
grounded. First, be sure the antenna
An unusual case is one where static
is not in any way involved with elecdischarges are produced when walktrical wiring by checking with avolting across a thick rug. This annoymeter between the antenna lead-in ance will occur only under certain conand ground.
(Use an a.c. meter in
ditions of temperature and humidity.
districts where the power lines are a.c.
If these conditions cannot be conand a d.c. meter in a d.c. district.)
trolled, moving the radio or the rug
You should get no voltage reading.
to another room is the only cure,
If you do find voltage, be careful to
although a more efficient antenna
clear up the short before reconnecting system may be helpful.
the antenna to the receiver.
Sometimes noise will be caused by
If you find no voltage, check for loose connections in the electrical wirgrounds with an ohmmeter. Connect ing system. Be sure to wiggle the reone ohmmeter probe to the antenna
ceiver plug in its wall or floor outlet.
lead-in and the other to ground. Shake
If a great amount of noise occurs,
the lead-in and watch for an intermitbend the plug prongs to make better
tent or continuous reading, showing a contact or advise installation of anew
short between the antenna and some
wall outlet.
grounded object. Use the highest
Many people use cube taps (derange of the ohmmeter.
vices for connecting three or more fixWhen the customer complains of
tures to a single wall outlet). These
noise that occurs during rainstorms or devices quickly lose spring contact
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tension and become noisy, so should
be eliminated if possible. Remove all
such extra appliances and plug the
radio directly into the outlet to see if
this clears up the noise.
Be on the lookout for a line cord
with a frayed covering near the plug.
Too many radio owners grab the cord
to pull the plug out of a wall socket.
This soon frays the insulation and
loosens the connections between the
cord leads and the plug.
Electric Fixtures. A great amount
of noise is caused by light bulbs which
are just ready to fail and by poor
wiring in floor lamps and other electrical appliances about a home.
Always be sure to ask the customer if
the noise is noticed only when he turns
on his floor lamps, the light in the
dining room, or some other switch
about the house. If so, recommend
the fixture be examined by an electrician (or go over it yourself if you
also repair lamps, etc.).
Noise impulses of this kind will
usually travel to the receiver over the
power line. They are particularly apt
to occur where antenna leads run

parallel to power cords for any distance, or where the defective lamp is
plugged into the same outlet as the
radio.
SYMPATHETIC VIBRATIONS
Sound waves from the receiver
loudspeaker may cause mechanical
noise by setting parts of the radio or
objects in the room into vibration.
The mounting bolts holding the receiver in the cabinet, and the glass or
celluloid covering over the dial are
common offenders. Receiver cabinet
doors and handles, and loose ornaments on or near the set are other
noise sources you may find. Careful
listening, and touching objects with
your hand to feel or stop the vibration
will lead you to the offender. Obviously, the part or object must be
fastened more securely or removed
from the room to correct this
condition.
You will probably be called in
oftener than you expect to correct
conditions like these. Customers often
think such noises come directly from
the speaker.

Localizing the Noise Within the Set
Once you know the noise source is
within the radio, you must localize it
to a particular section, stage, circuit
and part.
Noises have certain characteristics
that sometimes help and sometimes
hinder localization steps.
If noise
acted only as a signal and followed
the signal paths exactly, you could
use the ordinary methods of localization. However, a source of noise will
often radiate electric and magnetic
waves which may be introduced at
several points in the receiver. For
example, arcing at a corroded fuse

clip, as in Fig. 3, will not only introduce a signal which may follow the
power supply leads to all stages, but
will also produce radiated fields which
may enter any stage directly in spite
of the receiver shielding.
Mechanical shocks caused by jarring the receiver, or electrical shocks
caused by a sudden change in current
(snapping the receiver or a lamp
switch off and on) may make the
noise stop or start. This fact puts
noise in a class with intermittent reception and at times makes the source
of trouble rather difficult to locate.
9

and forth a few times to see if this
introduces unusual noise or clears up
the noise temporarily. Either effect
will indicate that the wave-band
switch itself is the source of noise,
provided you are not jarring associated parts or wires. If an examination leads you to the switch, clean it
carefully, bend its contacts, or replace
it—depending on the nature and extent of the trouble.
Tuning Condenser Troubles. Try
tuning the receiver. Any loud noise
occurring while the dial is being rotated indicates dirt or metal particles
between plates, touching plates, or
poor wiping contacts in the tuning
condenser gang. Reception may be
cut off altogether at low frequencies;
this usually means shorted plates.
Oscillations may occur when poor
wiping contacts develop.
Bent or warped plates can sometimes be straightened. Some older
types warp so badly they must be re-

EFFECT-TO-CAUSE REASONING
Once you decide the noise is in the
set, pay careful attention to the effect
of rotating the various controls. I If
turning the volume control to zero
cuts the noise off altogether, and the
set is a modern one with the volume
control at the input of the audio amplifier, then the noise is developed in
the r.f.-i.f. section of the receiver. If

FIG. 3. Arcing produces a noise radiation
which can travel directly to several stages
at once.

the noise is just reduced, however, it
is getting into more than one stage
and will have to be localized by other
means. On the other hand, if the
noise remains as strong as ever, it
must be in the audio amplifier or
power supply.
1111- Notice whether the noise becomes
much worse while the volume control
is rotated. If so, the volume control
itself is probably the source of the
noise.
Watch for additional clues. If the
volume control is defective, you will
frequently find that noise is accompanied by erratic changes in volume
and, in some cases, by hum.
111.- Rotate the tone and sensitivity controls also. These are made just like
volume controls and are frequently
a source of noise. Obviously, replacing them will clear up the noise they
cause.
I> Throw the wave-band switch back

How to clean between tuning condenser
plates with a pipe cleaner. (You do not
have to remove the condenser from the
chassis to do this cleaning; this one is used
for illustration only.)

placed. The plates may be cleaned
of dust by running a pipe cleaner
between them.
I> Metal particles,or condensers which
are difficult to reach, may require the
more drastic treatment of burning out
the dust and metal flakes with high
voltage. Make up a circuit like that
in Fig. 4, using a power transformer
10

pull out tubes, working from the output back toward the input. The noise
will stop or decrease greatly each time
you remove a tube, as long as the
noise originates further back toward
the input. When you pull out atube
and find the noise remains as loud as
ever, the trouble is probably in the
last stage interrupted (that is, the
next stage toward the loudspeaker).
Both tubes must be pulled out simultaneously to block a push-pull stage.
111,-Of course, the tube-pulling technique cannot be used in a.c.-d.c. receivers where pulling out atube would
interrupt the entire filament circuit.

with a protective lamp bulb (60 to
100 watts) in series with the primary.
DISCONNECT THE R.F. COIL
LEADS FROM THE TUNING
CONDENSER BEFORE USING
THIS DEVICE. Otherwise, the high
voltage will burn out the coil. To
use it, connect the high-voltage winding across the tuning condenser section, close switch SW, and rotate the
condenser plates. Large sparks will
occur as metal slivers are burned out.
If the plates touch, the protective
lamp will light; you should then open
switch SW and clear up the short if
possible. After the repair, remove the
transformer connections and reconnect the r.f. coil leads.
STAGE ISOLATION
If the tests so far have not localized
the trouble, you can localize the defective stage either by using a stage
blocking or stage interruption test, or
by using a signal tracer.
Stage Blocking. The volume control test previously described is aform
of stage blocking, since it prevents
noise signals originating in the r.f.
section from being passed on to the
a.f. amplifier through normal channels. Of course, if the noise is being
radiated, it may get around the
volume control anyway.
In using the following methods,
always remember that the noise may
radiate around stages or travel
through supply leads, as well as travel
along the normal signal paths. However, the noise will always be diminished as long as you are blocking
between the noise source and output,
and will usually disappear entirely
when the defective stage is blocked.
lb- There are several ways of blocking
stages, all of which are intended to
make it impossible for the stage to
pass asignal.
One of the most effective ways is to

110V A C.

100
WATT
LAMP

CONDENSER BEING
CLEARED OF SHORTS
FIG. 4. A high voltage applied to the plates
of a tuning condenser will burn out metal
peelings from between the plates.

or in battery sets where removal of
one tube might put excessive filament
voltage on the others. In these cases,
you must short the signal input circuit, stage by stage, by shorting the
resistor or transformer secondary
across which the signal normally appears. If one end of the input part
connects to chassis or ground, you
can hold atest lead between the control grid terminal and the chassis.
However, if the return end of the part
connects to some bias source, you
must hold the test lead right across
the part terminals.
Block each grid input in turn, moving the test lead along from grid circuit to grid circuit toward the an11

tenna. The noise will be blocked
altogether or reduced greatly as long
as the source is further back toward
the antenna. When you come to a
grid circuit where blocking does
not affect the noise, however, the
noise is either in that same stage plate
circuit or in the coupling device to the
next stage toward the loudspeaker. In
other words, the defect is between the
blocked grid circuit and the next grid
circuit toward the loudspeaker.
It is possible to block the output device also, if you are careful to avoid
short circuiting the plate supply. The

,

1
S
T
.
D
E
T
.
O
S
C
I
L
A
T
O
R
I
RE AVC
1

0

FIG. 5.

e

the volume control all the way up and
rotate the tuning condenser gang. The
noise will still continue, which shows
it is originating in the receiver or
coming in over the power line. A line
filter does not affect the noise, so you
know it is in the set.
Rotate the volume control to zero
volume. This partically cuts out
the noise, showing that it is in the
r.f.-i.f. section of the receiver.
Turn the volume control back up
again. If this is astandard a.c. radio,
pull out the second detector tube.
This will block the noise or reduce

Nose CAUSED

BY PARfIAl.'0
IN TRANSFORMER PRIMARY
•
•

AVC

POWER SUPPLY

A typical converter stage, with noise produced by a partial open in the i.L transformer primary.

test lead must be held across the load
only. The same procedure as for grid
blocking is then used.
Examples of Blocking. Suppose
you have the receiver shown in Fig. 5,
in which apartial open in the primary
of the first i.f. transformer T, causes
a noise-producing variation of the
mixer plate current, and produces a
rapid machine-gun-like crackling in
the speaker. Here's how you could
localize the trouble:
First disconnect the aerial and
ground and short the binding posts
together with a piece of wire. Turn
12

it to a very low value. Replace the
second detector in its socket, then pull
out the i.f. tube. The same blocking
will occur. Replace the i.f. tube, then
pull out the detector-oscillator tube.
This time the noise will stop completely.
Replace the detector-oscillator tube,
then pull out the r.f. tube. The noise
will continue. This shows you that
the noise source is in the detectoroscillator stage.
Now suppose the receiver is an a.c.d.c. set or is battery operated, so the
tubes cannot be removed. You should

5

localize the noise to the set, then to
the r.f. or ai. section, as you did with
an a.c. receiver. You can then find
the defective stage by blocking the
stage input or output circuits (or
both), one at atime, moving from the
output toward the input.
Fig. 6 shows how to use test leads
for blocking the audio amplifier circuits. Positions 6and 7block the outputs of tubes VT3 and VT4 respectively. Positions 4and 5block the inputs of tubes VT3 and VT4 respectively. If only one of these positions
is used, only one of the push-pull
tubes will be blocked, and noises
originating nearer the set input will
pass through the tube which is not
blocked. This is all right if you are
trying to determine which output
stage is defective, but trouble in
another stage requires blocking both
tubes in the push-pull circuit. Therefore, you should apply the test leads
at both 6and 7or both 4and 5simultaneously. (Test leads with clips at
each end should be used for this purpose), or use one test lead from plateto-plate or from grid-to-grid.
If the tests at positions 6 and 7 or
at 4 and 5 block the noise, you can
move back either to position 3 at the
output of tube VT, or to position 2
at the input of tube VT,. Finally,

move back to position /or to the grid
circuit of tube VT,.
lb- Blocking the output as well as the
input lets you determine just which
circuit in the stage contains the defect. For example, if the test lead
held at position 3 eliminates the noise
but the noise continues when you
short-circuit the grid input at position
2, the noise must originate in the plate
circuit of tube VT,. If, on the other
hand, you shorted only input circuits,
you would go from positions 4 and 5
back to position 2 and wouldn't
know whether the trouble was in the
plate circuit of VT, or in the grid circuit of tube VT3 or VT4. (Usually,
however, the noise source is in a d.c.
circuit, so the plate circuit would be
the logical suspect.)
110.- One difficulty of shorting the output
circuit of astage is that you deal with
a high-voltage circuit and must be
very sure you get between the right
points. Never short from plate to
chassis; this shorts the plate supply
and may damage some parts in the
plate circuit.
i> This shorting procedure can be applied to the r.f. circuits shown in Fig.
5. Here, if the i.f. transformer were
faulty, shorting between terminals 5
and 6 would eliminate the noise, but
shorting between terminals 1 and 2

FIG. 6. Here are the positions for using test
Instead of blocking the output tubes individually,
pull stage with one test lead by holding it from
tubes VT•and

1.3

leads for the stage-blocking technique.
many servicemen block the entire pushplate to plate, or from grid to grid, of
VT..

would not. This shows the trouble
is in the detector-oscillator circuit.
Notice—you should short directly
across the input part, not go from 5
to ground or from 1to ground. There
may possibly be a bias supply in the
a.v.c. network somewhere; so going
from 1to ground or from 5to ground
would remove the bias and upset the
circuit.
If you notice the noise diminishes
as you block each stage but does not
disappear, you can be fairly certain
that the noise is arising in the power
supply or is being fed through it.
Signal Tracing. Servicemen who
have signal-tracing equipment generally use it instead of the signal blocking technique to localize noise. Remember that the noise is the signal,
and in tracing to find its source you
may move the signal tracer in either
a forward or a reverse direction. If
you move from the loudspeaker
toward the antenna, the noise will decrease in intensity, since fewer stages
of amplification are between the noise
source and the signal tracer. When
you pass through the defective stage,
the noise will disappear entirely or
become very weak.
If you move the signal tracer from
the antenna toward the loudspeaker,
no noise will be heard, or the noise
will be at a very low level until the
defective stage is reached. Then the
noise will at once increase to a much
higher level.
A visual indicator on the signal
tracer, such as amagic eye or ameter,
is not very satisfactory for noise tests.
Use the audio output or feed the output of the signal tracer into the vertical plates of a c.r.o.
LOCATING THE DEFECTIVE CIRCUIT
AND PART
After localizing the noise to a particular stage, first test the tube or,
14

better yet, try another one. If the
noise continues the tube is not at
fault, so you must again use effectto-cause reasoning. You will recall
that noise produces erratic changes in
current flow. Therefore, if there is no
signal coming into the set but the
noise is heard from the loudspeaker
just the same, an operating current is
changing. This means that the noise
source is probably in aplate or screen
grid supply circuit.
An intermittent open in the control
grid circuit would also cause noise by
removing bias and thus changing the
plate current. However, this kind of
trouble is far rarer than adefect in a
current-carrying circuit. If in the
control grid circuit, it is probably
caused by a defective connection of
such anature that mechanical jarring
makes it open and close rapidly. Arcing will not be the cause, for there is
no current flow to form an arc.
II> On the other hand, if the noise is
heard only when a signal is tuned in,
the trouble may be in the speaker or
may be caused by speaker vibration
of some part or connection. If jarring the set and speaker does not
make the noise appear or disappear,
the source is in asignal circuit (a grid
circuit or a circuit isolated by blocking condensers so no supply currents
flow through it).
II> A defect in an i.f. transformer
makes a different noise from that
caused by, say, a defective volume
control. The actual sound produced
will be a valuable clue, when you
have had sufficient practical experience to recognize the many different noises which may develop.
111». Once you localize the noise to a
particular stage by the stage blocking
method, you can use several different
tests to determine just which circuit
contains the defect. If you pulled
out tubes, you wouldn't know just

which circuit it might be, although it
is logical to first suspect a currentcarrying circuit such as the plate or
screen grid. If you used a test lead
and blocked the input circuit, you
would usually be justified in assuming the noise source was in a plate
circuit.
Make a careful examination of the
parts in and about the suspected
stage. Look for the characteristic
green spots which mean corrosion.
Corrosion, by the way, is of course
far more likely to occur in a currentcarrying circuit than in a signal circuit which carries no direct current.
If you put out the lights on your
work bench, you can frequently see
arcing if it is present.
Meter Tests.
Since noise means
that the current is changing rapidly,
there will be a voltage variation
somewhere in the set. Using a voltmeter between B— and the various
tube electrodes, you should notice a
quiver in the meter needle each time
a burst of noise occurs if you are in
the circuit containing the defect. Remember, however, that both the plate
current and the screen grid current
flow through the cathode resistor;
also, sometimes the voltage change in
one circuit will produce a change in
another. Therefore, a voltage variation test may or may not locate the
defect.
A voltmeter is particularly useful
when the plate circuit is suspected.
Remove the tube from the socket,
which will stop the noise. Now, connect the voltmeter between the plate
terminal of the tube socket and B—
or the set chassis. If an erratic meter
-ieading results, and the noise appears
when the meter is connected but disappears when the meter is disconnected, the noise source is in either
the plate load or the suey circuit.
The reason you can hear the noise.
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even with the tube out is that the
meter draws sufficient current through
the defective part to start the noise
again.
Should the noise not appear, connect the meter between the plate and
the cathode terminals of the tube
socket. If noise now appears and the
meter reading varies erratically, the
trouble is in the cathode circuit for
that stage.
If the noise does not appear in
either case, it is in another circuit.
The screen grid and control grid circuits are logical suspects.
10.- With the set turned off, you can

FIG. 7. How to connect an ohmmeter when
looking for noise. The ohmmeter current flow
is frequently sufficient to cause the defect to
"act up," causing a wavering reading when
the ohmmeter is connected across the defective part.

check with an ohmmeter directly
across a suspected part (see Fig. 7).
The ohmmeter will frequently provide
the necessary current to cause the
source of noise to act up. An erratic
reading will show the part is defective.
Shock Testing. When the noise
source is an i.f. or a.f. transformer
in an a.c. set using a power transformer, you might short-circuit the
plate terminal of the tube socket to
the chassis momentarily with ascrewdriver, while the set is turned on. The
resulting high current will either burn
out the defective spot altogether or
will temporarily heal it. In either
case, whether the noise disappears or

the set goes dead, you will have definitely localized the trouble to the
plate load and can go ahead with a
replacement.
You should replace the transformer
even if this treatment temporarily
heals it, for almost always the open
will again occur or the part in question will have another corroded spot
forming.
You don't have to worry about accidentally burning out a good part
when making this test on an a.c. set
with a power transformer, for a part
in good condition can stand such a
momentary overload without trouble.
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FIG. 8.

source of noise will frequently let you
pick it up; you can thus localize the
source by determining where the
noise sounds loudest.
If this fails, you can touch the
signal tracer probe to various points
in the suspected stage to find the
point where the noise is most intense.
For example, the imperfect joint in
Fig. 8 will radiate noise and send
noise pulses over the B+ wiring. As
you move from point I to points 2
and 3 the noise will get louder; right
at the defect, it will be loudest.
You can use a c.r.o. as a signal
tracer by connecting the grounded

NM
PET

00000 j_

IMPERFECT JOINT
MAY SEND NOISE
OVER B+ WIRING
(HEAVY WIRES)

How noises may travel over the wiring and thus get into several stages at once.

Any part which does burn out would vertical plate terminal to the chassis
or B— and the hot vertical terminal
fail sooner or later, anyway.
This shock test cannot be used to a test probe. This probe is used
safely on a.c.-d.c. or battery sets. In exactly like the hot probe of a signal
an a.c.-d.c. set, even a momentary tracer. Turn on the c.r.o. vertical
short might ruin the rectifier tube, and horizontal amplifiers and turn up
the gain controls. Keep the sweep
while in battery circuits there are no
limiting factors on current flow and
frequency at some low frequency. The
parts may be burned out or the batsweep will cause a line to be traced
teries unnecessarily discharged
across the c.r.o. screen. When noise
Signal Tracing. Since noise is a is picked up by the hot vertical lead,
complex pulse with components of you will get a pattern similar to
many frequencies, you can often use Fig. 2B, which will constantly shift.
the a.f. section of a signal tracer to
If a sine wave is sent through an
locate noise in any part of the re- amplifier and the c.r.o. sweep is adceiver. Bringing the probe near the justed to the same frequency, any
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noise picked up by the probe will
cause sharp peaks, lines, and breaks
on the sine wave (Fig. 2C).
Mechanical Tests. Many noises
respond to mechanical shocks. If you
find rapping on the chassis will make
the noise appear, disappear, or become louder, it will frequently pay to
search for the trouble by tapping
suspected parts with a small wooden
dowel or an insulated probe. The defective part will be the one which,
when rapped, has most effect on the
noise.
Be careful to rap lightly. Remember that a severe jar will be carried
to the defective part through the
chassis even if you are probing some
distance away.
Shields should be shaken or twisted
gently to see if they are making good
electrical contact with the chassis.
This test may also disclose a short
between the shield and the device
within it. If you wish, pull on the
leads going to a suspected joint, or
push the joint with awooden stick—
but going over all suspected joints
with a hot soldering iron is perhaps
the quickest procedure. Continue to
operate the receiver for some time
after thumping on parts or resoldering, as you may have only temporarily cleared up the trouble.
Noise in Signal Circuits. Occasionally the noise-producing defect

may be in a signal circuit—for example, a trimmer used to tune an i.f.
transformer secondary may be partly
shorted or may short at intervals.
There is no current flow through such
a circuit when signals are not being
received, except that caused by between-station atmospheric and residual noises, so the defect usually will
be heard only with a station tuned
in.
Thus, when you remove the
ground and antenna leads, the noise
may disappear. This may lead you
to blame the antenna rather than a
set defect.
A test receiver will keep you from
making this error, since it will show
that the set, rather than the antenna,
is defective. If you have no test set
but suspect the receiver, you might
try another aerial. Better yet, feed
the full unmodulated output of a
signal generator (tuned to the receiver dial setting) into the aerial and
ground posts. If noise is then heard,
an r.f. defect is indicated; if modulation of asignal generator is necessary
before the noise appears, the trouble
may be in the a.f. section, or the
sounds from the loudspeaker are vibrating some mechanically poor joint,
which may be anywhere in the radio.
You can then localize the noisy stage
either by using a signal tracer or by
moving the signal generator along
from stage to stage.
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Intermittent Reception
A radio may be described as intermittent if it operates normally part
of the time, but stops, cuts down in
volume, sqeals, gets noisy, distorts,
or hums some of the time.
The intermittent receiver has abad
name among servicemen, for, at one
time or another, most servicemen have
been stumped by some stubborn case
which refused to yield to their best
efforts, or which consumed hours of
time for which they couldn't collect.
Naturally there is always adefinite
cause for any intermittent action, but
the difficulty lies in the fact that
while the receiver is playing normally
the defect does not exist, and no
amount of testing will disclose it.
Only when the receiver is in an intermittent condition is the defect present.
At this time tests can lead to the defective part, but disturbing the receiver in any way, even by attempting to take voltage measurements,

section and stage isolation. Modern
equipment even allows the serviceman to do other work while waiting
for the intermittent action to make
its appearance.
INTERMITTENT DEFECTS

You know already the ways in
which parts may become defective—
how paper condensers may open or
short, how electrolytics may open,
leak, or develop a high power factor,
how interelectrode leakage may take
place in tubes, etc. Now we will see
how some of these defects can occur
intermittently.
Paper Condensers. The internal
construction of a paper condenser is
shown in Fig. 9. The leads of the
condenser are ordinary bare wires
whose ends have been curled into a
loop. The loop is soldered to the foil
if tinfoil is used. With aluminum foil,
the loop is filled with solder, making
a solder disc, and then pressed into
•
the soft face of the exposed foil to give
•
fi
an electrical contact. The foil may be
LEADS MAY
INTERMITTENTLY
FOIL
I
crimped around the solder disc. Both
PULL LOOSE
FROM PLATES
PLATES
ends of the condenser are then dipped
in a wax which, on hardening, holds
.de
SPIRAL
a
the discs in contact with the foil
PIGTAIL LEADS'
w 'a
SOLDERED TO
\
plates. When we say that a conENDS OF PLATES/
denser has opened, we mean that one
M. 9.
Paper condensers are a common
of the discs has pulled away from its
source of intermittent reception.
foil plate. The effect is the same as
if the condenser lead were cut or a
may cause it to snap back and play
resistance
were inserted between the
properly. You may then have to
disc and the condenser plate.
wait hours — even days — for the
Now, suppose one of the flat discs
trouble to show up again.
Thanks to the modern methods of is barely in contact with the foil, inservicing, much of the uncertainty of stead of being completely pulled
dealing with intermittents has been away from it. Slight jars or electrical
eliminated. The most stubborn case surges may make the connection open
of intermittency can be licked by a and close. For example, the disc may
combination of searching for surface be in contact with the foil at a single
defects, effect-to-cause reasoning, and point, and a signal surge may cause
18
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enough current to flow to burn out the
connection.
Another voltage surge
may start an arc or may cause the
disc to again come in contact with the
foil and the cycle of troublesome
events may be repeated.
Another possibility is that the condenser may be open at the disc-foil
connection, and a signal surge may

FIG. 10.

at relatively long intervals of time,
intermittent oscillation results; if the
same action occurs rapidly, noise is
produced.
Thus, you are not entering brandnew territory when you search for the
sources of intermittent reception. The
intermittent defect that produces intermittent noise, hum, oscillation, distortion, or decreases in volume would
produce these same conditions continuously if the defect were continuous. You have already learned which
defects may cause continuous noise,
hum, etc.; now, all you need learn is
which of these defects can occur intermittently and you will be prepared
to solve the most puzzling cases of
intermittent reception.
Let's see,
briefly, what these defects may be.
Electrolytic Condensers. Dry
electrolytics normally do not open or
short intermittently—in them, such
defects are permanent.
However,
some dry electrolytics are anchored

A typical resistance-coupled audio
stage.

increase the voltage between the foil
and the disc enough to allow an arc
to form between these two points.
This arc will be self-sustaining and
will complete the connection, thus restoring the condenser to operation. If
the arc fails for any reason, the condenser will again be open.
10- Notice—either of the conditions
just described would cause noise,
rather than intermittent reception, if
it occurred frequently enough. For
example, if one of the connections to
coupling condenser C in Fig. 10 were
to open, then close again in a few
seconds, the signal level will jump up
and down, and you would diagnose
the condition as intermittent reception. But if exactly the same effect
occurred much more frequently—say
several hundred times a second—the
set would be noisy. Similarly, other
rapid open-and-closing actions will
produce noise, while a slower tempo
will cause another form of intermittent reception. For instance, if the
screen grid by-pass opens and closes

Leakage through the case to the mounting
bracket may cause intermittent hum.

to the chassis by a metal clamp
around the condenser housing, and
leakage sometimes develops between
the condenser and the chassis through
the paper housing. The trouble may
be intermittent, disappearing when
the paper drys out after several hours
of operation, and reappearing when
the receiver has not operated for some
time or when the air is particularly
humid.
Wet electrolytics sometimes have
intermittent defects.
A conductive
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sediment may form and settle to the
bottom of the container, causing leakage. This deposit may dissolve, thus
temporarily eliminating the leakage
path, after receiver operation has
heated the electrolyte. Suspect this
condition if you see a white deposit
around the vent of a wet electrolytic.
Other Condensers. Tuning condensers may intermittently short because of dust or metal particles between the plates. Midget-sized condensers may short due to bent plates,
as even a small vibration can cause
the plates to touch due to the close
spacing. Watch for broken leads to
the condenser gang, as it moves considerably during tuning. If the electrical connection is made to the stators via the bolts securing them, corrosion on the bolt threads may cause
avarying resistance in the connection.
Dirt or improper spring tension in
wiping contacts may cause a varying
resistance between the rotors and the
condenser frame.
Fixed mica condensers do not ordinarily have intermittent defects.
However, intermittent changes in
capacity or short circuits may be
caused in trimmer condensers by
cracked mica or fatigue of the spring
metal rotor plates.
Volume Controls.
Volume controls frequently have carbon resistor
strips which are pitted, or the carbon
may have flaked off. Only a small
portion of the slider may be in contact with the strip, so may be thrown
out of contact by the slightest mechanical jar or by a current surge
which burns out the section which the
slider touches. Also, high-resistance
joints between the slider contact and
its terminal on the case may intermittently open the slider arm circuit.
Troubles caused by burned or pitted
strips are most apt to occur in controls through which d.c. flows, as in

the diode load circuit or in a grid
circuit having grid currents.
Tubes. Tubes are one of the most
prominent causes of intermittent reception. Quite often electrodes will
expand with heat and touch other
electrodes, thus causing intermittent
shorts. Also, the filament may expand
and break. This interrupts the current flow; the filament then cools, the
broken ends come together, and current flow resumes. This is sure to.
cause intermittent reception.
Gas in a tube will often cause erratic operation, as will a faulty cathode. Sometimes particularly active
emission spots appear on a cathode;
as these lose their excess emission
ability, the gain in the tube will vary.
Resistors. Wire-wound resistors
may have intermittent opens at
their terminal connections — particularly metal-clad "candohm" resistors.
Heavy
current through
molded carbon resistors may cause
uneven resistance distribution, resulting in varying resistance values and
erratic current flow. This condition
may not occur until the receiver has
been in operation for some time and
the resistor has become thoroughly
heated. The carbon rod in
a resistor of this type may sometimes
break, causing an intermittent open.
Coils. Electrolysis in coil windings that carry d.c.—particularly the
primary windings of i.f. transformers,
a.f. transformers and oscillator coils
—may cause intermittent opens. Frequently the form on which an r.f. coil
is wound will expand with heat, snap
a lead from the coil to its terminal
lug, and so produce an intermittent
contact.
Connections. Connections made to
the chassis through rivets frequently
work loose or corrode and so cause
intermittent contacts. A poor contact
may also develop between the chassis
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and the can of a grounded electrolytic. On the other hand, if the condenser is insulated from the chassis
by a fiber washer, leakage may develop across the washer and allow
the condenser case (condenser negative terminal) to short to the chassis
intermittently.
Vibration. Vibration is very apt
to cause intermittent operation, particularly in car and portable receivers.
Many parts in these sets may be
mounted on rubber feet to reduce mechanical shock; even so, leads to such
parts may be snapped and the broken
ends may make intermittent contact.
Mice.
Mice will frequently nest
in radio receivers. They may drag in
paper scraps, chew the insulation on
wires, eat the cone of the loudspeaker,
or wet insulation or some vital part
and cause almost any effect on the
receiver.
General. We have given the more
common intermittent defects. There
are, of course, many more. There are
also some defects which almost never
contribute to intermittent difficulties.
A by-pass condenser is more commonly open intermittently than it is
intermittently shorted, yet this last

possibility should be kept in mind.
The power transformer rarely is intermittently defective, nor are properly soldered connections. (However,
servicemen frequently introduce intermittent troubles by poor soldering;
examine all connections carefully if
you find a wire loose in a radio after
the set has been serviced by some one
else.)
Now for some general rules: All
intermittents respond to some stimulus—a voltage surge, a mechanical
shock or a thermostatic expansion or
contraction—which opens and closes
a circuit.
Tapping the radio will show
whether mechanical shocks cause the
trouble. Troubles due to heat are
usually very regular; the radio is on
and off at rather definite time intervals, depending on the part or circuit containing the defect. A short
time interval usually indicates a defective tube or part carrying a high
current. If the time period between
cut-off intervals is rather long, you
usually have trouble in a circuit
carrying small amounts of current in
which less heat develops, or trouble
in some large slow-heating part.

External Intermittent Troubles
HOW TO DETERMINE THE
COMPLAINT

Relatively few parts can cause intermittent
distortion,
intermittent
hum, etc. However, literally hundreds of things might cause an intermittently dead receiver or one in
which the volume cuts to a low value
and then snaps back. For such complaints, aprofessional means of localization is definitely required. We will
deal with this kind of intermittent reception first.

When a customer complains of intermittent reception, you should
satisfy yourself that trouble actually
exists, and that it occurs with sufficient regularity, before you accept
the job. Here are some highly important questions you should ask:
I. Does the receiver fade only on
distant stations or on all stations?
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tion operates near the high-frequency
end of the broadcast band.
Fading in the daytime generally indicates a receiver defect, for then reception is by ground waves which are
constant in intensity. Bear in mind,
however, that if the receiver fades
and the volume remains weak for
definite periods of the day or night,
line voltage fluctuations rather than
areceiver defect may be the cause.
Be careful to learn from the customer how long the receiver is actually operated. You may find that
he rarely turns the set on for more
than a few minutes in the daytime,
and so may not notice that the fading
does occur in the daytime as well as
in the night, or vice versa.
Line Voltage Fluctuations. If you
suspect line voltage variations (which
are most apt to occur in industrial
districts), attach a voltmeter to the
power outlet and watch it for a short
time. Also watch lights for blinking
or varying brilliancy. If line voltage
fluctuations occur at the same time
as the fading, you have tracked down
the source of trouble.
If the line voltage variations appear
to be the source of trouble, you might
take the matter up with the local
power company as they will frequently cooperate by correcting their
systems.
Line voltage regulators are available which will sometimes prove helpful. Essentially, these are resistances
which change radically in value with
changes in current flow. One of them
in series with the' receiver power cord
will usually correct the rises in line
voltage, but it cannot correct for
large voltage drops.
How Often? Since some intermittent conditions will not start for ahalf
hour or an hour after the receiver is
turned on, to save time you should
arrange to have such a set operated

2. Does the fading occur only at
night, only in the daytime or both?
3. How long must the receiver be
on before the fading occurs?
4. Does the fading occur at regular
or irregular intervals, and about how
long a time elapses between the cuton-cut-off intervals?
II> If the fading occurs on all stations,
you can assume that something is
wrong with the radio or the installation. Should the customer say that
locals come in all right and that fading is on distant stations, the action
is normal. It is caused by the sky
wave (on which distant reception is
obtained) fading in and out as the
height of the Heaviside layer shifts.
Complaints on this score are more
prevalent during the fall and winter
months when long-distance reception
on the broadcast band improves in
the northern hemisphere. Then, more
distant stations can be heard during
favorable periods, but they are subject to more fading.
You won't have many complaints
of this kind with customers who have
had their receivers a year or longer.
However, many people buy new
radios around Christmas. They are
unfamiliar with the characteristics of
the set and may happen to encounter
a favorable night or two before the
fading becomes noticeable. At once
they become alarmed.
When the normal summertime
drop-off in reception of distant stations occurs, you may again encounter
some customer complaints which are
caused entirely by normal conditions
rather than by the receiver.
lo»- If the fading takes place only at
night, it is probably caused by fading
of the sky wave, unless nearby locals
fade. However, stations normally considered to be locals may fade at night
if the transmitting antenna is more
than ten miles away and if the sta22

long enough for the intermittent condition to occur before you arrive.
II> Should the customer tell you that
the receiver cuts off only once or
twice aday or even more infrequently,
and comes back to normal almost immediately, the trouble has not progressed far enough to repair. You
should tell the customer to continue
to use his receiver, calling you when
the trouble becomes more frequent or
when the set stops entirely. Explain
that this will result in a less costly
job and that the chances of anything
else in the receiver being damaged are
remote. Point out that it is a difficult, time-consuming process to repair the set in its present condition,
so it is to his best interest to postpone repairs for atime.
Now, let's go through the servicing
procedure you should follow if the
receiver fades with sufficient regularity
for you to accept the job.

the line. Connecting lights or other
devices across the power line reduces
the impedance of the ground path and
so changes the level of the signal fed
to the input of the receiver. On the
other hand, should the signal level
drop when an appliance or light is
turned on, the set is depending on
stray coupling to the ungrounded
side of the line for an antenna. The
light reduces the impedence to ground,
thus reducing the signal level.
A.C. sets using a power transformer are more subject to this form
of trouble than a.c.-d.c. sets, as a.c.d.c. sets are connected directly to the
line while a.c sets are isolated from
it by atransformer, so stray capacity
or inductance provides the coupling.
Often a cure may be effected by connecting .01-mfd., 600-volt condensers
from each side of the power transformer primary to the chassis. However, a better antenna and a good
ground are the best cures.
INSTALLATION DEFECTS
In these cases, notice that turning
Your first step, of course, is to turn a switch on or off causes a change in
the receiver on and confirm the com- volume, but the volume then remains
plaint. When the intermittent con- steady until a switch is again opdition shows up, or while you are erated.
Should turning on or off
waiting for it to occur, you should switches cause an intermittent change,
make sure the defect is not in the in- or should snapping a switch on and
stallation. The installation can make off clear up the trouble, the receiver
the receiver go dead or fade inter- is intermittent in such a way that it
mittently, or produce intermittent is subject to electrical shocks.
noise or intermittent modulation hum. II> Checking the installation further,
On the other hand, it cannot normally inspect the antenna-ground system
cause intermittent distortion, steady for mechanical failures which could
hum, or oscillation.
cause either opens or shorts. Check
A poor antenna or ground is acomit just as suggested earlier in this
mon cause of intermittent reception. lesson for noise. Check the flat top
For example, if a set playing at a to see if it touches anything or if it
normal level suddenly becomes quite can sway in the wind and so short to
loud when some appliance or light some object. Shake the lead-in
is turned on, apoor ground on the re- vigorously to see if this action causes
ceiver is to blai;ne. The set is de- the intermittent or any noise to appending on the power line for a pear. Frayed insulation on the leadground, and the chassis happens to be in will often permit a short to occur
coupled to the ungrounded side of when wind moves the lead-in about.
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getting inside the shield and shorting
the antenna wire lead. " Since poor
ground connections frequently cause
trouble, check the ground clamp carefully—make sure a clamp is used if
the ground connection is made to a
pipe. A cold water pipe makes the
best ground; make the connection near
the point where the pipe enters the
home if possible. Avoid gas pipes for
two reasons—it is against fire regulations to use one as a ground, and the
sealing compound in the joints has
considerable resistance, thus reducing
the effectiveness of the ground system.
The hot water heating system does
not always make agood ground either.
1110. Bad connections, loose appliances
and loose wiring at outlet plates cause
intermittents. Check for such conditions by connecting a low-wattage
bulb to the radio outlet in place of the
receiver and watching for flickering.

Check the connections to the lightning arrester and lead-in strip. See
if the latter can short on the window
weather-stripping. Trace the lead-in
right up to its point of connection to
the receiver; at the set, look for loose
strands of lead-in wire shorting to the
chassis. Investigate all connections
covered by tape to make sure none are
bad. Any one of these little things
may cause intermittent reception, and
no amount of work on the chassis at
your shop will locate the trouble.
The surest way to check the antenna-ground system is to connect
your own test receiver to the system
in place of the customer's radio. If
the customer's complaint shows up in
the test receiver while you make your
inspection, you know that the installation rather than the customer's radio
is at fault.
I> If a shielded antenna lead is used,
find out if rain always accompanies
the trouble. If so, rain water may be

* This trouble frequently occurs in auto
radio installations.

Localizing Intermittent Troubles
Let us presume we still have a case
where the set is intermittently dead
or where the volume cuts to a low
value and then snaps back. If nothing is wrong with the installation, you
must go to work on the receiver. However, before removing the chassis and
speaker from the cabinet, make a
check for surface defects. Look in
the back of the cabinet. Make sure
that the tubes, shields and any chassis
or speaker plugs used are firmly in
place, and that the top cap connectors
clasp the top cap studs on the tubes
tightly. If the lead to the top cap
of a shielded tube comes from the
chassis, make sure the shield has not
cut the lead insulation and created a
short. If the lead comes through the

chassis inside the tube shield, see that
it remains inside the shield; otherwise,
keep it outside. Gently shake any
cables or wires in the cabinet; any intermittent effect produced shows a
loose connection or broken lead.
Test the tubes. Tap each tube as
it is checked and watch for intermittent flashes of the short indicator or
intermittent meter readings. Intermittent troubles won't always show up
in a tube tester, so remember that
this test does not eliminate the tubes
as suspects.
II> If you find no surface defects, take
the set to your shop. Curing intermittent reception calls for tests which
may appear quite aimless to the receiver owner, so it is psychologically
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better to take the set away. Further,
you need room to work comfortably,
you should test the receiver carefully
by operating for some time after the
repair and, often, you'll need shop
equipment to localize the trouble.
10- Once you get the receiver on the
workbench, set it up for normal operation. If the radio has a tuning indicator, see whether it is affected when
intermittent reception develops.
Should the tuning indicator change
when the volume drops or the set
goes dead, you can be fairly sure that
the trouble is between the antenna
terminal and the second detector
(although occasionally it may be in
the power supply). On the other hand,
if the tuning indicator does not vary,
the audio section of the receiver is
faulty.
Next, notice whether the residual or
background noise level increases when
fading occurs. An increase in the residual noise level usually means adefect in the oscillator, the r.f. stage or
the input circuit, which reduces the
input signal so the first detector noise
level is more prominent.
BRUTEFORCE SERVICING
Intermittent reception is one of the
few troubles where the "brute-force"
method pays dividends. Remember,
it may take some time for the set to
act up; anything you can do which
will produce defective operation and
localize the trouble at the same time is
definitely worth while.
However,
don't let your methods fall into a"try
everything," aimless probing and
testing. Limit yourself to no more
than five minutes of probing.
Now, let's see how you can use
"brute -force" and effect -to -cause
reasoning at the same time.
You have already learned the general causes of intermittent action. The
most common is the joint which opens

and closes under mechanical or electrical stress, and here's the point on
which this first five minutes of testipg
If you can disturb the
bad joint so that you can make the
set cut off and on at will, your problem is solved.
How can you disturb defective
joints? Easily—just pull on leads,
wiggle parts, thump tubes and resistors, or apply mechanical pressure to
joints. Let's see how this should be
done.
Checking Controls. First, check
the various controls. The volume control can be checked by rotating it
over its full range. If noise is produced, the control is badly worn and
is a possible cause of the intermittent
condition.
Intermittency caused by poor contacts in wave-band, manual push-button or tone-control switches can be located by wiggling the switch knob or
button back and forth (but not moving it enough to change from one position to another). The switch is defective if you can make the intermittency appear and disappear at will.
Cleaning the contacts and bending
them to make better contact will often
clear up this trouble. Sometimes you
must install a new switch.
Noise when the tuning condenser
gang is rotated indicates shorting
particles between the plates; perhaps
dust or dirt is lodged there or plating
has peeled off the plates. Poor wiping contacts may also be to blame.
Tighten them by bending the springs.
I
I> While the set is right-side up, check
the tube socket contacts by wiggling
each tube to make it move around a
slight amount in its socket. If atube
is too hot to handle, hold it with a
heavy cloth or akitchen pot-holder.
Tubes may also have internal shorts
and intermittent contacts at the points
where the electrodes are welded to
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their leads. These may be found by
snapping the tube vigorously with
your finger. When any doubt exists,
try another tube.
Of course, you must be careful not
to jar surrounding parts when wiggling or thumping tubes. A mechanical shock may travel through the
chassis to another part, cause the intermittent to act up, and lead you to
believe the tube is faulty. If a new
tube acts just like the old one, the
trouble is probably somewhere else.
I
I
, Now let's check underneath the
radio. You will need a pair of longnose pliers and some sort of an insulated probing tool. An ordinary test
lead can be used in a pinch. Some
servicemen use a pencil; however,
since pencil lead is conductive and so
may permit you to be shocked, we
suggest you make up a tool similar
to the one shown in Fig. // instead.
This can be a hard rubber or bakelite rod or a wooden dowel, from 1/4
to 3/
8 inch in diameter and about 8
inches long. Cut one end off square
and file the other end to a point resembling a screwdriver blade. Cut a
notch in the square end. If awooden
dowel is used, it should be varnished
or shellacked (not painted) so it will
not absorb moisture.
With a tool of this kind, you can
pull and push on parts at will without
any danger of shocks.
Avoiding Shocks. While we are
talking about shocks, let's take a
moment to see how you can avoid getting them when you work on a live
receiver.
To get a shock, you must touch
two points which are at different potentials. Therefore, use only one hand,
if possible, when you probe in a live
receiver; this will make touching two
points less likely. Further, don't lean
on the radio, and make sure it is
firmly supported. You will uncon26

sciously grab for a receiver that is
falling over and may get "bit."
II> Sometimes, especially when working on an a.c.-d.c. receiver, you will
get ashock when you touch the chassis. This may happen if the receiver
power plug is inserted in such a way
as to connect the chassis to the ungrounded side of the power line (there
is often a direct connection between
the chassis and one power cord lead).
Then, 110 volts a.c. will exist between
the chassis and earth, and you'll get a
shock if you touch the chassis while
you're grounded. If you reverse the
power plug at the wall outlet, the
chassis will be at earth potential and
no shock will result from touching it.
However, it's best not to be grounded,
since you can't tell whether the chassis
is "hot" just by looking at it.
Also, in some a.c. receivers, a condenser is connected from one side of
the power transformer primary to the
chassis. If the power plug is inserted
into its socket in such a way as to
connect the chassis to the ungrounded
side of the line through the condenser,
you'll get a small shock if you are
grounded and touch the chassis. If
the chassis is connected to an earth
ground with a ground wire, you can
touch it without fear of being shocked.
(There may be a spark when you attach the ground wire to the chassis,
but it will not harm you.)
Ile- Your best single precaution against
shocks is to insulate yourself from the
earth. Don't stand on a concrete
floor (an excellent ground) unless you
are wearing dry rubber-soled shoes.
The best insulation is dry wood—so
sit on a wooden stool or, if you must
work in a place with a cement floor,
put a wooden flooring in around your
workbench. Don't just lay boards
down on the concrete—they will
absorb moisture and soon become con-

speedy servicing of the receiver. This means
that while you are developing your ability to
analyze circuit diagrams through the study
of this reference book, you are also developing your ability to service radio equipment
speedily.
Actually, this reference book
teaches you how to make schematic circuit
diagrams become one of your most valuable
servicing tools.
How The Diagrams Were Chosen. In
choosing the diagrams for this book from
the N.R.I. file of over 12,000 different radio
receiver diagrams, both old and new circuits
were carefully considered. Each diagram
finally chosen for detailed analysis is typical
of one group of receivers encountered in
radio work. This means that by studying
the few carefully selected circuits, you will
actually become familiar with the general
features of hundreds of different receivers.
The diagrams in this book are arranged so
that you progress logically from simple circuits to more advanced circuits. You start
with a simple t.r.f. circuit which was extremely popular some years ago and is still
used in some midget table model receivers,
but you soon get to the modern superheterodyne circuits which are the leaders in
popularity today.
Diagram Styles. Each receiver manufacturer has his own style of drawing radio
symbols and circuit diagrams. In order to
make you familiar with these different
styles, the diagrams in this book are presented almost exactly as they appear in the
service manuals of the respective manufacturers. For this reason, many of the symbols in this book will look quite different
from the symbols you have become so
familiar with in regular N.R.I. lessons.
Curiously enough, you will find that no
matter how the various radio symbols are
drawn, you will be able to recognize them almost instantly. Sometimes their positions
with respect to other parts will identify new
symbols even though they appear entirely
different from standard symbols. A comparison of the different ways in which tube symbols are drawn is itself a fascinating study.
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General Outline.
The analysis of the
first receiver circuit in this book is divided
Into the following seven sections. The same
general treatment is followed for the other
circuits in the book, except that sometimes
one or more of the sections are omitted to
avoid repetition of basic facts which have
already been covered.

I. Identifying Tubes.
Identification of
each tube stage by noting its position in the
diagram with respect to the antenna, the
loudspeaker, the power pack and other parts,
followed by identification of the general type
of receiver.
2. Tracing Signal Circuits. Study of the
signals in each circuit, starting from the antenna and working to the loudspeaker. You
deal with signal flow, signal voltages and
signal currents now, without considering
electrons and the direction of electron flow
at all.
3. Tracing Supply Circuits. Tracing cit.,
cuits to see bow each tube electrode gets its
d.c. operating voltage. You are concerned
with the direction of electron flow only when
it is necessary to determine the correct
polarity for d.c. measurements.
4. Voltage Measurements. Explanation of
voltage values given by the manufacturer.
5. Continuity Tests. Suggestions for finding breaks in circuits.
6. Expected Performance. What can be
expected in the way of tone quality, volume,
distant-station reception, and ability to
separate stations.
7. Servicing Hints.
Common defects
which can occur In the receiver circuits.
with clues for recognizing them and sugges
tions for clearing up the trouble.
Plan To Review Later. In your study of
this reference book, you will occasionally
encounter circuits and technical phrases
which have not yet been taken up in your
regular lesson texts. In such cases, simply
pass over the things you cannot understand,
with the thought that you will review this
reference book after you have completed
your FR Course and mastered all of the
fundamental radio principles and basic
radio circuits. Such a review will more than
double the value of this reference book to
you.
Rather than attempt to study this entire
reference book at one time, it is suggested
that you spread the study of this book out
over several lessons. In other words, study
only one diagram after a lesson. In this way,
your mind can concentrate upon the essential information in one receiver diagram
without mixing it up with other circuits.
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BELMONT Series 40A Four-Tube T. R. F. Receiver
completed through the chassis and r.f. bypass condenser C.

IDENTIFYING Tubes. We recognize the
type 80 tube as the rectifier tube, for it 113
connected directly to T, the power transformer.

This voltage causes the plate current of
this tube to vary above and below its normal
direct current value at an r.f. rate. This
r.f. plate current flows through coil 11,
which is weakly coupled inductively with
coil L4 in the second tuning circuit. The
flow of r.f. plate current through L2 induces
the modulated r.f. signal voltage in L4, and
this undergoes resonant step-up in the second
tuning circuit.

We next locate the tuning circuits which
are controlled by the gang tuning condenser.
There are only two: L2-0 1 and L4-0 2,so the
type 58 tube which is between these tuning
circuits is an r./. amplifier tube.
The output tube always connects to the
loudspeaker through an iron-core output
transformer, so the type 47 tube must be the
audio output tube.

There is also some transfer of signals to
tuning circuit L4-02 through coupling condenser 02,in such a way as to make the performance of the receiver more nearly uniform over the entire broadcast band.

Now there is only one tube left to identify.
We know that it receives an r.f. signal from
the second tuning circuit (L 4-02 ), and that
it must deliver an a.f. signal to the type 47
audio output tube, so we naturally conclude
that the type 57 tube is the detector.

The modulated r.L voltage across 114 and
is applied between the control grid and
cathode of the 57 tube, with 06 and the chassis completing the path from cathode to Oa.
02

We thus have one r.f. amplifier stage, a
detector, an audio output stage and a rectifier. There being no oscillator tube and no
i.f. amplifier stages, we can say definitely
that this Belmont receiver is of the tuned
radio frequency type.

Bias resistor R4 has a value of 25,000
ohms, which is high enough to make the 57
tube act as a detector. 04 provides a shunt
path to the cathode for r.f. signals in the
plate circuit, so that the energy of the r.f.
signal is dissipated in the tube, and only the
desired audio signals flow through plate load
resistor R5.

Tracing Signal Circuits. Instead of petenna and ground terminals, a short length
of tan wire serves for the antenna lead-in
connection, and a similar length of black
wire serves for the ground wire connection.

The a.f. voltage across R5 is applied to resistor Re through coupling condenser 06 and
power pack filter condenser On. Both have
low reactance at audio frequencies.

When a modulated rd. signal current is
picked up by the receiving antenna, it flows
through primary winding L1 to ground, inducing a corresponding modulated r.f. voltage in secondary L 2 .

The al. voltage across Re is applied between the control grid and filament (acting
also as cathode) of the 47 output tube, with
the path from Re to the filament completed
through R2, the chassis and the filament
wires which run from terminals XX on S2
to filament terminals XX of the 47 tube.

At the same time, some modulated ri. current will flow directly from the antenna to
coil L2 through capacity 04. This capacity
is provided by a short length of insulated
wire connected to the "hot" end of L1 (the
end farthest from ground), and wound partly around L2 to give capacitive /ink coupling.
More uniform transfer of r.f. signals over the
entire tuning range is obtained by using both
inductive and capacitive coupling in this
way.
Tuning in a station (by turning the tuning
knob) makes sections ei and 02 of the gang
tuning condenser have the correct values to
bring both tuning circuits (L2-01 and L4-02)
to resonance. The tuning circuits thus provide resonant step-up of the desired signal
voltage and provide rejection of undesired
signals.
The modulated r.f. signal voltage existing
across L2 and 01 is applied between the control grid and cathode of the 58 ri. amplifier
tube, with the path to the cathode being

The 47 output tube is a power tube, in that
it converts normal grid voltage variations
into large variations in the plate current.
This al. grid voltage causes a large al. plate
current to flow through the primary of output transformer T1 on its way back to the
filament through 011 , RT, the chassis, S2,
and the filament leads of the 47 tube.
The induced voltage in the secondary of
this step-down transformer T1 sends a large
a.f, current through the voice coil of the
loudspeaker.
Tracing Supply Circuits. Since our receiver has a power transformer, it is an a.c.
receiver. The table of VOLTAGES specifies
115 volts for the LINE voltage, but a receiver
like this will work satisfactorily on line voltages anywhere between about 105 volts and
125 volts a.c.
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lower than the 50,000-ohm normal value, you
would test at thoroughly.
Conclusion. These examples show you how
radio servicemen use circuit diagrams to aid
in locating trouble and making repairs in
radio receivers. You are not expected to be
able to make an analysis of this nature for
a long time yet, but as you become familiar
with the various circuits in common use and
as you secure practice in reading and
analyzing circuit diagrams, you will eventually find yourself able to get equally as
much information from a circuit diagram.

X

Fig. I. Schematic circuit diagram of Belmont
Series 40A t.r.f. receiver. Numbers alongside resistors represent resistance in ohms; thus, R7 is
350 ohms, and R3 is 25,000 ohms. (The letter M
after a resistance value represents "thousand.")
Numbers alongside condensers represent capacity in microfarads; thus C4 is .001 mfd., and C10
is 8.0 mfd. Solid black dots represent connections or terminals; no dots at cross-overs of
lines mean no connections. An antenna 50 to 75
feet long will probably give best results in rural
locations, but in cities a short antenna is usually
but.
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EMERSON BA-199 FIVE-TUBE A.C.-D.C. T.R.F. RECEIVER
rr HIS Emerson model BA-199 receiver con1-sists of one r.f. amplifier stage using two
tuned circuits, a detector and an audio output stage, all receiving d.c. operating voltages from a half-wave rectifier.

As a detector, the type 606 tube demodulates the modulated r.f. signal, producing an
audio voltage across R6. Radio frequency
signals resulting from detection are kept out
of R6 by by-pass condenser 014.

Tracing Signal Circuits. This receiver is
referred to in the diagram as a 5-tube a.c.d.c. receiver, on the basis that ballast tube
R3 is a tube. Calling a ballast a tube was
once considered proper, but today only tubes
in signal and supply circuits, operating by
virtue of electron emission, are considered as
tubes.
Actually, this is a 4-tube radio
receiver.

Observe that one end of R6 goes to the
chassis through condenser C13, a 16-mfd.
electrolytic condenser. Resistor R7 terminates at the chassis, with its other end going
to the grid of the 25L6 pentode output tube
and to the plate of the 6C6 tube through
condenser 09. Thus, at all but low audio
frequencies R7 shunts R6.
The audio voltage across R7 is fed to the
25L6 output tube. The cathode of the 25L6
tube goes to the chassis through R8, thus
completing the grid circuit.

This receiver is a midget of the portable
type and can be taken from room to room or
to any location where 115-volt a.c. or d.c.
power is available. A flexible insulated wire,
permanently connected to the receiver, serves
as the antenna. This wire can be hung
around the room or connected to a heating
radiator or some metal object in the room.
This is information not given in the diagram, but worth knowing when you run
across a.c.-d.c. receivers.

Audio current flowing in the plate circuit
of the output tube passes through the primary of output transformer T3, flows to the
chassis through 013, and returns to the
cathode
through
R8.
Transformer T3
couples the loudspeaker to the output tube,
and is designed to furnish the loudspeaker
with maximum possible undistorted power.

This antenna connects to primary winding
L1 of antenna transformer Ti through condenser 03. The other end of L1 is grounded
to the receiver chassis, which in turn connects to one end of the power line through
switch SW. The power line is used as the
ground. As a rule, one of the power line
wires is grounded somewhere in the house;
even if it were not, its long length and its
proximity to the earth would make it highly
suitable for a ground.

Beam power output tubes have high plate
resistance, which makes them unstable when
the load (the loudspeaker) is subject to a
great range in load conditions. Leakage inductance, which is especially high in an inexpensive output transformer, will cause
feed-back and produce undesirable oscillation, often inaudible.
Condenser 010 is used between the plate
and cathode of the 25L6 beam power output
tube to by-pass higher audio frequencies.
This suppresses oscillation and prevents unstable operation, since the plate load is made
capacitive at those frequencies at which oscillation might occur.

We now realize that the chassis is connected to the power line. This means that
to avoid a possible serious shock, you must
keep your hands off the chassis whenever the
receiver is in operation.
Condenser 03 prevents winding L1 from
burning out if the antenna wire touches some
grounded object. Without this condenser,
the line plug might be inserted into the wall
outlet in such a way that the chassis connects to the ungrounded side of the line.
Then L1 would be directly across the power
line and would be burned out.

Undesired signals getting into the plate
circuit produce across R8 a voltage which,
being out of phase with the grid signal voltage, cuts down the undesired signals by degeneration. The desired signal is also partially weakened, but its original strength is
sufficient to permit degeneration. Distortion
is greatly reduced by degeneration, for undesired harmonics of the signal are attenuated.

The r.f. current in L1 induces an r.f. voltage in L2. The voltage across L2 is stepped
up due to resonance when 01 is tuned.
(Condensers 04 and 05 are trimmer condensers.) Capacitive link 015 helps equalize
gain over the tuning range.

Noise signals coming over the line are bypassed by 011, and do not get into the power
supply and the receiver output.
Tracing Supply Circuits. All items in tbe
lower part of the diagram are in the power
pack. In this power supply. terminals 1 and
2 serve as the high-voltage d.c. source for
all positive tube electrodes in the main receiver circuit-

The 6136 tube amplifies the r.f. signal, so
that the r.f. current in the plate circuit is
greater than the r.f. current in L2-01. This
r.f. current is stepped up by the second r.f.
transformer, and the ri. voltage across 02
la greater than across W.
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of the filament will be grounded, so it it
leaks little hum results; should the other
side of the filament leak to the cathode, then
the 6 volts across the 6C6 filament will be
across R4, and an a.c. voltage gets into the
grid and plate circuits.
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Fig. 2. Schematic circuit diagram of Emerson
Model BA-I99 five-tube universal a.c.-d.c. receiver. The parts list for this set is given below,
essentially as it appears in the manufacturer's
service sheet. Note that this manufacturer uses
the abbreviation mf. for microfarads, in place
of mfd.

Note that one end of the filament circuit
is grounded, hence those tubes which are
connected farthest away from the ground
end will introduce a greater a.c. voltage. The
detector tube is most affected by cathode
leakage, hence its filament is connected nearest to ground.

TI
12
13
RI
R2
R3
R4
R5
R6, R7
R8
CI, C2
C3
C4, C5
C6, C8
Cl
C9
CIO
CI 1
C12, C13

The output stage will give the least amplification of a.c. leakage voltage so its filament
is placed third from the ground. Tubes
should be checked in a tube tester for cathode
-filament leakage when you encounter hum
troubles.
Should squeals or oscillations exist, shunt
013 with a condenser of similar value to see
if this cures the trouble. If it does, the original 013 is open and should be replaced. Be
sure the full length of the antenna is used
because a short pickup will not sufficiently
load the input circuit, and the least amount
of feed-back will cause oscillation. Also, be
sure to check 08 and 0/4 by substitution or
by shunting with equivalent capacities.

CI4
C15, CI6
LS
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Broadcast antenna coil
Broadcast detector coil
Output transformer
Volume control-75,000 ohms, with
line switch SW
240-ohm, 1
/ -watt wire-wound resistor
2
Plug-in ballast tube
25,000-ohm, 1
/ -watt carbon resistor
4
2-megohm, 1
/ -watt carbon resistor
4
500,000-ohm, 1
/ -watt carbon resistor
4
110-ohm, 1
/ -watt wire-wound resistor
2
Two-gang variable condenser
.001-mf., 600-volt tubular condenser
Trimmers, part of variable condenser
.I-mf., 200-volt tubular condenser
.25-mf., 200-volt tubular condenser
.02-mf., 400-volt tubular condenser
.05-mf., 400-volt tubular condenser
.I-mf., 400-volt tubular condenser
Dual 16-mf., 100-volt dry electrolytic
condenser
.002-mf., 600-volt tubular condenser
Gimmicks
Loudspeaker (electrodynamic)

RCA T5-2 Five-Tube A.C. Superheterodyne
GENERAL
powered

Description. This is an a.c.superheterodyne receiver employing five tubes: an 80 rectifier, a 6A7 frequency converter, a 6D6 i.f. amplifier, a 6B7
second detector-a.v.c. and audio amplifier,
and a 41 power output amplifier. The circuit
is conventional in most respects.
Tracing Signal Circuits. In analyzing
this receiver we will trace the essential sections of a superheterodyne, namely, the preselector, frequency converter, i.f. amplifier,
second detector and audio amplifier.
Preselect or. A simple input circuit is used,
consisting of a tuned transformer and an
Cf. wave trap. The antenna signal sets up a
current in primary coil L-1. Should interference at the i.f. value of 460 ke. be present,
the wave trap consisting of L-15 and U-4 7

will present a high resistance and thereby
reduce the interference current in L-1.
The r.f. current flowing in L-1 induces a
voltage in coil L-2. Trimmer condenser C-45
in shunt with tuning condenser C-6 is connected to coil L-2 through condenser C-5.
C-45 has a capacity of 3-25 mmfd. and hence
is a trimmer, while C-6 has a capacity of
16-410 mmfd.; the arrow indicates it is a
tuning condenser. C-5 has a capacity of .05
mfd. (50,000 mmfd.), more than 100 times
that of C-6. For this reason we may say that
the reactance of C-5 is negligible with respect to C-6, and L-2 and C-6 with trimmer
C-45 form the basic tuning circuit.
As we shall see later, the grid return of
L-2 is not directly grounded, in order that
the a.v.e. voltage can feed through it to the
grid of the 6A7 tube. As far as r.f. currents
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to provide normal induced voltage. The 25cycle transformer is larger and heavier than
a 60-cycle transformer with the same voltage rating.

great enough to compensate for it and give
the fourth grid a net negative bias with respect to its cathode even when the a.v.e. is
not working.

One low-voltage secondary supplies power
to the filament of the 80 rectifier, and the
other low-voltage secondary feeds all other
tube filaments in parallel. Note the usual
method of leaving out the filament connections, but indicating connections by ending
short leads in arrows.

Grid 2 Is the anode for the oscillator section of the 6A7 tube. Trace through L-6 and
R-5 to point 3 in the power pack. At point
3 the voltage is positive with respect to the
chassis, and higher than point 1 by the drop
in coil L-14. Considerable ripple exists at 3,
but is eliminated by filter R-5 and C-16. R-5
also reduces the oscillator anode voltage to
the desired value.

Note also that the left-hand filament lead
of the 6A7 tube does not -terminate in an
arrow, but goes to ground. Though there Is
nothing to show it, this lead connects to the
low-voltage winding just as do the others.
You can assume this because every filament
circuit in a receiver must be complete. The
ground symbol is not a mistake, however,
for one side of the filament Is grounded to
prevent r.f. pick-up.

Grid d.c. voltage is secured by self-rectification of grid current, with the current
building up the d.c. voltage across R-3. Ripple is filtered out by C-8, which connects back
to the cathode end of R-3 through L-4, C-11
and C-10. In this way the grid-cathode of
the oscillator section receives its O bias. Since
there is no conductive path for the voltage
developed across R-4 (it is blocked by C-8
and the low-frequency padder), this voltage
in no way influences the operation of the
oscillator.

The ends of the high-voltage secondary go
to the plates of the 80 rectifier tube, while
the center tap is connected to the chassis.
Choke coil L-14 (the field of the loudspeaker), and condensers C-35 and C-36 are the
power pack filter which terminates in the
voltage divider, consisting of R-18, R-19 and
R-20.
Note that condenser C-36, an electrolytic
condenser, is shunted by C-38, a .25-mfd. capacitor which is a paper condenser. (The
capacity values are the clue to the condenser
type.) Electrolytic condensers lose effectiveness as the frequency goes up. At high audio
and radio frequencies, C-36 may not be a
good capacitive shunt on the voltage divider.
Including a paper condenser insures low
reactance at these frequencies.
The voltage divider serves to furnish the
lower electrode voltages, but the plate-chassis voltage supply for all tubes terminates
across the total voltage divider (terminals
1 and 2).
Tracing Supply Circuits. Let us trace
the d.c. supply voltages to terminals Iand 2
for each stage in turn.
6A7 Converier. Starting with the plate,
trace through L-9 to point 1 in the power
pack output. From point 2, the chassis, continue through resistor R-4 in the cathode circuit of the 6A7 to the cathode of this tube.

6D6 L.P. Amplifier. Here the plate connects
directly to point 1 through coil L-11. Point 2
connects to the cathode through resistor R-7,
which supplies the minimum C bias for the
il. amplifier. The grid return is through
L-10, R-6, R-9 and R-12. Again the bias established by R-7 must be large enough to overcome the opposing voltage across R-12.
Since the screen grid voltage should be
less than the plate voltage, it is connected
directly to a tap on the voltage divider, at
the junction of R-18 and R-19. (The screen
grid of the 6A7 tube is likewise connected to
this point in the voltage divider.) C-34 serves
as the screen by-pass, and also prevents any
power pack ripple voltage from being applied
to the screen grids.
6B7 A.V.C. Detector and First A.F. From
the pentode plate, trace through resistors
R-13 and R-15 to point 1 of the power pack.
With 260,000 ohms in the plate circuit, the
net plate-cathode voltage is lower than the
power pack d.c. voltage. Resistor R-12 In the
cathode circuit furnishes the C bias for the
pentode section of the tube. The grid return
is through R-11.
Screen voltage for the 6B7 is obtained by
a connection to the junction of R-19 and R-20
in the voltage divider. Note the lack of a
screen by-pass condenser. Normally one
would be used, but since the circuit is stable
it has been omitted.

The voltage drop across R-4 is used to
bias the detector section of the 6A7 tube.
The grid connection is made from the chassis end of R-4 through R-12, R-9, R-10, R-2
and L-2 to the fourth grid of the 6A7 tube.

41 Power Output Tube. The plate connects
to point 1 through the primary of the output
transformer T-2. The screen grid connects
directly to point 1. Resistor R-17 develops
the C bias voltage as the result of screen and
plate current flowing through it; Its nega-

The a.v.c. voltage across R-9 is added to
the normal C bias voltage developed across
R-4. The voltage across R-12, serving as C
bias for the 6B7 pentode section, is included
in this, circuit and has an opposite polarity,
hence the voltage across R-4 must be made

14

quency, and switch 2-Z is opened. The signal
generator is still producing 460 ke. Trimmer
C-47 is now adjusted for minimum output
as shown on the output indicator. Now any
II. interference picked up will not produce
appreciable output.

the potential with respect to cathode is applied to the control grid through resistors
R-16 and R-14.
Alignment. The equipment required is a
serviceman's signal generator (oscillator)
and some type of output indicator.

Leave the signal generator connections as
they are, and tune both signal generator and
receiver to 1720 kc. (at the high-frequency
end of the broadcast band). Oscillator trimmer C44 is adjusted so greatest output is
obtained when the receiver is tuned exactly
to the same dial. marking as the signal generator. Preselector trimmer C-45 is then adjusted for maximum output. This completes
the preselector and oscillator high-frequency
adjustments.

To align the receiver, first connect the
output indicator. The connection will vary
with the type used. A low-range (0-7.5 volts)
copper-oxide rectifier type a.c. voltmeter
would be connected across the voice coil. A
high-range (0-75 volts) a.c. voltmeter with
a series blocking condenser would be connected from the plate of the 41 tube to chassis. A high-resistance d.c. voltmeter or a
vacuum tube voltmeter would be connected
across the volume control, which is die diode
load. The negative lead of the d.c. meter
would be connected to the junction of R-10
and R-9. All adjustments except the wave
trap are to be made for maximum output.

The signal generator and receiver are next
tuned to 600 ke. (at-the low-frequency end
of the broadcast band). Padder condenser
C-40 Is then adjusted for maximum output.
The receiver dial setting is moved slightly
above and below 600 ke., C-40 being readjusted at each setting. The setting giving
greatest output is finally chosen, even though
it may not be exactly 600 ke., as perfect alignment is not always obtained in a home receiver. The high-frequency adjustment of
C44 only is repeated, followed by any necessary readjustment of C-40 at 600 Ice. This
completes the alignment, since no police band
trimmers are provided.

For all adjustments, the ground lead of
the signal generator is to be connected to
the receiver chassis, which may or may not
have a direct connection to ground via a
cold water pipe or whatever you use for a
ground in your shop.
The 1.f. amplifier is to be adjusted first,
so the ungrounded (hot) lead of the signal
generator is clipped to the top cap of the
6A7 tube. The signal generator is tuned to
the 1.f. value of 460 ke. Trimmer locations
and aligning frequencies are given in Fig. 4.

Voltage Measurements. It is a simple
matter to check the operating voltages with
the aid of Fig. 4. The arrows show in each
case where to place the two voltmeter test
probes. The indicated voltages enable you
to choose a voltmeter range which will not
be overloaded by the particular voltage you
intend to measure.

Tune the receiver to the low-frequency end
of the dial. If squealing is noted, due to a
station beating with the signal generator,
change the tuning dial setting slightly so
only the modulated tone of the signal generator is heard.

An a.c. voltmeter is used to measure all
heater voltages and the a.c. plate voltages
of the rectifier. All other measurements are
made with a d.c. voltmeter.

The volume control (attenuator) of the
signal generator is adjusted to give a noticeable deflection on the output indicator, and
the receiver volume control is turned on full.
(The receiver volume control setting won't
affect the vacuum tube. voltmeter or highresistance d.c. voltmeter readings, and can be
turned down if you don't want to hear the
modulated tone of the signal generator during alignment.)
Everything is now ready for 1.f. alignment,
and you simply adjust the 1.f. trimmers in
turn for greatest output indication. If the
output meter tends to read off scale, use a
higher range or reduce the output of the
signal generator. While the order of trimmer
adjustments isn't of real importance, the
usual procedure is to work from the second
detector back to the first detector, adjusting
C-49. C-48, C-18 and C-17 in the order named.
Their locations are shown in Fig. 4. This
completes the 1.f. amplifier alignment.
The hot signal generator lead is now
shifted to the aerial post of the receiver. The
dial is set to the lowest broadcast band fre-
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If your d.c. voltmeter has a sensitivity of
5000 ohms per volt or better, the plate voltage of the 6B7 pentode, marked in Fig. 4
with an asterisk (*), can be measured. With
a low-sensitivity d.c. meter of 1000 ohms per
volt the reading will be considerably less,
as the current drawn by the meter will reduce the plate voltage while the meter is
connected. This is due to the increased voltage drop across resistors R-13 and R-15 in
the plate supply circuit.
The important thing is to know what to
expect with the meter you employ. When
using the d.c. voltmeter, you will connect
its leads so the meter will read up-scale.
You should by now know whether a tube
electrode is positive or negative with regard
to some other point. If you make a mistake
and the meter reads down-scale, nothing will
be damaged—simply reverse the meter test
probes.

ser 17 and the lower tapped portion of the
1.f. secondary. The phase of the feed-back
voltage induced into the tuned secondary
is such that it aids the original signal. This
greatly strengthens the signal applied to the
grid-cathode input of the second detector. In
other words, we have regeneration of the i.f.
signal.
Condenser 17 is adjustable, so we can feed
back into the grid circuit more or less of the
energy developed across resistor 19. Increasing the capacity of 17 results in more feedback and increased regenerative effects. Too
great an Increase will cause oscillation and
receiver squealing, however.
With the strengthened i.f. signal applied
to the input of the second detector, satisfactory rectification will take place in the grid
circuit. When the signal makes the grid positive, electrons flow from the cathode to the
control grid, through the 4-megohm resistor
and back through the secondary of the i.f.
transformer to the chassis and cathode. As a
result, we will have audio signal voltage appearing across the 4-megohm resistor. I.F.
variations are by-passed across the resistor
by means of the gimmick condenser.
This audio voltage, as you can see, is in
the grid input circuit of the second detector.
The tube amplifies the audio signal, and
large variations occur in the plate current
at an audio rate.

load high audio frequencies which otherwise
might feed back into the control grid circuit
and cause audio oscillation. Condenser 28
completes the connection between condenser
24 and the cathode.
Tracing Supply Circuits. The bias voltage for the first detector-oscillator tube is
obtained by means of a drop occurring across
cathode bias resistor 6. The end of the resistor connected to terminal 4of the oscillator
pick-up coil is at d.c. chassis potential, and
is negative with respect to the end connected
to the cathode. Therefore, the control grid
of the tube, which is at d.c. chassis potential.
is negative with respect to the cathode.
When we say a part or point is at d.e
chassis potential we mean that there is no
d.c. voltage beteen that point and chassis.
In other words, a d.c. voltmeter connected
between the point in question and the chassis
would read zero d.c. volts.
The screen voltage for the detector oscillator tube is obtained from a voltage divider
which consists of resistors /2 and 8. The
screen of the tube is kept at r.f. ground potential by means of screen by-pass condenser
9 because this condenser acts as a short circuit as far as r.f. and 1.f. are concerned.
The plate of the tube is supplied from the
output of the power pack through the primary of I.f. transformer 14.
Self-bias, due to grid current flow, is employed in the second detector circuit. When
no signal is tuned in, the control grid of the
second detector receives an intial negative
bias due to convection current caused by
electrons striking the grid and flowing
through the grid circuit instead of passing
on to the plate.

The amplified audio signal voltage appears
across plate load resistors 19 and 22, and all
1.f. variations are by-passed around load 22
by the .001-mfd. condenser marked 20. The
audio signal voltage across 19 is not transferred to the 6F6G tube, and hence Is wasted
or lost. Resistor 22 is 24 times larger than 19,
hence will have 24 times as much a.f. across
it. The a.f. loss in resistor 19 is thus relatively small and can be neglected.

These electrons then flow through resistor
16, producing a voltage drop across it. The
number of these electrons is few but the high
value of resistor 16 makes the result appreciable.

The audio signal across plate load resistor
22 appears across the 6F6G: grid resistor,
marked 23 in the diagram. The signal is applied across this resistor through .015-mfd.
audio coupling condenser 20 and through the
4-mfd. output filter condenser marked 29.
The voltage across resistor 23 is applied directly to the 6F6(1 grid and cathode through
by-pass condenser 28.

When an 1.f. signal is applied to the tube
Input, the grid draws current whenever the
signal makes the grid positive with respect
to the cathode. The grid current will vary
with the strength of the signal. The greater
the grid current flow, the more negative the
grid-cathode voltage becomes. This current
and the voltage produced by it will have an
average value, and this determines the grid
voltage and the operating point of the tube.

Variation in the grid voltage of the 6F6G
output tube causes a large variation in plate
current through the primary of output transformer 25. This transformer has the correct
turns ratio to match the loudspeaker voice
coil impedance to the plate resistance of the
output tube. The voltage induced into the
secondary causes a large current flow
through the voice coil and, as a result, the
voice coil and attached cone moves in and
out, producing sound.

The screen grid of the second detector tube
is supplied through resistor 18. The screen
is kept at ri. ground potential by means of
the .09-mfd. condenser which, like the first
detector screen by-pass. Is marked 9:1 Thus
we know that the two .09-mfd. screen by-pass
condensers for the first and second detectors
are in the same container, since they have
the same identifying number

Condenser 24, connected to the plate of
the output tube, by-passes around the plate
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ductive. Space the floor up from the
concrete by strips of wood.
II> You can insulate your tools with
rubber tape, or buy properly insulated
electrician's tools. However, tape will
eventually rot and get sticky, while
factory-insulated tools may make you
careless — which means you'll be
almost sure to get aheavy shock some
day.
10- Be careful how you touch the case
of a metal-clad electrolytic condenser
mounted on top of achassis. Remember that the can is the negative terminal of the electrolytic condenser and,
if the can is insulated from the chassis,
100 volts or more may exist between

condenser is at fault and should be replaced. Be careful not to short terminals together with the long-nose pliers.
Rather than waste a lot of time
trying to identify the condensers when
they are mounted on terminal strips,
wiggle all of them. Be sure you
wiggle them gently. If you are too
vigorous, you are liable to pull loose
a good condenser.
If the condensers are mounted so
that you cannot grasp them easily
with the pliers, use the insulated
probing tool to move them.
110- One manufacturer encloses his condensers in black bakelite cases which
are bolted to the chassis. The condenser leads are brought up through
eyelets and soldered to mounting
lugs. Check the connections to the
plates of such acondenser by probing
through the eyelet with asharp probe
and gently lifting up on the wire conFIG. 11. This home-made tool is helpful
nected to the lug. (The hooked end
when pulling on wires and moving parts.
of a small crochet needle is ideal for
the can and chassis. If you see a this purpose.) If movement of this
fiber washer between the base of the wire cuts out the receiver, you have
condenser and the chassis, don't touch found the defective part. Remember
the condenser case and chassis at the
same time. If the condenser case is
in electrical contact with the chassis,
both can be touched at the same time
without danger of getting a shock.
The important thing to remember is
that to get shocked you must make
your body part of a complete electrical circuit. Remember this always
and you need never worry about getting shocked.
Probing in the eyelet of a bakelite-enclosed
Under-Chassis Defects. If you
condenser to see if disturbing the lead will
cause the intermittent reception condition
have localized the trouble to the audio
to appear.
or the r.f. end of the receiver by
watching a tuning meter, tune the set be gentle—internal condenser connecto a station and gently wiggle the tions are so delicate that undue stress
paper by-pass condensers and the may ruin agood condenser.
coupling condensers in the suspected I> Check connections by pulling on
section with apair of long-nose pliers. leads. If the receiver cuts on and off
If the intermittency occurs when you when you do this, applying a hot
do this to one of the condensers, this soldering iron to the joint in question
27

The plate of the second detector is supplied through resistors 19 and 22, with 19
acting as an 1.f. load resistor and 22 as the
plate a.f. load.
The grid bias for the 6F6G output tube is
obtained by means of the voltage drop occurring across the 325-ohm bleeder resistor
marked 30. The polarity of this voltage is
indicated on the diagram. The cathode currents of all tubes and the bleeder current
through resistors /2 and 8 flow through resistor 30. The ungrounded end of the resistor
is negative with respect to chassis.
Since the grid return of the 6F6G tube is
connected to the ungrounded end of resistor
30 and the cathode is connected to the
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coil, shown to be wound in an opposite direction. This is known as the hum-bucking coil
and Is wound over a section of the speaker
field. Therefore, we will have hum voltage
induced both into the hum-bucking coil and
into the voice coil. Since these coils are
wound in opposite directions, the voltages
induced into them will be of opposite polarity. As a result, no hum current flows through
the circuit, since the voltages are not only
opposite but are also equal.
Since na current due to the loudspeaker
field flux variation flows through the voice
coil at the 120-cycle frequency, there will
not be any tendency for the cone to move
back and forth and no hum is produced by
this hum source. In this way the bum-bucking coil actually bucks out any hum voltage
induced into the voice coil from the loudspeaker field.
Condenser 28, connected from the primary
of the power transformer to the chassis,
serves to prevent any r.f. signals which may
be in the power line from getting into the
receiver.
,
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Fig. 5. Top-of-chassis diagram of Philco Model
37-84 receiver, showing locations of compensating condensers.

grounded end, the voltage across resistor 30
is applied to the grid-cathode of the 6F6G
tube, through resistor 23.

You will note that one side of each receiving tube filament is directly grounded, as is
terminal 4on the power transformer filament
winding. The other leads, each terminating
In an arrow, connect to terminal 8 on the
filament winding, as does the ungrounded
lead of the pilot lamp.
By grounding one side of the filament circuit in this manner, coupling between the different stages is eliminated, since a high r.f,
or a.f. potential cannot build up between the
ungrounded side of the filament circuit and
chassis. This is due to the fact that the resistance between the ungrounded side of the
filament and the chassis is quite low.
Any small hum or r.f. currents getting into
the filament circuit will build up voltages
which are very small, since voltage equals
current multiplied by resistance. If we fail
to ground one side of the filament circuit, the
resistance from the filament to chassis will
be many megohms and a small undesired current will build up a fairly large voltage.

The screen of the output tube is supplied
directly from the positive side of the power
pack (B+). From B— (ground) theelectrons
flow through the various receiving tubes and
bleeder resistors and back to B+. The electrons then flow through the speaker field
(marked 27 in the diagram) to the rectifier
filament. From there they go to whichever
plate is positive with respect to the rectifier
tube filament.

Receiver Alignment. The alignment of
this receiver is quite simple. First the 1.f.
amplifier is aligned. This is done by tuning
the signal generator to 470 ke. (Pig. 5 shows
this to be the 1.f. frequency), and feeding
the output into the aerial and ground posts of
the receiver. The dial of the receiver should
be turned to the lowest frequency (tuning
condensers fully meshed), as this will result
in least reduction of the signal voltage from
the signal generator. The modulated tone of
the signal generator will then be beard in
the loudspeaker.

The Power Pack Filter. The loudspeaker
field is used as the filter choke. In conjunction with the electrolytic condensers marked
29, it serves to reduce the 120-cycle ripple at
the output of the power unit.
Considerable ripple current flows through
the field, however, and results in a 120-cycle
variation in the magnetic flux. Ordinarily
this would cause the voice coil to move the
cone back and forth and give rise to hum.

The actual locations of the trimmers on
the chassis are shown in Pig. 5. As in many
Phileo receivers. the U. trimmers are

You will note from the diagram that there
is a coil directly in series with the voice
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over all connections in the oscillator circuit
with a hot soldering iron. Where bolts are
used to hold the stators of the tuning condensers in place, loosen and tighten these
bolts one at a time, as a high-resistance
joint sometimes occurs at this point and
movement of the bolts will eliminate the
corrosion which caused the high resistance.
If the oscillator refuses to function at the
high-frequency end of the dial, this in practically every case indicates moisture absorption by the oscillator coil. The remedy is to
install a new oscillator coil.

Fig. 7. Schematic circuit diagram of PhiIco
Model 37-84 four-tube a.c. superheterodyne receiver. Note the use of the Greek letter "mu"
following condenser values. This Greek letter
represents "micro," and "f" stands for "farads,"
so this is just another way of abbreviating
"microfarads."

20, having a capacity of .015 mfd. Check
for leakage at this point by measuring for
voltage across resistor 23. A d.c. voltage will
not normally exist across this resistor. If it
does, remove the output tube to see If it Is
gassy. If the voltage drops with the tube
out of the circuit, gas did exist In the tube.
If d.c. voltage remains, even with the tube
removed, the coupling condenser is leaky.

It is agood idea to draw a picture diagram
showing the connections to an old coil. This
will prevent you from making a mistake
when installing the new coil.
A loud audio squealing heard in the rereceiver loudspeaker may be due to opening
up of the 6F6G plate by-pass marked 24 or
the C bias by-pass condenser marked 28, connected across bias resistor 30.

As indicated in the diagram, the .001-mfd.
plate by-pass and .015-mfd. coupling condensers are in a single container. Either can
be replaced with a separate condenser, while
the remaining good section can be left in the
circuit.

Distortion in this receiver is often due to
leakage in the a.f. coupling condenser marked
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TRUETONE 0746 Five-Tube Auto Radio
Description.
The Truetone
GG ENERAL
model D746 is a five-tube superhetero-

dyne receiver having a turning range of 530
kc. to 1550 kc. It operates from a 6-volt
storage battery and uses the automotive
type 6.3-volt tubes. The B supply is obtained
from a vibrator and a tube rectifier.
Additional data in the factory manual
states that the receiver is of the single-unit
type, no flexible shaft being used. The entire
radio and automatic mechanical tuning mechanism is self-contained.
Five levers are provided for accurate and
convenient automatic station selection, plus
the conventional manual tuning control.
This makes full tuning range coverage available at all times without any switching device from automatic to manual tuning.
The tube complement consists of a type
6A8 pentagrid converter, a type 6K7 remote
cut-ofr pentode used as an i.f. amplifier, a
type 6Q7 duplex diode triode used as a
second detector, a.v.c. and first audio, a type
6K6 pentode output amplifier, and a type
6X5 high vacuum rectifier with indirectly
heated cathode.
This set derives r.f. gain from its frequency
converter and one stage of i.f., and obtains
a.f. gain from one voltage amplifier and the
output a.f. stage.
Tracing Signal Circuits.
The signal
picked up by the antenna causes a current
to flow through condensers 02 and CS. Condenser CS Is not only in the input circuit
but also in the first tuned circuit feeding the
frequency converter tube. This is capacity
coupling to the antenna, in contrast to the
more usual inductive coupling found in home
receivers.

the frequency of the incoming signal by the
amount of the intermediate frequency, which
in this case is 465 kc., as noted on the diagram.
Because of the curvature in the Ee l,
characteristic of the tube operating as a detector, a beat frequency is produced in the
plate circuit. The resulting 465-kc. beat
builds up a large circulatory current and a
high voltage in the primary of transformer
TS. All other frequencies, such as the sum
of the oscillator and incoming signal frequencies, the oscillator signal alone and the
incoming signal alone, are by-passed around
the primary coil by the first i.f. trimmer condenser. All signals, including the il. signal,
are returned to the cathode through condenser C6.
I.F. Amplifier. By mutual induction, an
II. signal voltage is Induced into the secondary of transformer TS, and the resonant
1.f. signal voltage appears across the secondary coil and its trimmer condenser. This
signal is applied between the control grid
and cathode of the 6K7 tube, the cathode
connection being through condenser 08.
Because the primary circuit of T4 presents
a large impedance in the plate circuit of the
6K7 tube, the latter produces an i.f. voltage
across the primary of T4, greatly amplified
with respect to the input signal. A signal
voltage is induced into the secondary of T4
and after resonant step-up is large enough
for rectification.
Second Detector. The upper diode plate
in the 6Q7 is used for detection. When it is
positive, electrons flow from the cathode to
this plate, through the secondary of transformer T4, and through volume control R6
back to the cathode. R6 therefore acts as the
diode load resistor, and a rectified signal
appears across it. This is a combination of
d.e. and the al. signal. Condenser 09 serves
to remove the 1.f. from the diode output, so
it does not appear across the volume control.

The voltage applied to 03 is stepped up by
resonance. The resonant signal appearing
across tuning condenser C is applied directly
between the control grid (grid No. 4) and
cathode of the 6A8 type tube.
Frequency Converber. The local oscillator
produces a signal for frequency conversion.
The oscillator electrodes in the 6A8 tube are
cathode (pin 8), control grid (pin 5) and
anode (pin 6).

First A.F. Stage. The audio signal is fed
from the variable tap on the control through
condenser 010 to the control grid of the
6Q7 tube. The signal is developed across
resistor 119 in this circuit, the low-potential
end of 119 being connected to the tube cathode and the cathode end of the volume control through condenser 014.

When the oscillator is working, we have
a variation in the electron stream passing
through the oscillator anode to the screen
and plate electrodes. When the incoming
3ignal voltage is applied to the mixer grid
(top cap G), the electron stream Is again
caused to vary, this time at the signal frequency. Mixing of the two signals takes
place in the tube.

The resulting audio variations in the 6Q7
plate current cause a large audio signal voltage to be built up across resistor 1112. 013
serves to remove any IL signal which may
have gotten into the plate circuit, by-passing
it around the plate load and through resistor
R7 to the cathode. The amplified audio Big-

The oscillator frequency is always above
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Inductive effects at ultra-high frequencies,
they prevent any ignition interference produced at the car motor from entering the
receiver by way of its B power supply.
By this time you have probably noticed
that a filter choke is not used in the power
pack system. We do have, however, two
filter condensers marked 012 and C//. These
are,8-mfd. electrolytic condensers, and their
positive leads connect together and to the
cathode of the rectifier. Between their negative leads we have resistors R8 and 1111.
These two resistors therefore have the additional duty of replacing the more familiar
filter choke. The condensers have a reactance of approximately 80 ohms each at the
ripple frequency. The frequency of the voltage applied to the plates of the rectifier is
approximately 120 cycles, due to the vibrator
design, and the rectified ripple frequency will
be twice this or 240 cycles.
It is possible to use resistors R8 and 1111
as resistive filters instead of using a regular
filter choke, since their combined ohmic
value is quite high compared to the reactance of C// and 012 while still being low
enough not to seriously reduce the d.c. supply voltage. Furthermore, as high fidelity
is not a feature of this set, the a.f. section
of the receiver is so designed that low frequencies of the order of 240 cycles or less
are not reproduced very well.
Bias Considerations. Resistor R2 is the
oscillator grid resistor. The rectified current
flowing through this resistor automatically
furnishes the correct negative bias for the
oscillator.
The grid bias for the triode section of the
6Q7 tube is obtained by means of the voltage
drop across resistor 118. The grid connection, made through resistors R9 and 1110 to
the junction of R8 and 1111, is approximately
1.4 volts negative with respect to the cathode, which connects to the junction of 117
and 118. There may be voltage variations
across resistor R8, and these are filtered out
by means of resistor 1110 and condenser 0/4.
The grid bias for the 6K6 type tube is obtained by means of the voltage drop across
resistors 117, R8 and 1111. This is approximately 15 volts. Resistor 1114 and condenser
016 serve to prevent bias voltage variations
and hum across the bias resistors from getting into the grid input circuit of the output
tube.
Voltage Measurements. While you will
normally cheek the electrode voltages at the
tube socket terminals, the manufacturer has
indicated in the diagram strategic points at
which the main supply voltages may be
checked.

nected to this line, such as the cathode of the
6X5 or the screen of the 6K6, should measure
200 volts when the voltmeter probes are
touched to either one and the chassis. The
plate of the 6Q7 will be considerably less
than this, due to the drop in resistor 1112,
while the voltage between the plate and
chassis of the 6K6 will be approximately 15
volts less than B+ due to the drop in the
primary of the output transformer. The
screen to chassis voltage of the 6K6 tube
will be 200 volts, since the screen is fed
directly from the line marked 200 V.
The screen voltage for the first detector
and i.f. tubes is approximately 95 volts, as
marked on the diagram. The O bias voltages
for the 6K6 and 6Q7 tubes are approximately
15 volts and 3.6 volts respectively, as measured between the points indicated and the
chassis.
The actual bias on the 6Q7, as pointed out
previously, is not 3.6 volts since it only consists of the voltage drop across resistor 118,
which is 1.4 volts. However, if the voltage
from the junction of 118 and R11 Is 3.6 volts,
the voltage across 118 will be correct. The
Initial bias for the 6A8 and 6K7 tubes is
approximately 2.2 volts, and exists across
resistor R7.
Continuity Tests. With the set turned
off, we can cheek the various supply circuits
for continuity with an ohmmeter.
As you already know, those points supplied with a positive potential should show
continuity back to the cathode of the rectifier, the most positive d.c. point in the set.
As an example, place one ohmmeter probe
on the plate of the 6Q7 and the other on the
cathode of the 6X5 rectifier. Continuity will
be indicated through resistor 1112 and we
will read a value of approximately 250,000
ohms on the ohmmeter.
A check between the screen grid (electrode 4) of the 6A8 and the rectifier cathode
will give us continuity through resistor la
with a reading of approximately 25,000
ohms. A check between the oscillator anode
(pin 6) and the rectifier cathode will give
us a resistance reading of approximately
30,000 ohms. The plate winding of the oscillator coil has a resistance of only 5.5 ohms
and this would be negligible with respect to
the value of R3. If you suspect a defect in
this winding, it must be checked individually
with a low ohmmeter range.
We can now trace the continuity between
those terminals supplied with a negative potential and either plate of the rectifier, the
common reference point. Put one ohmmeter
test probe on the top cap of the 6A8 tube,
and the other probe on one of the rectifier
plates.
We will then obtain a reading
through Ti, R1, 115, R6, 118, 1111, and onehalf of the power transformer secondary

First, you will see the notation "200V" appearing on the plate supply line for the 6A8
type tube. This means that all points con-
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winding. The cathode of the 6Q7 traces back
• through resistors 128 and 1211 and one-half
of the power transformer secondary. The
control grid of the 6K6 traces back through
resistors 1218, 1214 and the power transformer secondary to one 6X5 plate.
Alignment. The 1.f. alignment of this receiver is quite conventional. As an output
indicator, we could connect a vacuum tube
voltmeter across diode load resistor 126 or
we could connect a low-range copper-oxide
rectifier-type a.c. voltmeter across the voice
coil. All adjustments are to be made for
maximum output. The i.f. is 465 ke., as
marked on the schematic.
The output of the signal generator, tuned
to 465 kc., is connected between the top cap
of the 6A8 type tube and the chassis. A
reading will then be observed on the output
meter, and all four of the i.f. trimmers, starting with the two on the second IL transformer, are to be adjusted for maximum
output.
It doesn't matter whether we adjust the
primary trimmer first or whether we start
with the secondary trimmer. To be on the
safe side, you can go over the adjustments
two or three times. When a peak is finally
obtained, the i.f. amplifier is correctly adjusted and the trimmers are not touched
again.

Servicing Hints. Let us suppose that the
receiver is distorted and that by touching
the top cap (control grid) of the 6Q7 and
the chassis with your hand the distortion
clears up. This definitely shows that excess
bias is being applied to the 6Q7, and points
to leakage in 015 as the cause of the
trouble.
As we have already found out, the bias
is due to the voltage drop across resistor 128.
A study of the diagram shows that the cathode currents of all tubes flow through this
resistor. Immediately we suspect some tube
of drawing excessive plate current, since the
voltage drop is excessive across 128. The
6K6 is the most likely offender, since it
draws the most plate current.
The diagram shows that leakage in condenser 015 would cause the plate current
of the output tube to be excessive. We may
cheek for this by connecting a voltmeter
across resistor 1213, with its positive probe
going to the control grid of the tube. If voltage is measured, we withdraw the 6K6 type
tube. If this causes the voltage to disappear,
the tube is gassy. If the voltage is still present it is definite proof that 015 is leaky.
Normally, no voltage should exist across resistor 1213.

You might think that a positive bias on
the grid of the 6K6 would of itself cause disThe output of the signal generator is then
tortion. Such is not the case, for the inconnected to the antenna post and the re- • crease in plate current increases the voltage
ceiver chassis. For best results, a dummy
across resistors 127, 128 and Kt/ and mainantenna which takes the place of the regular
tains more or less normal bias for the grid
aerial may be used in series with the output
of the tube. The increase in voltage across
lead of the test oscillator. This could con127, 128 and 1211 offsets to a certain extent
sist of a175-mmfd. (.000175 mfd.) condenser,
the positive bias developed across R13 and
as specified in the factory manual. One lead
1214 by leakage in 015.
of the condenser may be connected to the antenna terminal of the receiver, and the reIt is interesting to see why touching the
maining lead to the ungrounded signal gen6Q7 top cap and chassis lets us diagnose the
erator output lead. The variable condenser
trouble as excess bias. Your body has reof the receiver is tuned to its minimum-casistance and between the fingers touching the
pacity position
(plates entirely out of
top cap and chassis there is about 50,000
mesh), and the signal generator is adjusted
ohms. Connecting the top cap to the chassis
to 1550 Ile. The oscillator trimmer on the
through 50,000 ohms or so simply reduces
variable condenser gang is then adjusted for
the voltage between the control grid and
maximum output The signal generator is
cathode because the voltage divides between
then shifted to 1400 kc. and the signal is
R9, 1210 and your body. The voltage across
tuned in by rotating the receiver tuning con129 and 1210 is considerably greater than the
denser.
The antenna trimmer which is
drop which acts as the bias voltage and
mounted on the condenser gang is then adwhich occurs across your body.
justed to maximum output. (The antenna
and oscillator trimmers mounted on the conIf the receiver squeals when a station is
denser gang are not shown in the diagram.)
tuned in, we immediately suspect oscillation

in the i.f. amplifier or the mixer. A glance
at the diagram shows that this would most
probably be due to an open in condenser 07.
We check for this condition by letting the set
squeal and by connecting another condenser
across 07, or from pin 4on the 6K7 tube to
the chassis. If this stops the squelling, it's
definite proof that 07 is open and should be
replaced. There is a possibility that an open
in the plate by-pass condenser 06 could cause

The signal generator is next set to 600
kc., and this signal is tuned in for maximum
output at about 600 kc. on the receiver dial.
The padding condenser marked CS in the
diagram is then adjusted for maximum output.
Now go back and check the antenna trimmer only at 1400 kc. If an adjustment is
made, recheck CS again at 600 kc.
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THE VALUE OF KNOWLEDGE
Knowledge comes in mighty handy in the practical affairs of everyday life. For instance, it increases
the value of your daily work and thereby increases
your earning power. It brings you the respect of
others. It enables you to understand the complex
events of modern life, so you can get along better
with other people. Thusly, by bringing skill and
power and understanding, knowledge gives you one
essential requirement for true happiness.
But what knowledge should you look for? The
first choice naturally goes to knowledge in the field
of your greatest interest—RADIO. Become just a
little better informed about radio than those you will
work with, and your success will be assured.
It pays to know—but it pays even more to know
how to use what you know. You must be able to
make your knowledge of value to others, to the rest
of the world, in order to get cash for knowledge.
The N. R. I. Course gives you radio knowledge,
and in addition shows how to use what you learn.
Master thoroughly each part of your Course, and
you'll soon be getting cash for your knowledge.
•
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PHOTOELECTRIC CONTROL CIRCUITS
WITH RELAYS

Types of Relays
OUR study of light-sensitive cells
Thas
shown that these "electric

Many different schemes for linking
the light-sensitive cell with the power
relay have been introduced. Electroeyes" change their electrical characteristics when the light on them magnetic relays connected in succession, so the contacts of one control
changes. Thus, light causes a photothe input to the next, are widely used.
conductive cell to change its resistance, this change being converted For example, a photovoltaic cell may
actuate a super-sensitive relay which
into either acurrent or voltage change
controls a sensitive relay, and this
by the cell circuit; a photovoltaic cell
actually produces an e.m.f. directly, secondary relay in turn operates the
which is generally used to cause a final heavy-duty relay.
Because super-sensitive relays are
current change in an electrical circuit;
expensive and require considerable
aphotoemissive cell controls the elecattention, many methods have been
tron flow in its circuit, thereby prodeveloped to eliminate their use. A
ducing changes in voltage and curvoltage change in the cell circuit can
rent. Now, the current changes are
quite small—several milliamperes at be amplified sufficiently by one or
most, and usually of the order of more vacuum tube amplifiers to operate sensitive or heavy-duty relays.
microamperes. To control electrical
apparatus with light-sensitive cells, it The voltage change originating at the
cell can also be applied between the
is usually necessary to build up these
comparatively small current changes grid and the cathode of a gas triode
(such as a "grid-glow" or a Thyin some manner.
In most practical control circuits,
ratron tube), and aheavy-duty power
the impulse or electrical power change relay can be inserted in the plate ciroriginating at the photoelectric cell
cuit of the gas triode. In many cases
actuates an electromagnetic relay the device being controlled can be conwhose contacts either open or close
nected directly into the plate circuit
the circuit to the device which is to
of the gaseous tube, in place of the
be controlled by changes in light.
power relay.
The greater the current required by
Thus, you may find between the
the device, the greater must be the
light-sensitive cell and the controlled
pressure of one relay contact against
device either an amplifier (containthe other, the larger must be the coning one or more gaseous or vacuum
tacts, and the greater must be the
type amplifier tubes), an electropower required to operate the relay.
magnetic relay, or a combination of
A sensitive relay can be used for small
the
two.
The intervening circuits
currents, but a husky power relay
may impart special characteristics to
which has large contacts is needed if
the complete photoelectric control
heavy currents flow.
1

should clear up the trouble. Make
certain that excess solder on the joint
is not shorting to the chassis or to an
adjacent connection.
>Ordinary resistors seldom cause
trouble, but should be tapped lightly
with your probing tool to see if intermittent action can be caused. The
metal-clad candohm resistor, which is
usually bolted to the chassis wall, frequently develops poor connections at
its taps and ends. Check for this
source of trouble by wiggling all terminals with a pair of pliers.
Tap exposed coil forms with the
probing tool and move their lugs back
and forth a slight amount with longnose pliers. This will check for broken
wires near the terminal lugs.
> Sometimes jarring shielded parts
mounted on the chassis will show a
partial open or short in the enclosed
part. This is particularly true of i.f.
transformers and, to a lesser extent,
of a.f. transformers and chokes.
> The leads on loudspeaker voice
coils sometimes become loose at their
terminals, perhaps only during maximum movements of the cone. With
the set fumed on but with no signals
tuned in, check for this by moving
the cone with your hands, listening
for a characteristic "plop" which will
be heard if tension on the voice coil
leads opens the circuit.
> It should not take more than five
minutes to make these tests, and they
will solve about 75% of the intermittent cases you encounter. However,
effect-to-cause reasoning and signaltracing equipment—and often plenty
of patience!—are necessary to solve
the remaining 25% of really obscure
cases.
SECTION AND STAGE ISOLATION
We have already mentioned how
the receiver tuning indicator may
localize the defective section. If,

when fading occurs, the indicator
shows a loss in the strength of the
signal delivered to the second detector (or a.v.c. diode), the trouble is
either between this point and the antenna or in the power supply. If the
tuning indicator is unaffected, the
trouble must be between the second
detector (or a.v.c. stage) and the
loudspeaker cone. These observations at once tell which section is at
fault.
If the receiver does not have atuning indicator, you can connect ahighsensitivity d.c. voltmeter or a d.c.
type vacuum tube voltmeter across
the a.v.c. circuit and get the same indication.
Signal Tracing. Should you have
a signal tracer, however, the problem
is vastly simplified. The average signal tracer contains a section, known
as an r.f.-i.f. channel, which is capable of tuning over the i.f. and the
broadcast band. It may also contain
a less sensitive section, called an
oscillator channel, which will cover
the oscillator and broadcast range of
the receiver, also an a.f. channel, and
perhaps ad.c. vacuum tube voltmeter:
A typical instrument of this type is
shown in Fig. 12. The advantage of
this type of signal tracer is the fact
that the signal progress can be observed at a number of points simultaneously. Let us see how you can
use an outfit of this sort to check the
typical a.c.-d.c. receiver shown in
Fig. 13.
1110- First, let's make connections so as
to use all the channels at one time.
We will need the r.f.-i.f. channel for
the i.f. stages, so let's connect the
oscillator channel to point 2 to check
the constancy of the r.f. signal delivered by the 12SK7 tube.
The r.f.-i.f. channel can be connected to point 4to check the mixeroscillator.
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unit. In general, however, the final
the relay circuit must be considered,
action is to open or close the circuit
for relays are generally designed for
at the desired time interval after the
either d.c. or a.c. use, but not for both
light on the cell has changed by a (D.C. relays are usually more sensicertain definite amount.
tive than a.c. relays.)
The ohmic
Choosing Relays. In selecting a value of the relay coil is another imrelay for a particular application, portant factor, for the voltage drop
certain fundamental facts must be
across the coil must be considered in
considered. How much current is rethe design of the control circuit.
quired to make the relay contacts
Other factors affecting the choice
close?
This current is called the
of arelay are the current, the voltage,
pull-up current of the relay. At what
and the nature of the load in the cirvalue of current will the relay concuit being controlled. The contacts
tacts open? This is called the dropmust be able to carry and break the
out current. Other important faccurrent through the circuit without

FIG. 1. A super-sensitive relay is basically
similar to a moving-coil type meter; in fact,
it is frequently called a meter-type relay.

tors are: How long does it take after
the current or voltage reaches the
pull-up value before the contacts close
completely? How much time elapses,
after the relay current is reduced to
the drop-out value, before the contacts are opened? Where rapid counting or fast action is required, fast
relays are used; for certain jobs, such
as illumination control applications,
extremely slow relays are needed;
where light changes on the cell are
small, the difference between pull-up
and drop-out currents must be small.
The nature of the power supplied to

serious arcing or sparking.
The
voltage must not be so high that current will jump across the contacts
when they are open. When the load
is inductive, the amount of current
which can be carried is reduced unless anti-sparking filters are used.
Even then, the high surge voltage
produced by breaking an inductive
circuit may cause arcing across the
contacts if they are too close to one
another in their open position.
Now that you know what the important characteristics of a relay are,
let's make a detailed study of the
2

various types of relays used for photoelectric and electronic control systems.
SUPER-SENSITIVE RELAYS
From a practical viewpoint, supersensitive electromagnetic relays are
really modified moving coil type
microammeters, with platinum-iridium contacts mounted on the moving
pointer, and with adjustable contacts
(one on each side of the pointer)
mounted on the meter scale. Platinum-iridium contacts are used because
this alloy does not oxidize or tarnish
in air, and resists the pitting (eroding) action of the current.
The basic arrangement of a typical
super-sensitive relay is shown in Fig.
I. The two moving coil terminals are
connected into the controlling circuit
(light-sensitive cell circuit), and the
remaining three terminals, going to
contacts 1 and 2 and to pointer A,
are for the controlled circuit. An increase in current through the relay
coil will send arm A to contacts Ior 2,
depending on the direction of current
flow in the coil circuit. The sensitivity of this relay depends on the
strength of the permanent magnet, the
number of turns on the coil, and the
spring restoring torque (twist), just as
with ordinary meter movements.
Units which will make contact on currents as low as 5 microamperes are
obtainable.
II> One commercial form of this relay,
the Weston meter-type relay, is shown
in Fig. 2. The minimum current required to close the contacts is 15
microamperes, and the contacts are
rated to handle up to 200 milliamperes
(non-inductive load) at 6 volts.
I> A super-sensitive relay of this type
can be used in the following three
ways:
I. With no current flowing through
the relay coil, arm A (Fig. 1) is set
midway between contacts Iand 2, so

a positive current (a •current flowing
in such a direction that it causes the
pointer to swing clockwise) will move
arm A to contact I and a negative
current (making the pointer swing
counter-clockwise) will move the arm
to contact 2. The closer together the
contacts are placed, the smaller is the
current required to move the arm over
to one of the fixed contacts.
II. Arm A is made to center itself
halfway between contacts 1and 2 for
a definite value of coil current, making contact with I when the current
exceeds this value and making contact with 2 when the current falls below this mid-value. Moving contacts
1and 2 closer together gives relay action for smaller changes in current.
III. Arm A is set to make contact
with 2 for all coil currents from zero
up to a certain definite value in the
relay range; currents above this value
then move the arm over to contact I.
The reverse of this action is also
possible.

Courtesy Weston Electrical Inst. Co.
FIG. 2. The Weston model 534 meter-type
relay, capable of operating on coil currents
as low as 15 microamperes.

I> The speed of operation of meter
type relays can be increased by moving the fixed contacts closer together.
8

Only small currents and voltages, usually not over 200 milliamperes at 6
volts, can be controlled where fast
operation is desired. There must be
no appreciable inductance in the contact circuit which would cause serious
arcing.
Any current or voltage range for the
moving coil of the relay can be obtained by using shunts and multipliers.
Super-sensitive relays having ranges
below 200 microamperes can be connected directly across dry or wet type
photo-voltaic cells, or placed in series
with abattery across photoconductive

low current pull-up value, the Weston Electrical Instrument Corporation
has introduced their so-called Sensitrol relay, shown in Fig. 3A.
The basic construction of this relay
is like that shown in Fig. 1, except
that a small soft iron piece or "rider"
replaces the contact points on moving arm A, and a small but powerful
permanent magnet replaces the contact at 1. When the arm swings over
to the right it is snapped up against
the face of the magnet, making asolid
contact. External force must be applied to the pointer to free the rider

Courtesy Weston Electrical Inst. Co.
FIG. 3. The Sensitrol relay. The type at A has a manual
reset knob, while the one at B is reset magnetically.

cells. The contacts of the relay are
usually connected through a 4.5- to
6-volt battery to the coil of asensitive
relay, which may in turn actuate a
power relay.
The extremely high sensitivity of
the meter type (super-sensitive) relay
is offset by a number of disadvantages. There is a tendency for the
contacts to "chatter," or open and
close repeatedly, when the actuating
coil current is just about enough to
make or break a contact. This results in arcing, faulty operation of the
relay, and eventual destruction of the
contacts. To overcome this chattering without depriving the relay of its
4

from the magnet and break the contact. This can be done in either of
two ways: by turning the reset knob
in the center of the relay, which
pushes the pointer back to its nocurrent position, or by using asolenoid
(electromagnet) to reset the pointer
electrically. The solenoid type Sensitrol is pictured in Fig. 3B.
Sensitrol relays can be obtained in
many different types, to open or dose
a circuit on either an increase or a
decrease in current. These relays usually are used for installations where
repeated or continuous control is unnecessary, such as in locations where
an attendant can reset the relay after

each closing. However, time relays
can be used in conjunction with the
solenoid type Sensitrol to reset the
relay automatically.
Although the
apparatus required is quite expensive,
it gives the only practical solution to
certain types of control problems.
SENSITIVE RELAYS
Relays of the sensitive type require
currents of from .5 to 3.0 milliamperes
for their operation. This type of relay
is used in the plate circuit of a
vacuum tube amplifier whose grid is
connected to the control element
(light-sensitive cell, thermostat, beatfrequency oscillator, etc.), and also
in circuits where it is controlled by
the contacts of asuper-sensitive relay.
Fig. 4 shows the construction of a
typical sensitive relay. In general, a
sensitive relay consists of a soft iron
armature, pivoted at one end, which
is attracted to the iron core of an
electromagnet when the required current is passed through the electromagnet coil. Contacts are placed on
the free end of the armature.
The electromagnet consists of a
large number of turns of No. 30 to
No. 40 B. & S. gauge enamelled or
insulated copper wire, wound on a
bobbin which slips over one leg of a
U-shaped core. These coils are designed to have the greatest number of
ampere-turns for a given operating
voltage and current. The weaker the
rated pull-up current of the relay, the
greater must be the number of turns
on the coil; increasing the turns means
increasing the resistance of the coil.
Relay coils have resistances varying
from 1 to 10,000 ohms, depending
upon the operating current. Sensitive
relays for photoelectric work ordinarily have resistances of from 1,000
to 8,000 ohms.
Relay coils generally are rated according to the power in watts required

FIG. 4. A typical sensitive relay. The "common contact" terminal connects to the armature.

to pull up the armature and close the
contacts. This wattage rating allows
relays of different voltage and current
ratings to be compared as to sensitivity.
Pivoted at one end of the U-shaped
core (Fig. 4) is the soft iron armature
which is attracted to the U-shaped
core when the solenoid is excited with
sufficient current. The armature is
normally held against contact C2 by
the action of the spring; when the
pull-up current value passes through
the coil the armature is pulled up
against CI. Thus, by making the
proper connections to contacts C1 and
C2,the opening and closing of one circuit can be controlled by the relay, or
two separate circuits can be controlled.
It is important that the armature
and the core of the relay coil be made
of material which will not retain its
magnetism when the current falls below the pull-up value. Therefore, special alloys of iron with silicon are
used; they change their magnetism as
the magnetizing current changes and
lose practically all magnetism when
the current drops to zero. These alloys have a high permeability, which
5

means that they produce alarge magnetic attraction for low values of ampere turns. The lower the electrical
power required to pull up the armature, the more sensitive is the relay.
Notice that one end of the armature
(in Fig. 4) rests against one of the
poles of the U-shaped core; this re-

Courtesy Struthers-Dunn, Inc.
FIG. 5. The Dunco CXB51 sensitive relay,
which can be obtained with coils of various
-voltage and current ratings.

duces the reluctance of the magnetic
circuit, giving greater sensitivity.
110- The armature must be properly
balanced so it will move freely without wasting any of the attractive
force, if maximum sensitivity is to be
obtained. The electrical connection to
the armature is ordinarily made at
some point on the U-shaped core, with
current passing through the pivot and
out along the armature to the double
contacts. Pigtails (flexible leads) are
sometimes used to bridge the pivot
and give amore dependable electrical
connection. Sensitive relays of this
type will handle about 2 amperes at
110 volts a.c. or 1/4 ampere at 110
volts d.c., provided that the loads are
non-inductive. (When there is an inductive load, less current can be
handled. However, placing a condenser or a condenser-resistor filter
across the contacts reduces the sparking and allows currents more nearly
6

the rated values.) A typical sensitive
relay is shown in Fig. 5.
The Telephone Relay. Another
type of sensitive relay, shown in Fig.
6, is commonly known as a telephone
type relay, because it is widely used
in telephone circuits. The coil of this
relay is about 3inches long and 1inch
in diameter, and has acylindrical soft
iron core. At one end of the core, a
rectangular soft iron armature is so
pivoted that it is attracted to the core
when current flows through the coil.
There are no contacts on the armature. Instead, there is an armature
lever which has an insulated bushing
at its tip. When the armature pulls
up, this lever pushes against spring
steel blades on which the contacts are
mounted; these contact blades can be
arranged either to open or close circuits when the relay operates. The
blades are very similar to those used
on plug-in telephone jacks. Any number of combinations of make-andbreak circuits is possible. A few of the
fundamental contact possibilities are
shown in Fig. 6. When the armature
button moves in the direction of the
arrow, the indicated "make-andbreak" or "open-and-close" action
takes place.
The telephone relay is an extremely
flexible device. With certain modifications it can be adapted to any practical speed or function. It will pull up
in .02 to .05 seconds and drop out in
the same time. A residual magnetism
screw, set into the armature to prevent it from sticking to the core when
coil current is zero, can be adjusted to
reduce the movement of the armature
and thus speed up its action. This
screw, of course, must be made of nonmagnetic material.
The drop-out time of the telephone
relay can be increased by preventing
a rapid decrease in magnetic flux
through the core. For instance, a
medium speed relay is obtained by

placing a copper sleeve over the iron
core (between the coil and the core).
A slow speed relay is obtained when a
heavy copper washer is slipped over
the end of the core. The thickness of
the washer determines the speed of
operation of the relay. The principle
of mutual induction explains why relays can be slowed up in this way; the
copper washer or sleeve is really a
single turn coil of low resistance, mutually coupled magnetically (by the
core) to the relay coil. The thicker
the washer, the lower its resistance
and the longer it can prevent achange
in the flux through the core.
110- Super-sensitive relays are generally
of the fast type. However, sensitive
relays are made with fast, medium,
and slow operating speeds. Fast, sensitive relays are recommended for use
in the plate circuit of avacuum tube.
I> The most dependable relays have a
drop-out current which is about onehalf the pull-up current; this gives a
relay differential (ratio of drop-out
current to pull-up current) of 50%.

ARMATURE LEVER

«SWUM.

Designing them this way provides a
more positive action, particularly
when small current variations are
present. Once the relay closes, it is
held firmly closed until the current
falls to the drop-out value. Relays
with differentials of 15% to 25% are
available, but these usually require
more frequent attention. They operate
on small differences in exciting current, but this low differential makes
for a less positive relay with a tendency to chatter.
A.C. and D.C. Operation. The sensitive relay can be used in a.c. or pulsating d.e. current control circuits if
certain precautions are observed. It is
often an advantage to use a.c. if it is
possible to do so, for a.c. voltages are
almost always easier to obtain in the
exact values required, whereas batteries change in voltage and require
constant replacement.
A telephone relay (designed specifically for d.c. use) may be used in the
plate circuit of atube which is rectifying a.c., provided a condenser is

SACX STOR

SCREW

COR.

COIL MOUNTIIK

SOW«

COIL TERMINALS
(FOR TWO

writiatm

ARMATURE
INSULATOR
CONTACT SPRING
TERMINALS

FIG. 6. The telephone-type relay, so named because it is widely used in telephone work as
well as in electronic control apparatus. Almost any contact arrangement is available; several
are shown here.
These basic contact arrangements are: A—make; B—break; C—break
before make; D—make before break; E—break and make before break. A "make" arrange.
ment closes a circuit when the relay is energized, while a "break" style opens a circuit.
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ature down during that part of the
cycle when the current (and the main
flux) drops to zero. All these factors
tend to make a.c. relays less sensitive
and more expensive than d.c. types.

shunted across the relay coil. The
condenser and the coil then act as a
filter to smooth out the pulsations in
the current. The lower the coil resistance, the larger must be the condenser capacity to prevent contact
chatter. Always use the smallest capacity which will prevent chatter. A
2-mfd. condenser is about correct for
a5,000-ohm relay coil.
I> Special types of relays are available for use in a.c. circuits. These are
generally less sensitive than d.c. types,
for power is lost because of eddy currents and hysteresis. The cores and
armatures of some a.c. relays are made
up of very thin sheets of silicon iron,

HEAVY-DUTY OR POWER RELAYS

FIG. 7. In order to prevent chatter when relays are operated on a.c., aheavy copper shading ring, like that shown here, is forced into
a slot cut into that end of the laminated iron
core which faces the armature.

like audio transformers, while other
types use solid cores having one or
more slots along one side to reduce
eddy currents. To help prevent chattering, the mass (weight and shape)
of the moving armature, and the
spring tension are made such that the
moving system has avibration period
which is less than the frequency of the
exciting current. As an additional
check on chattering, that pole of the
core which faces the armature has a
split end, in which is imbedded a
heavy copper ring, called a "shading"
ring or coil; this is shown in Fig. 7.
This ring acts like a short-circuited
secondary winding, its induced current
producing aflux which holds the arm-

When the power that is to be turned
on or off by arelay exceeds 200 watts
a.c. or 25 watts d.c. (the maximum
values which can be handled by the
average sensitive relay) a power relay, controlled by a sensitive relay, is
generally used to handle it.
The coil of a power relay requires
ad.c. input power of about 2watts, in
general, for satisfactory control of up
to 1,000 watts a.c.; if a 100-volt d.c.
source is used to excite the power relay coil, the operating or pull-up current (I =-- P/E) will be 2-4- 100 or .02
ampere (20 milliamperes). The resistance of the relay coil (R = E/I)
should therefore be 100 ÷ .02 or 5,000
ohms in this case. The required resistance for any relay coil can be figured in this manner. Generally, a.c.
relays require a higher power input
than d.c. relays.
The principle of operation of the
power relay is essentially like that of
the sensitive relay. The same precautions are taken to prevent chatter on

8

Courtesy Struthers-Dunn, Inc.
FIG. 8. Dunco midget heavy-duty relay
(Type CDBX1), having two contact blades
mounted on the clapper type armature to
give double-pole double-throw operation.

power relays designed for a.c. excitation. A typical power relay (also
called an auxiliary relay) is shown in
Fig. 8. It has a rectangular clapper
type armature pivoted in front of an
electromagnet. The clapper carries
one or more contact arms which move
between fixed contacts. The one shown
is adouble-pole, double-throw switching relay: one circuit closes when the
relay pulls up, the other closes when
the relay drops out. A large number
of make-and-break combinations are
possible. In circuits where a supersensitive relay controls asensitive relay which, in turn, actuates the power
relay, the first two relays are essentially simple make-and-break types,
which the power relay furnishes the
desired switching (often quite complex).
Another form of power relay, one
which can apply heavy contact pressures, makes use of the suction or minimum reluctance action of a magnetic
circuit. A diagram of such a relay is
shown in Fig. 9. When a.c. or d.c. is
fed to the relay coil, the armature has
a tendency to take a position which
will make the reluctance of the magnetic circuit a minimum (by making
the air gap between the armature and
the poles as small as possible). Thus,

when the relay coil is actuated, the
armature takes the position shown by
the dotted lines and the contact arm
moves from B to C.
Both sensitive and power type relays can be made with a small latch

Courtesy Weston Electrical Inst. Co.
This power relay uses mercury tube switches
instead of air contacts.
As many as four
separate mercury switches may be mounted
on the relay, which is of the minimum reluctance type.

or mechanical lock which will hold the
armature in position once it has been
attracted to the core. Relays with this
device are known as latch-in relays;
they must be released either mechanically (by pushing on the latch) or by
an auxiliary electromagnet whose
armature is attached to the latch.
Latch-in type relays are useful when
the relay-actuating current is an impulse (produced by pushing a button
or interrupting a light beam) which
must keep mechanisms in operation
until the desired condition has been
reached. The latch can then be released by some type of limit switch,
opening the relay in readiness for an-

FIG. 9. Diagram illustrating the principle of
operation of the minimum reluctance type of
power relay. Dotted lines show pull-up position of armature.
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other control operation. For example,
when an intruder passes through a
light beam, the photocell, through its
relays, can be made to ring abell continuously until the owner of the establishment releases the latch-in relay.
SPECIAL RELAYS
Although unique control arrangements can be obtained by using sensitive and auxiliary relays together, the

contacts, when used on ordinary sensitive relays, closely approximate the
ideal relay.
A Micro Switch is shown in Fig. /0.
This switch operates with asnap when
a pressure greater than 14 ounces is
applied to the operating plunger, and
releases with the same snap action
when the pressure is reduced to about
4 ounces. The actual travel of the
plunger is approximately .0004 to .002
inch. The moving contact is attached
to one flat spring and two curved
springs. The flat spring produces a
downward force on the moving contact, while the curved springs produce an upward force on it. In the
normal position, the downward force
of the flat spring is slightly greater
than the upward force of the curved
springs. However, when the flat spring
is depressed by the plunger, its force
on the contact is decreased, and the
lower springs bring the contact up to
the fixed contact with asnap. Switches
of this type are available in anumber

Courtesy Micro Switch Corp.
FIG. 10. A cut-away view of a Micro Switch.
A slight pressure on the plunger (E) either
opens or closes the contacts, depending on the
contact arrangement. The parts shown and
labeled are: A—part of the case or enclosure; B—the top of the unit; C—the spring
arms; D—the anchoring blocks for the ends
of the curved springs; E—the plunger which
actuates the switch; F—the fixed contact
faces; G—the movable contact; H—not a
part, but the distance the contact must
travel to touch the lower face; I—the terminals; J—the terminal anchors; K—a feedthrough screw which ties the contact to a
terminal.
Courtesy Automatic Electric Co.
A combination of a telephone-type relay and
a Micro Switch.
The relay operates the
plunger of the Micro Switch.

use of combinations of relays in this
way is not entirely satisfactory in
many cases, for each relay is apotential cause of failure of the entire system. The ideal relay is one sensitive
enough to operate on extremely low
power inputs, yet capable of controlling large amounts of power. The
Micro Switch and the mercury type

of simple make-and-break combinations.
Vacuum contacts are used extensively on relay installations where
sparking at contacts may cause an ex10

Courtesy Automatic Electric Co.
FIG. 11. Vacuum contact switch mounted on
telephone-type sensitive relay. Insulated knob
on armature at left presses against glass lever
which extends into the glass vacuum tube and
operates the contacts which are inside.

plosion and fire. Reasonably large
currents can be controlled with a sensitive relay and the special vacuum
contact shown in Fig. //. The contact
points, mounted in a glass tube from
which all the gas has been evacuated, are operated by a glass lever
which acts through a flexible seal,
lifting the movable contact. Since
the contacts are in a vacuum, in
which there is no gas to cause ionization or arcing, only asmall gap is required between them. The contacts
therefore have along life. As much as
6amperes at 220 volts a.c. or d.c. can
be controlled by the unit shown, regardless of whether the load is inductive or resistive, and as many as 40
make-and-break operations per second can be made.
Mercury Contact Switches. If you
place a quantity of mercury on a flat
sheet of glass you will observe that
the mercury remains in a globule and
that the slightest tilt to the glass will
cause the mercury to move. This characteristic, together with the fact that
mercury is a metal and therefore a
good electrical conductor, has resulted
in the mercury contact switch. A
quantity of mercury is placed in a
small capsule-shaped glass tube hay11

ing two (or more) contact wires sealed
into the glass. The tube is sealed after
air is pumped out; an inert gas is
sometimes placed in the tube after
evacuation, to prolong its life. When
the switch is tilted as shown in Fig.
12, the mercury makes contact with
only one wire or electrode, but in a
level position the globule of mercury
spreads out over both electrodes, closing the circuit between them. If both
electrodes are placed at one end of
the tube, tilting the switch in that direction will close the circuit. Many
other arrangements of two and more
contacts are possible. Mercury tube
switches are available in many different types, some with mercury-tometal contacts and others where the
mercury pools themselves form the
contacts; some require large, others
require small angles of tilt. Switches
which must carry large amounts of
power in general require more mercury, heavier contacts, a larger angle
of tilt, and larger forces to cause the
tilt.
Mercury tube switches can be
mounted on sensitive or low powered
relays, in combinations capable of
controlling up to several kilowatts of
power.
As many mercury tube
switches can be attached to arelay as
are required for the control operations, when the desired contacts cannot be made by a single switch.
Mercury switches have a disadvantage in that they must be mounted

FIG. 12. Tilted and level positions of a simple mercury switch. When the switch is in
the level position, a globule of mercury
makes electrical connection between the two
contacts.

FIG. 12. A multi-channel signal tracer. Tuning eyc tubes act as indicators, except for the
d.c. type v.t.v.m., which uses the meter. This instrument has a tunable r.f.-i.f. channel; a
tunable r.f. channel (called the "oscillator" channel); an audio channel; the d.c. type
v.t.v.m., and a wattage indicator. By using all the channels (except the wattage indicator)
at one time, a radio can be broken into four sections, making it possible to localize the defect
quickly.

The d.c. type v.t.v.m. can be connected to test either the a.v.c. or the
power supply. The a.v.c. can be
checked at point 12 (at the volume
control) if the meter does not by-pass
the audio signal too much; otherwise,
point 13 is preferable. The power
supply can be checked at point 14.
The a.f. channel can be connected
to point 9 (the 35L6 input) to check
the progress of the signal from the
volume control to the input of the
35L6 power tube. (The loudspeakei\
,—output would indicate conditions from
point 9onward, as any change not indicated by the channel at 9 must be
due to an output stage or speaker de/
V" feet.)
1> The test probes usually end in
peewee clips which may be clamped
onto a terminal or tube socket lug.
However, the probes generally fall off
if you try to turn the chassis rightside up. If it is necessary to turn the
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chassis over, you'll save time by
soldering wire leads to the points
where you are checking. You can
then clip the signal tracer probes to
the ends of these wires and turn the
chassis over without disturbing the
connections.
II> You must make a ground return
connection to the receiver. In standard a.c. sets, the ground lead of your
signal tracer can be clipped to the
set chassis. However, in a.c.-d.c.
receivers (like that in Fig. 13) where
there is no electrical connection to the
chassis, you must find the B-circuit,
particularly to measure a.v.c. and
power supply voltages. Point 15, or
any other point on the B— bus or
lead, may be used for this connection.
Many servicemen use the set side of
the ON-OFF switch as a convenient
connecting point.
Here's the general procedure to follow to isolate the defective section or

duced by a bi-metallic strip (a thermostat). If a nickel-steel strip and a
hard brass strip are welded together,
NICKEL-STEEL
BRASS
WELDED JOINT
as in Fig. 13A, and one end is firmly
anchored, a very positive motion will
FIXED CONTACT SUPPORT
be obtained when heat is applied to
4 CONTACT SCREW*
the device. For a given temperature
TO CIRCUIT BEING
CONTRO
increase, the brass increases in length
81-METALLIC
70 SENSITIVE RELAY AND
18 times more than the nickel-steel;
STRIP
SOURCE OF POWER,
the strip must therefore curl upward
to allow the brass to stretch. This biFIG. 13. Basic principles of the bi-metallic
strip type time delay relay are illustrated
metallic strip can be heated by sendHere. The four connections are often reduced
ing
current through a coil of resistto three by attaching one heater wire to the
bi-metallic strip.
ance wire wound around it. If contacts are placed on the free end of the
strip and fixed contacts mounted on
"level" and cannot be used in places
either side, the strip can be used to
where they would be subject to jaropen or close a circuit. The time rering. The vacuum switch is better for
quired to make contact can be
these cases.
changed by adjusting the positions of
Time Delay Relays. Quite often a
the fixed contacts. The contact is
relay is needed which will not close its
usually mounted on an adjusting
contacts for adefinite interval of time
screw, as at S.
(5 seconds to 3minutes) after the coil
Figure 13B shows a simple but efis energized. For example, a time defective time delay relay requiring
lay relay is needed in certain illumiabout 6volts of d.c. or a.c. for its opnation control systems. Here a single
eration and intended for use with a
photocell is made to operate two sensitive relays, one of which turns on
lights when room illumination drops
below the desired value, and the other
turns off the room lights when the
photocell "sees" too much light.
Clearly, steps must be taken to prevent either small clouds that momentarily hide the sun or passing objects
from flashing the lights on and off.
The usual solution is to use the sensitive relays to control time delay relays, which, in turn, control the light
circuits. These time delay relays require current for a definite period of
time before their contacts close.
Most time delay relays are heat-operated mechanisms. The control current supplied to one passes through a
resistance wire, and the heat developed causes some mechanical motion
Courtesy Weldon Electrical Inst. Co.
which is used to close or open conA time delay relay with the cover removed.
tacts. Usually, this motion is proFIXED END BLOCK

HEAT CAUSES THIS,
END 70 CURL UP

•

The heater coil operates from 6 volts d.c.
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sensitive relay. The time delay contacts will handle about 25 watts a.c.
(1/4 ampere at 110 volts). If more
power is to be handled, a heavy-duty
relay must follow the time delay re-

lay. This relay always requires 60
seconds for a complete make-andbreak operation, but it can be adjusted to make contact in an interval
varying from 15 to 45 seconds.

Care and Adjustment of Magnetic
Relays
Prevention of Sparking at Contacts. To obtain long contact life
from relays, sparking must be reduced
to a minimum. The most effective
protection for a super-sensitive relay,
where sparking is especially serious,
is to connect a condenser C and aresistor R in series across the relay contacts, as shown in Fig. 14A. The time
constant of the combination of R and
C should be much lower than the
speed of the relay (R in ohms times C
in mfd. gives time in microseconds;
divide by 1,000,000 to get time in seconds). In general, a 1mfd. condenser
in series with a 100-ohm resistor will
be satisfactory. In a.c. circuits the
reactance of the condenser must be
sufficiently high (the capacity low) so
current passing through the condenser
will not operate the power relay or
other device being controlled by the
contacts. The condenser should have
aworking voltage of at least 400 volts
for circuits using 110 volts or less.
When the relay contacts are connected into the coil circuit of another
relay, it is wise to shunt the coil of
the second relay with a resistor like
in Fig. 14B whose resistance is at
least five times the coil resistance, so
that it will not appreciably raise the
pull-up current. This resistor tends to

neutralize the inductance of the relay
coil and lessen the tendency towards
sparking at the contacts which are in
series with that relay coil.
Cleaning Contacts. To begin with,
relays exposed to the air should be
kept in dust-proof housings or at least
partially protected from dust, chemical fumes, and foreign particles. Relays should be cleaned regularly with
an air bellows or air pressure line. All
contacts and moving parts should be
cleaned with carbon tetrachloride
(Carbona). When flat type contacts
become pitted or corroded, they
should be filed flat and bright by placing a thin file (such as that used in
cleaning automobile distributor contacts, or a jeweler's file) between the
contacts, squeezing the contacts together and slowly drawing out the file,
repeating the process as often as nec-

FIG. 14. Spark filters. The R-C filter A will
tend to prevent sparking at the relay contacts. The resistor across the relay coil at B
will reduce relay contact sparking when the
relay is used to control the coil current.
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essary. When the contacts are shaped
(rounded or cylindrical) they should
be polished with fine "crocus" cloth.
Never oil or grease the moving parts
of relays, for they are designed to give
free action without alubricant. These
instructions apply only to sensitive
and power relays; super-sensitive relays must be handled just as carefully
as meters.
Adjusting Relay Contacts. All relays come from the manutacturer
properly adjusted for pull-up and
drop-out current. Tampering with the
adjustments should be avoided, but if
adjustments are necessary, the following general rules, which deal specificPULL-UP STOP
(OR CONTACT) -

DROP-OUT STOP
(OR CONTACT)

ARMATURE GAP
ARMATURE
RELAY Cp I
SPRING TENSION _j._
ADJUSTING SCREW
L

.-PIVOT POINT

FIG. 15. A test circuit used to send an adjustable current through the relay coil of a
sensitive relay. This circuit is necessary in
order to adjust the relay properly.

cally with sensitive relays, will be
helpful:
1. Connect the relay in the test circuit, shown in Fig. 15, which is capable of supplying enough direct current to operate the relay. With acurrent near the pull-up current flowing
through the coil, loosen the spring tension screw, then adjust the pull-up
stop (this is also the pull-up contact
in most cases) so the gap (called the
armature gap) between the armature
and the soft iron core or pole piece is
about .002". If there is a copper cap
or copper stud in the pole piece (to
prevent the armature from sticking),
adjust for zero air gap, being certain
that good contact is being made between the armature and the pull-up
contact.

2. Reduce the coil current to the
desired drop-out value and gradually
increase the spring tension until the
armature drops out.
3. Turn out the drop-out stop, adjust the current to the desired pull-up
value, then slowly turn in the dropout stop, bringing the armature nearer
to the coil core, until the armature
pulls up. The relay is now properly
adjusted for the desired pull-up and
drop-out currents.
Check the adjustments by varying
the current back and forth to the
drop-out and pull-up values, to be
sure the relay operates properly. If
the armature drops out sluggishly, increase the armature gap and repeat
adjustments 2 and 3. If the armature
pulls up sluggishly, turn in the dropout stop a little more.
Always adjust the relay in the position in which it is to be used. A relay may be adjusted just as easily in
its final operating circuit, following
the procedure given above while using
operating conditions for pull-up and
drop-out currents.
Ordering Relays. In ordering relays or getting aquotation as to cost,
you must decide first upon the type
(meter, sensitive, power, mercury contact, etc.) and the manufacturer, after
studying the catalogs of different relay manufacturers. You will find that
each type of relay can be secured in a
number of different voltage and current ratings. In most cases, it is best
to let the manufacturer use his own
judgment in making the final choice.
When you write to a manufacturer,
always supply at least the following
information:
1. Catalog number and name of the
type of relay you desire.
2. Pull-up and drop-out current (or
voltage) values required.
3. Whether the exciting current will
be a.c. or d.c.
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4. Contact arrangements desired.
5. Power to be handled by contacts
(voltage and current) ;whether a.c. or
d.c. power is used, and whether or not
load is inductive.

6. Speed of pull-up and drop-out, or
time for one complete operation (if
important in your case).
7. Special information as to how relay will be used.

Photoelectric Controls Using Only
Relays
between a photovoltaic cell and a relay is best demonstrated by the circuit
shown by the heavy lines in Fig. 16.
P is a Weston Photronic Cell and R1
is any one of the 0-200 microampere
super-sensitive (or meter type) relays.
The contacts of relay R1 control the
exciting current to relay R2,which
can be either an ordinary sensitive relay or one with micro-contacts, vacuum, or mercury contacts. When the
control circuit is to be on intermittently and only for short intervals,
the battery B may be used, but a.c.
should be used if the control circuit
is to operate frequently. If the sen-

Inasmuch as a super-sensitive relay
will operate on currents below 1/4
milliampere—currents which photovoltaic and photoconductive cells will
produce with normal changes of light
—these cells may be connected directly to super-sensitive relays. Photoemissive cells, however, are not suitable for direct connection to a relay,
as the safe current which they can
pass is generally insufficient for relay
actuation.
While some photoconductive cells
will pass enough current to actuate a
sensitive relay directly, the photovoltaic cell (which can supply ample
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en» b
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11
11
11
11
1
1
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TO SOURCE
OF POWER

TO 110V AC.

FIG. 16. Typical photovoltaic cell circuit using two relays.

sitive relay is of the d.c. type, avoltage step-down transformer and afullwave rectifier can be used to permit
operation on a.c.; if relay R2 is of the
a.c. type, a step-down transformer is
all you need. Simply remove battery
B and connect the rectifier unit or the
step-down transformer to points xand
y. In the circuit shown in Fig. 16, the

current for a super-sensitive relay) is
the only type of cell which is used
commercially to operate a relay directly. The current outputs of the
photoemissive and photoconductive
cells are first amplified by vacuum or
gaseous tubes in practical commercial
equipment.
The simplicity of the connections
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supersensitive relay operates when
light falls on P; this relay closes the
circuit to relay R2,and its contacts
close the circuit to the load. If illumination on P is to disconnect the
load from the power source, connect
lead f to contact e instead of to d.
If interruption of a light beam directed on P is to actuate relay R2,
connect lead a to contact cinstead of
b. Should a time delay be desired in
the control, the super-sensitive relay
can be connected to a time delay relay, which in turn can actuate apower
relay.
Only your imagination plus a
knowledge of the relays available is
needed to develop any desired type of
photoelectric control, using this basic
circuit.
For example, you could use the circuit in Fig. 16 as an illumination control by putting P near the window of
an office and connecting R2 to apower
relay which controls the office lights.
As long as the light on P is sufficient,
R1 and R2 will remain actuated, but
if the illumination drops below the
desired level these relays will drop
out. The power relay, controlled by
R2, will then turn on the lights.
For
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this arrangement, R2 should be atime
delay relay so momentary light
changes will not make the lights go on
and off (or a time delay relay can be
inserted between R2 and the power relay, if you prefer).
The circuit could also be used to
count moving objects if you arranged
alight beam so that it falls on P, and
replace R2 with an electromagnetic
counter.
Then an object passing
through the light beam will cause R1
to drop out and so operate the
counter.
Recommendations. A photovoltaic cell delivers its largest current
when its terminals are shorted. In
selecting a relay which is to have a
given pull-up current rating, that
which has the lowest coil resistance
will give best results. When the illumination on the photovoltaic cell is
too low to give relay operation, use
two or more cells in parallel to get
the current output required by the
super-sensitive relay. In figuring the
speed of a relay system, add the
speeds of the individual relays; the
more relays used, the slower the system will be.

Vacuum Tube Amplifiers for Sensitive
Relay Operation
The necessity of continually cleaning the contacts of a meter-type relay and the high initial cost of the
device are two factors influencing the
choice between photovoltaic cells and
the other two types of cells for aparticular photoelectric control job. In a
good many cases, control engineers
have a decided preference for a vacuum tube amplifier connected between the light-sensitive cell and a
sensitive relay. To be sure, the amplifier tube must be replaced periodically (the estimated life of the average tube is the equivalent of 1,000
hours of continuous use), and power
must be supplied constantly. When
these features are not objectionable,
then rugged, positive, and reliable
controls are possible. Photoemissive
cells of the gas type and photoconductive cells are generally used.
The basic circuits are of three
types: I, the rise and fall type, where
the photoelectric cell causes the vacuum tube plate current to rise or fall
in value; 2, the impulse type, where
a rapid change in light is converted
into an electrical impulse causing
quick positive relay action; 3, the
light differential circuit, where the
vacuum tube amplifier operates the
relay when light falling on one photoelectric cell differs from that falling
on another cell. The amplifier tubes
generally used have maximum operating values of 2 to 12 milliamperes.
In many cases, these values can be
reduced more than 50 per cent, giving
longer tube life if sufficiently sensitive
relays can be used. When the light
change is too small to actuate arelay
through a single vacuum tube stage,

two or more direct coupled amplifiers
may be employed in cascade.
RISE AND FALL CIRCUITS
Forward Type. If the current in
the plate circuit of the vacuum tube
rises when the illumination on the
cell is increased, we have what is
commonly called a forward circuit.
Fig. 17A shows a simple practical
forward circuit which can be used
with a selenium cell. Fig. 17B is a
forward circuit for a photoemissive
cell.
To operate these circuits, the potentiometer K1 is adjusted, with illumination removed from the cell,
until the relay armature drops out
and makes contact with L (this is the
armature position for low or drop-out
current). Now, when the cell is illu-
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FIG. 17. Forward photocell circuits. A selenium cell is used at A, while B is for a photoemissive cell.

minated normally, the resistance of
the cell reduces in value. This causes
an increased current flow through the
3-megohm resistor. The positive pulsations on a.c. (or the normal drops
on d.c.) make the grid end of this
resistor positive. The grid, originally
highly negative, thus becomes more
positive with respect to the cathode,
plate current increases, and the relay
pulls up. Potentiometer K2 should be
adjusted so that just enough plate
current will flow to make the pull-up
contact pressure strong enough to
prevent chattering.

up level of illumination is reached.
110- If the photoemissive cell (used in
Fig. 17B) is a gas type, it should
never be operated at a peak voltage
greater than that recommended for
the cell used, and a resistance of at
least one megohm should be in series
with the cell to limit the current in
case the voltage is accidentally exceeded. (Note that a 3-megohm resistor serves for this purpose in Fig.
17B.) To increase its life, the photoconductive cell (Fig. 17A) should be
operated at the minimum voltage
which will give satisfactory control.

FIG. 18. A reverse circuit for a photoensislive cell.

The negative half of the a.c. cycle
is ignored, as the tube does not pass
current when the plate is negative.
Thus, the average positive value
across the 3-megohm resistor sets the
pull-up point.
The control action of this circuit,
then, is that the relay pulls up when
one level of illumination is reached
and drops out when the illumination
drops below another (lower) level. If
the illumination is high at first, then
decreases, the relay will remain
pulled up until the drop-out level is
reached. Conversely, if the illumination is low at first, then increases, the
relay will remain out until the pull18

11›. In general, in a forward circuit,
the C bias voltage (controlled by K 1)
is varied to cause drop-out at the desired minimum value of illumination,
and the cell excitation voltage (controlled by K2)is adjusted to give relay pull-up with the desired maximum value of illumination, if the
control circuit is to work between
definite limits of light values. Only
the grid bias control (K 1) is needed
in circuits where light is completely
cut off to secure the control operation.
Here, either the light beam intensity
or the relay contacts can be adjusted
to vary the value of illumination
which actuates the relay.

1> If the load is connected to terminals C and H in Fig. 17B, a reduction or interruption of the light will
open the load circuit; if it is connected to terminals C and L, light
reduction or cut-off will connect the
load to its supply. The circuit to use
depends on whether the load circuit
is to be turned on or turned off when
the light is reduced or cut off. In
both cases the relay armature is
pulled up as illumination on the cell
increases, so this is still a forward
circuit, even though a reversed action
is obtained.
Reverse Circuit. When the control
unit is to be in operation for long
periods of time, and the cell is illuminated the greater part of the time,
the amplifier tube is passing maximum current most of the time and
its life is consequently shortened. A
control circuit can be designed in
which illumination on the light-sensitive cell produces a low plate current, so that a reduction in light
causes the plate current to increase
and actuate the relay. This reverse
circuit, as it is called (where the relay closes when light is decreased),
gives longer amplifier tube life and
consequently less attention need be
given the unit. Such a circuit using
a photoemissive cell, is shown in Fig.
18; a photoconductive cell can be
used also in this circuit.
The variable arm of potentiometer
K1 in Fig. 18 is adjusted so the relay
drops out when maximum light is on
the cell. The photocell current passing through the 3-megohm grid leak
places a high negative bias on the
amplifier tube. (The a.c. supply for
the photocell is out of phase with
that for the tube plate so negative
pulses are applied to the grid at the
time the plate is positive.) This bias
is varied by the potentiometer to get
the desired minimum value of plate

current. When the light is reduced
or cut off, little or no cell current
flows through the grid leak. The grid
bias becomes practically zero, raising the plate current and pulling up
the relay armature. If the load circuit is now connected to H and C,
light cut-off connects the load to its
supply; if the L and C terminals are
used, light cut-off disconnects the
load from its supply.
111,-You can easily tell whether a vacuum tube amplifier control circuit is
of the forward or reverse type. In a
forward circuit the photoelectric cell
connects between the grid and apoint
more positive than the cathode; in a
reverse circuit the cell connects between the grid and a point more
negative than the cathode. Figs. 17A
and 17B are forward circuits; Fig. 18
is a reverse circuit.
le- The circuits used in Fig. 17 employ low-drain battery type tubes
(such as the 30 1G4, etc.) even on
a.c. The resulting low-power requirements and the absence of a power
transformer make for an economical,
light-weight and small unit. However, the use of a power transformer,
as in Fig. 18, is desirable as a wider
variety of voltages is available, and
the transformer isolates the unit from
the power line. Tubes such as the
27, 56, 6C5, 6J5, etc., can be used.
Incidentally, the circuit in Fig. 18
can be made either the forward or the
reverse type by using separate windings on the power transformer and by
making the proper polarity connections.
IMPULSE CONTROL CIRCUITS
The principal objection to circuits
of the forward and reverse types using photoconductive cells is that they
are rather insensitive to
small
changes
in
illumination.
Where
simple, rapid off-on light conditions
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exist, this objection may be eliminated by employing a circuit which
utilizes the charge and discharge
ability of a condenser.
A simple impulse or so-called trigger circuit, using a selenium (photoconductive cell is shown in Fig. 19.
A photoemissive cell can be used as
well, provided its anode is connected
to the potentiometer arm. The unique
feature of this circuit is that the grid
of the amplifying tube is blocked by
a condenser, so that there is no d.c.
path back to the cathode. When the
cell is illuminated with any steady

by some of the electrons in the plate
current, and retains them (since they
have no place to go). Eventually, this
process will build up a negative
charge on the floating grid, making
its potential about zero with respect
to the cathode. Once this happens,
very few more electrons strike the
grid, because they are repelled by the
electrons already on it. The floating
grid therefore stays at about cathode
potential once it has reached it.
Since point A is considerably above
cathode potential, and the grid is at
cathode potential, a potential dif-

FIG. 19. One form of the impulse circuit,
using a selenium cell. The relay, normally
closed, drops out when illumination on the
cell is cut off suddenly. The relay remains
pulled up for all constant values of illumination, and pulls up by itself at a definite time
after each interruption of light.

light value, the plate current is a
definite value which is fixed by the
potential of the floating grid.
The impulse circuit operates in this
manner: Assume that the cell is illuminated, current therefore flows
through it, making point A positive
with respect to the cathode K. The
grid in this tube, under these conditions, is what is known as a "floating" or "free" grid, because no source
of voltage is connected directly to it.
A floating grid always has a zero, or
slightly negative, potential with respect to the cathode. The reason for
this is that a floating grid is struck
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ference (voltage) exists across the
grid condenser. This makes the condenser charge up with the polarity
shown in Fig. 19. As long as the illumination on the cell stays constant,
this condenser voltage has no effect
on the tube plate current. The grid
stays at about zero potential, and a
rather high plate current flows.
However, a marked effect is produced if the light on the cell is cut
off quickly. The cell current then
drops rapidly bringing point A down
almost to cathode potential at once.
The charge on the condenser cannot
disappear quickly, so the voltage on

end: doing so increases the voltage
across the cell, increasing the current
through it and producing the same
effect as an increase in light.
A gradual decrease in the light on
the cell will not cause this trigger
action, because the charge on the condenser will have time to leak off while
the potential of point A is going
down, and no negative bias will be
placed on the grid. To sum up: Our
trigger circuit works only if the light
on the cell is cut off quickly. An increase in light at any speed or a slow
decrease, will not affect the plate current of the tube, and the relay will
remain in its pull-up position. The
relay always returns to its pull-up position shortly after it drops out, even
if the cell is not illuminated again.
110.- A more practical impulse circuit
which insures long cell and tube life
and strong, positive trigger action is
shown in the circuit of Fig. 20. As
d.c. is supplied by the rectifier, the
grid condenser may have a large
capacity. With normal light on the
cell the 5,000-ohm cathode variable
resistor is adjusted to give anegative
bias to the grid, so the relay drops
out.
With normal light the cell resistance is low, the voltage drop across
the cell is consequently low, and the
.25 mfd. condenser receives only a
low charge. When the light is cut off
the cell resistance rises, there is a
larger voltage drop across the cell,
the
terminal of the condenser becomes more positive, and electrons
flow up through the 2-megohm grid
leak to make the — terminal of the
condenser
correspondingly
more
negative.
These
electrons
flowing
FIG. 20. Another form of impulse circuit,
which uses an extra tube to secure d.c. opthrough the grid leak produce in it a
erating voltages.
Here the relay pulls up
voltage drop which reduces the negaonly when light on the cell is suddenly intertive bias to zero or even swings the
rupted, and drops out automatically in a
definite time interval. Current flows through
grid positive, and plate current rises,
the tube oircuits only during the half of
actuating the relay.
each cycle for which polarity ii as indicated.

the condenser remains. This immediately makes the grid (which is
connected to the negative end of the
condenser)
considerably
negative
with respect to the potential of the
cathode, for the positive end of the
condenser is now at about cathode
potential. Plate current therefore decreases considerably, dropping out the
relay. The charge on the condenser
gradually leaks off, and the grid
"floats" again: plate current then
rises, and the relay picks up. When
light comes on again, the condenser
recharges, and the circuit returns to
its initial condition.
An increase in the light on the cell
will have no effect on the relay, since
it will cause no change in the tube
plate current. The only effect the
light increase has is that it increases
the cell current, and so raises point
A higher above the cathode in potential. This, in turn, raises the voltage
across the condenser, which means
that the "trigger" action of the circuit will be stronger (the negative
bias of the grid will be greater) when
light is cut off. We can produce this
stronger trigger action by moving the
potentiometer arm nearer the plus
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stage. First, connect the signal tracer
channels properly to the receiver, then
turn on the set and the test instrument. Tune in a program on the receiver and adjust the gains of the
channels until their visual indicators
show some easily remembered value.
(If they are magic eye indicators,
adjust them so the eyes are just
closed.) Then let the set play while
you take care of your other bench
work. Sooner or later the receiver will
become intermittent, and one or more
of the signal tracer indicators will
show a changed signal level. Let's
take a few practical examples to see
how this will point out which section
or stage is defective.
Example 1. Let's start with connections at points 2, 4, 9and 14. Suppose that the signal level remains normal at points 2 and 4, and that the
.power supply at 14 remains constant,
while the signal level at point 9 decreases. This is definite proof that
the cause of the trouble lies between
points 12 and 9.
How can you be sure that the
trouble is between points 12 and 9
and not between points 4and 12? The
steady readings at points 2 and 4 are
proof.
You see, a defect between
points 4and 12 would drop the signal
input to the second detector. The
a.v.c. voltage would then drop, permitting an increase in the gain of the
r.f. and converter tubes, and the channels connected at points 2and 4would
show a larger signal. Since, in our
example, the signal level remains constant at points 2 and 4, no defect
exists between 4and 12.
To localize further, remove the a.f.
probe from point 9 and touch it to
point 8. If the signal indicated here
is much greater than at point 9, CH is
open.
If the signal is still weak, move the
probe to the junction of C20 and R10 .

A weak or intermittent signal here
shows C' 2,
;is defective or the slider is
not making agood contact on the volume control R9. On the other hand,
if the signal is as strong or stronger
than that at point 8, the 12SQ7 tube
is not amplifying. In the latter case,
either the tube or plate load resistor
R11 may be defective. Check the resistor by measuring the plate voltage.
If it is normal or slightly higher than
normal, the resistor is probably all
right, and you should try anew tube.
If the intermittency continues with
the new tube, substitute anew resistor
for R11 .
It is entirely possible that the receiver may snap back to full volume
while you are changing the signal
tracer connection or while some other
test is being made. If this happens,
make the new signal tracer connection
to the point where the probe was at
the time the volume snapped back,
readjust the channel gain for the new
point, and go about your other business until the intermittent appears
again, then continue to move back,
step by step. In this way you can
gradually narrow your search until
part substitution becomes feasible.
Example 2. Suppose the signal
level indicated at points 2 and 4 increases, while that at point 9 decreases, and the supply voltage (point
14) remains constant. As you learned
in the first example, this indicates
trouble between terminals 4 and 12.
Shift the d.c. type v.t.v.m. from point
14 to either 12 or 13; if you find the
a.v.c. voltage decreases when the
trouble occurs, you have confirmed
this diagnosis.
10- Now remove the r.f.-i.f. probe from
terminal 4and move it to point 5, the
control grid of the i.f. tube. The signal level should be at least half the
value it was at point 4. If it is considerably lower, either transformer T,
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FIG. 21. This diagram shows a two-stage amplifier in an impulse circuit.

When the
condenser becomes rent changes thus are relayed through
charged fully (the time required de- the amplifying circuits.
pends on the time constant of the
A typical two-stage direct-coupled
charging circuit) the grid leak cur- photocell control circuit is given in
rent reduces to zero, restoring the Fig. 21. A photoemissive cell is
normal high negative bias, and the shown, but a photoconductive cell
relay drops out. When the cell light may be used just as well. The circuit
comes on again the cell resistance is shown operating a heavy-duty redrops, and the fully charged conden- lay. If small light changes are used
ser partly discharges through the C for control, the power tube is rebias circuit, driving the grid more placed with a high-mu triode voltage
negative but, as the relay has already amplifier tube which feeds into asendropped out, no further relay action sitive relay, and the operating volttakes place.
ages are adjusted for the new tube.
In any of these impulse circuits, Although an impulse or trigger type
increases in resistance of the selenium input circuit is shown, a forward or
cell with age and use can be offset reverse photocell connection can be
by increasing the ohmic value of the used with good results. A gas cell
grid leak resistor.
can be used by lowering the excitaTwo or More Amplifier Stages. tion voltage; a tap on the voltage
Where the change in light is small, supply divider resistance will give the
sufficient change in current for relay required low voltage.
operation can be obtained by adding
This circuit works in the following
asecond vacuum tube amplifier. With manner. Grid G1 is biased negatively
normal light change, the use of a sec- by resistor RI; grid G2 is biased negaond amplifying stage permits the atively by the plate voltage drop in
direct use of a heavy duty relay. As resistor R2 (terminal 1is nearer ground
the variation in light is generally not or B— potential than is terminal
a cyclic change, but is irregular in its 2). With normal light on the photooccurrence, direct coupled amplifiers cell, the plate current of the second
are needed. Impulses or slow cur- tube is large enough to keep the relay
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pulled up. When the light to the
photocell is cut off, grid G1 becomes
more positive, increasing the plate
current of the 27 tube (this impulse
circuit is practically the same as that
in Fig. 20). This plate current increase
causes the voltage drop across resistor R2 to increase, driving the grid of
the second tube more negative. The
plate current of the second tube
drops, releasing the armature of the
relay. As the power tube plate current will drop from about 35 ma. to
10 ma., a heavy-duty relay may be
used. A more sensitive circuit can
be designed by using a screen grid
tube in place of the triode in the first
stage.
LIGHT

DIFFERENTIAL

CIRCUITS

Quite often a circuit is desired
which will respond to a difference in
light from two light sources. Color
matching of liquids (such as dyes) is

in the two beams caused by their
passing through the solutions will
actuate ameter or start some control
operation.
A typical light differential circuit
is shown in Fig. 22, where the light of
a single lamp is split by two lenses,
making two light beams. Each beam
is reflected from a mirror, one beam
being directed through a glass container holding the standard liquid,
the other beam passing through the
glass container in which is the liquid
whose color or density is being compared. The beam emerging from each
container is viewed by aphotoelectric
cell, which can be either of the emissive or conductive type.
With both containers removed, the
arm of potentiometer K is adjusted
until meter AI reads mid-scale. When
the standard and sample products are
introduced into the light paths, any
difference in the light transmitted

FIG. 22. A light differential circuit.

a typical case. In color matching,
two beams of light, each of the same
color content and intensity, are used.
One beam is sent through a standard
solution, the other through a sample
of the solution being compared with
the standard; then both beams are
allowed to fall on photocells connected in a control circuit. This circuit is so arranged that any difference

to the cells shows up as a deviation
of the meter from mid-scale. A
darker sample causes deflection in one
direction, while a lighter sample
causes a deflection in the opposite
direction. A relay is used sometimes
in place of the meter to give a desired control operation when the two
solutions differ in characteristics by
aspecific amount.

Gas Tubes for Direct Power Relay
Actuation
A heavy-duty or power relay can
be operated directly from a single
amplifier tube circuit without using
any sensitive relays, provided that
the amplifier tube is of the gas or
vapor type.
When triode amplifier tubes have
gas in their envelopes, as in the case
of Thyratron tubes, they are no
longer suitable for linear amplification, but have properties which are
valuable for electronic control circuits. The action of such a tube is
briefly this: When the tube is given a
definite plate voltage and the grid
bias is gradually varied from zero upward to a certain positive value,
breakdown occurs and a very large
current suddenly starts to flow
through the tube. Now, no matter
how the grid voltage is varied, the
grid has no further control over the
plate current. Only the plate voltage
determines the amount of plate current, and this voltage must be reduced to about 20 volts before the
current stops flowing. Once the plate
current is stopped, the anode voltage
can be raised to its original value and
current will not again flow through
the tube until the grid voltage is
raised to the "striking" or "firing"
potential. The higher the negative
grid bias, the higher the plate voltage required before current flows.
Likewise if the C bias is reduced or
made positive, the required plate
voltage will be reduced.
Thus, the tube either passes full
plate current or no plate current—
there is no in-between value.
The
sole purpose of the grid voltage is to
determine the point at which plate
current starts to flow for that particular plate voltage. Once started, cur-

rent can be stopped on/y by reducing
the plate voltage below the 20-volt
extinction value.
As the removal of plate voltage is
necessary to restore the original conditions, some form of interrupter
must be used if the supply is d.c.
However, the tube is ideal for an a.c.
supply, as here the anode voltage
must drop to zero during the halfcycle when the plate is negative.
Hence, the grid can resume control
every half-cycle, if its voltage has
fallen below the striking potential.
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HOT CATHODE TYPES
Gas triodes and pentodes are designed to have an oxide cathode of
large surface so large quantities of
electrons can be emitted. (Gas pentodes work exactly like triodes except that the screen grid protects the
cathode and reduces the grid current.) The anode voltage is limited
to a value which gives a safe current: If this current is exceeded, the
cathode emitting surface is bombarded by positive ions and destroyed. Although mercury vapor is
used in certain tubes which operate
on high voltages and deliver high
plate currents, argon, helium, and
neon gases are preferred for low
voltage and low current tubes; these
gases result in tubes which are fairly
independent of temperature.
Gas
tubes are called Thyratrons by the
General Electric Company (G.E.),
and grid-glow tubes by the Westinghouse Electric and Manufacturing
Company (W.E.&M.). Mercury vapor
tubes are made in sizes capable of
passing up to hundreds of amperes,
but for control purposes Y2 ampere

tubes are sufficient to control the
heaviest power relays needed.
le» Grid
current will flow in hot
cathode gas tubes even when there is
no plate current. It is highly important that this grid current shall
not flow directly through the lightsensitive cell; the cell current should
supplement the normal grid current
which is made to flow through a grid
resistor.
800

This tube uses neon gas and has a
constant anode-cathode drop of about
22 volts when passing current, which
means that the 1,000-ohm resistor
must waste the remainder of the
source voltage. The .1-megohm and
2-megohm resistors serve to stabilize
the circuit.
Although the tube
characteristics shown are for d.c.
voltages and currents, they also
represent instantaneous values in the
case of a.c. power.
110- The curves are used as follows:
Assume that the tube is to operate at
a plate voltage of 110 volts a.c.; the
peak voltage is then 110 X 1.41,
which equals about 155 volts. Referring to the Ep curve, we find that
about + 23 volts on the grid will just
allow breakdown of the tube at this
plate voltage; any grid voltage below
+23 volts will not ignite the tube,
but if the grid potential ever reaches
this value, the gas will ionize. The
grid current before breakdown is
about 100 ma., and after breakdown
it is about 300 ma.
Now, let's see how this tube works
in the pratical gas tube relay circuit
shown in Fig. 24A. Although aphotoconductive cell of a type which has a
low minimum resistance and a large
dark-to-light resistance ratio is used
here, photoemissive cells can be used
also. The connections to the secondary of the transformer are such
that when the plate of the KU-610
tube is positive with respect to the
cathode (here the filament), the grid
is also positive with respect to the
cathode.
The potentiometer across
the 60-volt secondary winding furnishes the grid bias for the tube by
varying the potential of the cathode
with respect to the grid. With light
on the cell, this potentiometer is adjusted so that (on the positive half of
the a.c. cycle) the voltage between P
and A minus the voltage drop in R.
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FIG. 23. Characteristic curves of a typical
hot-cathode gas filled tube, the Westinghouse
type KU-610 grid-glow tube. D.C. starting
characteristics for rated anode current are
given at A; the test circuit used appears at B.

Figure 23,4 shows the characteristics of a typical low-power grid-glow
triode tube, in this case the W.E.&.M
type KU-610, which has a maximum
rated plate current of 3/4 ampere. The
circuit used to obtain these characteristics is shown in Fig. 23B. The 1,000ohm resistor prevents the tube from
acting as a short circuit across the
load when breakdown occurs and the
tube passes current. This resistor is
adjusted to give rated plate current.
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is just below the value which allows
the tube to break down. The drop
across R, is caused by the photocell
current and the gas tube grid current. Now when the cell is darkened,
the cell current drops, the voltage
drop in R, becomes less, and the grid
becomes more positive. When the
grid becomes positive enough, breakdown occurs and the grid loses control. The plate current rises, actuating the relay.

plate voltages are required for breakdown or firing. With both grid and
plate swinging positive simultaneously (in phase), firing occurs at the
plate voltage indicated at point A,
since this is the first point in the cycle
at which the plate and grid voltages
together allow breakdown. At point
B the plate voltage is below 22 volts,
and so is no longer enough to sustain
plate to cathode ionization; the plate
current therefore stops. Of course,
when the plate and the grid swing
negative on the next half of the cycle,
no plate current can flow, and the
tube is ready for the next cycle of
operation. If the cell is dark, then
pulses of current will flow on the
positive half-cycles as long as this
condition remains. However, as soon
as the cell is sufficiently illuminated,
the grid voltage will fall below the
firing potential and current will be
cut off.
COLD CATHODE TYPES
A hot cathode is not needed to
cause ionization in a tube, as you ah
ready know from your study of
gaseous rectifier tubes. When a gas
such as neon is used, an appreciable
tube current can be obtained with a
cathode having no electron emitting
surface. Ionization of the gas takes
place at a voltage depending on the
amount and nature of the gas and
upon the distance between the anode
and the cathode; this ionization results in liberation of the electrons required for the tube current. A grid
can be used to control the breakdown
or firing voltage. The more negative
the grid, the higher the voltage required to start ionization and a flow
of current.
The arrangement of the internal
elements of a cold cathode grid-glow
tube is shown in Fig. 25. The shield,
when connected to the cathode
through a 2- to 10-megohm resistor,

FIG. 24. The circuit at A is a practical photo-conductive cell circuit, using a Westinghouse type KU-610 grid-glow tube to operate
a power relay directly. When plate and grid
voltages of the grid-glow tube are in phase,
plate current passes for that part of a cycle
shown shaded at B.

The action is best understood by
studying Fig. 24B, which shows the
phase relations between the grid and
plate voltages. As the circuit is essentially non-reactive, the grid and
the plate voltages can be made to be
either entirely in phase or 180° out
of phase, simply by reversing connections to the 60-volt winding. The outof-phase condition is undesirable because, as the plate swings positive,
the grid swings negative and too-high
26

insures
greater
uniformity
and
stability of operation.
The Westinghouse KU-618 is a
typical high sensitivity, cold cathode
grid-glow tube, which has an anodeto-cathode drop of 180 volts when
plate current is flowing. In the basic
operating circuit for this tube, shown
in Fig. 26, the tube is connected in
series with a relay coil and a 6,000ohm resistor across the 440-volt secondary winding of the transformer.
This current-limiting resistor is used
to prevent the tube current from exceeding 100 ma., for excessive currents would destroy the tube.
In actual practice the A and G
terminals of the gas tube are shunted
with either aresistor RA of 10- to 100megohm value or a 0- to 50-mmfd.
variable condenser CA,while the G
and K terminals are shunted with
either a resistor or a condenser (
RI(
or CK)of the same value. When resistors are used, it is customary to insert a high ohmic value leak at point
X to improve stability; the highest

FIG. 26. Basic operating circuit for the Westinghouse KU-618 grid-glow tube. A photo.
emissive cell or a photoconductive cell of high
resistance can be substituted for either of the
resistors or condensers connected to the grid.
The arrow in the tube symbol represents the
cold cathode.

FIG. 25. Cut-away view of a cold-cathode
grid-glow tube, showing arrangement of
electrodes. The anode is inside a porcelain
tube which in turn is surrounded by a metal
cylinder, the shield.
The grid is simply a
thin band or ring of metal surrounding the
exposed tip of the anode.
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value which will give satisfactory
operation is used, and may be as
much as 250 megohms. The values
of RA and RK determine the potential
of the grid; increasing RA or lowering
RK makes the grid less positive and
prevents the tube from firing. rf
condensers are used instead of resistors, increasing the impedance of CA
(by lowering its capacity) or decreasing the impedance of CK makes
the grid less positive.
A voltage
divider made up of a resistor and a
condenser can be used if desired. In
any case, either a resistor or a condenser is made variable to allow adjustment of the grid potential. As
it is inconvenient to secure variable
resistors of such high values, one element is usually a variable condenser.
In actual practice a light-sensitive
cell or other device having either a
high ohmic resistance or a low capacity that will change in resistance
or capacity as a result of the action
which is to be controlled is connected
in place of one of the resistors (or
condensers), and is used as the primary control. The other resistor (or
condenser) is made variable to permit adjustment of the point at which

control action occurs. This cold cathode glow tube has many electronic
control applications.
For a light-sensitive control, vacuum type photoemissive cells are best,
as they have large dark resistances
(as much as 5,000 megohms), and
will operate safely on high excitation
voltages (500 volts is a common
value for small cells). In one practical circuit a photoemissive cell is
connected between the anode and the
grid, and a 0-50 mmfd. variable condenser is connected between the grid
and the cathode terminals. The condenser is adjusted so the grid-glow
tube does not ignite when the cell is
dark. Illuminating the cell swings
the grid more positive and causes the
relay to pull up. When the cell light
is cut off, the relay drops out.
110- Photoemissive type cells also can
be connected between the grid and
the cathode. With this connection,
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the variable condenser is placed between the anode and the grid. The
condenser is adjusted so the grid-glow
tube does not ignite when the cell is
illuminated. Now, the tube will break
down and pass current, causing the
relay to pull up, only when the cell is
darkened.
The anode of the photocell should
be connected to the anode of the gas
tube when the cell is placed between
A and G. The cell anode should be
connected to the grid of the gas tube
when the cell is wired to G and K.
I> A light-sensitive control using a
cold cathode gas tube has the advantage that no power is used in the control circuit when the control circuit is
idle, yet heavy-duty relays can be
actuated directly. Note that the
power used to feed the filament of a
hot cathode gas tube is eliminated.
Furthermore, the cold cathode tube is
extremely sensitive.
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DANGERS OF CRITICISM
If you can't say something good about a person,
keep silent. Even when a person asks you outright
to criticize, be careful. People often fish for compliments and praise in this indirect way, and criticism
is definitely NOT what they want.
Be frank only
when you're absolutely sure that your technical or
personal opinion is really wanted.
There's some good in everything, if we'll only look
for it. Praising the good, no matter how little it be,
will make you a thousand times more popular with
people than criticizing even the most serious and
glaring faults of others.
A multi-millionaire executive used these words to
praise a Pullman porter, "I wish Icould do my job
as well as you do yours!" A thoughtful business
man brightened the entire day for an overworked
postal clerk during the Christmas rush by commenting justifiably and sincerely, "I wish Ihad hair like
yours!" There are even sincere ways to praise an
old radio set: "It was one of the finest sets made in
that period," or "That highboy cabinet is certainly
afine piece of furniture."

.1•••ed.
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TYPICAL RECEIVER DIAGRAMS
AND HOW TO ANALYZE THEM

General Electric LB-530 A.C.-BATTERY Portable
"[DENTIFYING Tube Stages. When start-e- 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 superheterodyne, we then concentrate on assigning the remaining tubes to the heretofore
unidentified stages.
We will use this process to identify the
tubes in the circuit diagram of this G'eneral
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 receiver, 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 11-0 network R8-018-R9.
The control grid is fed by the diode section
of the 1H5GT through Rl, R7 and 012, hence
the diode section must be the second detector
and the triode section must be the first al.
stage.
The presence of volume control 1?1 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 R4-010, for application to the a.v.c.controlled tubes.
Surprisingly, the second detector is resistance-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 provided 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 1N5GT is an i.f.
amplifier, feeding the 1H5GT. It is transformer-coupled to another 1N5GT tube whose
input is likewise fed from an i.f. transformer
(identified by the tuned primary and tuned

FM 10M350

secondary). Thus we know that the left-hand
1N5GT in Fig. 5 is the first U. amplifier.
I.F. transformer T4 is fed by a 1A7GT
whose input connects to the antenna loop
and whose first grid connects to a tank circuit through condenser C7. There areno more
tubes in the set, so the 1A7GT must be the
oscillator-mixer found in every superheterodyne receiver. In this simple manner we have
identified the purpose of each tube in the
receiver.
Signal Circuits. The parts list under Fig.
5indicates 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 obtained by means of an external loop L7
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 L7 will
cause some detuning, but the resulting loss
in signal is more than made up by the greater pick-up afforded by L7. The incoming carrier signal to which Li -Ci is tuned acts directly on the control grid and filament of the
1A7GT, because 010 provides a zero-reactance path to the grounded filament at r.f.
and 1.f. values.
The first and second grids of the 1A7OT
(counting from the filament) serve as oscillator electrodes, the first being the oscillator
control grid and the second being the oscillator anode.
The incoming signal and oscillator signal
are mixed within the tube, and wa have a
strong i.f. beat signal developed across the
primary of T4. The signal induced into the
secondary of T4 is applied to the input of the
1N5GT first i.f. tube, the filament connection
being through WO. The amplified signal now
appears across the tuned primary of T5, setting up a high circulatory current at the i.f.
value, and this induces the i.f. signal voltage
in the secondary of T5. Again we have
resonant step-up, and the signal voltage
across the secondary is applied directly to
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Fig. 3.

Effective power pack circuit when power
selector switch is set at "AC."

the electrons flow through RIO and L5 to get
hack to the center tap on winding S.
That portion of the induced voltage existing between the center tap and point 2 is not
used now, and may be forgotten.
When the vibrator reed is pulled over to
contacts P1 and Si by the coil, it breaks the
coil circuit at contact A. The natural
springiness of the reed returns it to the neutral position, but the reed always overshoots
the neutral position enough to make contact
With P2 and 22.
With contacts P2 and 22 grounded by the
reed, we have electrons flowing from the
minus battery terminal through the chassis
to the reed and P2, then through the righthand section of power transformer primary
P and back through L6 and contacts 2-1 to
the battery. Since this electron flow is in the

opposite direction from that which previously 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 respect 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 vibrator thus provides full-wave rectifying action which gives a pulsating high d.c. voltage of the correct polarity between the center
tap of S and the chassis. This pulsating voltage is filtered by C21A, C21B and 1110, 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 52, it also touches contact A. This energizes the vibrator coil and pulls the reed
over to Pl and Si just as when the set was
first turned on. The entire process then repeats itself.
Power Pack Circuit for "AC." When the
power selector switch is set at "AC," contacts 1-2-3 are connected together, as also
are contacts 4-5 and contacts 8-9. The power
pack circuit arrangement for this condition
is represented by Fig. 3 if 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. I. At the same time, the battery 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 filament voltages. The battery also acts 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. Batten
should measure 2.1 volts. Vibrator BA- voltage should be 95 volts d.c.
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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 receiver even during a.c. operation. If the set
were used on "AC" with the battery removed,
the tubes would get excessive filament voltages 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 battery terminals, and the vibrator voltage is
measured from B+ to the chassis. Condenser C21A can easily be located in the
chassis; since it is the input filter condenser,
the B+ voltage delivered by the 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 R/4 is not
given. Evidently the factory draftsman forgot this; such errors sometimes creep into
diagrams.

SPRIN
BETW
AND

POWER SELECTOR SWITCH
OPERATION

If you had to replace R14, what would you
Ito? First, you would consider the purpose
of R14 In the circuit. Obviously, it is not
purposely used to reduce plate voltage, and
neither is it a plate load. It must therefore
act with C24 as a filter to keep r.f. plate current of the 1A7GT out of the B supply. From
past experience and from observing many
similar circuits, we know that the 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.

POSITION

CONTACTS CONNECTED

"OFF"

ALL CONTACTS OPEN

"BATTERY" #1 to #2; #4 to #5, #7* to #8
"AC"

#1 to #2 to #3 1#4to #5; #8 to #9

"CHARGE"

#2 to #31 #8 to #9

*#7 terminal is not connected to circuit

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
screen from which R14 Is fed receives 82
volts, 4 volts are dropped across R14.
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 R14. Experience tells us that 5000 ohms is satisfactory, but if actual trial shows it to be too
low, a larger resistor may easily be inserted.

Fig. 5. Schematic circuit diagram of General
Electric Model LB-530 a.c. or battery-operated
portable receiver.

a check directly across R9 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 during ohmmeter tests.
Expected Performance. With the two
stages of 1.f., excellent sensitivity and adjacent-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, but will be entirely satisfactory for
aportable.

Continuity Tests. Continuity tests are
made in the usual way between points at a
positive potential and the B+ terminal, and
between points at a negative potential and
the B— terminal (the chassis here). B+ is
the red lead going from the junction of R10
and C21A to the B supply.
The storage batter'y 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,
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By keeping the d.c. portion of the plate
current out of the primary, we avoid transformer saturation and thereby secure good
low-frequency response from this stage. Re
sistor R-14 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-1 at a
low audio frequency, a definite boost in gain
at low audio frequencies can be obtained.

cause a pentode tube fed with a strong signal 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 6J7 is, for either microphone or phonograph operation, too large to
permit pentode operation of the tube.
The second 617 is not replaced with a regular triode tube such as a 6C5, because even
when connected as a triode the 6J7 can produce 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 07 even when triode connections were
used.
The a.f. signal voltage across R-11 is applied to grid resistor R-I2 of the 65 tube
through coupling condenser C-6 and filter
condenser C-10. The signal current flowing
through grid resistor R-12 produces a voltage drop which drives the grid of the tube.
R-I2 is a potentiometer, and the movable
arm connects to ground through 0-7, a .03mfd. condenser. As the arm is moved up,
more and more of the high frequencies are
shorted or by-passed around R-I2, and hence
are not applied to the grid of the 6C5. In
this way we achieve tone control, which permits attenuation of high audio frequencies
as desired.
The a.f. signal voltage across R-12 alternately adds and subtracts from the d.c. bias
developed across C-8 and R-16, making the
grid first more negative and then less negative. 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-14. Condenser C-9 and the primary of T-I comprise a short path for the
a.f. component, hence the effective plate load
for signals is R-I4 in parallel with 0-9 and
the primary of T-1. Since the resistance of
R-14 is much greater than the impedance of
the C-9 T-1 path at audio frequencies, practically 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-14 and C-9 were
not used, the primary of T-1 would be placed
right in the plate supply circuit of the 605.
The circuit would function but the d.c. portion of the plate current would tend to saturate the transformer primary, and the mutual inductance of the transformer would decrease. This would decrease the voltage induced into the secondary, and would cause
distortion since the change in flux linkage
would be greater for a decrease in plate current than for an increase. For distortionless
transfer of signal, the flux must follow current changes exactly. The loss in gain would
be more serious at the low audio frequencies, because the primary inductance,
and hence the plate load impedance, naturally decreases with frequency.

A.F. signal current flowing through the
primary of T-1 sets up a flux linkage with
the secondary, inducing an a.L voltage in
each half of the secondary. These secondary
windings feed the two 8V6-G tubes in the
push-pull output stage, with inverse feedback 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-1 first. Terminal 8 goes to the control grid of the upper 6V6-G output tube,
while 'Y goes to terminal T2 on the special
winding having a center tap marked CT.
Resistor R-I8 (a C bias resistor in the power
pack) completes the path 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. voltage across resistor R-18. In a similar manner, the signal voltage between point 5 and
point 6 acts in series with the a.L 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 OVES-G tube.
The 6V6-G tubes amplify the signals applied to their grids, and the resulting plate
currents flow through primaries P1-B and
P2-B of output transformer T-2. Due to the
push-pull action, all even harmonics produced within the 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 arrangement, but are taken care of by inverse
feed-back (degeneration). The fundamentals
and odd harmonics 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 reducing the gain. The designer took this into account, 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 produced inside the 6V6-G tubes, they are not
originally present in the input circuit. The
fed-back odd harmonies thus enter the tubes.
and cancel out some tif the odd harmonies
being produced by the tubes. Complete cancelation is impossible, for we must have
some signal induced into the center-tapped
secondary of T-2 for feed-back purposes.
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The output signal induced into the secondary of T-2 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
3 and C.
When the amplifier is to feed a device over
a considerable distance, either the 125-, 250or 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-ohm tap would be used.
While voice coils are not ordinarily connected in series, we could do this and get a combined impedance of 16 ohms, which would be
matched by using the 16-ohm tap.
If electrodynamic loudspeakers are employed, 10 watts of field excitation is available for one 5000-ohm or one or two 2500:
ohm speaker fields. The following table indicates how speaker field connections are
made to the SPK sockets. Note that in
some cases a jumper wire is used between
jacks on the terminal strip marked FIELD.
Connect
Jumper
Between
One 5000-ohm field
One 2500-ohm field.
Two 2500-ohm fields
P.M. Loudspeaker
(no field)

Not used
C and 2
Not used

CH-1
115V. 60C.

Connect
Field to
Prongs

PR I

leads of the 6V6-G tubes prevent electromagnetic and electrostatic coupling between
these points and others at a lower audio potential. Suppose, for example, the plate
leads of the 6V6-G tubes were inductively
coupled to the input of the 6J7 tube by being 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.

Iand 5
2and 5
B & E; 2& 5

C and I

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 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 indicated by serious distortion or a dead amplifier. The d.e. voltages will be very low
due to the excess current drain.

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 circuit continuity apply to this amplifier just as
to receiver circuits.
Most troubles which may be expected will
take the form of distortion, hum and oscillation. 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 already been pointed out. The thing to watch
out for is poor ground contacts on the
shielding.
The shields on the control grid and plate

In the schematic, you will see the operating voltages marked at the points at which
the voltage measurements are generally
made. The d.e. voltages are measured between the points shown and the chassis.
The output filter voltage is measured between the positive lead of C-13 and the chassis, and according to the schematic you
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the circuit is tuned to 455 ke. by adjusting
the coil inductance.
The i.f. signal across the secondary of T2
is fed to the input of the 1T4 i.f. tube, the
filament connection being through 05 and
the chassis.
The 1T4 causes a large if. signal current
to flow through the primary of TS. A voltage is induced into the secondary, where it
undergoes resonant step-up. The primary of
T8 Is untuned, and hence the coupling in this
transformer may be close enough to give
high gain. This is typical of any i.f. transformer where only one winding is tuned.
The large i.f. voltage across C/./ is applied
to the diode and filament of the 155, the
filament connection being through 012. 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 insuring that all of the signal is applied between 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 resistor is negative with respect to the filament
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 applied to the first detector control grid (third
grid of the 1R5) through resistor R.4. This
resistor and condenser 05 serve to remove
the audio signal voltage, sind 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 R4 are across R5 and hence
act as a voltage divider. The voltage across
R12, which is in parallel with 05, is the a.v.e.
voltage fed the 1R5 tube. Since R4 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 eliminated.
The a.f. voltage across volume control R5
is applied across resistor R6 through coupling condenser 018. Since 018 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 portion of the 1S5, the tube amplifies the audio
signal fed it, and we have the amplified signal voltage across plate load resistor R8.
Condenser 0./.4 serves to by-pass any stray
1.f. signal which may have been amplified by
the tube.
The audio signal across R8 is transferred
across R9 and R11 through 016, 010 and
the chassis. The signal voltage across R9
and R11 is amplified by the 154 and delivered by impedance-matching output trans-

Rear view of Emerson Model DU-379 portable
.receiver, with back cover removed to show batteries. Note how the shoulder-strap antenna encircles the entire set. Control knobs and tuning
dial are at top of set, between the loop straps.
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former T4 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 comprise the harmonies. In addition, inverse
feed-back further reduces distortion.
As already pointed out, the input signal
voltage is developed across R9 and R11. No
by-pass condenser is used across R11, and
since the plate current of the 154 flows
through this resistor, we have an audio signal produced here. This signal is 180° out of
phase with the applied signal and cancels out
the original signal produced across R11. In
addition, distortion currents produced inside
the 1S4 tube flow through R11 and create
voltages of the same distorted form across
this resistor. These voltages were not there
to start with, and they control the plate current 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 desired signals across R11 can easily be
tolerated.
Biasing Methods. As you already know,
the grid bias of a battery-operated filamenttype tube is measured between the control
grid and the negative side of the tube filament. The effective bias, however, is the difference in voltage between the center of the
filament and the grid. Therefore, any volt-

age between the center of the filament 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.e. voltage
across R12 Is added to the voltage drop in
one-half the tube filament to form the bias
for the 1T4 1.f. tube and the 1R5 first detector 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.e. bias
voltage is added to this. The oscillator grid
of the 1R5 receives half the filament voltage
plus the voltage created across R1 by grid
current through this grid resistor.
The voltage drop across R6 due to convection 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 considerable bias, more than can be readily furnished 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 R11.
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 R11.

USED ONLY
ON MooEL
379.

L3

Battery Economizer. We have now considered the bias arrangement of all the tubes,
but the discussion of the 154 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 154 tube,
so the total B current drain is 7.5 milliamperes. With the switch thrown "IN," the
B drain is reduced to only 5 milliamperes, a
considerable saving.
The economizer increases the bias on the
154 tube. When the switch is "IN" (when
the switch bars are across the upper pairs
of contacts), resistor R10 is no longer In
parallel with R11, and the total resistance
between B— and the chassis is increased.
Therefore the voltage drop across R11 increases, and this increase in grid bias cuts
down on the 154 plate current.
As in any battery set, the d.c. plate and
screen voltages are applied between these
electrodes and the tube filaments. The filaments are grounded to the chassis as shown.
Therefore, since the voltage between B—
and the chassis is increased when the economizer switch is "IN," the voltage between
filaments and screens and between filaments
and plates has decreased. This is unimportant save in the ease of the 1R5 and 1T4
screen voltages. A decrease at this point results in a loss in sensitivity. To keep the
sensitivity constant, the economizer switch
in the "IN" position shorts out R2 in the

IRS

ECONOMIZER
SHOWN IN" •
POSITION. —

SCHEMATIC DIAGRAM

4 TUBE BATTERY RECEIVER

Fig. 7. Circuit diagram of Emerson Model DU379 and DU-380 battery portable receivers.
screen supply circuit of these tubes, thus
keeping the screen voltage constant and preventing 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 terminal (grounded terminal) in each measurement 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 measured only on the 1S4 tube and, due to the
high resistance of R.9, the exact voltage will
not be measured. However, this control grid
voltage can be checked by placing the meter
probes directly across R11 (positive probe
to chassis).
Miscellaneous. The alignment of the reeeiver follows standard superheterodyne
procedure. There are only three 1.f. adjustments, since the primary of T3 cannot be
tuned. There is no low-frequency oscillator
padder condenser.
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in motion and producing sound waves. The
output transformer serves to match the impedance 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 oscillation at ultra-high audio frequencies.
The A.V.C. System. The a.v.c. system for
the receiver is entirely conventional. The
d.e. 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 removed by the 1-megohm resistor and .1-mfd.
condenser. A.V.C. Is not applied to the control grid of the 1.f. tube.
You will note that the filament end of the
volume control connects to the positive side
of the 1A7G filament. Therefore, the detector 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.
The 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 circuits, each quite conventional in design. Let
/He%

as consider each In turn.
When the two switches marked SW (operated simultaneously by the volume control
shaft) are open, both the 6-volt battery and
the power line are disconnected from the filament circuits so the set cannot operate. The
90-volt B battery cannot supply current under this condition because the tubes are not
conductive when the filaments are cold.
When switches SW 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 conductive. 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.
The 1000- and 2000-ohm resistors merely provide extra paths to ground for the plate currents 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 1FI5G filament is next to the 1A7G
filament in the line-up for a definite reason,
to prevent the filament voltage drop of the
IN5G from serving as bias for the 1A7G.
The 1A5G is at the --I- end of the line-up for
the opposite reason, so the 4.5-volt drops
MSG
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«roes the other three filaments will serve as
its bias (the grid circuit of the 1A5G traces
from the control grid through' the 2-megohm
grid resistor to the chassis, through the chassis 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 SW are closed,
the set starts operating almost immediately
from batteries. After about Y4 minute of
battery operation, the filament of the rectifier has warmed up sufficiently so that the
25Z6 rectifier is conductive. Now both the
6-volt filament supply circuit and the 90-volt
plate supply circuit are operating as conventional half-wave rectifiers with resistor-condenser filters.
The 6-volt section of the 25Z6 provides a
d.c. voltage just enough higher than the A
battery voltage so this half-wave rectifier
circuit 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 25Z6 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 conditions, 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 electric current operation. If the power cord is
not plugged in, the set operates from its batteries. When the power cord 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 batteries. and the pilot lamp will not glow. Rotating the plug half a turn in the wall outlet
will then make the rectifier plates positive,
and the set will operate entirely from the

11U-volt d.c. line 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 operating the set from a 110-volt a.c. or d.c.
line with the 1A5G tube removed. Twentyfour 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 voltage then rises much higher than 6 volts,
and we secure rapid charging of the rundown 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 become polarized during use, raising the internal 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 until such time as all of the active ingredients
in the cells have been used.
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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 effective control grid voltage is that existing between 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 1.f. tube is
made directly to the negative side of its filament. Therefore, the effective d.c. grid voltage 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 seriously interfere with reception from weak
distant stations.
The control grid of the 1H5G tube connects 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 connects to ground through a 2-megohm resistor. Reference to the simplified wiring

ventional, but all oscillators of this type have
a bias resistor somewhere between the oscillator grid and cathode. Resistor 17 must
therefore be the oscillator self-bias resistor
for band 1.
Coil L4 is the oscillator feed-back coil, and
must receive energy from grid 2 (the oscillator anode grid) of the 6A7. The connection to padder 10 means that we have
capacitive coupling as well as inductive
coupling from the feed-back coil to the oscillator tank circuit.
Tracing the other lead of L4, 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 coil
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 wave-band
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 clockwise 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.
Let us assume that instead of using a
Phileo 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 L1, inducing
voltages in L2 and LS. The voltage set up
in LS is very small and can be neglected,
since LS 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 S are connected together, the tap
on L2 connects to the main tuning condenser 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
ke. to 2500 kc.
Notice that this band is only 200 ke. wide,
so only a portion of the dial is used—the por-
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Fig. II. Connections made for each of the three positions of the band-changing switch are clearly shown here. Note that the black balls all advance one step clockwise as the switch is ad.
warmed from Position Ito Position 2 and from Position 2 to Position 3.
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tlon corresponding to 1380 kc. to 1580 ke. on
the broadcast band. When this set was built,
the bands just below 2300 ke. and above 2500
ke. 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 ke, 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 E
on switch section 1, the oscillator connections are the same as they were for the
broadcast band. This means that the oscillator will produce a frequency 460 ke. higher
than the dial setting for the broadcast band,
or from 990 kc. to 2180 ke. however, the preselector only works from 2300 ke. to 2500 ke.,
corresponding to the •
1380-Ice. to 1580-kc.
markings on the broadcast band dial. When
the set is tuned to 2300 ke., the oscillator is
working as it did for 1380 ke. on the broadcast band. In other words, it is producing
1380 ke.
460 Ire., or 1840 kc. Now, if a
2300-ke. signal is picked up, the difference
between It and the oscillator working at 1840
ke. Is 460 ke., which is the I.f. value of the
receiver. At the 2500-ke. dial setting, the oscillator is at 20-10 kc., the same as it was for
1580 Ice. on the broadcast band. The difference between 2040 ke. and the top of band 2
(2500 ke.) is again 4e0 ke., the correct 1.f.
value.
From these figures we see that the oscillator works below the frequency of the preselector for band 2, and this band does not
cover the entire dial. The receiver can be
tuned below 2300 ke, and above 2500 kc., but
the oscillator and preseleetor won't track exactly and satisfactory reception isn't to be
expected.
Now let's go to switch position S in Fig. 11.
Here the antenna current flows through the
primary of LI. Note that L Is shorted
through switch contacts A and C. If the
special two-wire PhiIce' antenna is used, the
RED lead makes contact through switch
terminal CI directly to the antenna lead and
Ll, while the BLACK lead connects to the
grounded end of Ll.
By keeping the short-wave antenna currents confined to Li, better results are obtained. The signal current flowing through
Li causes a voltage to be induced in L3. One
end of LS connects to the a.v.e. circuit, and
the other end connects to the main preseleetor tuning condenser through switch contacts
N and S of switch section 2. Trimmer 6
shunts the gang tuning condenser section,
and is the high-frequency preselector trimmer. 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 G, thus making this coil
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NUMBERS INDICATE RELATIVE POSITIONS OF
SWITCH SECTIONS FROM FRONT OF CHASSIS

inactive when switches are at position S.
The oscillator tank circuit for band 3
starts from the oscillator grid, and traces
through switch contacts P and R to coil L7.
The position of trimmer /2 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 L7 connects to ground
and to the rotor of the oscillator tuning condenser through fixed condenser 14 and adjustable condenser 13. These condensers are
in series with the oscillator tank circuit, and
comprise the low-frequency padder for the
short-wave band. Padder 13 is to be adjusted at the low-frequency end of this band.
Resistor /8 is the oscillator grid resistor for
this band.
The connection of L5 to the padder condenser 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.

or condenser C14 is defective. Hold
the probe across C14 . You should not
get a signal here if the condenser is
working.
If you prefer, shunt C14 with atest
condenser. The signal will jump up
to normal at point 5if C14 is defective.
However, remember that charging
this condenser may provide an electrical shock, restoring operation anyway. Leave it temporarily connected
and see if the trouble recurs before
making a permanent repair.
110- Should the signal at the i.f. grid be
normal, move to the plate of the i.f.
tube, point 6. If there is no gain in
signal, the i.f. tube is defective, the
trimmer C16 is shorted, the primary of
T3 is defective, or possibly condenser
C15 has opened. Try another tube.
If this does not clear up the trouble,
move your signal tracer probe to the
cathode of the i.f. tube. You should
not be able to find an i.f. signal across
R7;if you do, condenser C15 is defective and should be replaced. Should
this condenser be normal, C16 is the
remaining suspect. Diseonnect it and
test it with an ohmmeter.
In an a.c. radio using a power
transformer, the screen grid may be
supplied through a series resistor and
will be by-passed to ground or chassis
by a condenser. A defect in either of
these parts could easily cause a loss
of gain in the affected stage. Of
course, there are no such parte in this
a.c.-d.c. set.
Should you find the signal normal
at the plate of the i.f. tube, move
to the second detector diode plate,
point 7. A large drop in signal (to
less than one half) from the level
found at point 6 indicates something
wrong with the i.f. transformer Tg or
with condenser C,..
You can check C18 by taking a
reading directly across it with the
signal tracer probe at the junction of

R8 and C,.. You should get little r.f.
signal at this point. If you find a
large signal, replace C,..
II> A normal signal at 7 leaves the
second detector and its circuit as the
remaining sources of trouble, so the
defective stage is localized.
Example 3. Now let's see what to
do if the signal fades at points 4and
9, the supply voltage at /4 remains
constant (or if the v.t.v.m. is connected to 13, the a.v.c. voltage drops),
but the signal remains constant (or
increases) at 2. This shows trouble in
the 125A7 stage; the mixer stage may
be at fault or the oscillator may have
failed. Check the input to the mixer
by moving the oscillator channel from
2 to 3. If the signal is considerably
less than at 2, condenser Cg is open;
if not, try another 125A7 tube.
110- If the set still does not perform, the
oscillator circuit is at fault. Check it
by placing the oscillator channel
probe on the stator of the oscillator
tuning condenser and tuning the
channel to a frequency equal to the
receiver dial setting plus the amount
of the i.f. The oscillator signal, if
present, will be picked up and indicated by this channel.
If there is no oscillator signal, check
the oscillator coil for continuity, go
over all connections in the oscillator
circuit with ahot soldering iron, check
the tuning condenser and its trimmer,
try another resistor in place of Rg,replace C11 ,and finally, install a new
oscillator coil if nothing else has
remedied the trouble.
Example 4. Returning to our connections at 2, 4and 9, suppose all the
readings drop simultaneously—what
is indicated? The answer may depend
on whether the d.c. type v.t.v.m. is
connected to the power supply (14)
or to the a.v.c. network (13). If the
d.c. meter is connected to 14 and its
reading goes down simultaneously
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HOWARD Model 718FM-X Frequency Modulation Receiver
nance, since it is connected through terminals 1-7 of switch section 21F to r.f. trimmer 1, whose button is shown as being depressed. Any signal at the resonant frequency of the loop undergoes resonant stew
up when induced in the loop by antenna current through L25. The resulting signal is
applied to the control grid of the 6SA7 first
detector tube through contacts 6-5 of switch
section S3F and through the .0003-mfd. coupling 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 SIP 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 SIR 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 connects to the chassis through a 20,000-ohm
resistor yvhich is used for self-bias purposes.
(Oscillator grid current flowing through this
resistor produces the bias voltage.) The grid
connects through the .00005-mid. coupling
condenser and switch contacts 6, 1 and 7 of
switch section S5F to the oscillator tank circuit. The tuning condenser is oscillator
trimmer 1, whose push button is depressed,
and the tank circuit coil is connected between 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 coil
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 6SA7 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

ENERAL Specifications. This Howard
Model 718FM-X is a combination frequency modulation receiver with three amplitude modulation bands and six push buttons for automatic tuning on the broadcast
band. The receiver is equipped with a loop
for 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 diagram 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 sections, three facing the front of the set and
three facing the rear of the set. The sections
marked SiF', S3F and S5F face the front of
the set, and are shown as they appear when
you look at the switch from the front. Sections marked S2/?, S4l? and Se? face the
rear of the set, and are shown as they appear when you look at the switch from the
rear. The movable contact arms of the F
sections rotate counter-clockwise on the diagram as the switch is advanced from position 1 (in which all switches are shown
here) to position 5, and the movable contact
arms of the rear (R) sections rotate clockwise on the diagram as the switch is advanced.
The chart in Fig. 13 tells which switch
terminals are connected together for each of
the five positions. Position / is for pushbutton 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 position 4 covers short-wave programs, and position 5 covers the f.m. band.
Switch Position I. 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-

SWITCH
POSITION

BAND

BAND-SWITCH
s2R

SECTIONS

SIF

S4R

S3F

S6R

S5F

6-1-7

6-1

5-6

6-1

1-6-7

S7R
AM

6-2

I- 5-7

6-2

2-6-8

AM

I

BROADCAST, PUSH-BUTTON

6-1

2

BROADCAST, MANUAL

6-2

6-2-8

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

6-5-11 _

6-5

4-5-10

6-5

5- 6-11

FM

Mg. 13. Table showing band switch terminals which are connected together at each of the
five switch positions.
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quency, we will find that practically all of
the signal voltage appears across section B
•
and is transferred to the lower 6SF5 tube.
The lower 6SF5 tube is thus a bass amplifier or bass-boosting tube. Since the amount
of signal made available for the frequencydiscriminating network is controlled by
potentiometer 87-281, this is the bass tone
control.
The signals receiving bass-boosting action
by the tube are developed across the 100,000-ohm plate load resistor. The .05-mfd.
condenser across this resistor takes out signals 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. coupling condenser, and the 500,000-ohm resistor
to the 100,000-ohm grid resistor for the 6J5
phase inverter tube. This control has no effect on bass notes because its .004-mfd. condenser is so small in comparison to the .05mfd. plate by-pass condenser for the lower
68F5 tube, but it does serve as a conventional type of tone control for the upper
EISF5 tube.
The upper 6SF5 tends to amplify all signals 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 developed.
From here, the signals are fed
through the 250,000-ohm resistor, the .02mfd. 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
48-281 is moved toward the .02-nrifd. coupling condenser, the higher audio frequency
signals (of which there are normally an
over-abundance) passed by the upper 6SF5
tube are attenuated (eut 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 upper 6SF5 amplifier plate and the .02-mfd.
coupling condenser is used so the high audio
notes will divide between them and the .004mfd. 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 6J5 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-coupled stage. The signals across the 50,000-ohm
plate load resistor are transferred to the input of the upper 6VOG output tube through
the .02-mfd. coupling condenser and 10-mfd.
filter condenser 02.
The lower 13V6G grid is fed directly from
the output of the 6SF5 tubes, and hence re-
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ceives a signal 180° out of phase with that
delivered to the upper 6V6G by the phase Inverter tube. In this way, the 6V6G tubes are
fed with signals 180° out of phase, as is necessary 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 8V6G
plates tends to by-pass third and higher bar
monies produced in the output tubes. Never
theless, some of these harmonics will react
the voice coil and cause it to move, with con
sequent distortion of the clear tones whicl
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 coil. These resistors act as a voltage divider, and the small
signal voltage developed across the 25-ohm
resistor acts on the grid input circuits of the
6SF5 tubes. The signals across the voice coil
are 180° out of phase with the signals fed
from the second detector to the volume controls 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 cancellation we are in reality feeding less signal
into the amplifier input. Since all frequencies at the output transformer secondary
receive exactly the same treatment, bow do
we discriminate against the distortion-producing harmonics? The harmonics are eliminated 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 appreciate 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. amplifier, from which point the audio amplifier
works in exactly the same manner as for
a.m. reception. The three switch sections
marked S71? 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 g2R

a.m. primary on the first 1.f. transformer acts
as a short as far as the f.m. signals are concerned, and this is also true in the ease of
the other a.m. circuits.
The f.m. secondary is connected to Its
trimmer Cg through the low-reactance a.m.
secondary when switch section S7R is
thrown to the FM position. Note the 50,000-ohm resistor shunted across Cg and used
to broaden the tuning of the first f.m. 1.f.
transformer. As was the case with the primary and all other i.f. transformers, resonance is obtained by core adjustment. The

and 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 contacts 11-5 of switch section SiF. The .00004mfd. 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 SIP' 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 24R connect the plate circuit of the
r.f. tube to its 10,000-ohm load resistor. Capacity coupling through the .0001-mfd. condenser transfers the amplified signal from
the plate load resistor to r.f. transformer
7G./. 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
701 and broaden the tuning.

150,000n
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MYVVVOR3
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The signal fed the r.f. coil is tuned to resonance by r.f. trimmer T10 and main tuning
condenser V.C. which connects to the coil
through the .00004-mfd. condenser and contacts 4-10 of switch section S3F. Contacts
4-5 on this switch connect the resonant circuit to the 6SA7 mixer tube through the regular .0003-mfd. coupling condenser.
The
cathode connection is through contacts 5-6
of switch section S6R, the oscillator coil and
the chassis, so we have a duplication of the
circuit used in previous band positions.

Fig.

.0003 -o
MED.
A.F.

.00005

L2

D2

c3

Output

R2
50,000A

15. Discriminator circuit.
4.3 mc.

The i.f. value is

discriminator is an exception, being tuned
by means of the two trimmers marked 014.
The signal applied to the input of the first
if. tube is amplified, and appears across the
broadly resonant plate load formed by coil
56-936, Cg and the 4000-ohm resistor. By
capacity coupling through the .00005-mfd.
coupling condenser and the .1-mfd. plate bypass condenser, the signal is fed to the 500,000-ohm resistor and to the grid-cathode of
the 6AC7 second 1.f. tube. The cathode connection, of course, is through the cathode bypass condenser.
The amplification contributed by the second 6AC7 tube results in a large i.f. signal
across
the broadly-resonant plate load
formed by the transformer primary, condenser 010 and the 50,000-ohm shunt resistor.
The signal induced into the secondary is applied directly to the grounded cathode of the
6SJ7 tube, and to its grid through the
.000025-mfd. coupling condenser.

The oscillator uses coil 701 and trimmer
86-262, with connections being the same as
for previous bands. The variable condenser
tunes the oscillator circuit through the .005mfd. and .00005-mfd. condensers and contacts 11-5 of switch section S5F. Contacts
5-6 on this switch connect the oscillator tank
circuit to the oscillator grid of the 65A7
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
ke. (4.3 mc.), the 1.f. carrier signal produced in the plate circuit of the tube has
a frequency of 4.3 mc.
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 Cg,is tuned to resonance 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 impedance to the 4.3-me. 1.f. signal, and a large
if. voltage is built up across the coil.
Resonant step-up results in a large circulatory current at the if. value, and the
signal is induced into the secondary. The
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This 6SJ7, being a sharp cut-off pentode
and being operated at low plate and screen
grid voltages, acts as the limiter and delivers 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 resistor in the control grid return of the 6S.17

the input of the second 1N5GT I/. tube.
The resulting variations in the plate current of the second 11N5GT tube produce a
large il. voltage across plate load resistor
R5. This 11. voltage is applied across resistor R6 through condensers 08, 021B and
09. The i.f. voltage across R6 feeds the diode
of the 1H5GT, the filament connection being
through 09. The diode rectifies the signal
and detection takes place. The at. signal
divides between R6 and R1, but since R1 is
many times greater in value than 1?6, the al.
signal loss across R6 is 80 small that it can
be forgotten.
I.F. signals are shunted around R1 by 09.
The d.c. component of the rectified audio signal is fed through R4 for use as the a.v.e.
voltage for the control grids of the converter
tube and the first 1.f. tube. C/0 acts as the
a.v.e. filter condenser. That portion of the
audio signal which is between the movable
contact of R1 and ground is applied across
117 in the grid input circuit of the 1115GT
triode section through 012.
The amplified audio signal across triode
plate load resistor 118 is applied across the
grid input of the 1Q5GT through coupling
condenser C13 and through 021B. Plate bypass condenser 1118 removes stray i.f. components from this signal. The plate current
of the 1Q5GT, varying at an audio rate and
flowing through the primary of output transformer Ti, induces a voltage in the secondary. The resultant current through the
loudspeaker voice coil sets the cone in motion, producing sound waves.
014, connected between the plate and
screen grid of the 1Q5GT, prevents audio
oscillation by making the plate load capacitive at the higher frequencies where oscillation would otherwise take place. This condenser also by-passes the harmonies produced within the tube, and hence reduces
distortion. The harmonics, being of a higher
frequency than the fundamentals, are more
easily , by-passed by 014.
How the Tubes Are Biased. As in all
filament-type battery tubes, the effective control 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 between the grids and chassis. The voltage between the center of the filament and ground
(half of the filament voltage) serves as an
additional bias.
The triode section of the 1H5GT is selfbiased by convection currents through R7,
which has a value of 4.7 megohms.
Bias cells (B1) 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 ohmic value, but there is a
good reason for using them here. The 1Q5GT
tube is subject to gas, as are so many power
output tubes. If a high-value grid resistor is
used with agassy tube, the resulting gas current through the grid resistor will be opposite'in direction to the convection current
and much stronger. As a result, the gas current 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 voltages 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 ease. When a signal is received, 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.
The 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
with a step-up power transformer and its
associated filter circuit The synchronous
vibrator also operates from the 2-volt battery.
Provision has been made to charge the
battery directly from the house current without removing the battery from the receiver
circuit. Two charging positions are provided
on the four-position power selector switch.
The "CHARGE" position of this switch allows the battery to be charged at the rate of
approximately 1.85 amperes from the house
current during the period that the receiver is
not being operated. The "AC" 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 removing the back cover of the radio and looking
at the charge ball indicators which are visible through the hole in the metal battery
case.
If the battery is fully charged, three indicator 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:
/. The green ball sinks when approximate1,v 10% of battery capacity has been discharged.
2. The white ball sinks when 50% of battery capacity has been discharged.
3. The red ball sinks when the battery is
90% discharged.
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tive battery terminal return co s through
switch contacts 3-2. We thus have a fullwave 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 "BATTERY" position for portable operation, contacts 4-5 and 2-/ are closed, giving the effective circuit arrangement shown in Fig. 2.
The filaments secure their voltage from the
battery through contacts 4-5 and series resistors R13, R11 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 position

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 turning the selector switch to "CHARGE." The
charge indicator balls should be checked frequently. Continued charging after all indicator balls are visible will not harm the battery, but will evaporate the water in it
faster. A completely discharged battery will
usually be restored in 20 to 30 hours.
Power Pack Circuit for "CHARGE." Setting the power selector switch to "CHARGE"
(for charging the battery from the a.c. power
line without operating the receiver) connects switch terminals 2 and 3 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 secure the arrangement shown in Fig. 1. 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 flow into
the negative terminal of the battery and out
of the positive terminal. The charging voltage need be only a small amount higher than
the normal battery voltage of 2 volts. Transformer T3 in Fig. 1 provides about 5% volts
a.c. between secondary terminals w and y.
The four copper-oxide rectifiers, each pair
in parallel, convert this to the required d.e.
voltage.
When point w is negative, point z is positive. Then electrons flow from w through
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 flat plates to the triangles on the symbols, so there is no electron flow now through
rectifier Y2.
On the next half-cycle, y is negative and
is positive, so z is now positive with respect to y. Electrons flow from y through
Y/ and the chassis, then through the battery in the same direction as on the previous
half-cycle, adding to the charge of the battery. The electrons coming out of the posi-
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Fig. 2. Effective power pack circuit when power
selector switch is set at "BATTERY."
half-way between contacts P1-P2 and S1-Sx,.
Only contact A on the vibrator is closed.
Setting the switch to "BATTERY" closes
switch contacts 2-/ and 4-5, and the battery
sends current through vibrator contact A
and through the vibrator coil L. This energizes the coil, causing it to attract the vibrator reed. The reed is pulled toward the
coil, thereby grounding contacts P1 and 21.
This results in electron flow from the
grounded terminal of the storage battery
through the reed and Pl, through the lef thand side of the primary of power transformer T2, then through L6 and switch contacts 2-1 to the positive battery terminal.
The sudden rush of current through
primary winding P causes a high voltage to
be induced into secondary S. Let us assume
that it makes point 1 on the secondary negative with respect to the center tap. Electrons
now flow from point 1 through contact Si to
the chassis, then through all the tube loads
in the receiver, represented in Fig 2 as resistive load RL. From the B+ end of RL

Fig. I. Effective power pack circuit when power
selector switch is set at "CHARGE." Arrows indicate direction of electron flow through rectifier
units.
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CONDENSER—Tuning
condenser
and
trimmers
CAPACITOR-47-mmf. mica
CAPACITOR-100-mmf. mica
CAPACITOR—.05-mfd., 200-V. paper
CAPACITOR-0.1-mfd., 200-V. paper
CAPACITOR—.005-mfd., 600-V. paper
CAPACITOR—.01-mfd., 600-V. paper
CAPACITOR-0.1-mfd., 200-V. paper
CAPACITOR—.05-mfd., 200-V. paper
CAPACITOR—.006-mfd., 100-V. paper
CAPACITOR-100-mmf., mica
CAPACITOR-0.5-mfd., 120-V.
CAPACITOR—I5-mfd., ISO-V. dry electrolytic
CAPACITOR-1200-mfd., 2-V. dry electrolytic
CAPACITOR-0.5-mfd.. 120-V. paper
CAPACITOR—.05-mfd., 600-V. paper
VOLUME CONTROL-0.5-megohm volume control
RESISTOR-220,000-ohm, 1
/ -W. carbon
2
RESISTOR-47,000-ohm, 1
/ -W. carbon
2
RESISTOR-2.2-megohm, 1
/ -W. carbon
2
RESISTOR-27,000-ohm. I/2-W. carbon

•-13
•

R6
R7
R8
R9
RIO
Ri I, 12, 13
B1
LI
L2
L5
L6
17
18
SWI
TI
T2
13
T4
IS
VI
XI
Spkr.
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OREEN

XI

GREEN

RESISTOR-47,000-ohm, 1
2 -W.
/
carbon
RESISTOR-4.7-megohm, 1
2 -W. carbon
/
RESISTOR-1.0-megohm, 1
2 -W. carbon
/
RESISTOR-2.2-megohm, 1
/
2-W. carbon
RESISTOR-1,000-ohm, I/2-W. carbon
RESISTOR-8.2-ohm, 1
/ -W. carbon
2
CELL-5.0-V. bias cell assembly
BEAM-A-SCOPE—Loop antenna assembly (inside cover)
COIL—Oscillator coil
CHOKE—B choke
CHOKE—Vibrator choke
BEAM-A-SCOPE—External loop antenna
CHOKE—Filament supply choke
SWITCH—Power selector switch
TRANSFORMER—Output transformer
VIBRATOR—Vibrator power transformer
TRANSFORMER — 50-60-cycle
rectifier
step-down transformer
TRANSFORMER—lut i.f. transformer
TRANSFORMER-2nd i.f. transformer
VIBRATOR—Power supply synchronous
vibrator
RECTIFIER—Copper-oxide rectifier
SPEAKER—P.M dynamic loudspeaker

THORDARSON 15-WATT AUDIO AMPLIFIER
HIS amplifier, whose circuit diagram is
shown in Fig. 6, has sufficient power output to satisfy the requirements of many different 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 phpnograph
amplifier, for commercial or home recording,
or to amplify the output of a photocell.
Starting with the output stage, we see that
type 6V6-(.1 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 distortion is quite good.
The high-impedance microphone and highimpedance phonograph channel, with independent 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 microphone or pick-up under normal operating
conditions.
The circuit diagram shows two loudspeaker sockets, in which either electrodynamic or p.m. dynamic loudspeakers can
be plugged. The power pack is designed to
serve as field supply for one or two electrodynamic loudspeakers. More than two p.m.
dynamic loudspeakers can be used, but normally there would be no reason to use more
than two with a relatively small p.a. system
like this.
When a phono pick-up is used, the leads
are plugged into the jacks provided on the
PlIONO terminal strip, and microphone volume 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 R-6, and the portion of
this voltage between the movable contact
and ground is applied to a voltage-dividing
network consisting of resistors R-7 and R-9.
Only that portion of the signal across R-9 is
applied to the input of the second 637 tube,
the al. signal across 2-7 being lost as far
as the amplifier is concerned. This cuts the
signal in half, but the gain built into the amplifier takes this into consideration.
The purpose of resistor R-7 is to isolate
phono volume control R-6 from microphone
volume control il-8 when the microphone input 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 637 tube directly to ground,
thus cutting off the microphone signals. Resistor 11-7 is 500,000 ohms, which is enough
to isolate il-6 from the microphone volume
control.
Note the symbol for the microphone jack.
The jack is of the telephone type, the outside shell going to ground and the hot (ungrounded) contact going to coupling condenser C-2. When a "mike" is plugged into

this jack, one lead makes contact to the chassis 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-3.
In this way it is fed into the input of the
first 637 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-4 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 637
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 1and 2 together,
thus applying the necessary high d.c. voltage
to the microphone plates. Here resistor R-2
and condenser 0-1 serve as a decoupler filter, 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 tile cell. At terminal 1 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-megohm, 1-watt resistor between terminals /
and 2.
If a condenser microphone or photoelectric
cell is never to be used, R-1, R-2 and C-1 are
eliminated during construction of the amplifier.
The shielding of wires and parts in the
circuits of the two 637 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
al. signals normally existing here, they
would be just as loud at the loudspeakers.
thus preventing use of the amplifier.
The microphone, photocell or phono signals applied to the input of the second 637
tube cause a large variation in the tube's
plate current. The variation in current flowing through plate load resistor R-11 produces a strong a.f. output voltage across
R-11.
Before we follow the signal to the next
stage, note the electrode connections employed in the second 637 tube. With the
screen grid, suppressor grid and plate tied
together in this manner, che tube acts as a
triode instead of a pentode. The gain as a
triode is considerable, but far less than that
obtained with the pentode connection used
for the first 637 tube.
The triode connection was employed be-
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Circuit diagram of Thordarson-designed
amplifier. The parts values are:

I
5-watt a.f.

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-13 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 knowledge 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 6V6-G 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 output 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 GC5
tubes were probably measured with a 1000ohm-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.

T-I
T-2
T-3
CH-I
CH-2
R-I
R-2
R-3
R-4
R-5
R-6
R-7
R-8
R-9
R-ID
R-1 I
R-I2
R-I3
R-I4
R-I5
R-I6
R-17
R-I8
R-I9
C-I
C-2
C-3
C-4
C-S
C4
C-7
C-8
C-9
C-10, C-II
C-I2
C-13
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Input Transformer
Output Transformer
Power Transformer
First Choke
Second Choke
10-meg., I/2-W.
10-meg, 1
/ -W.
2
5-meg., I/2-W.
3-meg., 1
-W.
500,000-ohm, I-W.
1-meg. Volume Control
500,000-ohm, I-W.
I-meg. Volume Control
500,000-ohm, 1
/ -W.
2
5000-ohm, I-W.
100,000-ohm, I-W.
500,000-ohm Tone Control
1000-ohm, I-W.
20,000-ohm, I-W.
20,000-ohm, I-W.
2500-ohm, 25-W. wirewound
I500-ohm, 25-W. wirewound
I25-ohm, 25-W. wirewound, Tolerance
4-10%, —0%
2500-ohm, 25-W. wirewound
1-mfd., 400-V. paper
I-mfd., 400-V. paper
04-mfd., 400-V. paper
1-mid., 400-V. paper
10-mfd., 25-V. electrolytic
1-mfd., 400-V. paper
.03-mfd., 400-V. paper
10-mfd., 25-V. electrolytic
1-mfd., 400-V. paper
8-8 mfd., 450 W.V. electrolytic
8-mfd., 600-V. electrolytic
8-mfd.. 600-V. electrolytic

with the others when the fade occurs,
there is obviously a defect in the
power supply (which, of course, affects every stage in the radio).
But if the meter is connected to the
a.v.c. (13) and all readings drop, you
can't tell whether the defect is in the
radio input or in the power supply.
In such acase, you must take areading at 14 also. If this reading remains
constant and the other three drop, the
trouble is probably between the antenna and the plate of the r.f. tube
(2). The next example will discuss
this.
Of course, sometimes only a single
power supply circuit is defective—for
example, aseparate screen grid supply
or the plate supply to an r.f. or i.f.
stage. This may have so little effect
on the main power supply that the
reading at /4 won't be appreciably
lowered. Such defects will be run
down, however, as you check the
signal levels in the various stages.
Example 5. If the signal tracer
channels at all points except 14 show
a drop, thus indicating an input circuit defect, you should first move the
probe at point 2 to point 1 (the grid
of the 12SK7 r.f. tube). If the signal
level does not change when the eit
snaps back, the trouble is in the r.f.
tube or its voltage supply circuits.
Try a new tube. If the trouble continues, replace C6,C7,Rs and R2,one
at a time. In sets which have the
plate circuit decoupled by an R-C
filter in the B supply, the filter may
be defective. Check this by connecting the d.c. meter across the decoupling condenser; if a radical
change in voltage occurs when the
fade or cut-off takes place, the bypass condenser is leaky or shorted or
the decoupling resistor is open.
If the signal level at the input of
the r.f. tube rises when the receiver
snaps back, the defect may be in the

r.f. tuning condenser, in its trimmer
C5,in Ca,or in the loop. If an outside antenna is used while the receiver is under test, then C2,L, and
CI are possible suspects.
Other Methods. You can see from
these examples that a signal tracer
can be quite valuable in isolating the
cause of intermittent reception. Exactly how valuable the instrument is
depends on how complete it is. A
tracer with all the channels mentioned
in our examples is the most useful,
but less complete instruments can
often be very helpful.
For instance, types which have
only a single r.f.-i.f. channel can be
used to trace any defect between the
antenna and second detector, by Moving the probe along until you find the
point where the signal level decreases.
The types with audio channels can be
used similarly to check the audio amplifier.
If you do not have a d.c. type
vacuum tube voltmeter, you can use
any d.c. voltmeter to measure supply
voltages and any high-sensitivity
meter to get a rough check of the
a.v.c. voltage.
you can
use a high-sensitivity d.c. voltmeter
acmss resistor R5 to determine if the
oscillator is functioning.
— Thüà, using a signal tracer is not
the only way to localize the trouble.
It is, however, one of the best ways.
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MAKING THE SET FADE
Sets are often exasperatingly slow
to cut off when you have them on the
bench. To save time and to avoid
tying up your test equipment any
longer than necessary, you're wise to
speed up the process as much as you
can. Here are some practical ways
to do so.
lb-You can make a thermal intermittent appear much more quickly by
covering the chassis with a heavy

EMERSON Model DU-379 and DU-380 Battery Portable
GENERAL Description.
Although the
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 smallsize, low-current-drain tubes are used. Two
flashlight cells connected in parallel serve as
the A supply, and a special light-weight 67%volt B battery is used.
The tubes and their functions, which you
should be able by this time to identify without trouble, are: A 1R5 pentagrid converter
tube as the oscillator-mixer-first detector;
a 1T4 super control tube as the 1.f. amplifier; a 185 diode-pentode as the second detector, a.v.c. and first a.f. amplifier; a 1S4
power output pentode to feed the loudspeaker.
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 CI
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 /.2 and an extra inductance Ll. 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 results in some inductance change; to avoid
serious detuning, most of the circuit inductance is concentrated in Ll. Then even
large changes in the loop inductance have
only a small effect on the total circuit inductance and hence on tuning. The shoulderstrap loop is primarily a pick-up device
rather than a tuning coil.
In both models, the resonant circuit is
completed through 05 which, as far as r.f.
Is concerned, acts like a short circuit.
The modulated carrier of the selected station appears across Cl, and is applied to the
input of the first detector. The filament connection is made through the chassis and the
lower half of oscillator tank coil Ti. 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
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voltage, bearing the original carrier modulation, is applied to the primary of 1.f. transformer T2.
An examination shows the oscillator circuit to be different from that found with the
usual pentagrid converter tube. First, you
will note that we have been speaking of the
1B5 as apentagrid 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 suppressor grid, figuring perhaps that the tube drawing 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 appear 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 section 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 oscillator frequency, so the 1.f. beat is produced
in the detector (mixer) section of the tube.
Feed-back in the oscillator is obtained by
causing the plate current to flow through the
tapped portion of Ti. The voltage induced
into the rest of Ti causes the circuit consisting of 7'I-CS to oscillate at its resonant frequency. The oscillator voltage is applied to
the oscillator control grid through 06. RI is
the oscillator grid resistor, and LS is used
to prevent the 1R5 filament and the A battery from shorting the tapped section of Ti.
Such a short would prevent the oscillator
from working.
Now that the oscillator has been investigated, let us return to the i.f. signal delivered by the 1R5 to resonant circuit T2C7 of the first i.f. transformer. This circuit
is adjusted to resonance at the i.f. value (455
ke.), not by varying the capacity of 07 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 08, and again
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Iron-core loading coil (Model DU-379 only)
Shoulder-strap loop assembly (Model DU 379 only)
Loop antenna (Model DU-380 only)
Oscillator coil

•s
T2
T3
RI
R2
R3
R4, RI2

Iron-core double-tuned 455-kc first i.f. transformer
Iron-core single-tuned 455-kc. second 1.f. transformer
100,000-ohm 1
4 -W, carbon resistor
/
5000-ohm, 1
/
4-W. carbon resistor
I0,000-ohm, 1
/-W. carbon resistor
4
5-megohm, 1
/-W. carbon resistor (RI2 Is omitted on later models)
4

R5
R6
R7,
R8
RIO
RII
Cl,
C3,
05,
06,
C7,

Volume control, I.5-megohm, with double pole battery switch
10-megohm, 1
4 -W. carbon resistor
/
3-megohm, 1
/ -W. carbon resistor
4
1-megohm, 1
/
4-W. carbon resistor
2200-ohm, 1
/ -W. carbon resistor
4
I800-ohm, 1
/ -W. carbon resistor
4
Two-gang variable condenser
Trimmers, part of variable cond.
0.02-mfd., 200-volt tubular cond.
0.00011-mfd. mica condenser
Fixed trimming condensers, contained inside i.f cans

R9

02
C4
C9, CIS
C12, 014
CO, CII

CIO
10-mfd., 100-volt dry electrolytic condenser
CI3
O002-mfd., 600-volt tubular cond.
016, CI7
0.001-mid., 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

Description. The Automatic
GENERAL
Model P57 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 pentragrid converter tube, a 1N5G 1.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 bad by using
the self-contained loop aerial alone. Terminals 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 condenser, and the stepped-up signal voltage is applied 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 winding 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-mid, 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 signals are thus mixed within the tube.
The screen surrounding the 1A7G control
grid (the fourth grid from the filament) prevents 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 if. signal voltage developed across the
primary of the first 1.1. transformer causes a
large 1.f. current to flow through the transformer 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 1.f. voltage will be built up
across the primary of the second i.f. transformer, much larger than the one which was
applied to the input of the 1N5G tube.
The 1.f. signal voltage induced into the
secondary of the second 1.1. transformer is
now large enough for detection.
When the id. signal makes the diode plate
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of the 1H5G tube positive, electrons flow
from the filament to this plate, through the
secondary of the second IL transformer and
through the volume control to the filament
The il. component is prevented from flowing
through the volume control by means of the
.0002-mid. 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 al. signal voltage appearing across
the volume control is applied to the 15-megohm grid resistor and the grid of the 1H5G
tube through the .01-mfd, coupling condenser.
The amplified al. 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 condenser and the 20-mfd. output filter condenser, 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 al. current te flow
through the voice coil, thus setting the cone

1A7G

IF 4.S6 P.

Fig. 8. Schematic circuit diagram of Automatic
Model P57 combination a.c.-d.c.-battery portable 5-tube superheterodyne receiver.
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Servicing Hints. Receivers of thia Iype
are subject to the same defects as are encountered in a.c.-d.c. or battery receivers.
Bear in mind, however, that when the receiver is operated from the power line, a defect in one power supply may be masked by
proper operation of the other supply. For
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 hand,
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 duplicate as no other will work properly A
burned-out pilot lamp should be replaced as
soon as possible, because its failure forces
the 6-volt battery to supply filament current
during a.c or d.c. operation.
On battery operation, most trouble is due
to worn-out batteries. If the battery voltages will not come up to normal and give satisfactory results even after prolonged operation 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 batteries 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-resistance 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 maintained at the lower frequencies, the receiver
will first go dead at the low-frequency end
of the dial. As the batteries continue to deteriorate, the set will go dead over the entire dial, since the oscillator will refuse to
operate at any point on its range.
When an oscillator goes dead In this manner, 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. receiver.
About the only other trouble peculiar to
battery receivers is intermittent reception
and noise caused by poor or corroded connections inside of the batteries. A substitution of new batteries or a careful voltmeter check will show up such trouble.
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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 circuits 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
11-15G filaments are the .05-ampere filament
currents and the plate currents of these
tubes. The plate current of the 1N5G divides between the 2000-ohm shunt resistor
and the filaments of the 1A7G and 1115G
tubes. The plate current of the 1A5G tube
divides between the 1000-ohm resistor and
the circuit consisting of the 1A7G, 1N5G and
11-I5G filaments and the 2000-ohm shunt resistor. While the receiver would work without the shunts, the current through the filaments would be excessive and would tend
to shorten tube life.
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Philco Model 610 Three-Band LC. Superheterodyne
G

ENERAL Description. The Philco Model
610 is a three-band a.c.-operated superheterodyne using a type 6A7 mixer, a type 78
In the 1.f. amplifier, a type 75 as a combination 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, 5304720 ke.; band 2,
2300-2500 lec. (2.3-2.5 megacycles) ;band 3,
5700-18,000 kc. (5.7-18 megacycles). The design 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 isolation 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 contacts, coils, condensers and wires. The expert ignores all this and sets about systematically to trace through the circuits. He
knows that the 6A7 has a tuned input circuit, 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 S of switch section 2.
Looking at this section, we see that there
are two other terminals like S, marked G
and P, each feeding a different set of leads
through contacts. We rightfully assume that
this is a three-pole, three-position switch and
that terminals S, O and P are input terminals for the three poles of the switch.
With the switch set to position 1as shown
In the diagram, terminal S makes contact
only to terminal AI through the round black
"ball" which represents the movable contact
element for this pole of the switch. This
idack ball always makes contact with S.
From N we go to the junction of trimmer
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5 and tuning coil LS. We ignore the tap on
LS, as a glance at terminal G of switch section 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. Coll L,4 and its primary
L1 are ignored, because coil L2 is being used
and we wouldn't expect another tuned circuit to be employed at the mixer Input at the
same time. Since LS is in use, its primary Is
in use, and we may be sure the primary is
carrying energy delivered to It by the antenna system. The primary Is checked by
connecting an ohmmeter between the ANT
lead and the chassis. We will expect a reading of about 32 ohms if everything is intact.
Switch position 1is for the broadcast band
(the lowest-frequency band on the set), because coil LS (connected to S for position 1)
has a higher resistance and hence a greater
number of turns than coil LS. LS must be
the short-wave coil for band 3, since it has
the lowest resistance and therefore the lowest inductance.
Since LS is the broadcast band antenna
coil, its associated trimmer 5 is the broadcast band antenna trimmer, and is to be adjusted somewhere near the high-frequency
end of its band (1400 lee. is a popular adjustment point).
Now that we have accounted for the preselector, let's take a look at the oscillator.
We have two sets of coils, L4-L6 and L5-L7.
Coils L6 and L7, being connected to trimmers, are the tank coils. Since L6 has the
greatest resistance, it is the broadcast band
oscillator coil, in which we are now interested.
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 L6. This coil connects to tuning condenser 19 through condenser 10 which, being
in series with the tank circuit, Is the oscillator low-frequency padder. This padder, as
its name implies, is to be adjusted at the
low-frequency end of the broadcast band;
600 lec. is the most favored adjusting frequency.
Trimmer condenser 11, which is in shunt
with the oscillator tuning condenser, is the
high-frequency oscillator trimmer.
Like
trimmer 5, it is to be adjusted at 1400 ke.
The position of resistor 17 is a little uncoil-
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Fig. 10. Schematic circuit diagram of Phil=
Model 610 three-band superheterodyne receiver.

We have now investigated the important
sections of the preselector and oscillator circuits for all bands. In each case, the oscillator signal and the preselector signal are
mixed in the 6A7, and produce a 460-kc. beat.
This is passed into the if. amplifier through
the first if. transformer (21). After amplification by the type 78 if. tube, the if. signal
is transferred to the diode detector circuit
of the type 75 tube by the second I.f. transformer (27).

little practice you might explore their possibilities and explain them to yourself as we
have done for similar diagrams.
Here is a little additional work of apractical nature. The following symptoms are
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.

After detection, the rectified signal voltage 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 previously been covered, and should hold no
secrets from you. However, if you want a
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Symptom
Dead only when tone control
52 is on.
Hum when cone is replaced.
Rum stops only when 42 is
removed.
Distorts; clears up when hand is
held on 75 top cap and chassis.
Distorts and cuts off on strong signals when volume control Is advanced.
Dead;
circuit
disturbance
test
shows all stages pass signal.
Blasting when tuning from one
station to another.
Audio oscillation when tone control 52 is off.

Cause
Short
in
.02-mid.
section of .51.
Voice toll connections reversed.
Open in right-hand
section
of
condenser 36.
Leakage in 45 or
leakage in 47.
Leakage in 34.
Open
in
resistor
42.
Short or leakage in
condenser 25.
Open in
.0I-mfd.
section
of condenser 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, however, 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 intermediate frequency.
Switch Position 2. When the band switch
is thrown to manual tuning, the switch connections are those shown for position 2 in
Fig. 13. Let us analyze the circuits which
are in action now.
Antenna current flows through switch contacts 6-2 of section 22R and through the
primary of coil L25 to ground. Section 81F
connects contacts 2, 6 and 8 together so the
secondary of L25 is tuned by variable condenser V.0. 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 2G35, which Is shunted
by a 2000-ohm resistor to broaden the tuning
and thus prevent side-band cutting. A voltage is induced in the secondary, where It undergoes 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 trimmers and padder, remain the same as for
push-button operation. However, contact is
made to 8 instead of 7on switch section 85F,
to put main tuning condenser V.(1. In the circuit in place of the push-button trimmers.
Mixing occurs in the (ISA7 as before, and the
i.f. signal is delivered to the 1.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. LP. Amplifier. From the schematic diagram, you see that there are two
1.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 tor transformer in
the schematic as the f.m. transformer because its secondary connects to the FM terminal of SIR. The primary of this transformer offers little opposition to the 465-ke.
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 corresponding signal, which also undergoes resonant step-up, is induced into the secondary.
This is applied to the control grid of the
6AC7 first I.f. tube through condenser Ce 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 56-936 and
eondenrer Ce, for these are shunted by a
4000-ohm resistor which is not used in a.m.
loads. We can assume that condenser Cg
acts as a short across the coil and resistor
at a.m. IL frequencies. The next device in
the plate circuit is a tapped resonant circuit,
and this is what serves as the a.m. plate
load.
f12

It is unusual to see a tapped resonant circuit of this sort, for only the lower coil section, between the tap and B+, acts as the
load. The voltage across this section is large,
due to the resonant step-up provided by tuning the circuit. This voltage Is transferred
through Ce, the .00005-mfd. coupling condenser and the .1-mfd. plate by-pass, and appears across the 500,000-ohm grid resistor
for the next stage.
The 500,000-ohm grid resistor, therefore,
shunts the lower section of the coil. The resistor is not across the entire resonant circuit, however, and because of this, a reasonable 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 1.f. amplification, there is gain to
spare, and the slightly broadened response
curve of the Lf. 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 gridcathode circuit of the tube, the cathode connection being through the cathode by-pass
condenser.
Amplification of the signal by the second
1.f. tube results in a large signal voltage being developed across the resonant plate load
formed by 07 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 ke. that for all practical purposes, no a.m. signals are set up In the secondary 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 6116 second detector. The cathode
connection is through the .0002-mfd. condenser and the chassis.
The A.M. Second Detector. When the i.f.
signal makes the 6136 plates positive, electrons leaving the cathodes are attracted to
the plates. From there, the electron flow is
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through the i.f. secondary, the 50,000-ohm
filter resistor and the 250,000-ohm diode
load resistor to ground, then back to the 6116
cathodes. Ourrent flow is blocked when the
signal makes the plates negative with respect
to the cathodes. This is the action of a typical 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. signal, being unaffected by the .0002-mfd. condensers, adds to this d.c. voltage and causes
It to increase and decrease, forming a pulsating d.c. voltage across the load resistor.

MFD.
250,000
, OHMS
.001
NFL

7

Fig. 14.

15

MEG.

A

1B

Bass-boosting circuit.

No i.f. signal appears across it because the
1.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 network is made up of the 1-meg. resistor connected to the tuning eye grid through switch
S7R, and the .05-mfd. condenser in the control grid return circuit of the 6SK7 tube.
Note that this a.v.e. 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
PHONO switch and the 25-ohm resistor between 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 simultaneously feeds two 631'5 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 resistors connected in series between the control 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. coupling condenser, with all audio frequencies
•
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being transferred about equally well.
Potentiometer 87-281 is connected to control the amount of signal which the righthand volume control feeds through the .006mfd. coupling condenser and a 250,000-ohm
resistor to the 15-megohm grid resistor of the
lower 6811'5 tube. A .001-mfd. by-pass condenser is in parallel with the 15-meg. resistor, 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. 14 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 .008-mfd. condenser In series-section
A has a value of about 5000 ohms at 5000
cycles, which is negligibly small in comparison to the 250,000 ohms in series, so the combined 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 megohms for the resistor. This makes the combined impedance of this section only about
30,000 ohms (the lowest reactance governs
the Impedance of parts in parallel). Therefore, 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 15megohm 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 section A, so the lower 631'5 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-megohm
reactance of the .001-mfd. condenser at 100
cycles makes the impedance of section B essentially 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-

however, the two voltages are equal and
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
C4-L 1 to 4.4 me., which is 100 ke. above the
resting frequency, and 05-L 2 to 4.2 me.,
which is 100 ke. 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 C4-L 1
Increases, while the voltage across U5-L 2 decreases. The resultant changes in diode currents D 1 and D 2 cause more voltage to exist
across R 1 than across R2,and the output is
the difference between the two voltage
drops. When the carrier decreases in frequency, the action reverses, and since Cg-L 2
now gets the greater part of the signal voltage, the drop across R2 is greater than the
drop across R I.
The number of times per second the carrier swings back and forth across the resting frequency governs the frequency of the
a.f. output voltage of the discriminator, and
the amount of variation in the carrier frequency governs the strength of the a.f. output.
As you can see, Rg and Cg form an il. filter, used so that only the pure Pud o output
of the discriminator will be available for application to the volume control through contact FM of switch section Silt and the
PHONO -RADIO switch in Fig. /2.
We have now covered the important signal circuit features for the entire receiver.
The power supply circuits are quite conventional, and you should be able to trace them
yourself without difficulty.

Is applied to the grid of the 6U5, 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 014 , 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 if. value.
The discriminator, as the second detector
of an f.m. receiver is called, differs somewhat 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 carrier 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 had a 5000cycle audio signal and a 1000-cycle audio signal, 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. carrier to swing the same distance in kilocycles
above and below its resting frequency. However, the 5000-cycle audio note would make
the carrier swing above and below the resting frequency 5000 times each second, while
the 1000-cycle note would only cause the carrier 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 tune
broadly. Sharp tuning would cut down the
amount of carrier frequency variation, thereby reducing the range of audio volume.
If the limiter delivers an 1.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 04Li is equal to that of C5-L 2. When plate D 1
is positive, electrons flow from the cathode
to the plate and through R 1, producing a
voltage drop having the polarity shown. On
the next half cycle, D 2 conducts while D 1
rests, and the resultant diode current produces a voltage drop across R2 with the
indicated polarity.
The a.f. output voltage of the discriminator circuit appears across the outside ends
of R 1 and R2. At the resting frequency,
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piece of canvas or with a large cardboard box to trap the natural chassis
heat.
1110- Increasing the line voltage may
make the intermittent occur, or may
permanently break down the defective
part (which you can then quickly
locate by routine tests). The only
other parts which may break down
are those that are near the ends of
their useful lives and would soon have
to be replaced anyway.
You can vary the line voltage most
readily by inserting atapped or variable transformer between the line and
the set. The schematic of a simple
device you can make yourself with
a toy train transformer is shown in
Fig. 14. This arrangement will vary
the applied voltage from about 85
volts to 130 volts. (Never apply more
than 130 volts to an a.c. receiver.)
The device will give you voltages
higher than the line voltage with the
double-pole, double-throw (d.p.d.t.)
switch STV I in one position, and voltages lower than the line voltage with
the switch in its other position.
Lower-than-normal supply voltages
are useful if you suspect the oscillator is cutting out. In three-way
receivers using low-voltage filament
type tubes, even a slight decrease in
oscillator filament voltage will stop
the oscillator. So, if you encounter a
three-way set which fades on power
line operation but not on battery operation, try reducing the line voltage
to see if you can thus reproduce the
observed intermittency.
Sometimes it may be necessary to
operate the set for several hours with
higher-than-normal voltage. This will
not cause you any difficulty, since
most toy transformers can supply as
much as 5amperes continuously without overheating.
10- Many sets fade in and out when a
light switch is thrown. Make sure

this is not caused by a poor ground
system at the customer's home. If it
is not, duplicate the on and off clicks
at the shop by inserting aflasher button (the type used with Christmas
tree lamps will do) in series with a
100-watt lamp across power line near
the receiver plug. The thermostatic
flasher will regularly cut the lamp off
and on so surges will travel to the
radio. When the set stops, cut off
the flasher and start trouble-shooting
on the chassis. If the set snaps back
on, use the flasher again until the cutoff recurs.
Testing Parts. While substitution
is sometimes the only way to learn
whether or not a suspected part is

FIG. 14. How to connect a toy transformer
to step up or step down the line voltage.

actually defective, often a very careful examination combined with mechanical wiggling will give definite
proof.
An ohmmeter will sometimes show
up an internal defect in coil windings
by giving avarying meter reading.
You can check for tuning condenser
short circuits by unsoldering the coil
leads and connecting an ohmmeter
between the stator and rotor. If the
ohmmeter gives a reading or flicker
when you rotate the condenser gang,
ashort exists. To remove it, you must
clean between the plates, burn out
metal peelings in the manner described in the noise section of this
lesson, or bend the plates.
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THE ERROR OF HASTE

•
•

•••

The fable of the hare and the tortoise is more than
an interesting childhood story—it carries an important 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 tortoise 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 expresses it thusly: "Wisely and slow; they stumble
who run fast." More emphatic still was Benjamin
Franklin, who said: "Great haste makes great waste."

•

-

Don't risk the dangers of haste. Keep going steadily like the tortoise, anti you'll approach your goal in
radio steadily, inevitably.
J. E. SMITH
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The Use of Arithmetic in Radio
INTRODUCTION
Anyone who has read magazine articles dealing with
Radio—anyone who has studied even the first lesson of .
a radio
course—realizes to what extent a knowledge of mathematics
will help him. Take for example Ohm's law. Without a knowledge of simple multiplication and division, we could not put
Ohm's law to any practical use. But with this knowledge, Ohm's
law becomes the most useful of the fundamental principles of
Radio and electricity.
Then when we come to the design of power packs, the
design of coils, and the calculation of the resonant frequency of
a circuit, etc., we must use formulas that are not always as
simple as Ohm's law—and yet if we know our "math" they won't
be "Chinese puzzles" to us, but "tools" which we will use in
our every-day work.
Short cuts which have been developed are included here,
not only to show you how radio calculations are made, but so
that you may develop a system of rapid calculation which you
can put to practical uses as you progress in your radio studies.
We mentioned Ohm's law as if it were the only use for a
knowledge of numbers. The more expert radio technician uses
a large variety of radio formulas which are given in another
reference text. You will be told how to use formulas, including: what is a formula, uses for radio formulas, expressing formulas graphically, how to solve a practical problem with a formula, how to rearrange a formula, and how to design by means
of formulas. Rarely will you have to develop your own formula,
a task that you should leave to expert research technicians.
But before you can acquire this remarkable ability you must
develop ability to compute. You must review or learn to add,
subtract, multiply, divide; learn how to work with fractions and
decimals, find roots and powers of numbers. If your work requires lots of arithmetic, you should learn how to use logarithms
and the slide rule. This text is devoted to this.
ADDITION
As none of us ever has any trouble in the addition of a few
numbers, let us start immediately with a long column of large
numbers. Let us say we have a nine section voltage divider
1

and that the individual resistance sections were measured in a
sery accurate bridge.
The first section was found to be 4826
ohms, the second 2958 ohms, and so on. We want to check the
resistance of the entire unit.
We set down the figures in a column, then proceed to add
them.
4826
2958
8277
3936
5729
9127
6344
7413
1662
52
32
49
45
50272

Check

45
49
32
52
50272

So that our minds can work with a minimum of exertion
as we add up the individual columns, we say only the totals in
our mind. We don't say 6 plus 8 are 14, 14 plus 7 are 21, 21
plus 6 are 27, etc.—we merely say 14, 21, 27, 36, etc. We find
that the right-hand column totals up to be 52. In school we
most likely learned to write down the 2 and carry 5 over to the
next column. However, it is best not to carry over the figures
from one column to another, but put down the totals for the
columns as shown.
To check your results, follow the same procedure but start
with the left-hand column as shown.
There are several columns of figures below for you to practice on. Strive for speed and accuracy. Check your results as
you go along.
53296
19387
23845
72981
68346
71291
36572

4257
9316
8297
5489
2568
4697
3963

4139
3146
9357
2879
5764
3192
8653

Where a great amount of column addition must be done,
the time required to do it can be reduced materially by consider2

ing three or four figures of a single column at a time. For
example, in the problem just worked out, instead of adding
6 + 8 + 7 ± 6, etc., add 14 ± 13 ± 9 ± 11, etc. Column addition may also be often simplified by watching for figures that
total up to 10 as you go down the column. That is, if there is
a 7and a3, a 6and a 4, an 8and a 2, etc., even though separated
by 1 or 2 numbers, we can immediately add 10 to our total and
then add the intermediate numbers. Or if there are several
similar numbers, it is often easier to determine the number
of times this number appears and multiply it out, later adding
the odd numbers together, then adding the two totals for the
total of the entire column.
One important thing in connection with the use of addition
in Radio—and for that matter, the same is true of subtraction—
we can deal only with like terms. By this we mean that we
can't add ohms and farads, any more than we can add feet and
pounds.
Likewise, we can't add amperes and milliamperes
directly, we must first convert all quantities to similar terms.
Thus to add 100 milliamperes to 1ampere, we would convert the
ampere to 1000 milliamperes and then our total would be
1100 ma.
SUBTRACTION
Very few of us have difficulty in subtracting even the most
complicated numbers. However, for the sake of completeness
let us work out a problem, and follow through the various steps
involved.
7

5210

7,849,630
4,291,375
3,558,255
Starting at the extreme right, we see immediately that we
can't subtract 5 from 0—we can't take away something from
nothing. Therefore, we must borrow 10 from the next number
(3), leaving 2. Taking 5 from 10 we get 5. Then moving one
place to the left we find we can't subtract 7 from 2 so we borrow
again, making the 2, 12. As 7 from 12 is 5 we write this down
in the answer. Again moving one place to the left we subtract
3 from 5—not 6—because we have borrowed 1 from 6.
5— 3= 2, which we write down. Then 1 from 9 is 8. The
next step requires borrowing again as we can't subtract 9 from
4. We take one from the 8 and subtract 9 from 14 which gives
us 5. The next is simple-2 from 7= 5 and 4 from 7= 3.
3

Answers to problems of this kind are easily checked—all
we have to do is to add the answer to the smaller number and
if we have subtracted properly, the total will be the larger number of the problem.

Thus:
4,291,375
+3,558,255
7,849,630

MULTIPLICATION IN RADIO
Multiplication is nothing more than a short-cut method of
addition. This can be easily seen if we consider a simple problem such as 6 X 9. If we were to add 6 nines together we would
get 54, but this would be a rather laborious process.
The development of mathematics was due largely to the
search for short-cuts, and the multiplication table was evolved
early in the history of mathematics to make unnecessary agreat
deal of cumbersome addition. We learned the multiplication
table early in our school life—and now when we see 6 x 9 we
know instantly that 6 nines are 54. Refer to Table 1 which is
the familiar multiplication table in a shortened form.
In a problem of multiplication such as 6 x 9, the 6 is the
multiplier and the 9 is the multiplicand. The answer, 54, is
the product.
Now let us consider a problem in which the multiplicand
is a large number. Suppose we want to multiply 9,437 by 7.
The proper method of solving the problem is as shown below.
$ 24

9,437
7
66,059
Stated in words, the operation is as follows: 7 X 7 = 49.
Set the 9 down as part of the product and carry over the 4,
writing it above the next number to be multiplied. 7 X 3 = 21
and adding the carried 4 we get 25. Set down the 5 in the product and carry the 2. 7 X 4= 28 and adding the carried 2 we
get 30. Set down the 0 and carry 3. 7 X 9= 63 and adding
the carried 3 we get 66 all of which we set down in the product
to get the entire product 66,059.
As a point of interest it might be stated here that the number 9,437 is the same as 9000 + 400 + 30 + 7. If we multiplied each of these by 7 and added the products we would get
66,059 as shown by the following:
4

7X9,000-63,000
7X 400= 2,800
7x
30=
210
7x
7=
49
7x9,437=66,059
From this we can see if we multiply the sum of several
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TABLE No. 1
numbers by a number, the product will be equal to the sum of
the products of all the multiplicands and the multiplier.
The same can be said in the case where the multiplicand is
the difference between two numbers, as for example, 20 — 8.
Suppose we have the problem 4X (20 — 8). Of course this is
equivalent to 4X 12, the product of which is 48. We would arrive at the same answer if we worked it out this way:
(4 x 20) — (4 X 8) in which case we would get 80 — 32 or 48.
Now let us consider a problem in which both multiplier and
multiplicand are numbers of several places, as for example,
8,468 x 241. This problem is worked out as follows:
5

8,488
241
8 468
338 72
1 693 6
2,040,788
From this we can see that we multiply first by 1, then by 4,
then by 2, in each case off-setting the product one place to the
left, for it must be remembered that although we multiply by 4,
what we are really doing is multiplying by 40. In the same way,
when we multiply by 2, we are really multiplying by 200. Then
the various products are added and we have the solution to the
entire problem.
Another multiplication problem, in which both multiplier
and multiplicand are four place numbers, is worked out below
so that you can fix the process firmly in mind. Follow through
each step carefully.
3,947
5,126
23 682
78 94
394 7
19 735
20,232,322
In order to gain speed and accuracy in multiplying, work
out the following problems several times.
4,157
2,
631

9,208
6,452

7,546
3,158

For the purpose of illustrating the use of multiplication, involving numbers of several places, let us take the formula for
capacity in aresonant circuit, either series or parallel resonance,
10
C = 394f 2L where C is the capaci ty in farads, f is the frequency in cycles per second and L is the inductance in henries.
Let us forget for the time being the fact that we have to divide
394/ 2L into 10 and deal only with the lower term. Later when
we study division we shall see how a large number is divided
into a smaller one or into some multiple of 1.
Now let us say that the frequency is 120 cycles and the inductance is 30 henries. Then instead of 394f 2L we would have:
394 X 120 X 120 X30
You notice that P, which is read "f squared," means that
120 (in this case) must be multiplied by itself. In working out
6

the problem it will be easiest to multiply out all the simple terms
first—as follows:
120
X 120
2 400
12 0
14 400
X30
432 000
X394
1 728 000
38 880 00
129 600 0
170,208,000
If this final product is divided into 10 we find that C is approximately .00000006 farads.* But we are not interested in the
particular value of C in this case, all we wanted to do was to get
the value of 394f 2L which involves nothing but multiplication.
Before we leave the subject of multiplication of whole numbers there are two points you should memorize. First: When
either the multiplier or the multiplicand is zero, the product
will be zero.
Thus 100 X 0 or 0 X 100 = 0.
Second, when
either term is 1, the product will be equal to the other term.
Thus 1 >< 150 or 150 >< 1= 150. These points are emphasized
here because, while to many people they are obvious, it often
happens that we become confused momentarily when confronted
with them in our practical work.
DECIMALS IN ADDITION, SUBTRACTION AND
MULTIPLICATION
In practically all radio work involving the use of arithmetic,
fractions are converted to decimals for purposes of calculation.
For example, we have .0005 mfd. condensers. No one would
5
ever write this
mfd. It is true we have 1/2 megohm
10,000
resistors, but even here, when calculations are involved, we convert the 1/2 megohm to .5 megohm or 500,000 ohms.
The decimal system is nothing more or less than a means
of expressing numbers less than 1 in terms of tenths.
Simple decimals of this sort will not be difficult for us, as
we use them every day in handling money. When we say 50
cents meaning a half dollar, we are really saying 50/100th or
•To find the value in microfarade move the decimal point six places to the
right (multiply by 1,000,000). This gives .06 microfarad.

7

Trimmers can be disassembled and
examined under a magnifying glass.
This will often let you find cracked
mica dielectrics.

Always be suspicious of tubes—intermittent heater-to-cathode leakage,
which produces hum, is fairly common.
1101- Intermittent noise is more difficult
as it can be caused by many of the
part defects listed earlier in this lesson. In fact, constant noise will seldom be encountered, but it usually
lasts long enough to allow the source
to be located.
Tubes and transformers are most likely to be intermittently noisy. Jarring these parts
will usually show up the offender.

OTHER INTERMITTENT COMPLAINTS
Intermittent fading and cutting off
are not the only intermittent troubles
you will encounter as a serviceman.
On occasion you will deal with receivers which intermittently squeal,
hum, distort, and become noisy.
These troubles are easier to conquer than the intermittent fade or
cut-off. A hundred and one things
might cause a set to cut off or fade,
while the other symptoms can be
caused by only a limited number of
defects. You can usually check these
parts readily and isolate the defect
in short order.
I> For example, suppose aset exhibits
intermittent distortion. Leaky coupling condensers are the first logical
suspects. You can test for this (as
explained elsewhere) while the distortion is present, or simply try new
condensers. Gassy tubes are the next
possibility—again, you can test or
substitute. There are very few other
distortion-producing defects which
can appear intermittently. However,
if you do happen to strike the unusual
case, asignal tracer will quickly point
out the defect.
lb> Intermittent oscillation may be
caused by a faulty by-pass condenser
or b_y_corroded shield contacts.
10- In the case of intermittent hum,
check the electrolytic filter condensers
and the plate and screen by-pass condensers for opens. If an electrolytic
in a cardboard case is secured to the
chassis by ametal strap, suspect leakage between the strap and condenser
through the cardboard cover. (You
can eliminate this by removing the
strap and allowing the condenser to
be self-supporting in the chassis.)

A CHECK LIST
Always remember that an intermittent, like any other radio defect, has
a plain, everyday cause which you
can find if you're patient and careful
enough. When you get a tough job
that seems to defy every rule of servicing, run over the following list of
causes of intermittents to see if you
have forgotten something. You'll be
surprised how often this will solve
your problem.
Antenna Circuit:
Corroded joint between lead-in and
antenna; poor contact at rivets in
lead-in strip; poor contact between
wire and clip on lead-in strip; faulty
contact between ground clamp and
ground; antenna lead shorted to chassis; antenna rubbing against conductive or semi-conductive material.
Oscillator Circuit:
Tube checks okay but does not
oscillate; tuning condenser plates
peeling and partially shorted; electrical breakdown in padding condenser mica.
Power Supply:
Faulty contacts within filter condenser; improper contact between
slider and voltage divider; broken
35

5/10th of a dollar. A quarter is 25 cents, or 25/100th of a dollar; 75 cents is three-quarters of a dollar or 75/100th of a dollar. We write .50, .25, and .75 using the decimal point to show
that what follows is really less than 1.
In Radio we deal with decimals to many places, such as
.0008, .0025, etc. The table below will show you how these are
to be read and includes the fractional equivalents.
.1
.01
.001
.0001
.
00001
.
000001

=1/10
=one-tenth.
=1/100
=one-hundredth.
=1/1000
=one-thousandth.
=1/10,000
=one ten-thousandth.
= 1/100 ,
000 =one hundred-thousandth.
= 1/1 ,
000 ,
000 =one millionth.

As a short cut, when reading decimals of a large number of
places such as .0008, instead of reading eight ten-thousandths,
we aften read "point 0-0-0 eight," "three zeros eight," or even
"triple-0 eight." Sometimes even decimals of one place are read
in this way. Thus .5 may be read "point five," or "one-half"
instead of "five-tenths."
If you should hear someone say that a certain quantity is
"5 zeros three," you will know that he means "three-millionths."
If you hear "double 0two five," you will immediately see in your
mind .0025 which you know to be 25 ten-thousandths.
In adding or subtracting decimals, all that is necessary is
that the decimal points of the various numbers used be in a line
vertically. To illustrate:
1.
008
.0005
126 .
1
21.004
148.1125
Of course the decimal point in the result will be directly
below the decimal points in the numbers added.
The same is true when we subtract decimals. For example:
298.3760
—19.0422
279.3338
When we multiply decimals, the position of the decimal in
the set-up of the problem is unimportant. Suppose we repeat
one of the problems worked out in the chapter on multiplication,
(8468 X 241), but let us make it 8.468 X 24.1. We would multiply this out exactly as though there were no decimals and we
would get 2,040,788.
Now where would we put 9ur decimal
8

point? Add up the number of decimal places in both the multiplier and the multiplicand, 3+ 1, then place the decimal point
4places to the left in the product and the final result is 204.0788.
DIVISION OF WHOLE NUMBERS
Division is the process of arithmetic which can well be
considered as being opposite to multiplication. We use division
when we want to find out how many times a certain number will
"go into" another number, or in other words, what number we
would have to multiply by to get that number.
For example, we all know that 3 X 9 = 27. We also know
that 3 "goes into 27" 9 times and that 9 "goes into 27" three
times.
The sign for division is "±" or the problem can be set down
9
as a fraction—thus 9 ± 3and 3 mean exactly the same thing. In
this case the number 9 is called the dividend, the number 3 is
the divisor and the answer is the quotient.
A brief reference to Table 1at this point will do two things
—it will refresh your mind on the division of single numbers,
and it will show you why division may be considered as being
the opposite of multiplication. Now, instead of locating our
multiplier and multiplicand on the top and left-side of the Table
respectively and reading the product at the point where the two
columns intersect, locate the divisor on the left-side column and
the dividend in the body of the table, then read the quotient in
the top horizontal column.
Whenever the divisor is a number less than 13 it is common
practice to use the process known as short division. A practical
short division problem is worked out below:
41563

9)
3 71
46
06
62
7

Reviewing the process in words: 9 won't go into 3 so we
start by dividing 9 into 37. The closest we can get is 4 times.
We set the number 4 down in the quotient. But 4 x 9= 36.
Therefore we have 1 left over. Write this above the next number in the dividend. Then 9 goes into 14 once with 5 left over.
Set the 1 down in the quotient and write 5above the next number in the dividend, in this case 0. Now 9 goes into 50 five
times with 5left over, etc. The quotient is 41,563.
Where the divisor is a number larger than 12, the "long
division" process is used, as illustrated in the following example
in which 31 is our divisor and 969,401 is our dividend.
9

31271
31)969401
93
—39
31
—84
62
220
217
31
31
—
You will notice that the process is essentially the same as
for short division, but in this case we set our individual products
down for convenience. Notice, too, that in each step we carried
down the following number in the dividend.
In both the problems worked out here the answer came out
even. But suppose the last number in the dividend in the second
example had been something other than 1. Let us say for purposes of illustration that the dividend were 969,409. In the final
step, then, we would have had 8 left over. We might say that
our quotient in this case were 31271 and 8/31, but the more common procedure is to continue dividing and to get the fraction
in decimal form. In the dividend place a decimal point after the
9 and after this write down two zeros. Then our dividend will
be 969,409.00. We also place a decimal point in the quotient
when we begin to carry down the zeros to the right of the decimal point in the dividend. Worked out in this manner, the
problem becomes:
31 ,
271 .
26
31)969,409.00
93
--39
31
—84
62
iJO
217
39
31
S-0
62
180
186
10

Notice that in the first step, when we divide 31 into 96, the
quotient 3 is written directly above the 6 in the dividend. Then
the decimal point in the quotient is placed directly above the
decimal point in the dividend.
Where the dividend contains a decimal the procedure is the
same as that just illustrated. In the process of dividing, place
a decimal in the quotient at the point where the first number to
the right of the decimal in the dividend is carried down. If the
quotient is set down carefully, this decimal will be directly above
the decimal in the dividend.
Where the divisor contains a decimal, the simplest procedure is to make a whole number of it and move the decimal in
the dividend the same number of places to the right as it must
be moved in the divisor to make it a whole number. For example, let us say we have the problem 974.63 + 1.3. We simplify this by making it 9746.3 + 13. A slightly more difficult
problem would be 1.41
.0025. To make of the divisor a whole
number, we have to move the decimal four places to the right
14100
and our problem becomes 14100 + 25 or
25
On the other hand, suppose we have to divide awhole number into a decimal,

as for

example:

.0007 + 45

or

.07
—
45

We would work this out as follows:
.0000155
45).0007000
45
250
225
250
225
Notice that we set down in the quotient the three zeros in the
dividend. Then because 45 won't go into 7, we set down another zero. Now 45 goes into 70 once and we set down the number 1in the quotient. 45 from 70 leaves 25. Bring down a zero
from the dividend and divide 45 into 250. It goes 5 times with
25 left over. Bring down another zero and divide 45 into 250.
It goes 5times and we set the 5 down in the quotient. We could
continue adding zeros to the dividend all we wanted to, but for
most purposes we are satisfied with three significant numbers
in the quotient. In this case our quotient is 155 ten-millionths.
Now you will be able to see how we obtained .00000006
11

farads when we divided 170,208,000 into 10 in a previous chapter. We set the problem down as below, adding the required
number of zeros to the dividend.
00 .
000000058
170,208,000)10.000000000
8 51040000
1 489600000
1 361664000
You will notice we had to add 9 zeros to the dividend.
Therefore, there will be nine places in the quotient and the
answer would be read 58 thousand-millionths. But the answer
is in farads so we convert it to microfarads by multiplying by
1million and we get .058 or .06 mfd.
In radio work we frequently have to divide awhole number
into 1 in order to obtain the reciprocal. The procedure is exactly the same as outlined above. Suppose we want to find the
1
conductance
when R is 2500 ohms. We proceed as follows:
.0004
2500)1 .
0000
10000
Notice that the quotient has as many places as the dividend.
The conductance in this case would be 4 ten-thousandths of a
ohm.
To check the correctness of a quotient, multiply it by the
divisor. The result should be the same as the dividend.
SHORT CUTS IN MULTIPLICATION AND DIVISION
Many short cuts have been devised to aid in the rather
tedious task of multiplying large numbers. One of the simplest
short cuts has to do with the multiplication of numbers containing several zeros.
As an example, 24,000 X 4,000 = 96,000,000. Multiply the
numbers together, exclusive of the zeros, and add to the answer
as many zeros as appear in both multiplicand and multiplier.
In our problem we multiply 24 x 4 = 96. There are three zeros
in both terms of our example, therefore, there will be six zeros
in the product.
Considerable time is also saved by the proper choice of multiplier. In multiplication it doesn't make any difference which
term we use as the multiplier. It is always good policy to make
the smaller term the multiplier. For example, we are to mul12

tiply 5134 and 2100.

With 5,134 as the multiplier our problem

would be set up thus:
2 100
5 134
8 400
63 00
210 0
10 500
10,781,400
Using 2100 as the multiplier would be much simpler as
shown below:
513 4
2 100
513 4
10 268
10,781,400
In this set-up, we followed our rule about numbers containing zeros, adding two zeros to the product of 5,134 X 21.
A short cut can be used where a number is multiplied by /
2
1
(.5), 1/4 (.25), and 3/
4 (.75).
(A) To multiply by .5—
In order to multiply a number by .5, divide the number by 2.
This is self-evident, as .5 is the same as 5/10, which is equal to
72. If the number is 15, we see that 15 x .5 is the same as
15 X 1/
2,which becomes 7.5.
(B) To multiply by .05—
In order to multiply a number by .05, move the decimal
point of the number one place to the left and divide by 2. Take
the case where 5 per cent of a number is required. Now 5 per
cent is 5/100 of a number, which becomes in decimals .05. If
the number is 15, move the decimal point of the number one
place to the left, which gives 1.5 and divide by 2, obtaining .75.
(C) To multiply by .25—
In order to multiply any number by .25, divide by 4.

Thus,

if the number 264 is to be multiplied by .25, it is seen that considerable figuring would be necessary to multiply it out. But
by dividing by 4, we quickly obtain the answer 66.
We can use this same method whether our multiplier is 2.5,
25, 250, or 25 million, simply by adding to the multiplicand as
many zeros as there are whole numbers in the multiplier.
13

Mul-

.N

0

1

2

3

4

5

8

7

8

P. P.

9

1. Z. 3. 4. 5
0000
0414
0792
1139
1461

0043
0453
0828
1173
1492

0086
0492
0864
1206
1523

0128
0531
0899
1239
1553

0170
0569
0934
1271
1584

0212
0607
0969
1303
1614

0253
0645
1004
1835
1644

0294
0682
1038
1367
1673

0334
0719
1072
1399
1703

0374
0755
1106
1430
1732

1761
2041
2304
2553
2788

1790
2088
2330
2577
2810

1818
2095
2355
2601
2833

1847
2122
2380
2625
2856

1875
2148
2405
2648
2878

1903
2175
2430
2672
2900

1931
2201
2455
2695
2923

1959
2227
2480
2718
2945

1987
2253
2504
2742
2967

2014
2279
2520
2765
2989

21
22
23
24

3010
3222
3424
3617
3802

3032
3243
3444
3636
3820

3054
3263
3464
3655
3838

3075
3284
3483
3674
3856

3096
3304
3502
3692
3874

3118
3324
3522
3711
3892

3139
8345
3541
3720
3909

3160
3365
3560
3747
3927

3181
3385
3579
3766
3945

3201
3404
3598
3784
3962

25
26
27
28

3979
4150
4314
4472

3997
4166
4330
4487
4624 4639

4014
4183
4346
4502
4654

4031
4200
4362
4518
4669

4048
4216
4378
4533
4683

4065
4232
4393
4548
4698

4082
4249
4409
4564
4713

4099
4265
4425
4579
4728

4116
4281
4440
4594
4742

4133
4298
4456
4609
4757

4771
4914
6051
5185
5315

4786
4928
5065
5198
6328

4800
4942
6079
6211
6340

4814
4955
5092
5224
5353

4829
4969
5105
5237
5366

4843
4983
5119
5250
5378

4857
4997
6132
5263
5391

4871
5011
5145
5278
5403

4886
5024
6159
6289
5416

4900
6038
5172
6302
5428

5441
6563
6682
6798
6911

5453
5575
6694
5809
6922

5485
6687
5705
6821
5933

6478
5599
6717
6832
5944

5490
6611
6729
5843
5955

6502
5623
5740
5855
5966

5514
6635
5752
5866
5977

6527
5647
6763
5877
5988

6539
5658
5775
6888
5999

5651
6670
5786
5899
6910

42
48
44

6021
6128
6232
6335
6435

6031
6138
6243
6345
6444

6042
6149
6253
6355
6454

6053 6064 6075 6085
6160 6170 6180 6191
8263 6274 6284 6294
8365 6375 6385 6395
6464 6474 6484 6493

6096
6201
6304
6405
6503

6107
6212
6314
6415
6513

6117
6222
6325
6425
6522

415
48
47
48
49

6532
8628
6721
6812
6902

6542
6637
6730
6821
6911

6551
6646
6739
6830
6920

8561
6656
6749
6839
6928

6571
6665
6758
6848
6937

6580
6675
6767
6857
6946

6590
6684
6776
6866
6955

6599
6693
6786
6875
8964

6609
6702
6794
6884
6972

6618
6712
6803
6893
6981

50

6990
7076
7160
7243
7324

6998
7084
7168
7251
7332

7007
7093
7177
7259
7340

7016
7101
7185
7267
7348

7024
7110
7193
7275
7356

7033
7118
7202
7284
7364

7042
7126
7210
7292
7372

7050
7135
7218
7300
7380

7059
7143
7228
7308
7388

7067
7152
7235
7316
7396

10

11
12
13
14
15
1 16

1

17
18
19

20

I 29
I

30

31
32
83
34
55

86
37
88
89
40
41

51
52
53
54

4.81217.21

tsam5lo
3.7101417
3 6101346
3.6.94216
3.6.81144
15. 81113
2 6.71012
2.5.7.912
2.4.7. 911
2.4.6.811
2.4.6. 810 ,
2.4.6. 810
2.4.5. 7. 9
2.4.5. 7. 9

2

2 3.5.7.
23

6. 7 8

2.3. 5. 6.8
2.3.5. 6.

8

1.3.4.6.7
1.3.4.6.

7

1.3. 4. 6.7
1.3.4. 5.7
1.3.4. 5. 6
1.3. 4. 5. 6
1.2. 4. 6.6
1 2. 4. 6. 6

12.3. 5. 6
1.2. 3.5.6
1.2.5. 4.6

1.2. 3. 4.5
1.2.3.4.5
1.2. 3. 4.5
1.2.3.4.5

1.2.3.4. a
.
1.2.3.4.5

12.3. 4. a
1.2.3.4.5
1.2.3.6.4
1.2.3.4.4
1.2.3.3.4
1.2.3.3.4

1.2. 2. 3.4
1.2.2-14
1.2.2.3.4

N

0

1

2

3

4

6

8

7

8

9

P. P.
1.2.14.5 .

35

7404 7412
7482 7490
7559 7566
7634 7642
770§,7716

7419
7497
7574
7649
7723

7427
7505
7582
7657
7731

7435
7513
7589
7664
7738

7443
7520
7597
7672
7745

7451
7528
7604
7679
7752

7459
7536
7612
7686
7760

7466
7543
7619
7694
7767

7474
7551
7627
7701
7774

7782
7853
7924
7993
8062

7798
7868
7938
8007
8075

7803
7875
7945
8014
8082

7310
7882
7952
8021
8089

7818
7889
7959
8028
8096

7825
7896
7966
8035
8102

7832
7903
7973
8041
8109

7839
7910
7980
8048
8116

7846
7917
7987
8055
8122

65 8129 8136 8142 8149 8156
68 8195 8202 8209 8215 8222
67 8261 8267 8274 8280 8287
88 8325 8331 8338 8344 8351
69 8388 8395 8401 8407 8414

8162
8228
8293
8357
8420

8169
8235
8299
8363
8426

8176
8241
8306
8370
8432

8182
8248
8312
8376
8439

8189
8254
8319
8382
8445

8478
8537
8597
8657
8716

8482
8543
8603
8663
8722

8488
8549
8609
8669
8727

8494
8555
8615
8675
8733

8500
8561
8621
8681
8739

8506
8567
8627
8686
8745

1.1.2.2.3

75 8751 8758 8762 8768 8774
76 8808 8814 8820 8825 8831
77 8865 8871 8876 8882 8887
78 8921 8927 8932 8938 8943
79 8976 8982 8987 8993 8998

8779
8837
8893
8949
9004

8785
8842
8899
8964
9009

8791
8848
8904
8960
9015

8797
8854
8910
8965
9020

8802
8859
8915
8971
9025

1.1.2.2.3

so
81
82
83
84

9058
9112
9165
9217
9269

9063
9117
9170
9222
9274

9069
9122
9175
9227
9279

58
57
58
59

60
61
62
83
64

70
71
72
73
74

8451
8513
8573
8633
8692

7789
7860
7931
8000
8069

8457
8519
8579
8639
8698

8463
8525
8585
8645
8704

8470
8631
8591
8651
8710

1.2.2.3.4
1.2.2.3.4
1.2.2.3.4
1.1.2.3.4
1.1.2.3 4
1.1.2.3.4
1 1.2.3.4

1 1.2.3.3
1.1.2.3.3
1.1.2.3.3
1.1 23.3
1.1.2.3.3
1.1.2.3.3
1.1.2.3.3
1.1.2.3.3

1.1.2.2.3
1.1.2.2.3
1.1.2.2

3

1.1.2.2.3

1.1.2.2.3
1.1.2.2.3
1.1.2.2.3
1.1.2.2.3

9031
9085
9138
9191
9243

9036
9090
9143
9196
9248

9042
9096
9149
9201
9263

9047
9101
9154
9206
9258

9053
9106
9159
9212
9263

9074
9128
9180
9232
9284

9079
9133
9186
9238
9289

1.1.2.2.3

85 9294
86 9345
87 9395
88 9446
89 9494

9299
9350
9400
9450
9499

9304
9355
9405
9455
9504

9309
9360
9410
9460
9509

9315 9320 9325 9330 9335
9365 9370 9375 9380 9385
9415 9420 9425 9430 9435
9465 9469 9474 9479 9484
9513 9518 9523 9528 9533

9340
9390
9440
9489
9538

1.1.2 2.3

0542
9590
9638
9685
9731

9547
9595
9643
9689
9736

9552
9600
9647
9694
9741

9557
9605
9652
9699
9745

9562
9609
9657
9703
9750

9566
9614
9661
9708
9754

9571
9619
9666
9713
9759

9578
9624
9671
9717
9763

9581
9628
9675
9722
9768

9586
9633
9680
9727
9773

05 9777
96 9823
97 9868
98 9912
99 9956

9782
9827
9872
9917
9961

9786
9832
9877
9921
9965

9791
9836
9881
9926
9969

9795
9841
9886
9930
9974

9800
9845
9890
9934
9978

9805
9850
9894
9939
9983

9809
9354
9899
9943
9987

9814
9859
9903
9948
9991

9818
9863
9908
9952
9996

90

91
92
93
94
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1.1.2.2.3
1.1.2.2.3
1.1.2.2.3
1.1.2.2.3

1.1.2.2.3
0.1.1.2.2
0.1.1.2.2
0.1.1.2.2
0.1.1.2.2
0.1.1.2.2

o 1.1.2.2
0.1.1.2.2

o 1.1.2.2
0.1.1.2.2
0.1.1.2.2
0.1.1.2.2

0. 1.1.2.2
0.1.1.2.2

tiplying by 2.5 we would add one zero and divide by 4. Multiplying by 25 we would add 2 zeros and divide by 4, etc.
(D) To multiply by .75—
In order to multiply any number by .75, divide by 4 and
then multiply the result by 3. Take the number 264 to be multiplied by .75. Applying the rule, we have 264 divided by 4
equals 66 and when multiplied by 3 we get 198.
To multiply by 7.5, 75, 750, etc., add zeros to the multiplicand as when multiplying by variations of .25.
(E) To divide any number by 25—
In order to divide any number by 25, move the decimal
point two places to the left, and multiply by 4. Taking the number 2640, we move the decimal two places to the left and we
have 26.40 x 4= 105.6.
To divide by 250, move the decimal 3 places to the left and
multiply by 4. To divide by 2500, move the decimal 4 places, etc.
In the same way, to divide 50, 500, 5000, etc., move the
decimal point in the dividend to the left as many places as there
are whole numbers in the divisor, then multiply by 2. To divide
by .5, multiply by 2 without moving the decimal. To divide by
.05, move the decimal one place to the right. If there is no decimal in the dividend, add a zero, then multiply by 2.
LOGARITHMS
In this lesson on arithmetic we are not going to consider
the longhand methods of finding the square root, the cube root,
etc., or of raising a number to a certain "power," such as
squaring it or cubing it. Instead we are going to learn how
to use logarithms—the short cut method of multiplying, dividing, extracting roots and raising numbers to the required
powers. After all, what we are interested in learning is how
practical radio men calculate—and they use logarithms whenever possible as a convenient short cut method.
Let us begin our study of logarithms with a consideration
of the simple number 10. If we multiply 10 by itself, which is
the same as squaring it, we get 100.
That is, 10 X 10 or
10 2 = 100. In the same way 10 x 10 x 10 or 10 1 = 1000 and
10 x 10 x 10 x 10 or 10 4 = 10,000.
In the expressions 10 2,10 3 and 10', the small number to the
right is the power, or the exponent. And from the figures given
it is clear that if we wrote the number 10 with an exponent, it
would be 10 1.
-16

Conversely, if we had the number 100, the square root
(
N/ 100) would be 10 for 10 X 10 = 100.

Likewise the cube

root of 1000 (-0000) would be 10 and the fourth root of 10,000
(,/ 10,000) would be 10 for 10 4 or 10 X 10 X 10 X 10 = 10,000.
Of course, all this is very simple, but it is not quite as easy
to realize that any number can be expressed in terms of 10
raised to a certain power. Take for example, the number 2.
This could be expressed as 10. 3°
1 which is to say that if it were
possible to multiply the number 10 by itself .301 times, the product would be 2. In this case, the exponent .301 is called the logarithm of the number 2.
Then let us take another example. The number 44 can be
expressed as 10 1.
6435 . The logarithm of the number 44 is 1.6435.
Notice now that the logarithm is divided in two parts—one part
to the left of the decimal, the other to the right of the decimal.
The part to the left is called the characteristic and the part to
the right is the mantissa of the logarithm (or log).
The characteristic of a log tells us how many whole numbers there are in the number. Thus, a characteristic of 1means
that there are two whole numbers in the number. If it were 2,
there would be 3whole numbers in the number, that is, the number would be between 100 and 999. Stated differently, the
characteristic is always 1 less than there are whole numbers in
the original number.
The following table will help to make this clear.
For numbers from:
1to
9
10 to
99
100 to
999
1,000 to
9,999
10,000 to 99,999
100,000 to 999 ,999

Characteristic
0.
1.
2.
3.
4.
5

From this we are led naturally to the question of what the
characteristic will be if the number is less than 1, such as .4321.
The rule in this case is that the characteristic will always be 1
more than the number of zeros immediately following the decimal point, but it will be preceded by a minus sign. In the example given, the characteristic will be —1 for there is no zero
after the decimal and nothing plus one equals 1. Here is another table showing the various characteristics of numbers leas
than 1.
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turn on divider, not apparent before
a complete separation occurs; leakage
across insulation between two divider
taps; high-resistance contact in ONOFF switch, leakage between wires.
Speaker:
Poor connection at voice coil leads;
scratch across voice coil winding
(intermittently shorting the coil or
turns on the coil) ;voice coil which
opens when cone moves too far.
Power Line:
Arcing contact at fuse
wall plug; leak between
winding and core; fused
tacts (contacts rough
because of arcing).

block or at
transformer
outlet conand pitted

Volume Control:
Loose terminal wire at inside lug;
dirt and wear under slider arm; loose
wire in resistance element; increase in
ohmic value.
Tubes:
Faulty weld at element support (affected by heat) ;interelement short;
cold joint between element lead wire
and prong; twisted glass envelope;
shorted leads; emission coating drops

between elements after flaking off;
poor socket contact to prong; heaterto-cathode leakage; gas in tube.
By-Pass Condenser:
Open; shorted; leak between sections.
Resistors:
Cracked carbon rod; loose terminal connection; contact with other
set parts; in wire-wound type, partial
shorts between turns; overheating
from overload.
Tuning Condensers:
Rubbing or dirty plates; poor connection between rotor and chassis
(faulty wiping contacts) ;poor connection to stator plates; cracked mica
in trimmers.
A.F. Transformers:
Inter-winding leak; imperfect insulation between winding and core.
R.F. Transformers:
Cold soldered joint at lug; shorts
between windings because of crossing
of wire leads or deterioration of
enamel insulation.
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For numbers from:
.9
to .1
.09
to .01
.009 to .001
.0009 to .0001
.00009 to .00001

Characteristic
—1.
—2.
—3.
—4.
—5.

Having well in mind the use and meaning of the characteristics of logs, we are now ready to work with mantissae. To
obtain the mantissa of any number we shall have to have a log
table available such as the short table in the center of this book.
You will notice that only mantissae are given.
Let us start with the number 39. We know that the characteristic will be 1. The mantissa we find to be 5911 from our log
table. Therefore, the log of 39 is 1.5911. If the number had
been 3.9, our log would have been .5911. If .39, it would be
—1.5911. If .0039, the log would be —3.5911, etc.
If we have a three-place number such as 599 we first set
down the characteristic 2, then in the N column we locate 59.
Then we move over to the 9 column and we obtain the mantissa
7774. Our complete log is now 2.7774.
MULTIPLICATION AND DIVISION BY LOG METHOD
Right here we are going to see to what extent long multiplication and division problems can be simplified by the use of
logarithms. To multiply, add the logs of the numbers—to divide,
subtract the logs of the numbers.
Suppose we want to multiply 599 by 39. We have already
found the logs, 2.7774 and 1.5911 respectively. Adding 2.7774
and 1.5911 we get 4.3685. Now all we have to do is to convert
the log 4.3685 to a number and we will have our product.
We know that our product is going to be between 10,000 and
99,999 because the characteristic is 4. Now we try to locate the
mantissa 3685 in the log table. We can't find it directly, but we
can locate 3674 and 3692. As 3685 is nearer the latter, let us
take that one and our number is 23,400. Notice we have to add
2zeros because our number must be between 10,000 and 99,999.
If we multiplied this out by the long method we would get
23,361.
For most practical work in Radio 23,400 would be close
enough, but under some circumstances it might be desired to
have four significant terms in the answer.
If we wanted to have our answer correct to four places we
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would use the last column (P.P.—proportional parts) of the
log table. We would locate the mantissa nearest to 3685, in this
case the larger one, 3692. This is larger than 3685 by 7. Now
in the last column look up 7. The proportional part for 7 is 4—
reading at the top of the column. Subtracting 4 from 2340 we
get 2336, and our number is 23,360—with 4 significant terms.
For purposes of additional illustration let us solve the problem 965.43 >< 83.97.
The log of 965.43 is 2.9847. Notice that we disregard the
last number 3. The log of 965 is 9845. In the last column (P.P.)
we locate the next significant figure 4 at the top. Reading down
the column, opposite 96, we find the number 2 which we add to
the mantissa making it 9847.
The log of 83.97 is 1.9241. First find the mantissa for 840
(because the final number 7is larger than 5, we work backwards
from 84.00). This is 9243. The difference between 8400 and
8397 is 3 which we look up in the last column. The proportional
part for 3 is 2 and so we subtract 2 from 9243 and our log is
1.9241.
Now we are ready to add the logs and 2.9847 + 1.9241 =
4.9088. Converting this to anumber, we get 81,070. We do this
by locating the mantissa nearest to 9088 which is 9090. The
number is 81,100. But 9088 is 2 less than 9090. To get the
final result we get the number for the proportional part 2, which
is 3. Subtracting from the fourth term of 81,100, we get the
final answer 81,070.
If we were to work out our problem by arithmetic, we would
get as our product, 81,067.1571. However, except where computations involving money are made, four significant figures are
sufficient so that our product 81,070 is close enough for all practical purposes.
At this point you are urged to work out a number of multiplication problems, both by arithmetic and by logarithms.
After going through the procedure a few times, checking your
work as you go along, you will begin to appreciate how easy and
convenient it is to use logs.
Division by the use of logarithms is just as simple as multiplication. As an example, let us take a problem we worked
out by long division in a previous chapter, i. e., 969,409 ± 31.
Disregarding the last two figures (09) in the dividend as being
insignificant, the log is 5.9865. The log of 31 is 1.4914. Subtracting these we get 4.4951 which is the log of our quotient.
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Converting this to a number we get 31,270 which for practical
purposes is as good as our other quotient 31,271.26.
A slightly more difficult problem would be to divide .000375
by, let us say, 17. The log of .000375 is —4.5740 and the log of
17 is 1.2304. Our next step is to subtract the logs but the problem (-4.5740) — 1.2304 presents difficulties. To make the first
log a plus value so we can subtract from it we make use of a
subterfuge. We write the problem down as follows:
6.5740-10
—1.2304
+5.3436-10
This, of course, is equivalent to —5.3436. Notice that our subterfuge consisted of replacing the —4 with 6— 10 which is
exactly the same. But we got a plus value which is essential before we can take something away from it. It is obvious that we
can't take something away from nothing—and it is just as impossible to take something away from a negative value which is
less than nothing.
Converting —5.3436 to a number, we find it is .00002206.
POWERS AND ROOTS
The squaring of large numbers and finding the square roots
of large numbers are by no means simple tasks if ordinary
methods of arithmetic are used. And when powers and roots
other than 2 are involved, the arithmetical procedures are extremely complicated.
Of course you know that 25 2 is another way of writing
25 >< 25. It is to be read "25 squared." Similarly 25 2 means
that 25 is to be raised to the 3rd power, and 25 4 means that 25
is to be raised to the 4th power, that is, 25 >< 25 X 25 >< 25.
The radical sign

N/—

over a number indicates that the

square root of that number is to be taken.

The sign </— means

that the cube root is to be taken. and e —
means that the number is to be reduced to the 4th root.
By the use of logarithms, any problems involving the raising of a number to any power, or the reduction of a number to
any root is extremely simple.
To square a number, multiply its log by 2. To cube, multiply its log by 3. To raise a number to the 17th power, multiply
its log by 17, etc. To find the square root of a number, divide
20

its log by 2. To find the cube root, divide the log by 3. To find
the 17th root, divide the log by 17, etc.
The practical problems worked out below will serve as
illustrations. Study over them carefully—check the logs against
the log table—and the processes involved will be very clear to
you.
(1)

393' =393 X393
log 393=2.5944
2
5.1888
N 154500

(3)

25' =25 X25 X25
log 25=1.3979
3
4.1937
N=15620

(2)

N/53000
log 53000=4.7243
4.7243+2=2.3621
N=230

(
4)

.'/15620
log 15620=4.1937
4.1937+3 = 1.3979
N=25

THE PRINCIPLE OF THE SLIDE RULE
The slide rule is the most commonly used labor saving device for mathematical computations involving multiplication and
division.
The underlying principle of the slide rule is the
logarithm and the operation of a slide rule involves merely the
changing of the position of one logarithmic scale with respect to
another logarithmic scale.
You are familiar to some extent with logarithmic scales for
you have seen characteristic curves of receivers plotted logarithmically. You will have noted too that on a logarithmic scale, the
divisions become smaller from 1 to 10. That is, from 1 to 2 is
a larger division than from 2 to 3, while the division between 9
and 10 is the smallest of them all.
Two logarithmic scales are shown in Fig. 1. They can be
considered as replicas of two logarithmic scales on a typical
slide rule. Now, since it is possible to multiply two numbers by
adding their logs it is obvious that if we set the slide rule so
that the logarithmic scales are placed as shown in Fig. 2, we can
multiply any number up to 5by 2 and obtain the product simply
by referring to the multiplicand in the upper scale and reading
the product on the lower scale.
If we wanted to multiply numbers larger than 5 by 2 we
would place the scales as shown in Fig. 3 and follow the same
procedure.
Suppose we wanted to multiply 3 by 2. On the upper scale
in Fig. 2 we would locate the number 3 and the product would
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be indicated directly below it on the lower scale. Likewise if
we wanted to multiply 2 X 9 we would place the scales as shown
in Fig. 3. Locating the 9 on the top scale we would read 18 on
the bottom scale.
Stated very briefly, the process of multiplication with a
slide rule is as follows: Set the number 1 of the upper scale
over the multiplier on the lower scale, locate the multiplicand on
the upper scale and read the product directly on the lower scale,
below the multiplicand.
We can move the upper scale either to the right or the left,
using the left hand 1 or the right hand 1 (10) as the index, depending on which is the more convenient.
By using the various subdivisions we can multiply larger
numbers. Suppose we want to multiply 78 by 23. We move the
upper scale to the left until the right-hand 1 is over 23 on the
lower scale as shown in Fig. 4. Then locating 78 on the upper
scale we read the product on the lower scale and we find it to
be 1795. If we multiplied this out by longhand we would get the
product as 1794. In practice, 1790 would be close enough as
accuracy to three places, that is, to within 2per cent, is sufficient.
Of course the slide rule does not tell us how many places
there are going to be in the product, or if we are dealing with
decimals it does not tell us where the decimal should be placed
in the product. We must determine the number of places or the
position of the decimal by inspection. When multiplying 23 by
78 for example, we can see at a glance that the product will be
above 1000 and below 10,000 for 20 x 70 = 1400. In a later
chapter we shall learn more about decimal location, etc., by
inspection.
Division by means of a slide rule is just as simple as multiplication. The process is essentially one of subtracting. We
use the same scales as in multiplication.
In dividing we position the upper scale so that the divisor
is directly above the dividend and read the quotient on the lower
scale directly under the index 1.
Suppose we want to divide 3 into 6. We place the 3 of the
upper scale directly above the 6 of the lower scale. Then under
the index 1 we read the quotient on the lower scale which is 2.
We would divide 300 into 600 or 3,000,000 into 6,000,000 in
exactly the same way. Or we could divide 30 into 6,000,000 in
which case we would have to determine the number of zeros in
the quotient by inspection.
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Let us take a slightly more difficult problem such as the one
we worked out by long division in a previous chapter.
The
problem is to divide 969,409 by 31. We locate the divisor 31 on
the upper scale and move it directly above 969 on the lower
scale as in Fig. 5.
Notice that we disregard the last three
figures as insignificant. We now read the quotient directly below the index 1, on the lower scale, and we find it to be slightly
less than 313. By inspection we know that the quotient must be
between 10,000 and 100,000, therefore we add two zeros to 313
to get 31,300. If we were dealing with money, of course this
would be too inaccurate. There would be too much difference
between $31,300 and $31,271.26, but in Radio and for most practical purposes, the answer as given by the slide rule will be close
enough.
LOCATION OF DECIMALS BY INSPECTION
When using a slide rule, the only way of finding out how
many places there will be in the answer, or where the decimal
point belongs, is by inspection. We shall consider briefly inspection in multiplication and division.
Inspection in multiplication. Consider 3856 X 4.414: Inspection will show that the answer will contain five whole
figures, for the answer will be a little more than 4 x 3856. Thus,
3856 X 4.414 gives 17,030.
Consider 3856 X 441.4: Think of the number as being multiplied by 4 with the decimal moved two places to the right.
Then, the number multiplied by 4 will give five figures, plus two
ciphers which will give the answer in 7 places.
Thus,
3856 X 441.4 gives 1,703,000.
Consider 3856 X .0004414: Think of the number as being
multiplied by 4with the decimal point moved 4places to the left.
Then the number multiplied by 4 will give five figures but with
the decimal moved 4 places to the left. Thus 3856 X .0004414
equals 1.703.
Inspection in division. Consider the fraction .3856/4414:
Think of the denominator 4414 as having the decimal after the
first figure. Then, move the decimal point in the numerator the
same number of places in the same direction. Making the above
mental operations we think of the denominator as having the
decimal after the first figure, thus 4.414, and then moving the
decimal point in the numerator three places in the same direction, we have .0003856/4.414, where we see that 4 will go into
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the numerator about .00009. The correct answer is .0000874.
Consider the fraction 38.56/.0004414: We have, by placing the decimal mentally in its proper place 385600/4.414,
where we see that 4 will go into the numerator about 90,000
times.

The correct answer is 87,400.
SIGNIFICANT FIGURES

In the previous chapters we frequently mentioned significant figures and it was stated several times that a result that
was accurate to 3 or 4 places was sufficiently accurate for most
practical purposes.
It must not be thought from this that radio engineers and
engineers of all other kinds are careless or are willing to sacrifice
accuracy for convenience.
The true justification of this simplified method of computation is to be found in the fact that beyond a certain point the
numbers represent such small values that they are insignificant.
There is a very homely example which will serve to illustrate
this nicely—suppose you had $10 and you wanted to divide it
into 3 parts. Let us say you wanted first to calculate the value
of each part. You would divide 3 into 10 and get $3.33. You
could keep on dividing and get 3.333—and an infinite series of
3's if you wanted to but there would be no point to it for any
number of 3's you might add to $3.33 would not affect the $3.33.
In this case the significant numbers are limited to those
which have their counterpart in dollars and cents, that is, they
are limited by the practical consideration of our system of
money.
In Radio our limitations are still greater for they are imposed by the accuracy of electrical instruments which are seldom
accurate to more than 5 per cent. Suppose we had a 45.7 ohm
resistor as measured by a high grade ohmmeter and with a precision ammeter we discover that 3.16 amperes of current were
flowing through the resistor. To find the voltage we will multiply 45.7 by 3.16. If we worked this out arithmetically we would
get 144.412 volts. But no voltmeter designed to read more than
100 volts would indicate differences of thousandths of volts. In
fact, it would take a very good voltmeter to read 144.4 volts.
Therefore, the last two figures are insignificant and for practical purposes 144.4 is as correct as 144.412 volts.
Let us take another example—suppose we used a Wheatstone bridge to measure the resistance of a resistor and found it
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to be 45.72 ohms. Then suppose that the current through the
resistor fluctuates but we read an average value of 3.2 amperes.
The voltage will be 3.2 >< 45.72 or 146.304 volts—if we worked
it out the long way. But 146 volts would be just as accurate—
first because any voltmeter we might use to check our calculations would not give a reading containing six significant figures
and second because the voltmeter reading would not be constant
as the current is not constant. The chances are the voltmeter
reading would vary between 145 and 147.
A general rule that it is always safe to follow is that if two
numbers are multiplied or divided or added, the answer should
contain as many significant figures as the least accurate number.
In the example just given, 3.2 amperes is rather inaccurate so
that even though the value of the resistance is known quite
accurately, our
nificant figures
In general
are considered.
for 39607; .217

result can't be entirely accurate and 3 or 4 sigwill be as close as we need ever come.
radio calculations only three significant figures
Thus in calculating, we would substitute 39600
for .21653, etc.

PRACTICAL SLIDE RULE CALCULATION
A typical commercial slide rule is shown in Fig. 6. It is
known as the Polyphase (Manheim) Slide Rule and is manufactured by Keuffel & Esser, 127 Fulton Street, New York City.
You will note two upper logarithmic scales, A on the rule
and B on the slider; also two lower scales, C on the slider and
D on the rule. The glass with a vertical engraved line through
the center is known as the runner. A little later we shall see
how it is used. Between the B and C scales on the slide there is
a "CI" scale, known as the inverted C scale. Below the D scale
we find another scale marked K, used with the D scale to find
cubes and cube roots. The slider has three scales on the reverse
side which may be observed in the actual rule by pulling out the
slider. These scales are marked S, L, and T. They are used
with the top scales for calculations involving sines, logarithms
and tangents.
Suppose we wish to multiply 78 by 23. We shall use the
C and D scales. Set 1 on the right-hand* end of the C scale
above 78 on the D scale; move the runner so that the cross hair
If the left-hand 1 of scale C is used, as would appear natural at first,
reading under 23 on the D scale would be impossible. By using the right-hand
1of the C scale, we are in actuality placing a second D scale after the first.
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is at 23 on the C scale, the answer is read on the D scale, 1,795.
To simplify multiplication the CI scale is used. Again multiply 78 x 23. Set the runner on 78 of the D scale, move the
slider until 23 on CI scale is on the engraved line of the runner.
Read the answer below 1 on the C scale—either the right or left
hand will indicate the answer. It makes little difference whether
78 or 23 is used on the D scale.
Squares and square roots may be found by use of the runner
alone. To find the square of a number, locate the number on
the D scale with the cross hair and read the answer directly on
the A scale. For example, setting the cross hair on 4 of the D
scale, we find that the square is 16. Again, the square of 8 is
64. Note that the numbers mentioned here might be 8, 80, 800,
etc., and the squares would be 64, 6,400, 640,000.
Note that the A scale is really two log scales exactly alike
and we may call the left scale Al and the right scale A2. In
finding the square root of a number, arithmetically, we divide
the number into groups of two figures each from the left and

44444410

Fia. 6

right of the decimal point. For example 25'00, 6'72, 97'40, 5.
In determining whether the Al or A2 scale is to be used, we only
consider the number in the first group, that is, 25, 6, 97, 5,
When there are two figures, use A2—when only one, use Al,
thus 25 (A2)-6 (A1)-97 (A2)-5 (Al).
To find the square root of 25'00, set the cross hair on 25,
on the A2 scale, locate the answer 5 on the D scale. The actual
answer is 50.
If we wanted to find the square root of a decimal, we would
proceed as before, to divide our number into groups of figures
from the right of the decimal point, thus .00'36. Rule: If the
first group containing digits, after the ciphers, contains one or
two such digits, we use Al or A2, respectively.
Our number contains 2 digits in the group after the zeros
and therefore we locate 36 on the A2 scale. The answer 6 is
found on the D scale, directly underneath. Our problem was
the square root of .0036, therefore the answer is .06.
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Lesson Questions
Be sure to number your Answer Sheet 43RH-1.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Where is the source of noise, if the noise is still heard after removing the
antenna and ground connections and installing a line noise filter?
2. Suppose the receiver is noisy when jarred, but the noise disappears when
the volume control is turned to the minimum volume position. In which
section of the set is the noise source located?
3. The noise stops when a tube is removed, but reappears while the platechassis voltage is being measured with a voltmeter. In which circuit of
this stage is the noise source located?
4. Name three mechanical defects you would look for if noise is heard only
as the station selector (tuning) knob is turned.
5. When following the stage-blocking method of pulling out tubes one at a
time, you find the noise is decreased but not completely blocked. In
which section of the receiver is the noise source located?
6. If the complaint is intermittent hum, which of the following intermittent
defects would you suspect: 1, open coupling condenser; 2, open screen grid
bleeder resistor; 3, open output filter condenser; 4, open plate supply
resistor?
7. What is the brute force technique (used on intermittent receivers)?
8. Suppose an audio signal tracer shows an intermittent change in volume
when at the junction of C„ and R„ in Fig. 13, but a steady signal exista
at point 12. Which two parts are the most logical suspects?
9. Suppose the loudspeaker volume varies, but a signal tracer connected to
point 9 of Fig. 13 shows a normal steady signal. Where is the trouble?
10. Where in Fig. 13 would you connect a high ohms-per-volt meter to determine whether the intermittent trouble is in the a.f. section or in the r.f.
section?
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To find the cube of a number, set the cross hair at the number on D, and read the cube directly on K. The cube of 4 is 64;
again the cube of 8 is 512.
Note that the K scale consists of three identical log scales,
referred to as Ki, K2, K3, reading from left to right. Again
we will use a rule to determine which to use when finding cube
roots. Rule: For numbers greater than 1 begin at the decimal
point and mark off the number into groups of three figures. If
the last group contains one, two, or three figures, we use Kl.
K2, or K3 respectively. To illustrate, let us take the number
'216. This number contains 3 figures, so we use K3. Setting
the runner and cross hair on 216 of K3, we read 6, directly
above it.
If the number is a decimal we group the numbers in threes,
beginning from the decimal point and working toward the right,
thus, .008'.
Rule: If the first group containing digits after
the ciphers contains one, two, or three such digits, use K1, K2,
or K3. Our number contains one digit, 8, after the ciphers so
we use Ki, and find the cube root on the D scale is .2.
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If you can dream—and not make dreams your
master;
If you can think—and not make thoughts your
aim;
If you can meet with Triumph and Disaster
And treat these two impostors just the same; . .
If you can fill the unforgiving minute
With sixty seconds' worth of distance run,
Yours is the Earth and everything that's in it,
And—which is more—you'll be a Man, my son!

This poem by Rudyard Kipling has long been an
inspiration to me, so I am passing it along to you.
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How To Use Formulas
WHAT IS A FORMULA?
Before we get too involved in the use, manipulation 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 formulas 1313 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 practical 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 expressed in algebraic symbols" may be considered a formula. We have so far in our
study of radio met many formulas which
bear out the above definition. Let us conskier 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 asound 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 tthe 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 =V X

(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,
which are on the right-hand side. This algebraic statement of a fact is essentially 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 purposes of calculation 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 where 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 3horses 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 ± 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 tequals 16. Substituting in the formula we get
D= .5 X 16
D= 8
Now let us consider other types of formulas.
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
3

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 tthe time, which with the
above permits us to show that
W = Pt

sistance nor the power rating is known.
You may insert a variable resistor shunted
with avoltmeter and adjust the resistor until 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 resistance 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 respective ohmic values. Suppose some device is
shunted by a resistor. What then? You
must know how to compute the total resistance or the test value will be useless
to you.
Should you decide to use a resistancecapacitance filter to buck out hum, you may
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 amilliammeter 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 helpfulness 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 receiver 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.

•(2)

Note that the multiplication notation (X)
is omitted in this formula. If P and tdenote 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 familiar 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. AB a formula
we say:
W = /2Rt

(4)

Formula (4) means little to us until we
know the dimensions of W, I, R and t, so
as auseful formula we should say
The Formula* W
PRt
(4a)
{Where W is in watt-seconds or joule.
/ is in amperes
The Lesgend*
R ia 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 practical 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 example, a C bias resistor burns out and it
must be replaced. What replacement resistor should you use? If the service circuit 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 resistor? You know that the higher the rating 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-

NOT ALL TERMS ARE VARIABLES
Now let us look at a formula in more
detail. We have by custom placed the unknown 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 van4

ables. To distinguish them, the known factors 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
value3 are assigned to the independent variables. A simple example:
X, -= 6.28 fL
XLis in ohms when
f is in cycles per second
and L is in henries

(1)

Where

Here f and L are the independent variables for f the frequency may be 60, 120,
5,000, or 1,000,000 cycles per second. L may
be 30, 2, or .002 henries. XLwill vary as we
carry fand L,and its value in a particular
case will depend on what values we assign
to f and L. For example, if f is 60 c.p.s.
and L is 10 henries, XL according to the
formula will be:

string of numbers. Some one worked it out
to about 600 decimal places. For radio purposes 3.14 is good enough.
Therefore
2X 3.14 equals 6.28.
Now how did the
number 2 and 7r get into the formula?
Without getting into deep mathematical
discussion let us say that constants like
these get into formulas as the result of expressing electrical ideas in geometric terms
—circles, arcs and spheres. Thus 27r in formula (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:
=- 3.14
117r = 0.318
2r = 6.28
7r2 = 9.87
• is pronounced epsilon.

4w = 39.5
= 1.77
e = 2.72"

We have considered one way in which a
constant may get into a formula. Let us
XL -= 6.28 X 60 X 10
consider another important way. We said
= 3768 ohms.
that the electrical energy absorbed by a resistor of value R ohms when a current 1
What about the number 6.28 in the foramperes flows through it for tseconds will
mula? First of all we know it is a number
be given by the formula:
that does not vary as we change f and L,
W = PI* watt-seconds or joules
under any condition. For that reason it is
often called a constant. To be able to talk
But we know that this energy is transintelligently about these constants we must
ferred to heat and, if we have any knowlknow how formulas are obtained.
edge of the branch of physics referred to as
Most of the formulas you will find in this
heat, we will know that heat energy is exreference text are the result of mathematipressed in calories.
One calorie is the
cal deduction.
Mathematicians, fortified
energy required to raise the temperature of
with such basic truths or laws as Ohm's
one cubic centimeter of water 1degree CentiLaw, Kirchoff's Law, the law of conservation
grade. Obviously, if we were astation operof energy, derive by mathematical manipuator where water cooled tubes were used, we
lations, equations or formulas. As they try
would be interested in knowing the forto establish practical facts from basic laws
mula involving calories. By the law of conthey obtain formulas that are extremely
servation of energy we know that electrical
helpful to scientists, engineers and practical
energy is transformed into heat energy and
technicians.
there must be some number or constant
We will not go into the derivation of
that will express joules in calories.
We
formulas from basic facts. In fact, only a show that in algebraic form thus:
few men bent on research work and
W =-- KI 2Rtcalories
(3)
equipped with a knowledge of higher mathematics and practical physics can attempt
We call the letter K the constant of prosuch a procedure. Let us take what these
portionality; in fact formulas are full of
capable men have provided and use their
them. By experimental evidence K in
results as we see fit. In other words, let us
formula (3) is 0.24 and we rewrite the forstick to our specialty—for we live in a mula as:
world of specialists.
W = 0.24 I2Rt calories
(4)
Now what does all this have to do with
Here is another way of showing how the
the constant 628? The fact is that formula
constant in a formula may apparently vary.
(1) could have been written as
You are all familiar with the resonance forXL = 27rfL
(2)
mula:
1
Apparently 6.28 must equal the expression 27r. The notation ir (pronounced pie)
(5)
27
is a geometric notation to express the ratio
Where! is in cycles per second
of the circumference to the diameter of a
when L is in henries
circle. It has a value of 3.14159 plus a
and C is in farads
5

Y,1

HOW AND WHY
There is an exceptionally fine quotation Iwant to
pass on to you. I do not recall the name of the
author, but the truth in the quotation makes it unforgettable. Here it is:
"The man who knows HOW will always
have a job—the man who knows WHY
will be his boss."
Your N.R.I. training fits this thought perfectly.
You are being taught HOW to service radio receivers,
so you can be sure of plenty of work in this, your
chosen field. Also, your fundamental training gives
you the background of WHY radios function as they
do, WHY they break down, and WHY the particular
servicing methods we recommend lead directly to
the source of trouble.

"' .4.

We not only want you to be a successful serviceman—we want you to have an assured future, with
every opportunity to advance to the top. You will
need only the touchstone of a little practical experience to weld your "HOW and WHY" training into
a single, compact unit of knowledge which can lead
you wherever you wish to go.

»me

et-;-

I
But the farad is avery large condenser unit
value never met with in practical problems.
The microfarad is a more practical dimension. We may express formuia (5) as follows: Where f is in cycles, L is in henries,
and C is in microfarads, thus:
= 159.2

c.p. 8.

(6)

For very high frequencies, even the henry
is too large as a dimension, so formula (6)
may be expressed thus
159,200
(7)
Where .f is in cycles
when L is in microhenriee
and
C is in microfarads

VISUALIZING FORMULAS

When/ —
I=
I=
/=

2X
4X
8X
16 X

2X 2 =
8watts
4 X 2 ---. 32 watts
8 X 2 = 128 watts
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 formulas that in the discussion of radio theory
you will find that formulas or, to be exact,
equations are presented with the sole purpose of showing how the dependent variable 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

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 = I'R

2:P=
4:P =
8:P=
16 :P =

(2)

Where F is the force
B the flux density
N the number of turns in the voice coil
I the current through the coil
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 affected by B, N, or I. We are told that increasing the flux density in the air gap (increasing 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 formula tells us that if the flux or the coil
turns are reduced the force will be proportionately reduced.
The constant K may be determined experimentally, 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

(1)

Where P ie in watts
I is in amperes
ft is in ohms

Fla. 1
Of course, in a simple circuit like Fig. 1,
consisting of a resistor connected to a variable voltage generator, we may change R,
or vary Iby changing the voltage. Suppose
we double the ohmic value of the load resistor 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 formula (1) tells us that the power is increased
four times, or, as the expert puts â, "as the
square of the current." You can only get
the full meaning of all this by substituting
numbers for / and R in the formula. For
example, let R=2 ohms, let I at one time
be 2amperes, 4amperes, 8amperes, and etc.
Figure out the power loss by means of the
formula.

K

BNI

(3)

By substituting the values of B, N, Iand 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
6

have amore basic formula for force derived
by mathematical physics namely:
F

B11

if L is large C may be small without altering the condition for oscillation. Of course
this formula tells us nothing about the oscillator once it is in operation. It merely
helps guide the design of an oscillator that
will at least start to work.

(4)

Where F is the force in dynes
B is flux per square centimeter
is length in cm. of wire perpendicular to
flux
I is the current in abamperes
(10 amperes = 1abampere)

EXPRESSING FORMULAS
GRAPHICALLY

But note that Imay be replaced by l'N,
where l' is the average length of one turn of
the voice coil in centimeters and N is the
total number of turns. Comparing the formulas (2) and (4), it is obvious that l' and
K are equal when the units given in formula (4) are used. However, if it is desired 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 purposes of visualizing, even if K is not known.

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, generally called a curve or a graph. If drawn
roughly from inspection of the formula, it
is usually done so to cqnvey generally the
effects that the independent variables have
on the dependent variable.
Experts can
look at aformula and roughly draw a curve
showing the desired relation between known
and unknown factors.

Fin. 2

Flo. 3
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.

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 µ as
the amplification factor and G. as the mutual conductance at operating potentials.
We say that oscillation will begin if the following relation is true:

Where M
r
C
G.
L
u

is
is
is
is
is
is

Y

in henries
in ohms
in farads
in mhos
in henries
anumber

»Nye

MOM

11111»:i

111131111QM•

BM .
MRIEDI

11711BM
./11111»

Fla. 4

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 formula allows us to visualize the following
facts: M, the mutual conductance between
Lg and L, may be less for a tube having
large values of G. and g. A large load r,
which may be the resonant circuit resistance, with or without an applied load, calls
for a larger coupling, M. It tells us that

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. Perhaps you have seen clay models of formulas
as in Fig. 3. The latter is particularly valuable when you wish to portray how the de7

pendent variable depends on two independent variables. We will shortly see how all
such formulas may be replaced by a representation on graph paper.

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. 7by
calculating the values of y (the dependent

100

Y
50

o

27e

5

X

10

x
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FIG. 7

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 001, representing* various values of
the independent variable, or x, as it is often
called in algebra. The horizontal line above
and below the line rremi 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 uniformly spaced and may represent any desired value of the factor: 2 feet, 2 henries,
2 microfarads, 2 micro-microfarads; or 4, 6,
10, 20 feet. Usually you will find, on rectangular coordinate graph paper, bold horizontal and vertical lines each separated by
light lines dividing the bold lines in 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

variable) for various values of x (the independent 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 preferably a "french curve" (see Fig. 8) available at any drafting supply house. When

o

100

1000

Fla. 6
•Lines o0i and mmi are drawn in if one wishes to
plot in four quadrants, that is when there are + and —
values of x and y. In most cases plotting in one quadrant is sufficient, as will be shown.

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 represent -I- 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 coordinate paper is generally used to represent formulas where an angle is involved
and you want tg retain the physical sig-

nificance of the angle. For example: representing the shape of a straight line frequency 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 O 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 0 measured at an angle O with respect 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 independent and dependent variables.
Log
plotting papers are also made so only one
of the rulings is spaced according to logarithms called semi-log paper. You will find
a large number of formulas, which are best
visualized by plotting on log-log or semilog 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 realized, whether there are maximum and minimum values, and how many. Graphs if
carefully drawn may replace in practical
work subsequent calculations using the formula. Approximate but valuable results are
quickly obtained.
Going astep further, suppose we consider
the formula for determining the impedance
of the circuit shown in Fig. 9.

02 + XL2 = -%
1X L2 = XL

(2)

Z=

10 2 ± X L'= -‘,1100 + XL2

(3)

Z

20 2 -I- XL2 = -‘
1400 -F

(4)

Z=

30 2 + XL2

(
5)

900 + XL'

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.
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Note that in such a representation each
curve of the family is marked with the value
that was assumed for the independent variable held fixed in computing that curve.
If desired, a second family of curves similar to Fig. 10 may be obtained to show how
Z varies with R for a series of fixed values
assigned to XL. This is often done, particularly in the study of relationships somewhat 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 XLwithin the range of values specified.
For example, if you wish to assume avalue
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.

FIG. 9
The formula is:
R2 -F XL'

Z=

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

Fra. 10

rioonlb
\-4-we/
x,
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Z=

for various values of XLfrom the simplified
formula

(1)

Where Z is in ohms
R is in ohms
Xi. is in ohms.

Here we have a formula with two independent variables R and XL, and one dependent variable Z. Practical radio men
want a simple picture of this formula, considering the fact that both R and XL may
vary. Suppose that R and XLmay each be
any value from 0 to 100 ohms. We may
start by saying that R is 0 and compute Z
9

EMPIRICAL CURVES
Quite often we start with a curve or a
family of curves and then derive the formula. It is then called an empirical formula, meaning a formula derived from observation or experience. Compare this with
the formula derived by mathematical deduction. We should remember that a formula 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 solution to the problem is the result of experiment. If the phenomena is one where a
formula would be valuable, one may be derived 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 furnaces are used. The temperature may be
measured by inserting a platinum wire resistor 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 measuring the resistance at these representative
temperatures enough figures are obtained to
draw a curve, similar to Fig. 11. If you use
the sanie resistor and the same curve, you
have a temperature measuring device.

te
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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
Where Ri
t
R.
and
a

Ro (1 + at + bt2)

a= +.00392 and b= —.000000588, in which
case formula (2) becomes
Rt = Ro (1+ .00392t — .000000588t 2) (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 (—.000000588t 5)is negligible
in comparison with the first term (.003920
if the temperature tis not much higher than
the reference temperature, 0 degrees Centigrade.
We rarely expect parta 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 t. Thus:
+at -= .00392 X 50 --- +.196
—bt 2 = .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 in low
temperature work formula (1) reduces to:
Rt

Ro (1+ at)

(3)

The idea of neglecting terms in a formula is very important and is used time
and time again in radio work. Most solutions to radio problems can only be relied
upon to about 5 per cent. So why complicate the work with useless computation?
When terms in a formula have negligible
effect on the answer, they should be neglected. 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 empirical equation or formula. The Ee l.,
Ee l., Ee l., 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 formula. 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.

(1)

FORMULAS INVOLVING CURVES

is the resistance in ohms at
the temperature in centigrade
is the resistance at 0 degrees Centigrade
and b are constants depending on the
metal used.

You will find alarge number of radio formulas where the right hand terms include
some factor whose value must be determined 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-

By carefully analyzing the experimental
curve we would find that for platinum wire,
10

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 = Fdle

(1)

Where L is in microhenries
N is the number of turns
d is the diameter of the coil in centimeters
or inches, depending on whether measurements 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, 1 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 lid for each combination and substitute
the value

Fia. 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:
E
I=
(1)
11R
2 + (x, —
Where E is in volts
R, Xi, and X9 are in ohms
I is in amperes

f
os
j
os

We know that the right hand terms will
reduce to asingle valued number if we know
the value of E,R,XI. and X. and substitute them into the algebraic expression.
Suppose R = 2; XL= 5; X0=2; and
E= 10. How would you go about reducing the right hand terms to a number?
First of all, we substitute in formula (1) the
number for the letters, thus:
10
/= ,
(2)
‘12
(5 — 2)'

os

03
OP

ig;
006
•ot
00i

0„

66

001
003
001

001,

mathematical operation derive the anal
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, otherwise 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.

8
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in formula (1). In this case F is merely a
constant that could be computed from 1and
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

Our next problem is to get rid of the complex expression -%
12
3 + (5— 2)'.
But let us
do this in steps. First we know that
(5 — 2) equals 3; therefore (5 —2)' must
equal 3'. So we obtain:
I=

, 10
+ 3'

(3)

V 2'

We know that 2' equals 4, and 3' equals 9,
so as the next step in simplifying expression
(3) we get
10
10
(4)
1./ 4 + 9
13
Our next step is to evaluate -%/ 13. You
may use the long method as taught in grammar school, or use the slide rule or logarithms as explained in a previous text. We
will find that 1f 13 equals approximately

11

3.60. Therefore, the next steps in evaluating the value of Iwhen E is 10, R is 2, XL
is 5, and X. is 3, follows:
(5)
and by division:
I = 2.77 amperes.

(6)

You will find the evaluation of the unknown simple and quick if you follow asystematic method and realize the importance
of certain algebraic notations. Thus:
ab means amultiplied by b
a + b; a/b means adivided by b
a + bmeans aadded to b
a — bmeans bsubtracted from a
a' means amultiplied by itself (ea)
a' means amultiplied by itself twice (aaa)
Ja; ei means the square root of a
Va; a% means the cube root of a
Va2;a% means the cube root of the square
of a
2.72 142 means the 1.32 power of 2.72
Furthermore, you may find expressions
like (4' + 2) 125, the brackets () indicating that you should first evaluate the terms
within the bracket before multiplying by
125. Again you may find expressions like:
[(42 -1- 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 6.28.
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

Strictly speaking,10+ 3equals 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 between 3.2 and 3.4 amperes. Common sense
tells us that 3.3 amperes is a more reasonable 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 102
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 substitute 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 example:
XL = 2TfL (ohms)

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 required is a waste of time and effort and
does not yield a more precise solution.
Don't overlook this fact. The subject, significant figures, is not new to you.
Precision of measurements is the important 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 generator with a 3 ohm resistor and then
measured the terminal voltage as 10 volts.
Then by Ohms law, the current:
/ = EIR = 10/3

(2)

Where fis in o. p. s. 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 71- 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 = ?
If you follow the long multiplication
method, you will get the absurd answer of
X L =11330.376; if you follow the short
method used by engineers, you will get
XL= 11330; if you use a 10 inch slide rule,
you will get XL= 11330.
Slide rule calculations are as close as you
will need to compute on a sensible basis.

(1)
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That is why every engineer and technician
uses aslide rule.
COMPUTATION CHARTS AND TABLES
Magazines, texts and articles intended for
the average technician often have special
tables for finding squares and square roots,
cubes and cube roots.
Countless charts
have been prepared to find the value of resistors 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 desired purpose of formulas. If you get into
the habit of using charts and tables you
develop mental laziness and fail to use formulas 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 aslide rule.
It is good practice and you know at all
times what you are doing.
Do not assume that graphical and mechanical 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 specializes in designing similar devices.
REARRANGING FORMULAS
'Quite often we remember or find a formula which is not set up for ready solution
of the unknown, that is we find the unknown factor on the right-hand side with
the known factors. We may use the formula 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 important basic formula:
1
2w

ranging the formula into this form, assuming that we do not know the new formula?
For such a procedure you must have asuitable knowledge of algebra.*
Algebra tells us that if we perform the
same operation to both sides of an equation
we have not destroyed its validity as a correct equation. So, in the above case, let us
square both sides of the formula. We get:
1
4a-21,C

—

(2)

Now let us multiply both sides by L, which
gives us:
(IL —

(3)

47r2LC

We may now cancel the L in the numerator and the L in the denominator of the
right-hand term, which then gives:
PL —

(4)

1

Now let us divide both sides of equation (4)
by f, and get:
PL _

1

(
5)

Cancelling f on the left-hand side, we get
the desired formula:
L =

(
6)

4-1-2CP

Most beginners, when they rearrange a
formula, are doubtful of its correctness.
A simple check of the algebraic manipulations 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 2henries, 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:

(1)

Where f is in o. p. a.
L is in henries
C is in farads

1

1
6.28 Nr.1

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 I. If formula (1) was arranged so L was on the left and C and fon
the right, we could solve our problem by
direct solution. How can we go about ar-

1
8.28 X 2

1
12.56 = .0796 c.p.a.
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., N. Y. C.
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., Inc., N. Y. Ç.

•This subject is beyond the scope of the average
N. R. I. student. For a man with an advanced knowledge of mathematics we suggest Lipka's book, "Graphical and Mechanical Computation," published by
John Wiley and Sons, Inc., N. Y. C. Price, $4. Considers alignment charts in detail.
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By arithmetic we reduce this to:
1.59 = log 4/D
(9)
What this equation says is that the logarithm 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 1and
the mantissa is .5899, which is close enough
to 0.59. Now we may say that:
4/D = 38.9
(10)

.08 (closest value to .0798) for Iand 2for C.
Let us try this. Thus by substitution:
1
—
41/2C/1
1
47r2 X 2 X .081
1
4 X 3.14 X 3.14 X 2 X .08 X .08

L

111.1

=

1
.505

approx. 2

or

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 suitable formula. They make immediate substitutions and solve by algebra for the unknown. Let us consider a simple example.
A radio amateur desires to build a transposed feeder line between the antenna and
his transmitter. The line is to have asurge
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 involving the factors

D = —4 = .103 inch
(11)
38.9
Referring to a wire table we find that a
No. 10 B dr S gauge wire would have a
diameter of .102 inch. Therefore, the amateur 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:

+
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given in Fig. 14.

28*

If the inductive reactance is zero, that is
XL= 0, we get:

(7)

Z = •Nj R2 + X.'

Z.

is the surge impedance in ohms
S and D are measured in the same dimensions, inches or centimeters.

2

X
D

2

(
3)

In the latter case we must realize that —X:
equals +X.', as taught in a course in
algebra.
Suppose we do not know the inductive or
capacity reactance, but know the line frequency and the inductance and capacity.
There are two basic formulas that tell us
that:
XL =- 2efL
(4)

From our problem we know that Z. is 440
ohms and S is 2 inches. We want to know
what the value of D should be. We may rearrange the formula, by algebra f or we
may substitute the values and solve for S,
as we shall in this case. Substituting the
known values in formula (7), we get:
440 = 277 log

1

L

It is:

Ze = 277 logio
Where

.2(0):

Z
R
()
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
RS
X 2
(2)

(
8)

X. — 27rfC
1

(5)

•There are two standard logarithms, base 10 and
base e (2.72 -i-). It is customary practice to signify
only the •base by a subscript thus loge 49. Because
the base 10 is so common the subscript Louie is omitted.
In this text log x will mean to the base 10.
"I" By rearrangement we get:

If we substitute formulas (4) and (5) in
formula (1), we get:

D =
where log -'means a number whose
log- l
2S
Zs/277
log is equal to the value of Z0/277.

which is a very important formula in A.C.
circuit theory.

Z = 4/ R2 + (2TfL_

j_
C)'
21r

(6)
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The ability to combine and interpret formulas is very valuable to the advanced
radio technician. We will consider a very
valuable case.
Suppose we have a resonant circuit consisting 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 statement that interests us, and then simplify.
Suppose we consider the case where the inductance is L, the maximum capacity is 6',
and the minimum capacity is C,. We must
be sure that Ci and C, include the distributed capacity of the coil.
We start with the basic formula:
1
(7)
2ir
—LC
For the maximum capacity of the condenser
(100 dial position) we may say:
11.

fi

1
2w .N/ LC1

(8)

For the minimum capacity setting (0 dial
setting) we may say:

1

=

Lc,

(9)

We know that f, will be larger than b, so let
us determine what the ratio of f, to fi is.
Let us set this down algebraically thus:
1
(10)
21.

The next steps involve simplifying expression (10). Multiply the numerator and
denominator of the right-hand side by 2w.
This gives:

With this formula it is simpler to tell
through what range a given tuned circuit
will respond. For example an R.F. broadcast tuned circuit may have acapacity variation of 9to 1. In which case
(14)
This tells us that the b will be 3times b.
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:

L
i

/LiCi

(15)

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 tracking may be arranged by trimmer adjustments. 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 frequency is above the signal frequency by the
I.F. value. At the lower frequency (600 kc.)
the number of turns taken off are insufficient, 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 frequency, 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 gh and the I.F. is
175 kc. From formula (13):
fpt =
foi

_ -‘/LC,
fi
1
Now multiply both numerator and denominator by
LC, and -\/ LC,. This simplifies
the expression to:

L„

(16)

L
P

Flo. 15

(12)

we may now determine the value of the

and finally:

•The notations are: p for pretuner, o for oscillator,
1for 1400 ke., and 2 for 600 Ito. Thus 41 is the resonant frequency of the pretuner at 1400 ko.

(13)
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oscillator inductance L. for this tie-down
point.
Substituting in the formula we get:

Squaring both sides gives:

1400 =
=
.89
(17)
1575
'V 250
Squaring the above equation, we get:

and:

2

50

.792

(18)

Therefore L. = .792 X 250 = 198 gh.
Now let us turn our attention to getting a
suitable tie-down at 600 kc., knowing that
= 250 ah and L.= 198 gh. From formula:

1;1 = ./L„
fa
'V Lp c„

C os =

C 2
356

(24)

214gpf.

(25)

Obviously while the condenser C is set to
have a capacity of 282 µat, the net oscillator coil shunting capacity should be 214 ¿f.
As stated, the padding condenser is used for
this purpose. For the two condensers in
series the net capacity is determined from
the formula:
=

CC d
C

(19)

(26)

Substituting we get:
we may determine the value of Co, that is
282 X Co
214 —
(27)
the net value of Co the padding condenser
282 + Co
in series with C for that position (see Fig.
15). We need to know the value of Co . Multiplying both sides by (282 + Co) we
obtain:
First let us compute Co from the formula:
60400 + 214Cpd = 282Cpd
(28)
C91 = 25330 µf.
(20)
f2pd
60400 = 68Cp d
(29)
Where! 1 1.5 in ko.
Lp in in ph.
60400
and
C,,,, =
= 800;2e
(30)
68
Substituting into the expression we get:
25330
In actual practice the padding condenser
(21)
C 92 = 600X 600X 250
may be 850 gµf. shunted by a 100 paf. trimmer. If the system is designed with the cal25330
.121
culated values and the pretuner and oscil00,000,000
lator aligned in the usual manner, very little
= .000282 gf.
trouble will be experienced.
= 282 puf.
CONCLUSIONS
Now we may substitute into expression
In
this
short
lesson on formulas and their
(19). If we express Co in micro-microuse, we have shown how valuable a formula
farads, we obtain C.1 in the same units.
may be for explaining theory, how they may
Substituting we get:
be used in design, and how they may help
600 = j198 X COS
in servicing. We merely wish to add that if
(22)
775
V 250 X 282
you have mastered your radio theory, and
can select the appropriate formula, and
learn how to juggle and compute with formulas, you can make formulas do "tricks"
.774 = 4/ C °
2
(23
356
for you.

RADIO FORMULAS
A: FUNDAMENTAL RADIO—ELECTRIC CIRCUIT LAWS
Governing the entire theory of radio circuits are certain extremely important basic
laws. With these laws, advanced radio engineers and scientists have developed many of
the formulas given in this text. Experience
has shown that a number of special problems are solved quicker by starting with the
fundamental circuit laws. Many of these
laws are valuable in visualizing what goes

on in the circuit. Without regard to their
relative importance, these laws are as follows:
Kirchoff's Laws
Law /. The sum of all the currents flowing
towards a junction (connection) in any network of conductors is equal to all the current flowing away from the junction. This
16

law may also be stated as: The algebraic
sum of all the currents toward a junction ie
zero. By the algebraic sum we mean that if
the current toward the junction be considered + or positive; the current away
from the junction shall be considered — or
negative.
Alternatively we may assume
current "away" as -I-, and current "to" as —.
As aformula, the law may be written:
ZI = 0

250 - .0214 X 5000 - .0143 X 10,000 = ?
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)

(1A)

where the symbol
is read as "sum of." It
is the Greek letter "sigma."
Law 2. In any complete circuit of any network the sum of all the voltages generated
(e.m.f.'s) are equal to the algebraic sum of
all the voltage drops (impedance or resistance 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 zero. Expressed as a formula,
this is written as:
EE =

Circuit 6-1-2-3-6 according to this law gives:

(2A)

Example of Kirchors Laws:
Given the supply and load circuit shown
in Fig. lA

Note that in this example we have given
all the details of the circuit and 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 circuit 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 1 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/ s = 0(circuit 6-1-4-3-6)
(2) 250 - 5000/ 1 - 10,0001, =
(circuit 6-1-2-3-6)
(3) 250 - 5000/ 8 - 20,000/ 4 =
(circuit 6-1-2-5-3-6)
(4) I.- I.- I, = 0(Junction 1)

lA

(5) 13 - /4 - /6 = 0(Junction 2)

Observe that there are three junction
points, namely: 1, 2, and 3. In all cases
Law 1 (1I=-- 0) is true.

For the solution of these equations we refer
you to atext on algebra.

For
(1) .0631 - .0417 - .0214 =
(2) .0214 - .0072 - .0143 = 0 (close enough)
(3) .0072 + .0143 + .0417 - .0631 =

Ohm's law may be 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 formulas we have:
I = E/R
(3A)

The only voltage rise in this circuit is the
250 volts, and it may be a battery, generator 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 resistor. We have in this network three complete 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.m.f. Considering the fact
that ZE
O.

Ohm's Law.

I = E1X

(4A)

Where I is in amperee
E is in volts
R and X are in ohms

We must recognize the fact that X may
be inductive or capacitive reactance and
that the inductive reactance XL is equal to
2w-fL, while the capacitive reactance X. is
equal to 1/27fe.
Of course we may have a device that has
resistance and reactance, the net being re
17

ferred to as impedance Z.
then be written as:

Ohm's law must

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:
I
le -I- (27-fL — 1/2711C) 2
(b) Ohm's law is also stated as follows:
The current through an inactive or passive
device (a device which does not itself generate a voltage) is proportional to the voltage applied. Stated as a formula, we have:
/ = GE

I

In this case G is referred to as the conductance.
For an inductance or capacitance this law
is algebraicly expressed as:

(8A)

Thus, for an inductance Br, is equal to
1/2rfL and for a capacitance B. is equal to
IrfC. Where the passive device or network
includes susceptance and conductance, the
sum effect is called the admittance, Y.
Ohm's law therefore becomes.
(9A)

Where Y is in mho,

In the general case of a circuit having resistance, inductance and capacitance in
parallel, Y in this formula is equal to:
N/G'

(10A)

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 general circuit design. If E is the voltage acting 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 reduces a complex device or network to a
simple impedance.

The symbol B is referred to as the susceptance of the device and is the reciprocal
of reactance, that is:

/ = YE

+Is. +etc.

The Reciprocity Theorem.

(7A)

Where B is in mhos

B =1/X

+ I2

If là, là, etc. is given in root mean square
value, I will be in r.m.s.
In a number of circuits where the resistance, capacitance and inductance do
vary, it is usual for initial purposes to assume that they are constant. Corrections
or limitations are then necessary to qualify
the actual and apparent conditions.

(6A)

Where I is in amperee
E is in volta
is in mhoe

/ = BE

(e.m.f.'s) may be considered to be the stun
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 harmonic 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:

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 current Ithrough 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 Z1 that would be measured across
the two points prior to the connection of
the impedance.
In calculating the impedance Z1 the e.m.f.'s are considered inactive. Thevenin's theorem in equation form
is:

(2TIC — 1/27rfL) 2

The importance of using resistance, reactance and impedance in one case and
using conductance, susceptance and admittance 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

I=

E
Z

Z1

(11A)

Obviously the new voltage across the two
points will be /Z, and thus the new terminal conditions are determined.
This theorem is quite valuable when some
load is to be added to an existing circuit

•It ehould be remembered that X, Z, B, and Y.
must be corusidered as vectore and so treated when
adding.
We refer you to any standard text on the
fundamental, of electrical engineering.
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and the new terminal conditions are to be
determined quickly.
Compensation Theorem
An impedance in any circuit may be replaced by a generator (with no internal impedance) which at every instant duplicates
the voltage that appears across the replaced
impedance.
This principle is extremely useful in representing 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 practical value. If a network is modified by
changing 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.

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 1 1 2 + 4+ 3+ 3
— + + +
—
R
6 3 4 4
12
Solving this by algebra, we get:
R = 1ohm
The short circuit currents of branches No.
1, No. 2, and No. 3 are:
/
/. 1

Short Circuit Current Solution of Circuits
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 circuited currents of each generator, derived
by considering the terminals of each generator (including its series impedance)
shorted.
Example: Consider the simple circuit
shown in Fig. 2A.

+2

—3

3

,=

4

=+5

The total short circuit current:
/s = +2 —3 +5 = +4
Therefore according
theory:

Points of Equal Potential
It is convenient at times when considering complicated networks to consider pointa
of equal potential as electrically connected
by a wire of zero impedance. An example
of this is the balanced wheatstone bridge.

+12
6

to the

short circuit

E = 4 X 1 ,== 4volts
Current in the load:
I = 4/4 = 1ampere
With the information given so far we may
compute the currents in each branch, knowing that the terminal voltage of each generator is 4 volts. For example, in branch
No. 2.
Ii

=

—9 —4 —
amps
3
(Current flowing down)

ADVANCED CONCEPTS
Note that examples were taken where resistors 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 impedance is always written:
Z=R

jX

Whereas an admittance is always written:
Y -= G + jB
The absolute value of Z, always written
le, is given by the formula:

1z1 =

Fla. 2A
19

+

Whereas the absolute value of Y is written:
1
17 1 =

Engineering texts* and texts on Algebra.t

G2 + e

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

Students interested in advanced radio engineering may consider this a subject for advanced study.
In the following formulas
only the absolute values, as read by a voltmeter or ammeter are to be considered.
•Communication Engineering by Everitt, published by McGraw-Flill Book Company, Chapters II
and III.
#Algebra for the Practical Man by Thompson, published by D. Van Nostrand Co., Chapter VIII.

B: RESISTORS
Resistance from Dimensions

Resistors in Series

R = pL/A

(1B)

is in ohms
length
A the croes section area
the resistance per unit length and croes
section.
I
fL is in feet, A in circular mils; p is the
resistance in ohms for a wire one foot
long and having a cross section of one
circular mil. See special electrical tables:
pcopper
10.4; P alum
17.1; P mehrome
800; etc.

Where R

Conductance from Dimensions
G = y AIL

y =

1/p

the
the
the
the

[1 + a(t2

etc.:
(9B)

Resistors in Parallel
1

1

1

(10B)

il)]

Rates
Re s -I- &Rs + RiR,

(11B)

=

Rd?,
R1 +

(12B)

For n resistors of equal value R2 in parallel:
Conductance

R = Ri/n
1

G=

(5B)

(13B)

(14B)

Where R is in ohms
G is in mhoe

Conductors in Parallel
G =

+ G2 +

Gs + Gt ,etc.

(15B)

Where GI, Gs, etc., are the conductances of the
devices

Temperature Rise in Electrical
Conductors
i)

Equivalent Delta (I-) of Star (T) or ViceVersa

(6B)

a Rs:
Where àtis the temperature rise

In reducing complex circuits to simple circuits, it is convenient in some cases to con-

As copper wire is extensively
practical formula becomes:
àt = 254 (—
Rti

(8B)

Where R: is the resistance of one resistor
n is the number of resistors

R

Where 12 is the final temp.
I: is the initial temp.
Rothe resistance at t,
Ru the resistance at ii
a the temperature coefficient, for example:
•
— .00393; aoiom
.0039; etc.

=

etc.

For two resistors in parallel:

Formula (4B) may be more conveniently
used as:

At

Re +

R = nRi

(4B)

new temperature degrees Centigrade
resistance at O. C
temperature coefficient
resistance (ohms at 10 o

Rr1 = R

RI= R2= R,,

R =

(3B)

R, = R. (1 + at)
is
is
is
is

res +

Ri

For three resistors in parallel:

Resistance at a New Temperature (°C)
Where t
R.
a
It,

When

1_1

(2B)

Where A is the croes section area
L is the length
G is in mhos
• is the conductivity

R = Ri +

Where R, RI, etc., are in ohms
Ri, Rs, RS, etc., are the series elements
R is the total resistance

1)

used,

the

(7B)

Add àt to ti, the original temperature of
the surroundings, to find temperature of the

conductor.
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vert a delta (called in radio a 7r) circuit
into a star (called in radio a T) circuit. The
reverse may be the case.
See Fig. 1B for
notation.
If point A is grounded, point B
with the ground is considered the input,
while point C with the ground is considered
the output, then the familiar Ir and T circuits in radio will be recognized.

To change a T to a w•
R'R"
R"R"'
R'

RR-

R'R"

RIR"'

R2

R'R"

Power Loss

To change a ir to a T*
R2R3
R1+ R2 + R2

R'

R"'

R"R"'
R"'

(17B-3)
(18B)

P = PR

Where P is in watts
/ is in amperes
R is in ohms

(16B-1)

P = EVR
Where E is the voltage drop across

Fla?,
+ R2 ± Rs

(16B-2)

RiR2
± R2 ± R1

(16B-3)

(17B-2)

R"

R,
FIG. 1B

(17B-1)

(19B)

R

P = El

(20B)

Where E is the voltage «roles
/ the current through the load
•We may substitute Z for R if we deal with imPedancee.

C: CONDENSERS (STATIC)
Capacity from Dimensions
Two Plates
C = .225

(10)

KA

d

Capacity of Round Wire Surrounded by a
Round Tube
c = 7.35K
(60)
log (1º)
rl

Where C is in micro-microfarads, µµf
A is area in square inches of one plate meshing with the other
d is the plate separation in inches
Kis the dielectric constant of the separating
medium.
Ki,
1.0;
8 to 9;
Kr...tor on
13.0

Where C is micro-microfarads per foot
is the dielectric constant of separating
medium
Kee
1. Assume K = 1where beads are used only
infrequently for spacers
ri is the radius of the inner wire
ro is the radius of the inner surface of the
outer conductor
ri and ro are in the same units

Several plates
KA
.225 — (n - 1)
d

C

Condensers in Parallel

Where n is the number of platee
A is in square inches
d is in inches

C

General
C = Ci ± C2 -I- Cs ± C4 + etc.

.0885KA (n - 1)
d

Where A is in square centimeters
d is in centimeters

Equal Condensers in Parallel

Plates to Remove for Desired Capacity
= (
N I -1)
Where No
N1
Co
Ci

is
is
is
is

the
the
the
the

+ 1
"

C = nCi

(40)

Condensers in Series
General

Capacity of Two Parallel Wires
=

3.68
log (2cDi)

(8C)

Where Ci is the capacity of one condenser
n is the number in parallel

remaining number of platen
original number of platee
desired capacity
original capacity

c

(70)

Where Ci, Cs, Cs, etc. are in the same units, and
represent the respective capacities of the
condensers
C is the total capacity, same units as Ci, etc

=
(50)

6,
12+

cis+

c
l. -F

etc.

(90)

Where Ci, Cs, etc. are the respective capacities of
the condensers in aeries
C is the total capacity

Where C is in micro-microfarads per foot
D is the separation of wires
(center to center)
d is the diameter of the wire
dand D must be in the same unite

Equal Condensers in Series
C
Where n is the number

21

(100)
in

series

Three Condensers in Series
C—

C1C2Cs
(11C)
C2C,
C1C2
Where CI, Cs, and Ca are the capacities of the three
condensers
Two Condensers in Series
=

C C2
CI+ C1

(120)

Where C is in farads
E is in volts
Q is in coulombs
Energy Stored in a Condenser
W = 0.5 CE 2
Where C is in farads
E is in volts
W is in joules
Elastance of a Condenser

Charge in a Condenser
Q = CE

(14C)

Where

(130)

S = 1/C
C is in farads
S is in darafs

(15C)

D: COILS (STATIC)

Inductance of Coils in Series.
L=

+

Lz +

Li +

L4 +

Inductance of Multilayer Round Coils

etc.

See Fig. 1D.
Applies to honeycomb,
smooth layer and jumbled layer windings.
When the width b is greater than the
radius a:

(ID)

Where L, Li, eto. are in the same unite; henries,
millihenriee, microhenries. No coupling between coils.
Inductance of
Coupling)

Coils

L

LI

in

Parallel
+ etc.

Where

(2D)

Ls

+ Li = 2M

L is in microhenries
a, b, edimensions are in centimeters
When dimensions are in inches, multiply
answer by 2.54 to get L in mh.

(3D)

+ for aiding
— for opposing

L

Inductance of Single Layer Solenoids*
L = FdN'

Where L

(4D-1)

41as N'

Sa + 11c

(6D)

is in microhenries
dimensions in centimeters

For a square cross section coil b= cand
a-= 3/2 c (diameter of core equals 2e):

Where L is in microhenries
N is the number of turns
d is the coil diameter in erns or inches
F the factor determined from curve

L = .064 UN'

Fig. 12, page 11

Where

0. 41 a2N1
(4D-2)
9a + 10b
Where aand bare as indicated in Fig ID, and are in
Centimeters, Multiply inches ,by 2.54 to get Centimeters.

,...,, , .

(5D)

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):

Inductance of Two Coils with Coupling
L=

314a 2 Ns
6a + 9b + 10e

L

(No

(7D)

is in
C is width and height in inches
N is the number of turns

L

Mutual Inductance of Coaxial Solenoids
The following formula is only approsi-

_

I ‘,

_I_ 2_,

Fia. 1D
'All inductance formulas are approximations and
in radio work should be checked by measurements and
turn adjustments made.

Flo. 21)
22

The method is close enough for other coils.
ri and r, are measured to the centers o; the
wound layers.

mate. Follow the given procedure. First
find the value of ri and ra by the formulas:
r,

4/(1 — A
_
a
_) 2 -F

-4/ (1

+

(8D-1)

As

C. = .6r

(8D-2)

d-L92

A

Distributed Capacity Single Layer Coils

.A 1

(9D-1)

Where C. is in gal.
r is the coil radius in cms.

Then find the ratio of

K

= .76D

rl

Find N from the following graph, corresponding to K:

(9D-2

Where C. is in wif.
D is the coil diameter in inches

Chokes
C. and the coil inductance L form an antiresonant circuit at co = 1/ s1 LC., where
co =Id.. Choke is inductive 0 to I., 2/.
to 3f., 4f. to 5f., 6f. to 7f., etc. Choke is
capacitive f. to 21., 3f. to 4f., 5/. to 6f., etc.
Maximum impedance at f., 3/., 5f., etc., and
zero impedance at 2f., 4f., 6f., etc.
Inductance of Two Parallel Wires
.en

2D
L = .281 log — -I- .030
d

(10D)

Where L is ph 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

4001

Inductance of a Round Wire Surrounded
By a Round Tube
L
0900,
9

f

.2

.3

.4

611 6f

3

Fia. 3D

.015

(11D)

Where L is ah per foot of transmission line formed
rci is radius of inner surface of outer tube
ri is radius of inner wire

Compute the value of M. from the formula:
= N -%1A x a

Suggestions in Coil Design
When dimensions of a coil are given, the
inductance calculation requires simple substitutions 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 various values for the other dimensions and calculate the inductance. Remember that inductance roughly increases as the square of
the turns, square of the diameter and in-

(8D-3)

Where N is obtained from Fig. 3D
A and a from Fig. 2D (in ems.)

And finally by substituting M. in:
M = n1 n2 M.

.140 log

.9

(8D-4)

Where M is in microhenries
ni is the turns in coil 1
n2 is the turne in coil 2

The process holds true for single layer
coils whose length is equal to the diameter.
23

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 a wire
size and insulation covering and from awire
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 amultilayer coil this should be
divided by the number of layers.

Where L is in henries
N is the turns
P is the permeance of the iron circuit, and
is defined by the expression µ11;µ being
the permeability, A the cross-section,
and! 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 employed.
Energy Stored in a Coil

Coils with Iron Cores

W = 0.5L P

L = 1.26 N'P X 10- a

(13D)

Where W is in joules
L is in henries
/ is in amperes

(12D)

E: CIRCUITS HAVING ONLY RESISTANCES*
Ohm's Law
E = IR

(1E-1)

I =- EIR

(1E-2)

R = E/I

(1E-3)

Power Delivered
P = Vt.!
P = 1E, - PR.

(
4E)

Efficiency of Circuit

Where E in in volta
is in amperes
is in ohms

Eff. = Vt/E.

Generator with Resistance

=

RL
RL ± R.

(5E-1)
(5E-2)

To find Elf. in percent multiply by 100.
Maximum Power
Obtained when:

Fia. 1E

= RL
Vt

E. - IR.

E, = I (R,
E.
I =R
RL
.
Where E.

(2E-1)

Voltage Generated by a D.C. Motor with
Shunt Field

(2E-2)
(2E-3)

=
Where Eg
It
S
K

no load or generated voltage
Vt the terminal voltage
I the line current
Rg the generator resistance in ohms
RLthe load resistance in ohms
is the

E. 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.

Where

Where P
R
✓
I
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(7E)

Power Losa in a Resistance

(3E)

P is in watts
E is in volta
I is in amperes
•The formulas in this section apply to any A.C. or
D.C. circuit with aresistance load.
For A.C. circuits
the r.m.e. values are considered.

S

is the average generated voltage
the field current
the speed in revolutions per minute
is a constant for a given motor determined by setting It, S and measuring Eg,
the no load voltage.
K
E,/IS.
Formula holds good for values of if which
do not produce magnetic core saturation.

Power Generated
P =E

(6E)

is
is
is
is

P = l'R

(8E-1)

P = VI

(8E-2)

P = VI/R

(8E-3)

in watts
the resistor value in ohms
the voltage across the resistor
the current through the mediator

F: A.C. CIRCUITS WITH IMPEDANCE

Fundamental Concepts

To Change Degrees to Radian Angles

Sine Waves

O is usually expressed in degrees. When
substituting in the sine formula it must be
in radian angles.
=

ed

(7F

180

Where 0, is the radian anglee
Be is the angle in degrees

Representing Lagging and Leading Components
(1F)
e= E. sin cot

(2F)

Where iand eare the inetantaneous valuee
IM and EM are the maximum or peak
values
je time in seconds
je the angular velocity and equals

Fie. 3F

(3F)

go = 2rf

Im sin ca

Where J
.is the frequency in cycles per second

Average Value
IAv = .636 /u

(4F-1)

EAv = .636 Eu

(4F-2)

(8F-1)

1: 2 = /22 2sin (Ca + el)

(8F-2)

i
2 = I
li: sin (Ca —

(8F-3)

Power Factor

Root Mean Square Value
= .707/ id
&

us .=

.707E 12

(5F-1)
(5F-2)
Fia. 4F

Phase Angle

=

(9F)

COB

Power
P

VI cos O

(10F)

VI X p.f.
Where P is in watts
V voltage across device (ma value)
current through device (rms value)

Fla. 2F

Reactance

I. is the reference wave

XL

I. leads /1 by the angle e.
Where

Formulas indicating leading or lagging
phase angles follow:
it

= /2 sin (ut + 0) for leading wave

i
t =. /2 sin (A

0) for lagging wave

(11F-1)

reactance of coil in ohms
L is the inductance of coil in henries
is the frequency of the current
X. =

(6F-1)

211L

XL in

1/221-fe

(11F-2)

Where C it the capacity of condenser in farads
X. is the reactance in ohms

(6F-2)
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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.

D 1. Radio Operation in Automobiles

Pages 1-4

Auto sets must be designed particularly for operation under the conditions
found in cars. They must have high sensitivity, be compact and sturdy, and
must be carefully shielded and filtered to keep down the interference level.
A discussion of the sources of interference is given, as this has an important
bearing on the installation and repair of auto sets.

D 2. Installing Auto Sets

Pages 4-15

The various types of auto sets, aerials and controls are described, then the
proper installation and connection steps are described.

D 3. Eliminating Ignition Interference

Pages 16-25

All eliminating steps are covered, in the order of their importance. Bypass
condensers, suppressor resistors, bonding and shielding are all used for interference reduction. A step-by-step localization procedure is given to assist in
running down the noise.

D 4. Servicing Auto Radios

Pages 25 -34

How to service auto sets in the car and on the workbench. Vibrators and
vibrator circuit troubles, as well as auto set peculiarities, are covered here.

D 5. Farm Radio Receivers

Pages 3436

A description of a typical vibrator-powered farm radio and service hints for
this kind of set.

D 6. Answer the Lesson Questions and Mail your Answers to N. R. I.
D 7. Start Studying the Next Lesson.
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Condenser, Coil and Resistor in Series

These are referred to as the necessary
conditions for resonance and the current at
resonance is given by the formula:
/0 = E/R

(14F-5)

The current is in phase with the applied
voltage.
Theoretically with no resistance
in the circuit the current is infinite.
FIG. 5F

Voltage Across Each Element of a Series
Circuit

R, L and C in Series

VR

(12F-1)

Z =. -‘11?' ± (XL — X.) 2
= 4/R 2 + (27rfL — ...1—\ 2
27rfCj

Where I in

IR

(15F-1)

Vi. = 2IrfLI

(15F-2)

Vc = I/2eIC

(15F-3)

computed from 13F-1

R and L in Series
Z = -‘,1 R2 -I- XL
2

(12F-2)

Coil and Condenser in Parallel Each with
or without Resistance

= 'sale + (241) 2
R and C in Series

Z=•
s
Pin
.. V

± X.I

R2

(12F-3)

y
‘2„fej

± ( 1

L and C in Series

Fia. 6F

Z = XL — Xc
= 2-rfL —

(12F-4)

1
2-gfC

With R. and Ri

Current in Series Circuit
I = E1Z

(13F-1)

Where Z is determined from (12F-1) to (12F-4)

psf. —e
-

IL = E/ ‘IRL 2 -I- OL2

(16F-2)

I

(13F-2)

2wfL =

1
27rfC
1
2w 1,1 LC

C

=

L=

E
". (

(16F-3)

X. -s,IR L2 ± XL 2 )

\ -1IR L2 + (X L — Xe)'

Maximum Current 1
0 in Series Circuit

Where

(16F-1)

If R. can be neglected:

Power Factor

when

I. =E/ 4/Ec,+(
g

If RLis small compared to XL:

(14F-1)

E
(14F-2)

1
4-mi./IL

(14F-3)

1
47r2PC

(14F-4)

L

1

'

I
It Li± (X L — X.) 2

(16F-4)

When XL= X., resonance:
1-

E

L/RLc

(16F-5)

The factor L/RLC is the apparent impedance of a parallel resonant circuit. and

L is in henries
C is in farads
f is in o. p. s

26

Where in
J
.
L
C

is purely resistive; i.e., the current I is in
phase with the voltage E.
Practical Resonance Formulas

Q Factor or Circuit Q

The general formula for the frequency at
which resonance occurs in either series or
parallel circuits is:
f=

1
Zrr

Quite often in discussing a series or parallel resonant circuit, the term Q is found.
Since in practical series and parallel resonance circuits the circuit resistance is inherent in the coil, the merit of a coil is
expressed by its Q factor.

(17F-1)

This formula is based on negligible circuit
resistance, a condition safely assumed in
practical radio circuits, and:
Where in 17F-1 .1
L
C
R

is in o. p. s.
is in henries
is in farads
is in ohms

1=

159.2
JLC

L—

25 '330
PC

C

25 '
330

f2L

17F-2 to 17F-4
is in kilocycles
is in microhenriee
is in microfarads

Q = coL/R

(18F-1)

Q =1/wCR

(18F-2)

Where L is in henries
R is in ohms
Q is a figure of merit
C is in farads

(17F-2)

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 amplification in a coil by virtue of its parallel
resonance.

(17F-3)
(17F-4)

G: COUPLED CIRCUITS

Basic Formulas

Where Zit is the impedance of
terminals 1and 2

Zig

and Zg.between

Primary Current
IG =

EG (
ZM
ZL)
(1G-2)
ZGZu
ZGZL FZMZL.

Coupling Current
EG ZL
zGz. +zGzi, +zmzi.

FIG. 1G
Given a general circuit with the coupling
impedance Za, feeding a load whose impedance is ZL. The generator has an impedance ZGand generates a voltage Eo. 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 impedance of Zu and Zi in parallel as viewed
from the generator (terminals 1 and 2) is
helpful.
This is termed the primary
equivalent impedance of the coupling device.

Secondary or Load Current
IL —

=

ZM ZL
ZM
ZL

EG Zm
ZGZhi -F ZGZL

ZMZL

(1G-4)

Load Voltage
VL

EGZm ZL
ZGZM

ZGZL

ZMZL

(1G-5)

It is to be remembered that any impedance Z may be a device having a real
and imaginary component (Z=R
jX).
Or it may be a resistor or a reactance.
Transformer coupling or network coupling
may be reduced to an equivalent Z11. Ex-

Impedance Reflected Into the Primary
Zit

(1G-3)

(1G-1)
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perts with the above basic formulas have
derived formulas for practical circuits.* We
shall consider only those that are regarded
as most important.

may be considered on the basis of turn
ratio.

Transformer Coupled

Fia. 3G
T
R

Fia. 2G
co2M 2

RII

(2G-1)

Rp

RII = RO TRIp\ 2

E
°'M'
RL

(2G-2)

....

T

Where, see Fig. 2G, Lp is small in oomparison to Ls
or unity coupling existe

Induced Secondary Voltage
(2G-3)

Es/RL

(2G-4)

21.

2

VL =

M

R

=

RL

Ns

(4G)

(2G-5)
Fla. 4G

RLE

co2Ms

Case when C is tuned so ./• is amaximum.

When the coefficient of coupling K is
known:
M =KNILpLs

Reflected Secondary Load into Primary is:
,
e 2M2

(2G-6)

R11

When K is equal to 1 (unity)
m =

(3G-3)

1

ISRL

RpRL

-

(3G-2)

Reflected Impedance—Tuned Secondary

w M 1p

co M E
RR&
W M

N
RL (31 S)

To match reflected Ri to Rp—condition
for maximum power transfer when:

E RI,
RpRL
co2M!

Es

(3G-1)

Secondary Resistance Ri reflected into
primary:

RL

Ip

_ Ns _ Sec. Turns
Np Pri. Turns

Rs

=

(5G-1)

Output Voltage

(2G-7)

-

Ideal Transformer Coupled (K = 1)

ME
1
X
C
RpRs
w2M 2

(5G-2)

w2MLE
RpRs
co2M'

toLp and ieLB are very large in comparison
to Rp or Ri. See Fig. 3G. Transformers
•For a more complete treatment of circuits containing L, C, R, and M refer to Henney's Radio Engineering Handbook, published by McGraw-Hill Book
Co., New York City.

Maximum Vc when (optimum condition) :
(5G-3)
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IT'S THE RUN THAT COUNTS
In baseball, the hero of the game is the man who
scores.

There are plenty of others who "almost"

Jia

hit a home run—who "almost" scored—but these
are forgotten men, as "almost" does not count.
First base—second base—third base—these are
only stopping places on the road to a score.

The

.7

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."

•"Oft-

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."
Seize every opportunity to move forward—give the
game everything that you have.

Remember, no man

can be stopped always—the fellow who keeps going
is sure to win.

ç.

-to

bd
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KNOW YOUR COSTS
Where does your money come from, and where does
it go?—these are two simple questions which have
determined the success or failure of many a man
starting up a business of his own.
There is a fair charge for each piece of work you
do; excessive charges give high profits temporarily
but result in failure through lack of business in the
future, and too low profits or even losses on a job are
just as disastrous. In order to determine the proper
charge for each job, you must keep records of your
expenses and your income, just as is done in any other
successful business. These records need not be complicated—in fact, you will marvel at the simplicity of
the system described in this lesson.
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RADIO ACCOUNTING AND RECORDS

A Simple System of Records
HERE are certain basic dollars
Tand
cents facts that a man must

vantage to employ an accountant to
install such a system, and you should
know about his business to operate it hire a bookkeeper -typist -telephone
successfully. The simplest possible clerk to do the office and clerical work
system of records that will give you and relieve you of this detail. Your
these facts is the best system for you. job is to get out after the business,
Elaborate records have no place in a render satisfactory service, and bring
one-man business. Your records, on in the profits.
the other hand, must be adequate to
lob- In the beginning, as you build up
fit your needs, and give the necessary your volume of service work, you will
figures that are required for proper need to know the exact cost of doing
management and planning. Your rec- the work. How else can you know
ords must be set up to provide ade- what to charge to make aprofit? You
quate figures for the preparation of must know how much profit you make
State and Federal tax returns stateand where the profit is coming from.
ments that may be required by your You must know how much money you
bank should you desire to borrow, and take in, where it goes, what is owed to
financial statements as requested by you, and exactly how much you owe.
Finance and Credit Companies. If
There are other facts and figures
you expect to grow and prosper under that may be helpful in building up
present-day competition, you must your business. Those just mentioned
start at the beginning to use the tools
are the essential ones, however. You
of business. Figures are the tools of will find them all included in the simbusiness, just as meters, screwdrivers,
ple system described in this book.
and soldering irons are the tools of
If you follow the rules given in this
the repair man.
lesson, you will be well on the road to
I> We recognize that you cannot success. If you do not follow them,
spend much time on accounting work, you take the chance of becoming a
so in this lesson we have planned a complete failure as a business man,
very simple Accounting System.
and this will be true no matter how
When your business grows and a skillful you are as a Radiotrician.
more elaborate system of records beIncome and Expenses. The first
comes necessary it will be to your adessential of any system of records is
1

that a complete and detailed account
be kept of all income and all expenses.
Therefore, we will start with arecord
of cash received and payments made.

have to pay for them with .caeh."
You will handle this in the manner
used by nearly every business, large
and small—by the use of apetty cash
fund. Write out a check payable to
CASH
yourself for $5, $10 or $15, depending
The first rule in our system is ex- on your requirements. Put this money
tremely simple; for that reason, it is in a safe, convenient place. This can
easy to neglect it. This rule is sound be a box or a drawer, or even a speaccounting practice—and sound busicial wallet or money pocket. The important
thing is to keep it strictly
ness sense as well.
I> Rule No. I. All cash that comes in separate from all other funds.
to the business and all cash that you
Pay all small bills chargeable to
receive for your service work must be your business from this fund. As you •
deposited—without deductions of any spend the money from this fund, place
kind—in the bank. If the receipts are areceipt or slip of paper in the money
large enough to deposit daily, make a box, showing the exact amount of
deposit every day. If not, then make money spent, what it was spent for,
your deposits twice aweek. Establish and the date.
this practice in the beginning and
The total of these receipts and slips
stick to it.
plus the balance of cash left in the
Maintain this practice by keeping fund should at all times equal the
all personal funds and expenses sepa- total amount of the fund you began
rate and distinct from those of your with. Thus, if your original petty
business. If you mix them, there will cash fund is $10 and the balance of
be no good way of determining the the cash on hand is $4.18, you should
profit your business is earning, and have receipts, slips, and tickets acthe whole purpose of these simple rec- counting for the expenditure of $5.82.
ords will be defeated. For your perYou may be out on a job and find
sonal needs such as clothing, salary,
it necessary to buy some small part
etc., draw a check against your busiout of your pocket. Be sure to collect
ness and payable to yourself, stating
from the petty cash fund when you
clearly on the stub of the check that
return. A large part of your expenses
it is for personal use. The reason for
will be paid from petty cash, and
this rule will shortly become apparent.
strict adherence to this rule is even
Petty Cash Fund. You will natumore important to you than to a
rally ask, "If I put all the money in
larger business.
the bank, how will Ipay for the many
When your petty cash fund gets
small items that Ihave to buy for the
business, such as replacement parts, low, take all the receipts or memos,
stationery, office supplies, etc.? These and add them up. Write out a check
small expenses come up every day. I payable to yourself for the total of
2

these receipts, cash the check, and
place the amount received 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 procedure 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 shown in the section "A
Voucher System."
Cash Receipts Record. For OUT
record of cash received we shall re-

put into the business. The last column you will note is reserved to show
the deposits in the bank. At the end
of the month add the column showing
the amount received. Then add the
column showing the amount deposited.
If you have followed rule No. 1 and
if your figures are correct, these two
totals will agree.
A VOUCHER SYSTEM
It is as important to keep a record
of all payments made by the business
as it is to record all cash received. It
is necessary to buy shrewdly and
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Feast 1
quire a standard blank book which
can be obtained from practically any
stationer. Be sure to get one that is
"journal-ruled." Forms Iand 2 illustrated in this book are made on journal-ruled paper.
Turn to the middle of the book and
head one of the pages Cash Receipts.
This part of the book will be your
Cash Receipts Register. Head the
columns as shown in Form 1, Date,
Cash from., For, Amount, and Deposited.
I
I> Now for Rule No. 2. Enter faithfully in this book all cash received,
including the personal cash that you

watch expenses carefully. 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 that they were paid. A properly
kept voucher system will give you this
information with aminimum 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 require a special printed form.
If you buy ten tubes from the O.K.
Tube Company and they render an
invoice, all you have to do is mark
it "goods received and okay," date it,
3

INSTALLATION AND SERVICE OF AUTO RADIOS
AND FARM RECEIVERS

Radio Operation in Automobiles
FAR
ASshow,

as their wiring diagrams
the use of a vibrator
power supply and special filters in the
power leads is all that distinguishes
the average automobile receiver from
the average home radio. But actually,
because of the unusual interference
and sensitivity conditions it must
meet, and because of the physical requirements imposed by use in an auto,
the car receiver is a far different set.
You must take these special conditions into consideration when you install or service an automobile radio—
so let's see, briefly, what they are.
Sensitivity Requirements.The antenna of an automobile radio must,
of course, be small and is quite close
to the ground. As the antenna effectiveness varies directly with size and
height, this means the amount of
signal pickup is small, so the sensitivity of the set must be high.
Also, as one drives on the roads
between cities, it is desirable to be
able to pick up signals from favorite
stations as long as possible, or to be
able to pick up the stations in the
next town as those in the last one
fade out. (This is particularly important to truck drivers and salesmen
who depend on the radio to relieve
the monotony of driving.) Again, high
sensitivity is required.
Hence, auto sets use high Q coils
and high-gain circuits. Some even introduce acertain amount of regeneration to increase the sensitivity further.
Most auto sets have an r.f. stage
ahead of the first detector to raise
the weak signal input to the point

where first detector noise is less of a
problem.
I> Further, as the car is driven around,
the receiver may be at one moment
in an area of good reception—the
next instant in a section where signal
strength is tremendously reduced by
some shield (the steel framework of
a building or a bridge, overhead trolley wires, etc.)—and, a few seconds
later, back in a good reception area.
The set must have sufficient reserve
sensitivity and a fast-acting a.v.c.
network (one with a short time constant) so it can minimize the effect
of variations in signal level.
Physical Requirements. Besides
having high sensitivity, an auto receiver must be compact, so it can be
installed out of the way of the driver
and car occupants, and must be rugged to withstand road shocks and
bumps. Its controls must be easy to
reach and use. And, since the set
must operate from an already heavilyloaded car battery, it must draw as
little current as possible.
Interference. An auto set must
work in the middle of a "hot-bed" of
the worst kind of radio interference,
caused by the automobile ignition
system. Special shielding and filter
devices must be used to produce good
reception without interfering greatly
with the operation of the car or the
radio.
lb- After the auto radio set is designed,
there remain three problems: /, its installation; 2, suppression of interference; and 3, radio servicing. The
interference problem affects the other
1

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 envelope or fasten
them together; put a slip with them
showing their total amount, the date,
number of the slip, and it becomes a
voucher. When you draw cash from
the bank for your personal expenses,
write out a slip with your name on it,
the amount, the date, and number it
— and this memo serves as your
voucher.
II> Now we have Rule No. S. 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. (You can
start with number 1.)
A simple method is necessary for
recording, paying, and filing vouchers.
Use the first part of the journal-ruled
blank book already mentioned. (See
Form 2.)
Head up the first page of your blank
book with the words "Voucher Register." Then mark the columns as
shown in the figure, Date, Pay to, For,
Voucher No., Amount, and Date Paid.
Let us suppose that your first transaction 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
sold on thirty-day terms, which means
that it is to be paid in thirty days.
If you think that you will have
enough money to take the discount

offered for prompt payment, deduct
the discount. If, on the due date you
find that you cannot make payment,
it will be necessary for you to make
another entry in the Voucher Register
(using the original voucher number)
for the amount .of the discount originally deducted from the bill. Check
this bill carefully against the tubes
received, okay it, mark the date, and
number it "Vou. No. 2" in the upper
right-hand corner.
Now enter both of these vouchers
in the voucher register that you have
prepared; enter the amount due or to
be paid in the first money column and
leave the second money column (Date
Paid) blank for the present.
All vouchers must be carefully
filed. Have one file for unpaid vouchers and one for paid vouchers. Elaborate facilities are not necessary—
probably a stout cardboard box will
do. A heavy envelope or file pocket
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.
Turning again to your voucher register, you can see how easy it is to tell
once a month what the total expenses
of your business have been, what you
have withdrawn for your personal
use, and the grand total of all expenses.
PAYMENTS
As you know, Rule No. 1 is to deposit all money in the bank. This
means that it is necessary to pay all
bills by check. (The only exceptions
4

are small bills paid out of petty cash
fund, but, as this fund is always renewed by check, we accomplish the
same result.)
I
I> The success of the voucher system
and the control of expenditure of business funds lies in strictly following
Rule No. 4. Always pay by check.
All bills that are to be paid have
been made vouchers with numbers on
them and filed 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.
(See Form 3.)
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 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 being 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
items paid, the date of payment, and
the check number.
Mark your
voucher paid, showing the date of
payment and the check number. Then
file the voucher in the paid voucher
file in proper numerical order.
At the end of the month, your
voucher register will very likely show
some items with no payment notations beside them. These should be
items which are not yet due. Check
these open items on your voucher register against your unpaid vouchers,
and add them up; you should have
the exact total of the amount that you
owe.
In a sizeable business, a payment
register becomes necessary. To save
you work, the system outlined in this
book eliminates a payment register
and uses the check stubs only. You
will simply show on each check stub
the amount of each check as drawn
and the total amount of the checks
already drawn to date during the
month. Add the amount of each check
to the sum of the checks brought forward. You will thus have at all times
the total of the checks drawn during
the month and will automatically
have this figure ready at the end of
the month when you do your checking.
Under this system, the only amounts
to be entered on the face of the check
stub are the amount brought forward
(which is the total of checks drawn
already during that month to date),
the amount of the check being drawn,
and the total to date.
Keep the record of your bank balance on the back of the previous stub
5
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(in Form .9 this will be the back of
Stub No. 31), where you will show the
additions for deposits made and deductions for checks drawn. Study
Form .5' very carefully.
This departure from the usual

end of the month; then you should
have the balance as shown by the
bank for that date.
Here is a simple way to test the

accuracy of your record-keeping and,
at the same time, make an additional
check on your bank account: Add the
method of recording changes in the
total of the deposits as shown in your
bank balance on the face of the stub
cash receipts register for the month to
may be confusing, but the purpose is
the amount of cash in the bank as
the determination of the total of the
shown by your check book at the bechecks drawn for the month. This
figure would normally be found in a ginning of that month. Then subtract
Payment Register mentioned before the total amount of the checks drawn
during the month as shown by your
in this text.
check stubs. If your figures are corRECONCILING YOUR
rect, you will have the same balance
BANK ACCOUNT
as shown on your check book.
At the end of the month, when your I> This gives us Rule No. 5, a very
paid checks are returned by the bank,
important rule.
Check or balance
place them in numerical order, check your accounts once a month. Make
them against the stubs, and mark the sure your work is accurate. If any
stubs to show which checks have been mistakes have been made, find out
paid. List and add the unpaid checks, where and correct them. Thus, your
adding their total to your own balance records will be dependable and will
shown on the back of the stub at the tell you the facts you need to know.

7

Job Costs and Billing
So far, our system has shown you
how to account for all cash received
and paid, how to handle all payments,
and how to use a petty cash fund.
Now, avoiding all accounting technicalities, we are going to supply asimple system of billing for your goods
and services. This system will include a method of determining the
cost and the profit on each service
job. At the same time, you will furnish your customer with a bill and a
complete statement of the work done.
For this purpose, a combination
bill-and-job ticket has been designed.
We recommend strongly, since the
original copy of this bill remains with
the customer or is mailed to him, that
you have agood job of printing done,
using good bond paper, and neat type
set-up. A little care on your part and
a few extra pennies will impress your
customer with the fact that, if you
are so careful and exact in your business methods, your service methods
and service work are probably just as
exact and careful.
The second copy of your form is
somewhat different from the original
copy. It should be printed on card
stock or paper that is stiff enough so
that you can stand it on end in a file
box. When making up your bill, you
will use a piece of carbon copy paper
between the original and the second
copy.
It is not necessary to have these
forms bound together. A paper clamp
or clip board will hold both copies

and the carbon paper between them
in proper position for writing.
In order 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. 3lead pencil. A stiff point fountain pen (manifold point) would be
better, but is not essential. Keep two
or three well-sharpened pencils in
your kit and at your shop so that you
need never fail to render a bill on
every job.
Now examine carefully our invoice
and job ticket and see how they are
used. (See Form 4.) Your name, address, and telephone number should
be attractively and plainly printed.
Then we shall number the first job on
which we use this form Job No. 1.
Now fill in the date.
Notice particularly the little item,
"Terms: Cash." If your customer is
sound enough financially to have the
job charged, cross off the word "cash"
and write ten days or thirty days, or
the date on which he agrees to pay.
Some people entertain the false idea
that, when no definite date of payment
has been agreed upon, payment can
be made at any convenient time, perhaps ayear or two. They are wrong,
but a few such customers can quickly
stop your business from functioning,
due to lack of funds. Never leave a
bill or mail abill to a customer without the terms of payment clearly
stated.
Now let us assume that you are

8

receiving a call for service. Enter on
the invoice the customer's name and
address, the location of the job or
rem

when you can do the job enables you
to plan your work, and having this
much of the invoice and job ticket
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where the service call is to be made,
and as much detail of the job as you
can get, including the time when the
job can be done. Knowing in advance

filled out in advance saves you time
when you are on the job.
As you start working on a job, lift
up the original and carbon paper and
9

enter 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 price as the selling price. If
you have to buy special parts while
on the job, list them on the original,
but lift up the original and carbon
paper and enter the cost price immediately of these special parts on the
shop copy. Incidentally, this may remind you to collect the cost of these
parts from your petty cash fund when
you get back to the shop.
When you finish the job, be sure to
enter on the shop copy the stopping
time, figure the amount of time between starting and stopping time and
enter this elapsed time in the proper
place.
Then enter on the original, with the
carbon in place, the amount you wish
to charge for your labor. You already
have the prices of material used entered at their selling prices. Now add
the totals for material and labor,
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 carbon
copy. On the job illustrated, the cost
price of the parts which sold for $1.80
was $1.07. For your own information
10

you figure the difference and get the
profit on materials as $0.73 which you
might note near the words, "Total
material."
Now figure the cost of your labor
just as though 3Hsu had hired it done,
pricing it at a definite hourly rate,
which you feel y u earn, or which you
would have to pafr an employee doing
the same quality of work that you do
and who has you technical qualifications. Where you are the only servicemen, then you should charge exactly
what you would 1
3arn per hour if you
were employed by some other organization.* (This dloes not include the
profit on the lab r.)
OVE RHEAD
The next item to figure is overhead.
An entire book could be written on
this subject, but f9r practical purposes
it is enough to mkierstand that overhead is simply the total of all expenses
incurred by your business during the
month that cannotbe charged directly
to particular jobs. These indirect expenses must be spread over , all the
jobs you do. Such items are solder,
wire, and all mis3ellaneous items of
supply, including business stationery
and gasoline for y tn. car. These must
be estimated as closely as you can
reasonably do so in advance. Items
such as rent, light and heat, and telephone can be estiMated closely.

*When you start a business, you should
draw no more than you earn by your labor
charges. When the bthsiness becomes established you may fix a weekly wage for yourself.

Certain important items such as
wear and tear on shop equipment and
on your car must be estimated. Supram 4

of $48 or $2 amonth. We will assume
your car to be worth approximately
$240 and that you estimate it will be
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one-half this value or $120 at the end
of twelve months. This loss in value
or depreciation is $120 for the year
or $10 a month.

pose that you are using a $48 multimeter which you expect to last two
years. The monthly cost of this instrument to you is one-twenty-fourth
11

List all your indirect expenses for
one month, and you may have a result something like the following:
Gasoline for the car
Wire, solder, etc.
Telephone
Light and heat
Rent
Tools worn out or lost
Depreciation of test equipment
Depreciation of automobile

$ 5.50
3.50
3.50
9.00
25.00
1.50
2.00
10.00

Total indirect expenses

$60.00

How shall we distribute this overhead to the actual jobs you will
handle? You know about how many
hours you expect to devote to service

,04.,
'i

i

charged the cuóomer will be $2.10,
which we get by adding cost of labor
$1.00, profit on !labor 500, and overhead 600. The addition of $2.10 to the
selling price of material makes the
total billed $3.9.
Now, to get he estimated profit,
subtract $2.67 firm the total amount
of the bill which i
is $3.90 and enter the
difference of $1123 after "Estimated
profit." To check your work, add
again the total cost of job and the
estimated profit ànd your total billed
should read $3.90,. Remember that all
of this detail is bntered on your carbon copy only and is confidential information for yoUr use.
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work in the coming month. Let us assume that this will be one hundred
hours. Divide $60 by 100 and you
will find your overhead expense for
each hour of labor is 60 cents. Since
our sample service job took just one
hour, we add in 60 cents for overhead.
To this you add the profit derived on
labor—in this case 50 cents per hour.
The total charge for labor should not
be unreasonable, as the customer is
bound to complain. The total labor

Frequently, you will make an outright sale of rebeiver parts, accessories, electric appliances, or a radio
receiver. There will be no service
cost, labor chàrges, or overhead
charges, on any such direct sales. Use
your invoice forni by making entries
in the material spaces only, bringing
the amount down to the Total billed
space. On your carbon copy, enter
the cost of the goods to you and figure
your profit.
You understand, of
12

work without charge reduces the margin of profit on areceiver sale, and an
accurate record of installation costs
should be kept for your own guidance.
The full value of this combination
invoice or bill-and-job ticket form
will only be brought out as you use
it. Retail prices of radio parts, accessories, etc., are fixed within certain
limits. Selling service and labor is a
very different matter. This is perhaps

course, that this profit is known as
gross profit and should be high enough
to cover all costs of selling and handling, and still leave you an actual, or
net, profit.
In the case of sale of a receiver,
you will, in practically every case, be
expected to make the installation. You
really have to do this to make sure
that you will have a satisfied customer. When making an installation,
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the simplest way to make sure you receive areasonable profit on your servicing ability. If you can service a receiver twice as fast as the average
technician and he charges $1 an hour,
there is no reason why you shouldn't
charge
per hour. Referring to the
cost sheets on past jobs, you have a
dependable method for estimating on
future work, when you are requested
to give a price.

not find it advisable
to make an installation charge. If an
installation charge is justified, use the
entire form the way that has already
been explained just as if you were
making a service call. Where there
is no additional charge, you can show
on your carbon copy the starting and
stopping time, the cost of the time and
overhead, and subtract their total
from the gross profit. Installation

you may or may

$2

13

through the generator winding. The
cut-out (see Fig. I) does this. The
cut-out is arelay which remains open
until the voltage across its operating
coil L, (that is, the generator voltage) rises to alittle more than 6volts.
When it does, the relay closes its contacts and connects the generator
across the battery, making the connections through coil L,. Since the
LOW-VOLTAGE CIRCUITS
generator voltage is higher than the
The electrical parts of an automo- battery voltage when this connection
bile, including the starter motor, the is made, current flows from the genignition system, lights, electrical erator into the battery through coil
L2. If the speed of the engine slows
gauges, heater, etc., all operate from
down enough so that the generator
the car battery.
voltage falls below that of the battery
The battery is a6-volt storage batvoltage, the battery will start distery in all modern pleasure cars and
charging through the generator and
in most trucks. This storage battery
the direction of the current flow
is rather heavily loaded, particularly
through coil L2 will be reversed. This
by the starter motor. As the battery
is essential for the car's operation, it coil then forces the cut-out to open,
and it will remain open until the voltmust be kept charged, so a generator
driven by the car engine is used for age of the generator rises enough for
coil L, to close it again. Thus, the
this purpose.
generator is connected to the battery
Fig. / shows what is called the
"low-voltage circuit" of a car, includ- only when the generator voltage is
higher than the battery voltage.
ing an ammeter M (mounted on the
Many cars also have voltage-reguinstrument panel) that keeps track of
lating relays, which close only when
conditions in the circuit. The meter
has zero at the center of its scale and the generator gets to the right voltage
and will put a resistance in series
can deflect either to the left or to the
right, depending on the direction of with the circuit if the generator voltage exceeds asafe amount.
current flow. One side of the scale is
Interference Sources. The gencalled the "discharge" range, the
erator causes most of the radio interother the "charge" range. A meter
ference produced by the car's lowreading in the discharge range indicates that the battery is supplying voltage circuit, because of the arcing
and sparking which is bound to occur
more currrent to the car's electrical
between its brushes and its commutacomponents than it is receiving from
the generator, while a reading in the tor. As dust and oil collect on the
charge range shows that the generator commutator, the sparking becomes
worse.
is supplying all the current required
The cut-out may cause a clicking
by the electrical circuits plus an extra
amount that is being stored in the sound as it operates, but this is not
usually troublesome.
The oil, gas
battery.
The Cutout. Before the car engine and other indicating circuits are
usually resistive in nature and rarely
starts to run, the generator must be
cause trouble unless poor contacts dedisconnected from the battery to prevent the battery from discharging velop in their circuits. However, if

two, as the set must be installed
so as to pick up a minimum of interference, and you must recognize the
differences between interference and
radio troubles for proper servicing.
Therefore, as an important first step
in your study of auto receivers, let's
learn just what can cause radio interference in cars.

2

JOB CARD REGISTER
This is asimple record we can keep
in a convenient, unused portion of the
blank book already purchased. Write
in the heading, "Job Card Register,"
and head the individual columns,
Date, Customer's Name, Job No.,
Cost, and Selling Price. (See Form 5.)
Enter each day's job tickets, writing down the date and customer's
name. Then show whether the job is
a cash job or a charge job. Fill in
the job number, your cost, and the
selling 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 Receipts" section of your record book. Should the job be on a
credit basis, get out your "Set Record
and Accounts Receivable Card" (See
Form 6.) From your Job Card, make
the necessary entries in the columns
"Job No.," "Date," and in the
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"Amount Column," this latter being
the amount charged the customer.
When the customer makes apayment
on account, 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 record of Customer's Sets
to be complete, cash jobs could be
entered on this card, writing the word
"cash" in the payment column.
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.
Adding the balances due, as shown
by the cards in the unpaid file, you
will get the amount owed to you from
your customers at any time. When
an account is paid in full, you withdraw the card from the unpaid file
and file it with other record cards in
the general file.

Profit or Loss
Once a month, when figuring your
accounts and checking your work, you
will by all means want to determine
the amount of your profit for the
month. We will assume that your
figures are correct and that you have
been careful in figuring your overhead. In this particular case, we will
assume that you have actually worked
one hundred hours and that for every
hour you have worked, you have actually charged the 60-cent overhead
so that your total overhead of $60 has
been distributed over work done and
accounted for.
Now add up the cost column and
the selling price column in your job
register, subtracting the first, total
from the second total. The result is
your profit for the month.

as they are at the end of the month.
For illustration, assume that the cash
on hand at the beginning of the month
was $110 and at the end of the month
$260. The actual cash value of parts
on hand at the beginning of the month
was $60, at the end of the month $70.
List these as shown in Form 7.
After these two columns, head up
two more columns, the first one being
marked "Decrease" and the second,
"Increase." Subtract your value at
the beginning of the month from your
value at the end of the month and
enter the difference under the word
"Increase." (If the value at the end
of the month is lower than at the beginning of the month, subtract the
other way and enter the result under
the heading "Decrease.") When you
are through, the difference between
the total decrease and the total increase will show whether your net
value for the month has increased or
decreased, and to what extent.
Now put down the total of all unpaid vouchers at the beginning of the
month and the total at the end of the
month. If what you owe has increased, deduct the amount of this increase from the amount of the increase in values owned to ascertain
your profit. If what you owe has
decreased, add the amount of this decrease to the amount of your increase
in values owned, to arrive at your
profit. If your values OWNED have
decreased and your values owed have
increased, add to get your loss.

Add to this figure the total labor
allowance you have given yourself on
your job tickets, and you will have the
total of your earnings for the month.
You must bear in mind that the difference between the cost column total
and the selling price total represents
the profit over and above your labor.
If you have paid ahelper, his cost to
you is already included in your job
cost figures so no adjustment is necessary and the method just described
enables you to arrive at your profit
immediately.
It is desirable to be able to check
or prove the correctness of this profit
figure. To do this, list all the values
owned at the beginning of the month
and right beside them list these values
15

$100 of your own money into the
business. In this case your profit
would be $100 less, and your final
profit for the month is $185.
We would recommend that you set

From the increase in values owned,
which is $145 in the illustration, subtract the increase in values owed,
which is $10, and the profit is found
to be $135. Let us assume you have

FORM 7
End
Month
$260.00
70.00
210.00
55.00

Beginning
Owned
Month
Cash
$110.00
Parts On hand
60.00
Auto (Depreciated Value) 220.00
Analyzers, testers, etc
60.00
$450.00

$595.00

Decrease

$10.00
5.00

$15.00

Less decrease in value
Net increase in values owned
Owed
Accounts Payable

$80.00

$70.00

Increase in values owned
Increase in values owed

$145.00
10.00

Profit for month
Add withdrawals

$135.00
150.00 .

Earned

$285.00

Earned
Contribution
hand)

Increase
$150.00
10.00

$160.00

15.00
$145.00
$10.00

$285.00
(incl.

in

cash

on

100.00
$185.00

Actual earning

Foam 7

up theoretical combinations of figures
and, with a pencil and paper, figure
out these combinations until you thoroughly understand this procedure.
Now this profit should be the same
in amount as the profit shown on your

withdrawn for your personal expenses,
$150. Add this to your profit of $135
and you find your total earnings for
the month have been $285. Let us
assume, however, that during the
month you have put an additional
16

job register, added to your personal
labor allowance and less your personal
withdrawals. If it is not, get out your
job tickets for the month, take asheet
of paper, and draw columns. Then,
list the cost and selling prices of material, the amounts you have allowed
for overhead, the amounts you have
allowed for labor, the estimated profits, and the charges for labor. Add
your lists, study them, and check
carefully. You should find it easy to
determine where profits were made
and where losses occurred.
You
should be able to tell readily whether
or not you are charging too little or
too much for your services. Careful
and intelligent use of this system will
keep you informed as to where you

are heading financially and help you
to build a sound, well-managed business.
Bear in mind that this system has
been simplified for your convenience
and to save you time. It is possibly
not the most exact system, and we
have omitted records that you would
find in a system of "bookkeeping,"
but it is probably the most practical
that could be devised. Just a few
minutes each day and a few hours
once a month, plus a little study and
thought, will enable you to advance
from being just aserviceman to being
a businessman. As your success increases, you will want to go deeper
into the accounting side of your business.

Large Store Accounting
The simple system of record-keeping and accounting described for a
small service 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, employ several servicemen, operate one or more sound
trucks, install light-control devices.
If you branch out into the sale of
refrigerators, electrical appliances,
phonograph combinations, you will
17

also hire salesmen and special servicemen.
A successful business can be established 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
correct, you will need adequate accounting records. If you want to
know whether certain lines are more
profitable than others, only records
and not opinions can give you the
proper information.
The installation of a complete
bookkeeping system to give the above

facts is ajob for apublic accountant.
Have one install a system for you.
Keeping the books is ajob for abookkeeper. Be sure you hire one that 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 information 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
specialist, 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 purposes of all accounting and
bookkeeping are to arrive at two main
objectives. These objectives are represented in two statements known as
the "Balance Sheet" and the "Profit
and Loss Statement"—the first representing the static position of the
business, and the second the "action"
of the business. In other words, the
Balance Sheet shows you exactly
what the business is worth at astated
time, while 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 $2,500, while a
Balance Sheet at the end of the year

shows your worth to be $3,600. As
demonstrated previously, you have
an increase of $1,100, but from the
balance sheets you do not know why,
and if you know why you would be
better able to increase this earning to
$1,500.
This cause of increase is
shown in the Profit and Loss Statement, and, for purposes of management, it is the most important 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
transaction. 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?
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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 up with a
title that tells you just what kind of
information is shown on that particular page. Look at Form 8, an illustration of a sample ledger page
(there are other rulings, but this one
is the oldest and serves our purposes
better), and you will get an idea of

DR .
DATE

_...
DETAIL

"MOUNT
I

DATE

DETAIL

Balance Sheet Items

Liabilities:—
Subdivided:
Accounts Payable
Notes Payable
Finance Compnny, etc.

Assets:—
Subdivided:
Cash
Accounts Receivable
Notes Receivable
Radios
Parts
Automobile
Furniture and Fixtures, etc.

Net Worth or Capital
Subdivided:
Investment and Profits
(assets less liabilities)

Effect of entries on ledger accounts, the results of which
affect the Balance Sheet and Profit and Loss Statement

(1)
(3)
(5)
(7)
(9)
(11)

TO DEBIT SIDE
Increases Assets
Decreases Liabilities
Adds to costs or expenses
Shows a loss
Decreases Net Worth
Measures Purchases

TO CREDIT SIDE
(2) Decreases Assets
(4) Increases Liabilities
(6) Decreases Coats or Expenses
(S) Shows profits
(10) Increases net worth
(12) Measures income
(14) Sets up reserves for contingencies
(16) Measures Sales Volume
¡I

FORM 8

AMOUNT

what a ledger is and its purposes.
Also, consult definitions at the end
of the book for a better understanding 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, and the right
side is called the Credit side. Every
transaction that occurs in your business will affect an account listed in
Forms 9 and 10. 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 refer to lower section of Form
8 and you should understand 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 increase the asset (1)* cash
$30.00 by making a debit entry. •
We
could decrease the asset (2) stock in
trade, radios, by $20.00 and could
show aprofit (8) of $10.00 by making
two credit entries on the credit side.
However, in practice we do not make
the two credit entries at this time because the two entries would not give
the exact information desired for making up your profit and loss statement.
Instead, 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 practice 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 analyze
each entry to determine its effect.
As you record a debit or a credit on
this large sheet, you would key this
entry with the key number shown in
Forms 9 or 10 which 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.
Due to labor-saving methods it is
used only for extraordinary entries,
for adjustments and corrections. We
introduce it at this point because it
ties in with the development of the
ledger. Remember, we suggested that
all entries 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 old ruling as shown in
Forms I and 2. We have a journal
instead of aledger. 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)

*Refers to items on lower part of Form 8.
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Now a journal kept in this manner
would be of no benefit to us in determining 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 exactly the information desired, and
then you must accumulate the information in an orderly manner. To
accomplish this end, you must make
a survey of the business and determine what is necessary. The accounts
in the ledger should be arranged as
nearly as possible in Balance Sheet
and Profit-and-Loss order to facilitate the taking off of these statements. To help you in this we give
you a chart of accounts, Form 9, prepared by the Charles R. Hadley Company and printed with their permission. You should note that each item
having a number represents a ledger
sheet, and note particularly the arrangement of the accounts. This is
a very excellent and complete chart
of ledger accounts.
Form /0 is a condensed form of a
Chart of Ledger Accounts, which we
21

can recommend for asmall 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 account, 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 journalruled book like that shown in Form
/. Open the book and head up the
left-hand page, "Cash Receipts,"
and the page directly opposite,
"Payments." You now see what
we have done—we have 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 balance.)
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 from
the balance at the beginning of the
month if there is acredit 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

ASSETS
CesIs and Rack
Petty Cash
5 Bank
11
Cash Sales Clearing Account .
Net« and Accounts Receivable
21
Contracts Receivable
22 Contracts Receivable Discounted
23 Notes Receivable
24 Accounts Receivable
39 Reserve for Bad Debts
'Inventory
41
New Radios
42 Used Radios
43
44 Parts and Accessories
79 Reserve for Used Radio Revaluation
Other Cunene Assets
Accounts eo to 89 me/ be cased es
needed to show investments In marketable securities and indebtedness of officers, stockholders, and employees.
FIXED ASSETS
101
Land
102 Buildings
103 Reserve for Depreciation on Bldgs.•
104 Machinery, Fixtures and Equipment
105 Reserve for Depreciation on Machinery, Fixtures and Equipment
106 Automobiles
107 Reserve for Depreciation on Autois.
116 Leasehold Improvements
117 Reserve for Amortization of Leasehold Improvements
DEFERRED
131
132
133
134

EXPENSES

LIABILITIES

Symbols
{A
IS
Selling
Administrative
Expose
Ro,.,..
and Genera

CURRENT

CURRENT

CHARLES
Prepaid Rent
Prepaid Insurance
Other Prepaid Expenses

OTHER ASSETS
151
Finance Company Reserve

Notes Payable
201
Notes Payable—Bank
202 Notes Payable--0Mers

D
50!

Amounts Pmable
211
Accounts Payable
217 Teem Payable
218 Finance Charges
219 Finance Company Colketons
220 Due to Finance Company On Repossessions
OTHER LIABILITIES
241
Mortgages
ACCOlintS 242 to 249 may be used for
bonds, debentures, or other fixed oblige.
none

CAPITAL

Officials
or Clerical
Proprietors
Office and
Salesmen
janitors and Porters

503

D
Commission Er Bonuses to Salesmen....B
A

Delivery Drivers
Salesmen
Office and Clerical

504

Employees Compensation Insurance •
{

505

Rent

0
A

g ,--

D
—

JA
1Á

506

Taxes

A
A
B
D
A
A

507

Supplies

A
A
B
8
B
D
ID
A

508
509
510

Advertising
Gratis Material and Labor
Heat, Light, Power and Water

SIB

Communication

251
Capital or Investment
Of a partnership, me a seperate account
for each partner, numbering accounts
251, 252, 253, etc. If a corporation, use
aseparate account for each elms 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.)
270 Surplus
(Use for corporation only. Not required
for partnership or single proPrieteirshiPa
271

Profit and Loss (Current)

REVENUES
SALIS
341
342
343
344
345

New Radios
Used Radios
Parts and Accessories
Service Labe

COST OF SALES
441
New Radios
442 Used Radios
443
444 Parts and Accessories
445 Service Labor
479 heed Radio Invent.), Adjustment

Automobile and Delivery Rums.

Sataries..—.------- ..... - •IA
A

512

Insurance

Delivery Drivers
I
;)rno
ent rti

xenon of Leasehold

Land and Buildings
Machinery, Fixtures and Equipment
Merchandise
Tex« and Licenses on Automobiles
Occupation Tax
Corporation Tax
Stationery and Office Supplies
janitors Supplies
Shop Tools
Shop Supplies
Demonstrating Supplies
Gas, Oil and Grease
Other Automobile Supplies'
Miscellaneous Supplies

8
B
A
{A
A
A
A
B
D

513

Freight, Express & Parcel Delivery.......D

514

Repairs

515

Depreciation

516

Bad Accountk.... .....

Telephone
Telegrams
Postage
B
Muac
i2
hii
n
n
g
e
s
ry, Fixtures and Equipment
Merchandise
Automobiles

A
A
D

M
Bue
i
ch
lerne
P ry. Fixtures and Equllien
. elet
Automobiles

{A
A
D

Buildings
Machinery, Fixtures and Equipment
Automobiles

..... — ..... .A

517

Professional Services

SIS

Traveling and Entertalnment.,....-

(
•A
A
B

A
A

legal
Auditing
General
JIlinb
g.,ship

528

Unclassified.--

IA

p9
mircotr......
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CHART OF GENERAL LEDGER ACCOUNTS
Pathfinder Bookkeeping System for Radio Dealers
Foam 9

MISCELLANEOUS GAINS AND LOSSES
OTHER INCOME
601
Interest Fumed
602 Discounts Earned
603 Cash Over
604 Miscellaneous Income

DEDUCTIONS FROM INCOME
611
Interest Paid
612 Cash Short
613 Miscellaneous Lose«
COURTESY CHAS. R. IIADLOT SO.

FORM 10
CHART OF LEDGER ACCOUNTS
Recommended for aSmall or Medium Business
BALANCE SHEEP ITEMS
LIABILITIES:
Ass/sirs:
31. Notes Payable & Finance
1. Current Assets.
Co.
11 Cash in Bank
32. Vouchers Payable
12 Petty Cash
13 Accounts Receivable
CAPITAL:
14 Inventories
41. Investment
141 New Radios
42. Drawing Account
142 Used Radios
43. Profit and Loss
143 Tubes
144 Parts & Accessories
145 Misc. for Sale
15 Tools and Shop Supplies
2. Fixed Assets,
21 Furniture & Fixtures
211 Allowance for Depreciation F & F
22 Analyzers, Testers, etc.
221 Allowance for Depreciation 22
23 Automobiles
231 Allowance for Depreciation Autos
PROFIT AND LOSS ITEMS
5. Purchases for Sale
51. New Radios
52. Used Radios
53. Tubes
54. Parts and Accessories
55. Misc. for Sale

6, Sales
61.
62.
63.
64.
65.

8. Operating Expense. (Control)
Distribution Columns for
81. Salaries
82. Service Labor
83. 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

7. Sales of Service
71. Service Labor
72. Overhead
73. Estimated Profit

New Radios
Used Radios
Tubes
Parts and Accessories
Misc. Sales Items

10. Miscellaneous Income & Losses
101. Commissions Earned
102. Commissions Paid
103. Interest Received
104. Interest Paid
105. Discounts for Cash
109. Bad Debts
110. Misc. Income and Loss

Foam 10
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the heater has amotor-driven fan, the
fan motor commutator and brushes
may cause disturbances. Of course, a
poor contact anywhere in the lowvoltage circuit may cause arcing and
so produce radio interference.
When the storage battery is well
charged and in good condition, it acts
like an extremely high-capacity condenser across this circuit. In other

bustion. Voltages up to 5000 volts
are common.
A cam-driven switch — usually
called a "breaker"—and a voltage
step-up transformer are used to obtain such high voltages from the 6volt battery. The switch (82 in Fig.
2) is opened very quickly and closed
somewhat more slowly, by a cam
driven mechanically by the car engine.
When switch Si (the car ignition
switch) is closed and the engine is
running, the high-speed opening of
switch 82 causes abrupt changes in the
current flowing in the primary circuit
of transformer T and so induces a
high voltage in the step-up secondary
winding of the transformer.
Since the spark plugs in the various
cylinders must be fired or ignited in a
definite sequence to produce proper
engine performance, the secondary of
transformer T is connected to the

FIG. 1. The low-voltage wiring system of
an automobile. The return circuit is through
the car chassis, as shown by the ground
symbols.

words, it tends to bypass noise ripples
by holding the circuit voltage steadily
at the battery voltage value. If a
poor connection develops at the battery, or if the battery is run down or
defective, this action is lost and the
amount of interference will rise to
rather high levels.
THE IGNITION CIRCUIT

FIG. 2.

The high-voltage ignition circuit.

spark plugs by a rotating switch,
called a distributor, which is geared
to the engine crankshaft. The distributor arm and the primary breaker
are geared together so that each time
the primary circuit is interrupted, inducing avoltage in the secondary, the
distributor rotor arm is at the proper
contact to deliver the high-voltage
surge to one of the spark plugs.
lb- Thus, there are three arc sources
in the ignition system which will produce noise surges whenever the engine

The amount of interference caused
by the low-voltage circuit is relatively
immaterial compared to that which
comes from the ignition circuit. A
typical ignition circuit is shown in
Fig. 2.
As you probably know, the spark
plugs which ignite the gasoline-air
mixture in the cylinders of a gasoline
engine must be fed rather high voltages to produce the hot, high-intensity
sparks needed to cause proper corn3

accountant. This much is given you
to show the development of many
other books used in accounting and
that, in many cases, these books are
simply ledger accounts removed from
the ledger.
You must understand that the detail as to the keeping of records showing 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 explained in the section considering a
simple accounting system. Double entry is simply an elaboration of the
method; you would still have the
Cash Receipts Register, the Voucher
Register and file, the Accounts Receivable Cards and the Job Card Register which would be the same as the
Sales Record.
From what has been said up to this
point, we may now summarize the essential features of a double entry
bookkeeping system. With the cash
book, the voucher register, the job
card register or their equivalent we
have what are referred to in accounting as the books of original entry.
This, of course, does not entirely eliminate the journal which is used (as
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we have said) merely for the recording 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
have 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 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 accounting system. We have
given you the bare essentials and the
many other books and records that
are used are for the purpose of giving
more detailed information and they
all tie in with some account in the
General Ledger.

Definitions
that are coming in and going out.
They are constantly increasing or decreasing due to 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
is to audit abill.
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
proprietorship or net worth as represented by the difference in assets and
liabilities.
Budget. A budget is a forecast of
income, against which an estimated
allotment of expenditure is made.
Capital. Your capital is your investment or equity in the business.
It is the excess of assets over liabilities; or, if there are no liabilities, the
total of the assets invested. As amatter of good business and good bookof business. Current assets, are those keeping, do not contribute funds to

Realizing the difficulties met by the
beginner in business in the understanding of accounting terms, we have
listed afew of them, each with abrief
definition. An understanding of each
meaning will aid you in the operation
of your business and in discussions
with your banker and your accountant.
Account. As we understand it, an
account is a detailed statement found
in the Ledger.
It has a heading
which 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 aspace for
date, and space for such detail or explanation as you wish to enter. Accounts can be generally classified as:
Asset Accounts, which record values
owned; Liability Accounts, recording
values owed; Capital Accounts; which
represent investment in the business,
plus or less, profits or losses. Income
Accounts, for our purposes, show the
amount and source of income, while
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 remain in the business, and are not
bought and sold in the regular order
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the business or take funds out of the
business without charging or crediting the Capital Account.
Consignment. A consignment is a
shipment of goods to aperson, 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 assets, due to the wear and tear of use
and the ravages of time. It represents the difference between the cost
and the scrap value of the asset, this
value being divided by the time intervening 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 system. In our illustrated accounting, we
take our old car into the business at
avalue of $160.00 on January 1. On
December 1 its trade-in value would
be $50.00. The depreciation will be
$110.00. We know we will use the
car eleven months so the depreciation
will be $10.00 a month.
Discount. Discount is adeduction
from alisted figure or cost, and it may
be a Cash Discount, which is an allowance of usually one or two per
cent of the bill for prompt payment,
or it may be aTrade Discount, which
is apercentage 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
26

the books in our bookkeeping illustration.
Expense. An expense, briefly, is
any expenditure of funds or other assets 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 expenses. The exchange of cash or our
credit for radios is not an expense, but
an exchange of one kind of asset for
another asset.
Expenses in aservicing 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 that value
which comes into the business in exchange for goods and services. Gross
Operating Income includes total revenue, while Net Operating Income is
Gross Operating Revenue less costs
of operittions. Non-Operating Income
is that derived from sources other
than operation. Interest on savings
deposits would be non-operating revenue.
Insolvency. Insolvency is inability
to pay debts, due frequently to inability to convert assets readily into
cash. Bankruptcy is an excess of liabilities 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
which shows a number of items, cost

or selling price per item, and total
value. You may inventory the accounts 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 purchased; or it may be accrued, such as
salaries to employees earned but not
paid or due. There can be fixed liabilities, such as mortgages.
Obsolescence. Obsolescence is that
loss in value not due to wear and
use, but due to new inventions of tools
or machinery which makes the use of
the old unprofitable.
Overhead. Overhead is that cost
of production or of doing business that
cannot be definitely applied to a particular activity, and must be distributed to various jobs on amore or
less arbitrary basis. For instance, in
servicing, your tools suffer obsolescence and depreciation; you use solder; and your car uses gas; and the
tires wear out. You must pay rent.
You advertise. All these items amount
to quite a sum of money in a month,
but are too indeterminate to be
charged directly to each job. To take
care of the situation, we arbitrarily
add to the cost sheet on each job an
amount estimated to cover (totaling
amounts added to all job sheets) the
total of these expenses for a given
period.
There are many ways of
charging overhead, but the most satis-

cost.* The total overhead charged on
jobs for a period may be checked
against the actual expenditure for
miscellaneous indirect items for the
period and the percentage or rate adjusted up or down, to more equitably
distribute the costs on future work.
Petty Cash. Petty Cash is a small
sum set aside for the payment of small
expense items where it is inexpedient
to draw a check. In the books of account, 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, which brings
it back to the original amount. 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 aperiod to the end of aperiod.
Gross profit is the excess of selling
price over the cost of goods sold. Net
Profit is the Gross Profit less all costs
of selling and all other costs of doing
business.
Trial Balance. A trial balance is
a list of balances of all ledger accounts. The balances listed in columns of debits and credits should
total the same.
*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 below a value that will assure him a reasonable profit, or give up the
unprofitable line.

factory way for you in the service
business is to charge it to each job as
a fixed percentage of the actual labor
27

Turnover. Now we come to turnover. This is one of the vital factors
in the operation of your business.
Turnover in its simplest meaning is
the number of times that you can use
acapital asset in agiven 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 $1,200.00. 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 been 2, your investment still $100.00, and your gross
profit $134.00. It is obvious that the
higher the turnover figure the greater
will be your gross profit.
Where the selling price is not set by
the producer of the product you sell
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, ahigh profit.
Substitute the amount that you have
invested for the hundred dollars and
divide this into your cost of sales for
ayear to get your capital turnover.
What is your turnover in accounts
receivable, or how well are your customers paying? Are they taking too
much time, or are you extending too
much credit?
Suppose your sales
average $30.00 aday. When you balance your books, you find you have
accumulated outstanding accounts of
$1,350.00. 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 correctness or evidence of payment as to
make it of itself sufficient proof to be
acceptable by anyone as a proper expenditure.
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complaints in spite of his best efforts to please his
Some complaints are justified; it is
human to make mistakes. Others are the result of
misunderstandings, while a few are not justified
at all.
You cannot avoid having some "call-backs," but
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 frequently 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 adding 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!
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ADIO servicemen constantly have is public address. It is a logical field
opportunities to take on profit- because it uses loudspeakers and other
able side lines. Of course, a man who devices with which you are already
has so much radio service work that he familiar. Servicing such equipment is
does not have the time to do anything just as profitable as servicing radios
else may be uninterested in any of is; furthermore you can make addithese extra sources of income. How- tional profits by installing and selling
ever, radio servicing is aseasonal busiequipment if you wish.
ness—there is much more repair work
A lack of information about public
at certain times of the year than others, address equipment prevents many
and ameans of keeping up the income servicemen from taking advantage of
during the dull season is desirable. this field. Also, in many localities the
Also, to the man who is not overloaded
opportunities appear to be limited.
with service work, because of competiHowever, in most cases, this lack of
tion or the smallness of his community,
opportunity is entirely aresult of the
these side lines represent a means of fact that no one has taken the time
augmenting the regular service income.
and made the effort needed to create
As you might expect, these side lines a demand for public address equipusually involve electrical apparatus ment, because there have been too few
or electronic equipment in one form or men trained to recognize the usefulanother. For example, it is quite com- ness of the equipment, to recommend
mon to find that the local radio serv- the proper installation, and to install
iceman also repairs home appliances, it. The wide-awake serviceman can
such as irons, toasters, and lamps. In increase his opportunities by seeing to
an industrial community, he may work it that more use is made of this equipon acertain amount of electronic con- ment.
trol equipment.
Whether future opportunities cause
A profitable and logical side line you to enter the field only part way1

is running—the breaker contacts, the
distributor contacts and, of course, the
spark plugs themselves. (A. condenser
is connected across S2 to reduce the
amount of arcing here, but even so
the primary current surges are sharp,
noise-producing pulses.) These surges
are fed directly to the radio through
its power supply lead, since both the
radio and the ignition circuit are connected in parallel across the battery.
In addition, and even worse, these
sharp pulses and those produced in
the secondary circuit cause radiation
of noise energy from the ignition wiring itself.
In modern cars the low-voltage wiring is separated from the ignition wiring as much as possible, to prevent
disturbances radiated by the ignition
wiring from being picked up by the
low-voltage wiring and carried about
in the car. Some cars even have the
ignition wiring in shielding compartments.
In addition, the modern car body is

all metal and if the hood over the
engine is in good contact with the car
body, the engine compartment is
rather well shielded. This helps
greatly in cutting down the amount
of radiated interference.
STATIC DISCHARGES
In spite of the best efforts of the
car manufacturer, poor contacts will
develop eventually between the car
body and chassis and between various
pieces of metal in the car. As the car
runs, friction between various parts
builds up charges of static electricity,
which may discharge around these
poor contacts (or to the road) and
cause interference radiation. We will
take up this subject in more detail
in a later section of this lesson, where
you will learn the various ways of
eliminating interference. Right now,
since you know how interference can
be developed, let us go on to the subject of installing the receiver in a car.

Installing Auto Sets
Installing auto radios tends to be
a rather specialized branch of radio
work which many servicemen do not
attempt. Whether you should take it
up depends on the number of probable jobs, your mechanical inclinations, and the facilities available.
However, even if you do not intend to
install car radios, you must know how
they are installed and connected so
you can get them in and out of the
car for service—so let's run through
the procedure.
I> First, you need aplace to work and
a few tools. Most auto radio specialists either work for car dealers or
operate from a garage. "Drive in"
facilities help you work conveniently
and safely on the car's ignition system

or on the job of installing or servicing
the radio.
10- For tools, you will need an electric
drill or a breast drill of good quality
for drilling holes to mount the antenna and receiver. You should use
high-speed, good-quality steel bits,
and you will need acenter punch. An
adjustable end wrench or a set of assorted end wrenches in sizes up to
3
4-inch will complete your collection
of special tools.
II> As the installation must not interfere in any manner with proper operation of the auto, you'll be wise to
have an auto mechanic help you on
the first few jobs if you are not too
skillful about cars yourself. However, the instructions furnished with
4

in many factories—music is being
played for the workers and apparently
increases production. Even further
from the conventional use of p.a.
systems are the installations in hotels
and hospitals in which individual
speakers in rooms are used to bring
entertainment to the hotel guests or
to the hospital patients more or less
individually.

to the extent of servicing or perhaps
occasionally doing installation work—
or whether you eventually decide to
specialize exclusively in public address, you will find these Lessons
helpful. They will present the important details you need to know to
succeed in this field.

WHERE IS P.A. USED?
Public address (commonly abbreviated "p.a.") equipment is known to
most people only as a system used
where large numbers of people are
to be addressed. As examples of occasional or seasonal uses, p.a. equipment is being used more and more at
circuses and 'carnivals, political conventions or rallies, and at special
events such as county and state fairs,
rodeos, etc. There are other places,
such as airports, railroad and bus
terminals, etc., in which year-round

Similar to these are intercommunicators, which are basically amplifier
units designed for communication between just two people or between
small groups of people. Typical uses
are for interoffice communication between an executive and his secretary
or his department heads, for communication from aservice desk to aservice department in a store, and for
communication from lunch counter to
cook in a restaurant, to mention just
a few.

use is made of sound-amplification

As this list shows you, there are a
great many possible uses for p.a.
equipment, and therefore there are a
great many p.a. systems already in
existence. All of these systems have
to be serviced from time to time.
Furthermore, many new systems are
being installed all the time as new
uses for p.a. equipment are developed.
There is, therefore, an increasing opportunity for the serviceman in p.a.
work.

equipment.
In addition to these applications,
in which the sound systems are primarily used for amplifying speeches or
giving information, there is an increasing use of p.a. systems in the
entertainment field. Sporting events
require systems for making announcements. Lecturers and speakers at
dinner meetings also use sound systems to amplify their voices. Dance
music in ball-rooms is now commonly
fed through p.a. systems; in addition,
such systems are frequently used for
amplifying the music of soloists or
even full orchestras at concerts.
Moving from the field of gatherings
brought together for specific entertainments or functions, we find that
sound systems are beginning to be
widely used to provide entertainment

P.A. REQUIREMENTS
Now that you've seen what some of
the uses of p.a. systems are, let's see
what requirements the equipment
must meet in these applications.
The basic p.a. system is shown in
Fig. 1. It consists, as you can see, of
an input device (in this case, amicrophone), an audio amplifier, and a
2

loudspeaker. All p.a. systems contain
one talking in a quiet room than in a
these elements. Many systems are noisy one. Conversely, aspeaker must
more complex than this, having extra
talk loudly in a noisy room to be
input devices (other microphones, recheard. This fact means that the noise
level at the location must be taken
ord players, and occasionally radio
into account when a p.a. installation
tuners) and multiple loudspeakers,
but basically they are all alike.
is planned. In general, it is necessary
When such a system is used for that the desired sound be amplified
addressing a large crowd, the chief
so that it is considerably stronger
requirement made of it is that it must
than the noise level. There are limits
have enough power to make it posto this—if the noise level is too high,
sible for everyone to hear. If music
as it may be in a factory, it may be
is to be played over the system, it impossible to get above it without
must have at least a reasonably good
making the amplified sound so loud
fidelity of response in addition to sufthat it is actually painful.
ficient power. If the music is intended
Acoustic Problems. The loudfor a critical audience, the fidelity of
speaker cone moves air particles
the system must be excellent. Let's
directly before it, and these in turn
discuss these requirements more fully.
move other particles at adistance. As
One of the first things that must be
this movement fans out, and as the
considered in planning ap.a. installadistance between the loudspeaker and
tion is how much power is necessary
the listeners increases, a decreasing
to cover the audience properly. This
amount of sound power reaches indiproblem can be solved only by having vidual listeners. Furthermore, much
some knowledge of the acoustic problems involved in distributing sound.
In a small living room, a power of
two or three watts is entirely sufficient. However, in alarge auditorium
or at an outdoor gathering or sporting
event, an electrical power of as much
as 500 watts or more may be required.
There are many factors involved in
the determination of the proper power
levels. We'll learn more about these
later, but some of these factors are:
1. Noise Level
2. Acoustic Problems
3. Fidelity
4. Loudspeaker Efficiency
Noise Level. Whenever there is
any appreciable amount of noise, any
other sound tends to be masked. You
FIG. 1. This is the basic p.a. system—a microare undoubtedly familiar with the fact phone, an amplifier that builds up the signal
from the microphone, and a loudspeaker that
that it is much easier to hear someconverts the electrical signal into sound.
3

c,f the sound power is absorbed by the
cushions on chairs, by hangings on
the walls, carpets on the floors, and
by the people and the clothing they
wear. Any soft material readily absorbs sound energy. All of these absorptions, plus that of any acoustic
treatment that may be placed in a
hall, will reduce the sound reaching
the rear of the hall appreciably. Outdoors, sound is similarly absorbed by
people and dispersed by the wind. All
such effects increase the amount of
power a p.a. system must produce to
give adequate sound coverage.
One acoustic problem that occurs
only indoors is caused by sound
reaching listeners over two. or more
paths. For example, if sound reaches
a listener directly from the loudspeaker and indirectly by reflection
from awall, the sound traveling over
the longer path will arrive later than
that over the more direct path. In an
extreme case, this can cause an echo
effect, with one sound heard •
separately before the other. If the time
difference is too short to amount to
an actual echo, the sound arriving
over other paths may be sufficiently
out of phase to produce a muddled
response. This phase difference may
be exactly 180°, causing sound cancellation: in fact, it is quite common
to find that reflections from the walls,
floors and ceilings are such that there
are actual dead spots in the hall.
As we shall show later, the reflection problem can be partially solved
by acoustic treatment of the room,
but it is quite possible -that severe
reflections will require the use of additional loudspeakers, so distributed
that sound energy will be put where
and only where it is wanted. Any such
4

multiple speaker installations will
usually require more power.
Fidelity Requirements. It is not
usually .difficult to design a public
address system to handle only spoken
words. However, when music is also
to be handled, the fidelity of the system enters into its design to a great
extent.
The greater the fidelity
requirements, the greater the power
requirements. Low frequencies in particular require large amounts of
power to be heard at a distance,
because the human ear falls off in its
response characteristics at low frequencies. Similarly, there is a dropoff in the high-frequency response
because of the greater absorption of
these frequencies in the acoustic
materials of the hall. To make up for
these rather large drop-offs, it is
necessary to have high powers at the
low and high frequencies, and to design the loudspeakers and their baffles
to reproduce such frequency ranges
properly. Therefore, when high fidelity
is required, the power demand is increased tremendously.
Loudspeaker Efficiencies. Once
the problems of noise, acoustic conditions, and fidelity have been considered, it is possible to determine
about what acoustical power will be
needed to cover a certain area or
number of people outdoors or to
cover a certain room volume or number of people indoors. In fact, in later
Lessons, we will give tables that can
be used, once the necessary facts
about the installation are known, for
determining roughly the acoustical
power needed.
When the acoustical power is
known, you can find the electrical
power from the loudspeaker effi-

ciencies. The loudspeaker converts
electrical power into sound power.
Unfortunately, this conversion occurs
with extremely low efficiency, so a
considerable amount of electrical
power is required to produce a small
amount of sound power. At best, the
ordinary cone-type loudspeaker of
the sort used in home receivers has
an efficiency of only about 2%. If this
cone loudspeaker is placed in a carefully designed baffle, its efficiency
rises to as much as 5%. Even the best
speakers, using efficient diaphragm
driver units in trumpets, have efficiencies of only about 15%, and this is
obtained only at a considerable sacrifice in fidelity. In most cases, however, a surprisingly small amount of
sound pressure is needed, so it isn't
necessary to go to extremes in electrical power to overcome this great
loss in the loudspeaker.
Once we arrive at a reasonable
estimate for the electrical power required, this sets at least one of the
requirements to be made of our amplifier. Thus, if we find that we need 12
watts for a particular small installation, the, amplifier must deliver at
least this power output.

GAIN REQUIREMENTS
Turning now to the other end of the
system, how much are we getting
from the microphone? We shall find
in other Lessons that this depends on
the kind of microphone, and on the
distance between the microphone and
the person speaking, as well as on the
sound energy delivered by that person. However, even at best, a microphone delivers a power that is only a
fraction of a microwatt I Therefore,
our amplifier must have sufficient
5

voltage and power amplification to
raise the output of the microphone to
the power needed to drive the loudspeaker system. This gives a second
requirement for the amplifier—it must
have sufficient gain in addition to
delivering the required output.
Once we have chosen the microphone, amplifier, and loudspeakers,
we are faced with the problems of
connecting them together. Often very
short leads are all that are required,
but sometimes we may have to put
our loudspeakers several hundred feet
away from the amplifier. As you will
learn later, special impedance-matching methods must be used in this case.
Another problem rises when asound
system is used for amplifying music.
To get fidelity, it is frequently necessary to use combinations of lowfrequency and high-frequency loudspeakers.
The power distribution
problem is complicated by this, because we must not only match
impedances properly, but also use
frequency-dividing networks so that
the speakers will get power at the
frequencies they are designed to handle most effectively.
Further, we may not always want
to use only a microphone with the
sound system. Very frequently phonograph records are played over p.a.
systems, for example, and occasionally radio programs are reproduced
over them. The amplifier must therefore be capable of operating from a
phonograph pickup or from the audio
output of aradio receiver unit as well
as from a microphone. These devices
all have different output levels and
are of different impedances. This
brings up another problem in imped-

ance matching, this time at the input
of the amplifier.
Furthermore, the use of several input devices introduces the problem
of switching from one to another. We
can just unplug one and plug in the
other, or just throw a switch, but, if
we do, we will get a very loud click
or pop from the loudspeaker. Most
p.a. systems have some form of fading
control, so arranged that the output
of one or the other of the devices can

be reduced to the minimum and then
the output of the other can be raised
gradually, or so arranged that they
can be mixed together.
We are introducing you to these
various public address problems so
that you can better appreciate the
material in the next several Lessons.
Now that we have a general understanding of some of the problems, we
can go on to a more detailed study
of the amplifier itself.

The Decibel and Power Ratios
In public address work, we are
dealing with extremely large power
ratios. The acoustic power at the
microphone is exceedingly small,
whereas the sound output of the
loudspeaker may be so loud that it is
actually painful. The power ratio
(output power divided by input
power) is therefore so large that the
figures involved become inconvenient to handle. It is not unusual
to have gain figures representing
power increases of as much as a billion times. For convenience, it is desirable to express the gains and power
ratios involved in p.a. work in some
way that will not demand such large
numbers. This has led to the adoption of a special unit called the decibel, which we shall discuss in a
moment.
Another factor that makes it desirable to use decibel units is the fact
that the human ear responds exponentially to sound powers, rather than
linearly. This means that if we double the sound power, we don't get
twice as much sound as far as the ear
is concerned—in fact, we can just
6

barely detect the fact that the loudness of the sound has increased.
In other words, the human ear is so
constructed that any complex sound
must be doubled in power before it
sounds louder. This is true at both
low and high sound levels, provided
the original sound is loud enough to
be heard at all. For example, going
from 2 to 4 microwatts produces a
detectable increase in loudness; the
apparent increase produced by going
TABLE 1
db
1
2
3
4
5
6
7
8
9
10
15
20
30
40
50
60
100
110
120

Power Ratio
1.25
1.6
2.0
2.5
3.2
4.0
5.0
6.4
8.0
10.0
32.0
100.
1000.
10,000.
100,000.
1,000,000.
10,000,000,000.
100,000,000,000.
1,000,000,000,000.

number must be raised to equal the
original number. For example, you
know that the second power of ten
(10 2) equals 100. In the common
logarithms that use the base 10, 2
then becomes the logarithm of 100.
It is unnecessary to use the db
formula because there are tables
available, such as Tables 1 and 2,
that give the decibels corresponding
to certain power ratios. Furthermore,
there are meters that are designed to
indicate decibels directly. We'll say
more about these shortly.

TABLE 2
Power Ratio
1.0
1.5
2.0
2.5
3.0
3.5
4.
6.
7.
8.
9.
10.
15.
20.
30.
40.
50.
60.
100.
200.
500.
1000.

db

O

1.8
3.0
4.0
4.8
5.4
6.0
7.0
8.4
9.0
9.5
10.0
11.8
13.0
14.8
16.0
17.0
17.7
20.0
23.0
27.0
30.0

from 200 to 400 watts is no greater.
This peculiar property of the ear
is another reason why the use of
decibel units in discussing sound
power ratios is convenient, because
the decibel system expresses these
ratios in terms of what the ear can
hear. Let's go on now and learn what
these important units are.
DECIBEL DEFINITION
The decibel (usually abbreviated
db) is logarithmically related to the
ratio of two powers by the formula
db =

10 log10

P2
where P, and P2 are the powers. To
solve this equation, the two powers
are inserted and their ratio determined. Then the logarithm to the
base 10 of this power ratio is looked
up in atable. Ten times this logarithm
is the decibel gain or loss.
In this Lesson, we cannot go very
far into the subject of logarithms.
Briefly, however, a logarithm of a
number is the power to which a base
7

USES OF DECIBEL UNITS
Although the decibel was originally
developed purely from power ratios,
careful tests have indicated that one
decibel of power increase is just
about the smallest change in power
that can be detected by the average
human ear. This change is detectable
only when it consists of a single pure
tone and only when the test is carried
out under carefully controlled conditions. For complex tones-music, for
example-a change of 3 decibels is
ordinarily necessary to produce adetectable volume level change. Table
1shows that a3-decibel change indicates apower ratio of 2, meaning that
the power must be doubled before
we can tell that the complex sound is
any louder. If we want to make it
still louder, the power must be doubled
again, and so on.
Since the decibel expresses the
relationship between two powers, it is
aconvenient unit with which to measure power gains or losses. Furthermore, it can be used to express sound
power or electrical power in terms of
some reference value of power. The
reference level commonly used when
sound powers are given in decibels is

the sound power that is just barely
audible to the average ear—in other
words, the threshold of hearing of the
average person. For convenience, technicians do not usually bother to mention the reference level when they
talk about sound powers in db, but
you should always remember that a
sound level expressed in db is really
the level with respect to the threshold
of hearing. For example, the noise
level in the average home living room
has been found to be about 55 db;
from what we just said, you know
that this is 55 db with respect to the
reference level, or about 300,000 times
the power of the least audible sound.
Notice how much more convenient
it is to say "55 db" instead of "300,000 times the power of the least audible sound." Obviously the decibel
measurement is far easier to use in
speech or writing. Furthermore, stating the noise level in db lets us get
some idea of just how noisy the location is. Since each 3-db increase produces a barely audible increase in
loudness, we know that the noise is
55 ÷. 3 or about 18 steps up the
scale of comparative loudness.
Electrical powers are also often expressed in decibels in sound work.
Here again, some power level must be
used as a reference. In the past, considerable confusion arose from the
fact that three different reference
levels were used by different branches
of the communications industry—the
telephone company and the radio amplifier manufacturers, particularly,
differing in their standards. Of these
three older standards, a reference
level of 6 milliwatts was the most
commonly used; in fact, it still is in
sound work. However, in recent years,
8

there has been an attempt in the communications field to secure universal
use of a new standard based on a 1milliwatt reference level. This new
unit is used throughout both the
broadcast industry and the telephone
companies. As aresult, it is gradually
spreading to sound equipment, and
may eventually replace all of the
older reference levels. Although the
new unit is still adecibel, because the
only change has been in the reference
level, it is acommon practice to indicate the new unit as a"VU" or "dbm"
instead of "db" to avoid confusion.
In either case, the reference level
is assumed to be the zero db level.
Any power that is higher than the
reference level is therefore a power
increase above the reference level and
is considered .to be a plus db value.
Power levels below the reference level
are minus db values.
Table 3gives some typical db levels
based on the 6-milliwatt (.006 watt)
and on the 1-milliwatt (.001 watt)
reference levels. There is no need for
you to try to memorize these values.
All you need to do now is to learn
how they are used. To that end, let's
take a few practical examples of the
use of decibels in sound work.
Let's suppose we have a case in
which 60 watts of power fed through
certain loudspeakers will produce
sufficient audio power to cover an
audience properly at the desired level.
From Table 3, we see that this is an
output of about 40 db above the
reference level of .006 watt.
A typical microphone may have an
output of —60 db, which means that
its output is 60 db below the reference
level of .006 watt. Therefore, we have
to raise the microphone output of

-60 db to aplus value of 40 db. This
means that the amplifier must have
an over-all power gain of 100 db.
The output power of the amplifier is
therefore about ten billion times that
of the microphone!
An important point to remember is
that we have to double the output

.

of these two—we get somewhat less
distortion by running an amplifier at
less than its rated output, and of
course one having the higher power
rating would be better able to handle
high power peaks without too much
distortion. The 20-watt amplifier may
therefore be the better of the two, on

TABLE 3
Reference Level:
O db = 1 milliwatt

Reference Level:
O db = 6 milliwatts

-Watts

1000.
100.
10.

1.
.1

.01
.001
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

1
01
001
000
000
000
000
000
000
000

1
01
001
000
000
000
000

1

01
001
000 1

db
-k60
+50
+40
+30
+20
+10
O
—10
—20
—30
—40
—50
—60
—70
—80
—90
—100

power before we can get anoticeably
stronger signal. If one amplifier is
rated at 15 watts, and another is rated
at 20 watts, their power difference is
only slightly more than 1 db. Obviously, therefore, the 20-watt amplifier
will not produce any appreciably
louder sounds than the 15-watt one.
This doesn't mean that the 20-watt
amplifier wouldn't be the better choice
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Watts
6000.
600.
60.
6.
.6
.06
.006
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

6
06
006
000
000
000
000
000
000
000

6
06
006
000
000
000
000

6
06
006
000 6

the basis of freedom from distortion,
but it will not be any louder for complex sounds: If we had a 15-watt
amplifier, we would have to go to a
30-watt amplifier to get a noticeable
increase in loudness level. Similarly,
we would have to go from 100 watts
to 200 watts to get an appreciable
increase in sound at a higher power
level.

Amplifier Specifications
There are many types and sizes of
p.a. amplifiers. In addition to differing
in ambunt of electrical power output
and in fidelity of response, they have
different power-supply requirements,
are capable of operating from different types or numbers of microphones
or other inputs, and have different input and output impedance characteristics. All these factors must be considered in the choice of a particular
amplifier for a specific job. To assist
in making this choice, manufacturers'
catalogs give the following information about each amplifier listed, either
in the form of a complete description
or as tabulated data:
Power Output
Gain
Frequency Response
Hum Level
Input Impedances
Output Impedances
Power Required
Tubes
Physical Specifications

"normal" and a"peak" output rating.
In these cases, the normal output
level is the output for acertain specified percent of total harmonic distortion. The peak value is the maximum
amount of power that can be obtained
from the amplifier without regard to
distortion.
It is common practice to select 5%
total harmonic distortion as the acceptable distortion for normal output,
because, at this level, the amount of
third harmonic distortion is not so
high that it is seriously objectionable. To obtain the power rating,
therefore, the manufacturer increases
the input while analyzing the wave
form of the output. When the harmonic distortion reaches the value
chosen, such as 5% (or 2% in the
case of high-fidelity equipment), the
output is measured. This becomes the
normal power output. Then, the input
is increased further until the point of
maximum power output is reached.
This too is measured. This becomes
the peak rating.

In addition, you, may find a few
other special features described, such
as the kind of tone control.
Naturally, it is important for you
to understand the real meaning of
each of these specifications. Let's
examine the important ones now to
see just what they mean.
POWER OUTPUT
The power output is usually stated
in watts, although you may sometimes find that the manufacturer also
gives the output level in decibels
above the 6-milliwatt reference level.
Some manufacturers give both a
10

If you find only one output value
listed for an amplifier, you won't
always know whether the manufacturer means normal output or peak
output. The normal output is considerably less than the peak rating;
therefore, if the rating given is close
to the value needed for the installation in such acase, you would do well
to determine just which is meant before purchasing the equipment.
Amplifiers intended for public address can be grouped into lowpower, medium-power, and highpower classes. There is no strict

Since the output of a phonographrecord player is much higher than
that of a microphone, less gain is
needed for the phono channels. Therefore, the gain values are usually given
for each input—some such value as
100 db gain for microphone and perhaps 40 to 60 db for phonograph. As
you learned from Table 1, a db gain
of 100 represents a power ratio of ten
billion.
Sometimes, in connection with
the gain values, the manufacturer will
list specific types of microphones or
phonograph players that are suitable
for the particular amplifier. If such
information is not given, it may be
necessary to make a calculation to
determine whether aspecific input device can be used with a particular
amplifier. In such cases, the output
power rating must be converted to
decibels. Let's suppose the amplifier
is rated at 60 watts and has a gain
of 100 db for the microphone channel.
From Table 3, we find that a 60watt output represents + 40 db, based
on a6-milliwatt reference level. Since
the output of our amplifier is +40
db, and the gain is 100 db, the amplifier will deliver its rated output of
60 watts if the input is —60 db. That
is, a gain of 100 db will raise a level
of —60 db to +40 db (100 minus 60
equals 40).
Microphones have different outputs
ranging all the way from —40 db to
perhaps —100 db. (This is from the
6-milliwatt reference level.) Naturally, if you have a microphone capable of giving —50 db, it has more
than enough output to drive the amplifier we are discussing to full rated
output. It will work satisfactorily with
the amplifier because we can always

border line between these classes,
however. In general, any amplifier
under about 10 to 15 watts is a lowpower type, those between this value
and about 50 watts are medium
power, and those above 50 watts are
considered to be high power.
As we pointed out while discussing
decibels, it takes a doubling of the
power output to produce anoticeable
increase in volume, so of course amplifier manufacturers do not make many
different sizes in any of these groups.
Usually a manufacturer makes only
4 or 5 amplifiers in each series—say
a low-power amplifier of about 8 to
10 watts, a medium-power oie of
15 to 20 watts, another somewhere
between 35 and 50 watts, and then
perhaps a high-power one. The outputs chosen are selected with the idea
of having some amplifier in the line
fairly close to any output that may
be desired.
Manufacturers usually also make
amplifiers for battery or a.c.-d.c.
operation. These are not usually
merely the standard a.c.-operated amplifiers with modified power supplies,
because, for battery operation at least,
it is necessary to make amplifiers as
economical of power as possible,
something that designers of a.c. equipment don't worry much about. We'll
discuss this later.

AMPLIFIER GAIN VALUES
Because of the extremely high
power ratios involved in public address work, it is standard practice to
give the gain of amplifiers in decibels.
Because these amplifiers are commonly used with phono pickups in
addition to microphones, most amplifiers have input circuits for each.
11

the controls are a part of the radio
itself.
If the receiver is not custom-built,
it will probably be mounted high behind the instrument panel. It may
have extended controls which come
out underneath the instrument panel
at a convenient location, or may be
provided with a remote control system. Usually, in the latter case, the
control head will be mounted in an
opening in the instrument panel, or
even mounted on the steering wheel
column, and flexible cables will be
used to operate the receiver from this
control head. Commonly, such remote controls will operate the receiver

Courtesy General Electric
FIG. 3.

A standard single-unit auto radio.

new sets are quite detailed and can
be readily followed. The next section
of this lesson gives general information which will help you get started
properly.
SET TYPES
Modern automobile receivers divide
automatically into two general types.
One type is a general-purpose radio
(available from radio supply houses
or distributors) which can be mounted
in almost any automobile by providing the proper mounting facilities.
The other type is a custom-built set,
made for aparticular make and model
of car, and usually sold by the distributor for that car. The majority
of both types are single unit radios
like that shown in Fig. 3. All early
models, and some present ones, have
separate speakers (see Fig. 4). Better
tone quality is claimed for these latter
by their manufacturers. However,
space limitations often force the
choice of a model with a built-in
speaker.
The exact method of mounting will
depend on the type of set and the
provisions in the car for the radio
controls.
Many custom-built receivers are
compact models designed to mount in
a space behind the dash or instrument panel itself, so that their controls protrude through an aperture in
the instrument panel. In such cases

Courtesy Motorola
FIG. 4.

An auto set with a separate speaker.

tuning condensers, on-off switch and
volume control. Sometimes the tone
control will also be operated from the
control head, but more often it will
be right on the receiver cabinet.
Remote control heads designed to
be mounted as a part of the instrument panel of acar are usually available in several styles to allow selection of a head which will blend in
nicely with the other instruments of
the car involved and will fit the space
allotted for this purpose. Therefore,
anyone buying an auto set should be
sure to specify the make, model and
year of the car in which it is to be
used, so he will be furnished with the
proper matching control head.
Whenever you undertake to install
5
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FIG. 2. This frequency-response curve shows the
db output of an amplifier at various frequencies.

reduce the gain with the volume control. On the other hand, a microphone with an output of —70 db will
not permit this amplifier to give full
rated output. If we must use amicrophone of this kind, we will have to
have a preamplifier with again of at
least 10 db to raise the microphone
signal level from —70 db to —60 db
so that the amplifier can be operated
at full output.
This discussion shows you why
the decibel is used in p.a. work. With
its aid, it is rather simple to see just
what will work with what. Any power
losses or power gains in the systems
can be taken into consideration
simply.
FREQUENCY RESPONSE
The amplitude or harmonic distortion is given along with the power
output rating, or is understood to be
at some standard level when normal
outputs are given. However, in addition, we can have frequency distortion—the limitation of the frequency
range over which the amplifier will
operate with a reasonable output. In
public address work, the frequency
response is rather important. If voice
alone is to be handled, there is no
need for very low notes, nor is there
need for high notes above 5000 cycles.
If the system is to have high fidelity,
on the other hand, you'll want as wide
a frequency response as is obtainable
12

within the price range in which you
are interested.
To arrive at the frequency response,
the manufacturer determines the input
at areference frequency, usually 1000
cycles, that will produce the rated
output. Then, the same input is fed
into the amplifier at other frequencies. The amplifier output at each
of these various frequencies is then
expressed either in decibels or in
terms of the number of decibels it is
up or down from the output at the
reference frequency.
Data on frequency response are
frequently given in the form of response curves. In the type shown
in Fig. 2, the output is given in terms
of the rated output of the particular
amplifier. A somewhat more common
form is that shown in Fig. 3, in
which the response at various frequencies is given in terms of its
db variation from the reference frequency output. This curve applies to
any amplifier having this response,
regardless of its rated db output level.
A frequency response curve is ordinarily carried out only to the points
at which the frequencies fall off 3 db
from the reference value. Beyond
these points, it is understood that the
characteristic may have peaks, but
in general, will be worse than 3 db
off from the reference level. Therefore,
whenever the manufacturer says that
an amplifier is "flat within 3 db from
REFERENCE FREQUEN,
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FIG. 3. This frequency-response curve shows
how many, db up or down the amplifier output
is at various frequencies.

40 to 10,000 cycles," he means that
the output will vary slightly but will
remain within 3 db above or below
the output at 1000 cycles between
these limits. Notice that the curves
shown in Figs. 2 and 3are flat within
3 db from 80 to about 7500 cycles.
Many manufacturers give information on the effects of the tone controls
on the frequency response. They will
state that the tone •
control raises or
lowers the output so many db at a
given frequency. This will give a
general idea of what happens to the
response curve as the tone controls are
varied.

AMPLIFIER HUM LEVELS
Naturally, the output hum and
noise levels from an amplifier must
be just as- low as possible for best
results. In any amplifier of reasonably
good design, the noise level is far
below that of the hum.
In high-fidelity systems, the hum
voltage applied to the loudspeaker
must be very small to prevent excessive hum output. The hum level is not
quite so important in a low-fidelity
system, however, because the low-frequency output is usually attenuated.
The manufacturer commonly gives
the hum level as so many db below
rated power output. A value around
35 to 50 db down is considered acceptable for general-purpose amplifiers.
When the noise, level is given too,
it is likewise given in terms of decibels down.

INPUT IMPEDANCES
When an amplifier is given a certain rating, it is assumed that its
input and output will be properly

impedance-matched
so
that the
maximum power transfer will occur.
Therefore, the number and impedance
values of the input channels are important amplifier ratings.
The simplest amplifier may have
only a phonograph input; very elaborate ones may have provisions for
three or four microphones and perhaps two or three phonograph players.
Because it may be desired to fade one
signal out and fade another in gradually, without affecting the strength of
any other signals, all of these input
channels are usually fed through separate preamplifier stages, whose outputs are then combined in a mixing
circuit arrangement. We'll study these
amplifiers in more detail later.
Some microphones, such as the
crystal types, are high-impedance
devices that should feed into the grid
input circuits of tubes. As apractical
matter, you know that the grid circuit
must have a d.c. path to the cathode.
Since a resistor of around 100,000
ohms is commonly used to provide
this path, it is standard practice to
consider ahigh impedance input to be
approximately 100,000
microphone services.

ohms

for

Microphones such as the dynamic
types have low impedances, which
are brought up to standard line impedances by means of matching transformers built into the bodies of the
microphones. For low-impedance microphones, therefore, the input of the
set has to be a transformer rated at
some standard line impedance such as
250 or 500 ohms. Because highimpedance inputs are less costly, basic
amplifiers are usually supplied with
high-impedance inputs, with low-impedance inputs being available at a
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connections later (in another Lesson).

slight extra cost. The type of input
impedancè is usually optional in the
more elaborate amplifiers.
Phono channels are today practically all high-impedance types because
it is standard practice to use crystal
pickups. If magnetic pickups are used,
it is expected that amatching transformer will be used to match the
pickups to thé grid circuit of a tube
or to match from a standard transmission line to such a grid circuit.

POWER REQUIREMENTS

Like radio devices, public address
amplifiers operate from power supplies: It will do no good to find
exactly the right amplifier for your
installation if it will not operate from
whatever power is available. Therefore, although the power requirement
is usually far down on the list, it is
one of the first things you should look
for.
OUTPUT IMPEDANCE
Of course, 115-volt, 60-cycle a.c.
power
is commonly available throughIt is standard practice today for
out
the
United States, and most p.a.
practically all amplifiers to have a
amplifiers are designed to operate
tapped arrangement for matching
from such a.c. power lines. There is
various loudspeaker voice coil impedawide variety of amplifiers available
ances. Values of 2, 4, 6, 8, and 16
for such operation, so the choice of a
ohms are usually available. In addiparticular amplifier depends on other
tion, most amplifiers also have proviconsiderations.
sion for at least a500-ohm line. Some
However, there are many cases
of the more elaborate types have addiwhere the proper power lines are not
tional taps for 125 ohms and 250
available. In some of the larger cities,
ohms for use when lines are connected
for example, there are large districts
in parallel.
in which only 110-volt d.c. power is
In addition to giving the output
impedance values, the manufacturer available. In a few localities, the
will usually mention the method used power lines supply only 25-cycle a.c.
for making connections to the output Special amplifiers are rarely available
for such power supplies. The only
terminals of the amplifier. In some
thing that can be done in most ininstances, these terminals are just
stances
is to obtain an inverter unit
brought out to terminal strips. In
that
will
convert the available power
others, the terminals are brought out
to
60-cycle
a.c. Such inverter units are
to sockets into which the loudspeaker
available from radio supply houses.
lines are plugged, the proper impedPublic address equipment used in a
ance being selected by turning a
sound truck must operate either from
switch. Such refinements as this latter
storage batteries or from some form
are not absolutely essential, but they
of power supply carried with the
are helpful, particularly for amplifiers
amplifier in the truck. In the case of
that are going to be set up and taken
high-power units, it is standard pracdown frequently under conditions
tice to equip the truck with a small
under which different types of louda.c. generator driven by a gasoline
speakers may be needed. We shall go
further into the subject of loudspeaker motor. Because of the efficient cir14

cuits incorporated in modern amplifiers, however, it is practical to operate the small units from 6-volt
storage batteries. Vibrator-type power
supplies are used in such cases. Most
such units supply enough 115-volt,
60-cycle power to operate a record
player as well as an amplifier.
Naturally, when we are dealing
with special units of this kind, it is
particularly important that the required power levels be calculated accurately. Large sound systems drain
storage batteries quickly and are
rather costly. On the other hand, units
that are too small are practically
worthless. It is therefore necessary to
select equipment that is adequate for
the job but not more powerful than
it needs to be.
TUBES
In practically all cases, manufacturers list the number and types of
tubes used in p.a. amplifiers. This
information is helpful if you find that
some of the tubes listed are not the
types that are commonly available
in your locality, because then you can
stock up on an extra set or so. The
tube list will also give you a general
idea of the circuits that are used, and
from the power output rating, you can
get an idea of how hard the tubes are
being driven.

PHYSICAL SPECIFICATIONS
It is important that you know the
dimensions and weights of public address units, particularly when they
are to be permanently installed in a
given location. The kind of housing,
too, is frequently important. Sometimes you will want the amplifiers
mounted in a standard rack. In other
cases, you will want them to be
enclosed in a metal shield or case,
which is common practice for most
amplifiers today.
The manufacturer may also describe the color and type of decoration
on the housing, and, of course, he will
usually show photographs of the general appearance of the amplifier.
Naturally, it is always desirable to
have a unit that is physically pleasing in appearance whenever it is to
be located where it will be used by
the public. Therefore, although such
considerations are less important than
getting the right technical equipment,
they must be taken into account.
Now that we have ageneral idea of
the data that can be expected in the
manufacturer's literature, let's go on
and briefly examine some typical p.a.
amplifiers to see how they differ from
stándard audio amplifier equipment
like that found in radio receivers.

Power Supplies, Output Stages, and Drivers
As we have mentioned before, the
public address amplifier is essentially
like the audio amplifier in astandard
radio receiver. As a matter of fact,
the low-powered types are, for all
practical purposes, identical with
15

such amplifiers. Not only are the circuits similar, but also the same kinds
of tubes are used. The only radical
difference is that low-powered p.a.
units usually require one more voltage amplifier stage so that they will

have sufficient gain to operate from
the very low output of microphones.
Higher-powered units differ more
markedly from the audio sections of
radio receivers, mostly because different tubes and circuits are needed
to permit the handling of the increased power.
In the following discussion, we
shall not go deeply into the basic
theory of voltage and power amplifiers, because you have already studied
this in other Lessons of this Course.
(If you are hazy on certain points,
review your Lessons on low-frequency
amplifiers and on power supplies.)
Instead, we shall point out the important differences between radios
and p.a. systems. Let's start with
power supplies.

we have included before in our study
of radio receivers. It is only when
we get up in the high-power units that
we find much difference.
In high-power applications, it is
standard practice to use apower supply with apower transformer, operating from 60-cycle a.c. If the equipment is to be used in mobile .services,
it is commonly operated from agasoline -engine -driven motor -generator
that develops the necessary 110-volt,
60-cycle a.c. In districts with d.c.
power or 25-cycle a.c., a motorgenerator would be used to deliver the
110-volt, 60-cycle a.c. Hence, you
will usually find that all high-power
amplifiers are alike in their power
supplies to this extent.
Voltages around 300 to 400 volts
are easily obtained from a transPOWER SUPPLIES
former power supply. Receiver-type
rectifier tubes may be used; if the curThe smaller p.a. units operate from
rent requirements exceed the rating
power supplies that are identical with
of a single tube, two tubes can be
those in standard radio receivers. The
most common power supply uses a used with the sections in parallel, as
in Figs. 4A or 4B. These two constandard power transformer, a fullnections both deliver twice the curwave rectifier, and a filter, although
rent of asingle tube. The only differyou will find that a few of the small
ence is that you will get only halfportable p.a. units use a.c.-d.c. supwave rectification, with consequent
plies. The small mobile p.a. systems
hum, if one tube fails in the circuit
that are designed to operate in trucks
shown in Fig. 4A. The circuit in Fig.
use vibrator-type power supplies
4B will still give full-wave rectificaoperating from a storage battery, almost identical with supply units you
tion as long as the remaining tube
lasts. Of course, this tube will be
find in auto-radio receivers except
heavily' overloaded, so it won't last
that they are capable of delivering
somewhat more power. If we consider
long.
devices like hearing aids to be public
As we shall soon see, some p.a.
systems
use power output tubes operaddress-systems in miniature, we will
ated in class Al% or even in class B.
even find batteries are used to furnish
Because of the very wide changes in
power directly.
current requirements between the noTherefore, in all low-powered p.a.
load and full-load conditions, power
systems, we can expect to find power
supplies used with such output tubes
supplies that are identical with types
16

must have good regulation. Ordinarily, this means that the transformer and choke coils must have low
resistance, and that a very high
bleeder current must be drawn. This
increases the current requirements.
Since the final stage requires more
plate current than any other, its cur-

FIG. 4. Two typical full-wave reetiher circuits
used in p.a. power supplies.
rent is frequently taken directly from
the rectifier output without passing
it through the filter choke. This is
permissible because there is no amplification beyond the output stage, so
any hum developed is swamped by
the desired signal. When the output
current does go through the filter, a
swinging choke is commonly used as
the input choke to help keep the output voltage constant in spite of the
high current changes between no-load
and full-load conditions.
In some of the p.a. units of the
highest powers—those rated well over
100 watts—the power output tubes are
actually small transmitting tubes intended to operate on higher voltages
than are applied to receiving tubes.
The power supplies of such units
must, of course, be designed to deliver

appropriate voltages—around 800 to
1500 volts. This means that the secondary of the power transformer must
have a higher voltage rating than
is usual in p.a. equipment. To withstand the higher voltages, special rectifier tubes of the types that are more
commonly found in amateur transmitting equipm.ent are sometimes
used. In addition, the filter condensers
must be designed for these high
voltages, which means that they are
usually oil-filled paper condensers
of the kind used in transmitters. The
need for this special, expensive equipment makes high-power amplifiers
disproportionately costly. For this
and other reasons, high-power p.a.
units of this kind are rather rare;
when high powers are needed, it is
common practice to use several amplifiers connected in parallel instead.
The use of several smaller amplifiers
is preferable because it is lower in
cost, gives a more flexible arrangement (since the system can be expanded at any time by adding more
units), and simplifies future servicing.
POWER OUTPUT TUBES
As you might expect, beam power
and pentode tubes, which have high
power sensitivity and high plate efficiency, are used as the power output
tubes in practically all p.a. amplifiers.
Obviously, if a triode tube requires
40 volts as the grid signal voltage
for full excitation, and a pentode or
beam tube is capable of giving the
same power output with only 15 volts
of grid drive, the latter is more desirable, since much less voltage amplification is necessary ahead of it.
These tubes also have an advantage
over triodes in that they convert
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somewhat higher percentages of their
plate power into usable power output.
The one advantage of the triode
over the beam power and pentode
tubes is that it has far less distortion.
However, modern inverse feedback
circuits make it possible to obtain
reasonable fidelity from pentode and
beam power tubes. Therefore, the
triode power tube has practically disappeared from the p.a. field except for
very high-fidelity systems.
In general, the types of tubes used
in p.a. amplifiers are exactly like
those in radio receivers, except that,
because of its high power capabilities,
the 6L6 tube is more commonly used
in p.a. work than it is in radio receivers. Even the smaller receivertype tubes are commonly used, sometimes in circuits that get more from
them than is required in radio receivers.
Class A Operation. The power
output stages of p.a. amplifiers are
most commonly operated in class A,
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FIG, 5. This shows class A operation of an
ampliner. The input signal swings over the
straight part of the tube characteristic, and the
grid voltage never goes positive.
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FIG. 6.

A single ended class A stage.

just as are those in radio receivers.
In this class of operation, the operating point of the tube is set by the
bias on the midpoint of the straight
portion of its characteristic (see Fig.
5). The complete cycle of the incoming signal is reproduced in the
plate current. As long as the input
signal is not so high that it swings
as low as the bottom knee of the
characteristic or higher than the zero
bias point, this class of operation is
reasonably free from distortion. This
matter of distortion is important because it places the real limit on power
output. We can get only so much
power output at a given distortion
level from any particular tube once
its operating condition has been specified. When the acceptable distortion
level has been chosen, the drive or
grid signal applied to the power output tubes can be increased only until
this distortion percentage is found in
the output.
In applications in which the tone
quality is not very important and low
powers are all that is required, the
single-ended class A stage like that
in Fig. 6is sometimes used. If higher
output levels are required and somewhat better tone quality is desirable,
apush-pull circuit like that shown in
Fig. 7is used. Here, because the even

a

harmonics are cancelled in the output
transformer, it is possible to get
greater power output from each output tube than is possible in the singleended connection shown in Fig. 6. As
a matter of fact, properly increasing
the grid drive permits about two and
one-half times as much power to be
obtained from apair of tubes in pushpull as can be gotten from a single
tube for the same relative amount of
distortion.
Both the single-ended and pushpull class A stages are usually selfbiased by a resistor in the cathode
circuit. However, there are exceptions
—the bias can be obtained from the
power supply, making it a form of
fixed bias. Such a system is rather
commonly used with push-pull outputs, because it is desirable to balance
plate currents of the push-pull tubes.
Therefore, as we shall see later, the
grid returns are split and brought
back to separate adjustable bias resistors in the power pack; it is then possible to adjust the bias to produce
equal plate currents.
The circuits in Figs. 6 and 7 use
resistance coupling to the power tube
grids. It is possible to use transformers, of course, but an input trans-

FIG. 7.

A push-pull class A stage.
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former is bulky and rather costly.
Furthermore, unless it is of high
quality it will introduce considerable
frequency distortion and also pick up
stray hum fields.
When resistance coupling is used at
the input of the push-pull stage, a
phase inverter must be used. Any of
the types that you studied in your
fundamental Lessons may be found in
p.a. amplifiers. Several typical schematics of phase inverters are shown
in Fig. 8. In each instance, the necessary 180° phase shift is obtained
either by an additional tube or, as
shown in Fig. 8C, by making use
of the fact that the cathode voltage
is out of phase with the plate load
voltage.
If a transformer input is used for
the push-pull stage, of course, a
single-ended driver stage can be used.

GETTING MORE POWER
•Once we have reached the maximum permissible output with a particular tube in class A operation, the
only way of getting more power
output is to change the conditions of
operation or change the tube. Equipment designers usually prefer to use
more efficient classes of operation,
since transmitter tubes, the only types
capable of giving more power output,
are expensive.
Instead of class A, we can use
classes AB i,or AB 2,or even class B
provided we use a push-pull circuit.
The power output increases remarkably—if two tubes deliver 18 watts
in class A push-pull, they may give
25 watts in AB„ 45 watts in A.13 2,
and 60 watts in class B.
Fig. 9shows the difference between
these classes of operation. The class

right at 2. Notice that amplitude 2 is
higher than 1; this means a greater
amount of power output is obtainable.
However, the lower half of this plate
current cycle is flattened out, meaning that a large increase in evenharmonic distortion has occurred.
This distortion would make class AB,
operation undesirable were it not that
push-pull operation fortunately eliminates the even harmonics.

A grid signal is limited so that the
operation remains over the straight
portion of the characteristic between
the lower knee and the zero bias line.
The plate current change for class A
operation here reaches the peak value
represented by 1. Naturally, the
greater this amplitude can -be made,
the greater the amount of signal power
output. Therefore, if we move the
operating point down near the knee
of the curve, we can apply a higher
grid signal and produce AB, opera-

Increasing the grid drive more produces class AB 2 operation, in which
the grid actually goes positive for a
small portion of the cycle. This operation gives even greater power output,
shown by the fact that peak 3 is
higher than either 1 or 2.

tion. The plate current swing for this
class of operation is shown at the

Finally, when we move the operating point to class B operation, right
at the cut-off bias level, only onehalf of each cycle of the incoming
grid signal is reproduced in the output. The plate current for this class
is represented by peak 4, which is
much greater than that of any of the
preceding classes of operation. When
two tubes are operated in class B
push-pull, one tube furnishes power
for one-half cycle, then it is cut off
while the other tube is delivering
power.
In class AB, operation, in which
no grid current is permitted to flow,
it is possible to use the same kinds
of circuits as in class A operation. In
class A% and class B operation, however, the grids of the power output
tubes draw current during small portions of the grid cycle. As a result,
there is a power dissipation in the
grid circuits of the tubes; this power
must come from the driver stage.
FIG. 8.

Furthermore, to avoid extreme dis-

Typical phase inverter circuits.
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tortion, the total grid circuit resistance must be kept very small so
that there will be but asmall voltage
drop while grid current is flowing.
For these two reasons, resistance
coupling is not used for class AB 2 or
class B operation. Instead, the drive
signal is applied through a specially
designed input transformer that has
a secondary winding with very low
resistance or through a cathode follower circuit like that shown in Fig.
10. In the latter case, the "load" on
the driver tubes VT, and VT2 consists
of the coil L, and the cathode resistors
R2 and R,. The low-resistance coil
is in the VT2 and VT, grid circuits, so FIG. 10. A cathode-follower circuit used to
grid losses are avoided. This connec- feed the output stage in amplifiers operated in
class AB 2 or B.
tion provides agood impedance match
balancing arrangement shown in Fig.
between the drivers and the output
11 is commonly used. Adjusting the
tubes and thereby reduces distortion.
two
potentiometers R, and R, makes
Incidentally, the drivers VT, and VT2
it
possible
to get the plate currents
are actually small power tubes (operequal
and
thus
minimize the distorating in class A) that are driven by a
tion that will naturally occur with
voltage amplifier and aphase inverter.
these classes of operation. IncidentFor these classes of operation, it
ally, since the bias is at the cut-off
is desirable to have the grid bias of
value for class B operation, it is not
the power tubes adjustable so that the
practical to use self-bias for the
plate currents can be balanced. The
power tubes—the bias must be supplied by aseparate source such as the
power supply.

cg

c-

J

AB 2
R2

FIG. 9.

FIG. 11. The plate currents of the two tubes
are equalized by adjusting R1 and R2.

Four classes of amplifier operation.
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an auto set, be very certain to read
carefully all instructions furnished by
the manufacturer. The receiver manufacturers furnish very complete installation data and, if you follow them
carefully, you will usually experience
little trouble. Before starting, check
the material you received to be sure
you have the correct control head for
the particular automobile.
POLARITY
Before installing the radio, check
the set diagram and read the manufacturer's instructions carefully to see
if polarity matters. If the set is
modern and has a tube rectifier, polarity will not matter at all. On the
other hand, if the set uses a synchronous vibrator (which acts as a
mechanical rectifier), polarity is important. The following thus applies
only to sets using a synchronous
vibrator.
The storage battery must be connected to the car generator with such
apolarity that current will flow in the
proper direction for charging. Therefore, the polarity of the generator
(which may be different in different
cars) determines which terminal of
the storage battery can be grounded
to the car frame, and determines the
connections of the electrical equipment. Hence, the storage battery polarity will differ in different cars, having the negative grounded in some
cases and the positive grounded in
others.
II> If the receiver is designed for a
particular make and model car, it
probably will be already adjusted for
the polarity found in that model.
However, if the receiver is auniversal
type which can be used in any car,
you may have to make this adjustment. To do so, determine from the
manufacturer's instructions the polarity used in the car in which you are

interested. If the car is not listed in
your service information, check the
polarity by measuring with a voltmeter between the car frame and one
of the terminals on the ammeter. Reverse the test probes if necessary, until you get an up-scale deflection of
about 6 volts. If the negative probe
of the voltmeter goes to the car frame,
the negative battery terminal is
grounded (and vice versa). With that
information, you can proceed to make
the required adjustments on the receiver.
SET INSTALLATION
Before making an installation, try
the receiver on your workbench—because even a new receiver can be defective. (Details on how to do this
will be given when we take up receiver servicing.) If the receiver
operates properly, and you have the
proper control head for the particular
make and model car, you can now
proceed with the actual installation.
Study the recommended positions
for mounting the receiver. Usually
there will be several possible positions, but your choice may be limited
by the fact that a heater or some
other accessory has been mounted so
it will interfere with one or two of
them. Other things being equal, you
should, of course, choose the position
in which installation is easiest.
The exact mounting of the receiver
will depend on its type. The kinds
which mount up behind the instrument panel are frequently rather
easily mounted on abracket assembly
furnished with the receiver. Another
type has bolts on the back of the
receiver which are used to secure it
to the fire-wall (the partition separating the engine compartment from the
driver—it is also sometimes called a
bulkhead or dash). With still another
type, a mounting plate is mounted on
6

The problem of supplying an input
signal to aclass Al% or class B stage
frequently means that the tubes preceding the power output tubes must
be small power tubes themselves. The
required grid input, although it may
be only a fraction of a watt, is frequently more than the ordinary
FIG. 12. One method of introducing inverse
feedback. The feedback path consists of C2
and R2.
A family of tubes that cut off at
zero bias was once developed for class
B operation. These tubes, of which
the 6N7 is an example, require no
external bias at all, and the signal
swings for a half cycle into the positive grid region. Such tubes are not
used in modern amplifiers, but you
may find them in some of the older
ones.

voltage amplifier tube is capable of
supplying.
Inverse Feedback. Any of the
forms of inverse feedback that you
studied in your fundamental Lessons
may be found in public address systems.

The

across

the

feedback may
output

just

stage—from

be
the

plate to the grid circuit, for example
—or it may be over a loop of several
stages. We'll see some typical diagrams later, in addition to the examples given in Figs. 12 and 13. To

FIG. 13. Multistage feedback circuits. The feedback path in A consists of C4 and R2. In B, the
fraction of voltage that Is fed back is determined by the voltage division across R7 and Rg. This
voltage is fed back directly to R2.
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refresh your mind—the feedback voltage is out of phase With the incoming
signal and is of such nature that it
decreases any distortion that is introduced between the point where the
feedback occurs and the output. At
the same time, the output level is
reduced and the plate impedance of
the output tube is brought down more
nearly to that of the triode. The
over-all result of this is that pentode
and beam power output tubes can be
used with nearly the fidelity obtained
from the use of triodes. Although one
of the advantages of the pentode and
beam power tubes is lost in that the

transformer tap arrangement. Each
impbdance value represents the impedance between that tap and the
"common" terminal. Some amplifiers
may have a few less taps and others
may have a few more, but in general
this is the basic arrangement.
Standard loudspeakers have voicecoil impedances of 4 ohms, 8ohms, or
16 ohms. There are a few others, but
these are the most common. If you
are using asingle loudspeaker .of any
of these values, all you need to do
is to connect it between the proper
taps to provide the desired impedance
match to the output stage.

500 c.)
250
16

e

4
2
COMMON

FIG. 14. The taps on atypical output transformer.
power sensitivity is reduced, it is still
better than that of triodes.

LOUDSPEAKER COUPLING
As you know, the ordinary radio
receiver commonly has an output
transformer designed specifically to
match the particular loudspeaker used
in the set to the output tube or tubes.
In public address work, however, an
amplifier may be used with any one of
several types of loudspeakers or with
agroup of loudspeakers, depending on
the installation, so the output transformer must have taps to accommodate different voice coil impedances.
Fig. 14 shows a common output
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If you are using more than one of
these standard loudspeakers, the
voice coils may be connected either
in series or in parallel to equal some
impedance value that the transformer
can supply. For example, if you connect two 8-ohm loudspeaker voice
coils in parallel, their net impedance
will be 4 ohms, so you can use the
4-ohm tap. Connecting the same two
8-ohm loudspeakers in series would
give 16 ohms net impedance, and the
16-ohm tap could be used; however,
it is more common practice to connect
the loudspeakers in parallel so that
both will not be cut off if one of them
should open or become defective.

.

Naturally, the more loudspeakers
used, the more troublesome becomes
the problem of impedance matching.
We could connect four 8-ohm loudspeakers in parallel to get a net impedance of 2 ohms, which our transformer is capable of matching. However, connecting three such loudspeakers in parallel would give an
impedance of 8
3 or 2.6 ohms, for
which there is no transformer tap.
When an in-between value like this is
obtained, it is usually best to use the
output transformer tap that is next
lower in impedance, because doing so
minimizes distortion and loss of
power. Therefore, we should use the
2-ohm tap. (As a practical matter,
although it is desirable to match
within 10%, mismatching up to 25%
is tolerable and causes very little
power loss.)
Elsewhere, we will go further into
this problem to show in more detail
some of the difficulties met in coupling
loudspeakers to amplifiers.
Returning now to our transformer,
you will notice that there are two
high-impedance terminals, one rated
at 250 ohms and the other at 500
ohms. These are needed because the
loudspeakers must frequently be at
considerable distances from the amplifier. The loudspeaker voice coils have
relatively low impedances, so even
if you use rather large, low-resistance
wires to connect them to the amplifier, there will still be considerable
loss in the wire. For example, if we
use No. 20 B dc Swire to connect a4ohm loudspeaker to an amplifier, we
cannot have the loudspeaker farther
than twenty-five feet from the amplifier if we are to keep the line loss to
a value of 15%. If the loudspeaker
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must be placed farther away from the
amplifier, or if the power loss is to be
kept less than 15%, we would either
have to use much larger wire or, preferably, use a higher-impedance line.
Such aline will also be discussed elsewhere, but for now let us say that a
line will transmit power with a minimum loss if we connect a fairly high
impedance to both of its ends. An
impedance of 500 ohms is commonly
used. With the higher impedance, we
can have a higher terminal voltage
and a much smaller current for the
same power. Since the loss in the line
depends upon the I2R value, reducing
the current for the same power delivery means that the loss is decreased.
Therefore, if we connect one end
of a line to the 500-ohm terminals
of the output matching transformer,
and connect the other end to atransformer that is designed to match 500
ohms to avoice coil, the line becomes
relatively loss-free and can be run
for considerable distances. For example, the No. 20 wire that we mentioned before, when used as a 500ohm line, can be run for 1500 feet
with a power loss of only 5%. As
you recall, such wire has a 15% loss
in a 25-foot run when it is used to
feed the voice coil directly.
We'll go further into this problem
of lines and impedance matching elsewhere. The important thing to know,
as far as the amplifier itself is concerned, is that its output transformer
has a number of secondary taps with
which it is possible to match impedances under most ordinary circumstances.
Amplifiers vary considerably in the
physical arrangement of their termi-

nais. Some have them brought out to
a terminal strip to which the necessary loudspeaker connections can be

made. In others, they are brought out
to sockets into which the loudspeaker
cables can be plugged.

Voltage Amplifier Considerations
An amplifier must have enough
gain to raise the voltage level from
that of the output of the microphone
to whatever is required to drive the
power output stage so that it will
deliver the rated power output. By
taking the ratio of these two voltage

FIG. 15.

A typical triode voltage-amplifier
stage.

levels, we can determine the gain in
decibels needed. From this, we can
set up any combination of stages, the
product of whose gains equals the
necessary gain value. In praCtically
all modern amplifiers, the voltage
amplifier stages are resistance coupled
and, in general, they duplicate receiver voltage-gain stages in their
design. Triodes are commonly used;
sometimes pentodes are used also.
Figs. 15 and 16 show typical circuits.
The only major differences between
p.a. amplifiers lie in the number of
stages used and in the special features, such as the input coupling, the
methods of mixing signals, and the
tone-control network. We shall now
take up these special items, leaving
complete schematics for later.
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INPUT CONNECTIONS
Standard practice is to bring the
input terminals of the p.a. amplifier
to jacks so that the microphones and
other devices may be plugged in
easily. From these points, the circuit
goes to the grid of the first tube. There
are three basic input arrangements,
all of which are shown in Fig. 17.
Fig. 17A shows a high-impedance
input, intended to operate from any
high-impedance device such as a
crystal phono pickup or crystal
microphone. As you will learn in
later Lessons, any signal source whose
impedance is above, let us say 40,000
ohms is considered to be high impedance and can be fed directly to atube
grid as shown here.
Many microphones and the magnetic phono pickups are relatively
low-impedance devices. For example,
some dynamic microphones have as
low an impedance as have many electrodynamic loudspeaker voice coils.

FIG. 16. A voltage-amplifier stage in which a
pentode is used.

With devices of this kind, the proper
impedance match must be made to
the grid of the tube so that there
will be sufficient voltage for proper
operation. Also, since the microphone
may sometimes have to operate at a
distance from the amplifier, it is
standard practice to use a matching
transformer between the microphone
or pickup and connecting line, which
is almost always rated at 500 ohms.
Then, at the amplifier, another transformer is used to match the 500-ohm
line to the grid input of the first tube.
There are two basic arrangements
for low-impedance inputs, which are
shown in Figs. 17B and 170. To set

a fixed value for the grid input impedance, a resistance of some value
around 100,000 ohms may be connected as R2.Then, the transformer
matches 500 ohms to the resistor
value.
Fig. 17B shows what is known as
the unbalanced line, in which one side
of the line is grounded. The microphone cable used here (and in the
high-impedance circuit in Fig. 17A)
is a coaxial type consisting of an insulated conductor surrounded by a
flexible braided shield, which acts as
the other side of the line. In Fig. 170
is shown the balanced line. The basic
difference here is that there are two
separate conductors and that the
ground is made to a center tap at a
transformer at each end of the line.
These two conductors can be and
usually are surrounded by shielding
braid that serves as a ground return.
The advantage of the balanced system is that both lines will pick up an
equal amount of noise or hum voltage
and will feed these equal voltages in
opposite directions through the input
transformer of the receiver so that
they will cancel. (The signal current
sets up a circulating current throughout the entire system, however, so it
is not cancelled.) Therefore, in alp:
plications where noise and hum are
troublesome, the balanced input is
used.

MIXING AND FADING
One of the important problems in
p.a. work is the necessity of operating
from more than asingle source. Even
the simplest of p.a. systems will have
FIG. 17. Three kinds of input circuits. A highimpedance circuit is shown in A, an unbalanced
low-impedance circuit in B, and abalanced low..
impedance circuit in C.
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at least one microphone and one
phonograph pickup, and will ordinarily have provisions for connecting

another one in its place. And, as we
Inentioned before, the same is true
of record players—when continuous
music is desired, it is important to be
able to fade out one player and run
in another one without any appreciable break in the continuity of the
program.

FIG. 18. Two kinds of resistance mixing circuits.

Therefore, p.a. systems have anumber of input terminals, each with its
own separate control to make it possible to adjust the levels individually.
You will find that p.a. amplifiers
differ widely in the number of such
input channels provided, according to
the uses for which they are designed. However, regardless of whether there are two microphone or phono
input terminals or six, the following
basic facts will apply.

several other devices of these kinds
if they are required. In some of the
very elaborate systems, there may be
anywhere from three to six microResistance Mixing. Fig. 18 shows
phones connected at one time, and
two examples of what is known as
there may well be two record players
resistance mixing. In Fig. 18A we
so arranged that it is possible to suphave two microphone channels, each
ply music continuously by fading
feeding into its own individual level
from one to the other.
control R, or R2.By adjusting these
We can't just connect several
controls individually, we can adjust
microphones in series or in parallel
and feed them all into the grid of a the output from the corresponding
channel to any desired level. Thus, it
single tube. Besides introducing probis possible to cut one off and the other
lems of impedance matching, this
one on, then to fade from the one that
would not permit us to have control
is on to the other one. Or, if desired,
over each individual input, which is
they
may both be fed in at the same
quite necessary. Even when you have
time
at some predetermined level.
agroup of microphones picking up the
From
these controls, the signal goes
same program, as when you have two
through
preamplifier tube VT, and
or three picking up an orchestra, it is
then
is
resistance
coupled to amplifier
necessary to adjust the level of each
tube VT 2.
microphone individually to get the
Potentiometer Re acts as a master
proper balance between all of the
volume control in that it controls the
input levels. Then, to have a truly
total signal level. With this form of
flexible arrangement, it is desirable
control, it is possible to preset the
to be able to turn one microphone off
mixer control R, and R2 at some deand turn another one on smoothly and
sired level and then use the master
simultaneously, without having to uncontrol to vary the volume as replug a microphone and then plug
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quired. Placing the master volume
control after amplifier tube VT, is
desirable because all controls become
noisy with use as poor contacts develop within them. Any noise signal
caused by a control at the input of
VT, will go through the entire amplifier and therefore receive maximum
amplification. A similar noise caused
by a control located at the input of
VT, will produce far less noise output
from the amplifier, because it will be
amplified only by VT, and succeeding
stages, not by VT, as well. In effect,
then, placing a control at the input
of VT, lengthens the life of the
control, because it can get much
noiser before it has to be replaced.
Going back now to the input: resistors Rs and R. are used to prevent
interaction between the two controls
as much as possible. If these resistors
were not used, and, for example, R,
were set at zero, the grid of the tube
would be grounded; there could then
be no input no matter where R, was
set. With resistors Rs and R. in the
circuit, however, the grid cannot be
grounded by setting either R, or R,
to zero; as a matter of fact, Rs and
R. are so large that adjusting either
control throughout its range changes
the resistance in the grid circuit very
little. As aresult, any adjustment of
the control in one channel has little
effect on the other channel.
The output from a microphone is
always much less than that of any
standard phonograph-record player.
Therefore, there is always an extra
triode or pentode preamplifier in the
microphone channels. Notice that the
phonograph outputs feed directly to
the master volume control R. in Fig.
18A, whereas VT, acta as apreampli28

fier for all the microphone channels.
Although R, and R, get less use
than the master volume control, they
will still get noisy in time, and, because of the extra amplification, this
noise will become objectionable very
quickly. Furthermore, this particular
form of resistance mixing always results in signal loss because R3 and R.
act as avoltage divider for any input
signal. Since the signal is very weak
at the grid of the preamplifier tube,
very often the arrangement shown in
Fig. 18B is used instead. Here, separate preamplifier tubes are used for
each microphone channel, with the
result that the very weak microphone
signal feeds directly to the grid of its
preamplifier tube and is boosted in
volume at once. Then, each channel
feeds into its volume control—R, for
channel 1 and R. for channel 2.
Resistors R, and Rs are used to prevent too much interaction between
these controls, just as Rs and R. are
in the circuit in Fig. 18A. Since the
channel fader controls are now in the
position occupied by the master volume control in Fig. 18A, it is common
practice to eliminate the master volume control altogether and to use
these fader controls as individual
volume controls and as the fadermixer control.
Electronic Mixing. Another input
system is shown in Fig. 19A. This
system is called "electronic mixing";
it is not the same as the electronic
mixing with which you are familiar
from your studies of radio, however,
because the mixing does not occur in
the electron stream of a tube. Separate amplifier tubes are used for each
channel, both of which feed into a
common-load resistor. This arrange-

FIG. 19. Two examples

eelectronic mixing.

tient makes it possible to adjust the
input levels to either of the tubes
without seriously affecting the other
channels. The tubes thus act as decoupling devices that isolate the channels from each other.
Of course, if any channel is overoaded so that the plate resistance of
its corresponding preamplifier tube
changes, there will be an effect on
the other channel, because each tube's
plate resistance acts in shunt across
load resistor R,. This effect can be
reduced by the arrangement shown in
Fig. 19B, in which resistors R, and
R, have been added to stabilize the
wo plate resistances. There is no appreciable interaction between the two
hannels when they are coupled this
way.
Of course, this arrangement has the
disadvantage of requiring that each
channel be controlled at its input by
a mixer control. As we mentioned,
this is bad from the standpoint of
noise production. Therefore, a combination consisting of two preamplifier tubes in each channel is sometimes used (see Fig. 20). Here, we
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still have the so-called electronic
mixing in that tubes VT, and VT,
feed into a common load resistor R2.
The controls are now not at the input
—tubes VT, and VT2 amplify their
corresponding input signals so that
the signals will be above any normal
noise level produced by the control.
A master volume control can be used
at the input of VT, if desired, but in
most cases the fader controls are used
as volume controls.
When there are three, four, or more
microphone channels, they can be
connected in the same manner as two
are.
Usually all the microphone
channels are treated alike.
Phonograph Channels.
It is
necessary to control the outputs of
the phonograph-record players just
as it is the outputs of microphones.
If the system uses a master volume
control like those shown in Figs. 18
and 19, it can be used to set the vol.
urne level. However, there is usually
a separate control in each phonograph channel so that the average
level can be set to correspond somewhat with the outputs from the
microphone channels. Such a separate control is also necessary if
phonograph music is to be used in
the background behind programs

FIG. 20. An improved electronic mixing circuit.

coming through a microphone channel. In such cases, it is necessary
to balance the volume levels of the
two channels so that they have the
desired relative loudness. The master volume control can then be used
to regulate the over-all volume.
Ordinarily, when there is more than
one phonograph channel, a resistive
mixing circuit like the one shown
in Fig. 21A is used. As before, resistors R2 and R, are inserted to
prevent the controls from having too
great an effect on each other.
A special fader control that is

o
FIG. 21. Two kinds of circuits for phono inputs:
amixing circuit (A) and afader circuit (B).

sometimes used for two phonograph
channels is shown schematically in
Fig. 21B. This control has agrounded center tap. As you can see, the
output of each channel is applied
across half the control. With this arrangement, there is zero output when
the slider is set at the center. When
the slider is moved toward one end
of the control, the output from the
channel connected to that half of the
control is increased, but the other
channel is cut off. If the control arm is
moved in the other direction, the output of the other channel is increased
and that of the first one is cut off.

This is called a fader control because
it is possible to move from maximum
volume for one channel down to zero
for both and then gradually up to
maximum for the other. Such acontrol
has the worthwhile feature that only
one hand is necessary to operate it.
Similar fading can be obtained with
the controls shown in Fig. 21A, except that two hands must be used, one
on each control. Since the operator
may at that time have other duties,
such as placing the pickup head
properly on the record that is just
starting, the one-handed control is desirable. However, it has a disadvantage in that you can only fade from
one channel to the other, you cannot
mix them. The control in Fig. 21A
permits both record players to be
operated at the same time, if this is
ever desired.
Resistors R, and 114 in Fig. 21A
serve the same purpose they did in
Fig. 18A—they prevent the controls
from interacting on each other too
much. Similarly, resistor R2 in Fig.
21B acts as a decoupling resistor to
prevent the control from grounding
the grid circuit to which it connects.

TONE CONTROLS
Every form of tone control with
which you are familiar in radio receivers is used in p.a. equipment. In
addition, there are a few types found
only in p.a. systems. Most of these
involve some type of degeneration. A
basic example is shown in Fig. 22:
Here, when the switch SW is in position 1, all the a.c. components of the
plate current must flow through R1.
Since the bias for the grid of the tube
is developed across this resistor, all
a.c. components are fed back equally,
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so we have degeneration that is flat
with respect to frequency.
When the switch is thrown to position 2, condenser Ci is connected
across 11. 1.If condenser Cl is large
enough, its reactance is so small that
all audio frequencies are by-passed

FIG. 22.

Courtesy Thordarson

A basic tone-control circuit.

around R1,and there is no degeneration at all. However, if this condenser
is made rather small, its reactance
comes into play. At low frequencies,
it becomes a poor shunting, path
around 11,, so low frequencies are
degenerated. On the other hand, since
its reactance drops as frequency increases, it becomes a better by-pass
at high frequencies, which are there-
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fore not degenerated. Since degeneration reduces the output, this condenser
now effectively reduces the bass response, because the bass frequencies
are degenerated but the treble frequencies are not.
In position 3, achoke coil is substituted as the shunt across 11 1. The
large condenser 02 is in series with
the coil to act as ablocking condenser
to prevent it from changing the bias
by shunting 11., by a d.c. path. However, the action is now the opposite to
that when Ci is in the circuit. Now,
L, offers a low-impedance path for
low frequencies, so there is no degeneration at these frequencies. It is a
high-impedence path for high frequencies, however, so they are degenerated. Hence, the high-frequency
response is reduced when the switch is
in position 3.
The

actual tone

control

circuits

used are frequently more elaborate
than this. We'll see some practical
examples when we take up typical
diagrams of complete amplifiers.

the fire-wall and the receiver is hung necessary. Be careful to choose a
position where the speaker will be well
on the plate.
out of the way of the feet of paslb- If the radio is to be mounted on
sengers in the front of the car, and
the bulkhead, a drilling template will
check again on the engine side of the
usually be furnished. This consists
fire-wall to be sure you will not drill
of apiece of cardboard about the size
into some vital part of the car.
of the back of the radio, marked with
After the bolt holes are drilled,
the location of the holes to be drilled.
sandpaper, scrape, or file the area
If a template is not included, make
around them on the engine side of the
one. To do this, get apiece of cardfire-wall so the washers or nuts will
board about the size of the back of
make a good ground to the fire-wall.
the radio. Place the radio with the
bolts facing upward, put the cardboard on top, and press it against the
bolt ends. Then draw small circles
on the cardboard around the end of
each bolt, thus showing the bolt size
and its location.
Move the template to the recommended position in the car and use
it as a guide for making the mounting holes in the fire-wall. If dimensions for mounting are given, use a
ruler to check the accuracy of your
positioning of the template. Then, as
a further check, open the hood and
examine the fire-wall on the engine
side to be sure no ignition coil mounting, vacuum tank or similar object is
in the way of the installation. You
should also make sure there is enough
room for the receiver in the position
chosen, particularly if it is one of the
bulkier sets.
Mark the location of each hole by
Two men working together make installation
easier, particularly when mounting the set.
driving a steel center punch through
the center of the bolt-locating circles
on the template. The punch will both
II> If the mounting bolts are on the
mark the steel fire-wall satisfactorily
back of the radio, you will need a
and provide a slight indentation helper. One of you must hold the set
which will help prevent the drill point
in position and force the bolts through
from slipping. Since the fire-wall is
the fire-wall, while the other must
usually rather tough steel, it will
place the washers and start the nuts
be hard to drill unless you use highon the bolts after they have come
grade drills which are in good condithrough. Tighten these nuts, with an
tion.
end-wrench or heavy pliers, enough so
I> If the speaker is separate, its locathey will not loosen even when jarred
tion should be determined in asimilar by the car travelling over rough roads.
manner. Usually the speaker is held
Be very sure that a good contact is
by a single bolt, so only one hole is
made to the fire-wall, because the
7

Typical

P.A.

In the following section, we are
going to show two typical p.a. amplifiers. We have chosen these diagrams
to illustrate some of the circuit ideas
we have discussed. Other complete
diagrams will be discussed elsewhere.

LOW-POWER AMPLIFIER
Our first example is shown in Fig.
23. An examination of the power supply shows that it is a standard a.c.
type with atransformer, using afullwave rectifier and abrute-force filter.
There is nothing at all remarkable
about the power supply.
This particular amplifier has one
microphone and one phonograph pickup connection. The microphone connection is of the high-impedance type,
since it is arranged to feed directly
into the grid of the 6J7 microphone
preamplifier tube. The phono pickup
is likewise of the high-impedance type
and feeds into the grid of the second
tube. The potentiometer R, acts as a
volume control for the phonograph,
and R, acts as the control for the
microphone channel. No master control is used. Since Re is to be used as
the volume control for the microphone
channel, rather than just a levelsetting control, it is in the grid circuit
of the second tube that you would
expect to find the master volume
control. This arrangement permits the
control to have a longer life, as you
have learned, because any noise developed by the control is not amplified as much as is the signal from the
microphone.
Resistors R, and R, are decoupling
resistors used to prevent too much
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Diagrams

interaction between the two controls
It is possible to blend the phono pickup in with the microphone signal if
this is desired.
Whatever the signal source may be,
the second (6SJ7) tube acts as the
maj or voltage amplifier. Its outpu
drives the grid of a 6L6 beam-power
output tube.
The output transformer has atapped secondary, the various taps of
which are connected to a socket into
which the loudspeaker line is plugged.
Any of 5 output impedances can be
selected by plugging the line into the
proper terminals. Since this amplifier
delivers only 8 watts, it is generally
used to drive a single cone-type
loudspeaker, although it can be
arranged to drive two small loudspeakers at reduced output.
The output impedance of 4, 8, and
15 ohms provide for direct voice-coil
connections, and the line impedance
values of 250 and 500 ohms allow a
transmission line to be used.
Inverse feedback is used to improve
fidelity. The feedback path is from
the 250-ohm tap on the secondary of
the output transformer through R13
to the cathode of the 6SJ7 voltage
amplifier. The inverse feedback voltage is developed across R3,which is
not by-passed. If the proper output
transformer connections are made,
this feedback voltage will be out of
phase with the applied signal in the
cathode circuit; it will therefore reduce the over-all gain but at the same
time will reduce even more any distortion developed within the voltage
amplifier and output stages.
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Schematic diagram of the low-power Thordanon T-31W08 ampliner.

Courtesy Montgomery Ward

When this is used, phono input No. 1
is normally not used.
The phono gain control feeds into
the grid of the 6SJ7 mixer tube,
along with the microphone input. This
is a resistance form of mixing, since
all the signals are combined at the
grid of this tube.
The plate of this tube is resistancecoupled to the control grid of the 6V6
driver tube. This driver tube is a
beam-power tube but is connected
here as atriode. It still furnishes considerable power through transformer
T, to the grids of the actual power
output tubes, which are two 6L6's
connected in push-pull.
The tone control network consists

The tone control consists of resistor
R„ and condenser C., which is connected to the slider of R1.. As the
slider is moved toward the grid end
of the control, C. becomes more and
more of a by-pass, thus reducing the
high-frequency response of the amplifier.

MEDIUM POWER AMPLIFIER
Fig. 24 shows a medium-power
amplifier that has several unique features. There are two microphone inputs, each feeding into its own triode
preamplifier. R„ is a gain control for
microphone No. 1 and R10 a similar
control for microphone No. 2. Notice
that these are connected in an unusual
manner—they appear to be backward
from the way you are used to seeing
volume controls. This connection
makes it impossible for one gain control to short out the other when it is
turned to zero, as you will find by
examining the circuit. For example,
if the slider on R„ is run up to the
top, R„ is shunted by R7 and by the
plate impedance of the preamplifier
tube for the No. 1microphone. Therefore, it is never a complete short circuit. Resistor R, is necessary because
the plate impedance of the preamplifier tube is not sufficiently large to
make it a satisfactory shunt. R. is
used similarly in series with the slider
on R10 .

of C.,
R16 ,and C., which are
connected in series from the plate to
the cathode of the 6SJ7 mixer tube.
When the slider on the tone control
R„ is at the upward position (at the
terminal connected to R ), then C.
and R14 are in series to ground from
the plate of this tube. They act as a
high-frequency by-pass. At the same
time, all the resistance of R16 is in
series with C., so this condenser is
effectively no longer a by-pass across
the cathode resistor R12 . Therefore,
complete degeneration occurs, which
tends to flatten the over-all response.
When the slider on R16 is moved
to the opposite end of the control, the
full value of R16 is in series with R„,
and C. is no longer an effective bypass. At the same time, condenser C,
is connected across R„. Since C. is a
fairly small condenser, it is a very
poor by-pass at low frequencies, so
the low frequencies are still degenerated. It does become an effective bypass at the high frequencies, however,
thus reducing the degeneration at the
Rle

14

There are two phonograph terminals, and the phono gain control is of
the center-tapped type so that it can
act as a fader from one to the other.
An additional phono input is connected in parallel with phono input
No. 1. However, this. is for use with a
built-in record player, which may be
made a part of the amplifier cabinet
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high frequencies. Therefore, at this
end of the control we are favoring the
high-frequency response of the amplifier by reducing the effect of 06 and
putting 04 in the circuit. At the other
position, the high frequencies are reduced because Ca is an effective bypass.
The output transformer has a tapped secondary, the taps of which are
connected to a 4-position "speaker
switch." Rotation of this switch connects the various taps to 4paralleled
sockets into which the loudspeaker
lines are plugged. Thus it is possible
to add or remove loudspeakers at will,
provided the switch is set to give the
proper impedance match. A separate
socket is provided for use when a
500-ohm line is to be used.
Examining the power supply, we
find that the B power supply is more
or less standard. There is a direct
connection, with no filtering except
for the input filter condenser, to the
plates of the output tubes. The sup-

86

ply to the output tube screen grids is
filtered by an R-C filter consisting
of R2,and output filter condenser 0, 0.
The plate supply of the 6V6 is filtered
by R2, and 0, 0 and is additionally
filtered by choke T, and C9B. Similarly, R„ and C,A provide more filtering for the screen grid and plate of
the 6SJ7 tube and the plates of the
12SQ7 tubes.
Because the preamplifier provides
high gain, great care must be exercised to reduce hum. In this amplifier,
the filaments of the 12SQ7 tubes are
fed from a d.c. source; they are connected in series across R28 ,which is in
the B— lead of the power supply. Effectively, therefore, the plate current
for all the tubes flows through these
two filaments and through R„. This
means that the supply is nearly pure
d.c., and is much more hum-free than
an a.c. supply would be. Incidentally,
the drop across this combination of
R„ and the two tube filaments also
acts as grid bias for the 6L6 tube.

..

.

Here is another one of my favorite quotations—this
one by Bob Burdette.
"My son, remember you have to work. Whether you
handle pick or wheelbarrow or a set of books, digging
ditches or editing a newspaper, ringing an 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 intervals that kill, my son. The
work gives you appetite for your meals; it lends solidity
to your slumber; 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 the better satisfied the whole world will be with
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it is possible to choose an
BEFORE
amplifier for a particular loca-

tion, it is necessary to have at least a
general knowledge of some of the
acoustic problems involved in public
address work. Acoustics—the study
of sound and its effects upon hearing
—is considered to be a science, but is
more of an art as it is practiced in
p.a. work. That is, although it is
possible to make carefully controlled
scientific measurements of the conditions in aparticular installation, such
a scientific survey would be costly
and would be of little use unless it
were made under the exact conditions
that exist when the equipment is in
use. Therefore, in practice, acoustic
problems in p.a. work are solved by
using good judgment and past experience to a large extent. As we shall
show later, certain tabulated information on acoustics is available that is
helpful in planning an installation,
but each job usually brings up its own
special problems. Let's see what some
of them are.
Sound reflection and absorption
cause trouble in indoor installations.
Sound waves bouncing from wall to
wall cause different effects, depending

on the lengths of the paths traveled.
Sounds coming from two directions to
aparticular spot may arrive 180° out
of phase, with the result that the
sound energy cancels, producing what
is known as a dead spot. They may
also arrive 360° out of phase, producing sound reinforcement. (There
are several noted "whispering galleries" in which a whisper uttered in
one spot can be heard at another spot
perhaps 50 feet away, but nowhere
else. This effect is the result of sound
reinforcement.) Most commonly, the
sounds are only partly out of phase;
the result of this is usually that the
sound is muddled and made hard to
understand.
If the reflection path is long enough,
there will be acomplete echo—that is,
the sound will arrive so much later
over the longer path that it can be
heard twice. This, too, is troublesome.
Another effect associated with reflections is reverberation. This occurs
when there are many sound-reflecting
surfaces in a room, as a result of
which asound is reflected many times
and therefore takes a relatively long
time to die out. The reverberation pe-

electrical circuit from the grounded
side of the storage battery must be
completed through the frame of the
car and through the fire-wall to the
radio.
If amounting plate is used, hold it
in position and force the bolts through
the holes. This plate will usually stay
in place while the nuts are started.
Draw the plate tightly into position
by tightening the nuts, then hang the
receiver on the hooks provided on the
mounting plate.
Remember, complete instructions
are furnished with all new receivers.
Read them carefully.

FIG. 6.

been developed, like those shown in
Figs. 6and 7.
The antenna shown in Fig. 7 may
be rotated by a knob within the car
so that it is in a downward position
in front of the windshield. This more
or less removes it from sight and safeguards it from low obstructions, such
as overhanging tree limbs. The pickup in this position is sufficient for
local conditions. When increased
pickup is desired, the knob is turned
to bring the antenna to an upright
position above the top of the car.
Often, antennas of this type are extensible (can be made longer, with
one
section
telescoping
within

ANTENNA TYPES
Once the receiver is mounted, the
next step is usually installation of the
COPPER ROD
ABOUT 3"
ABOVE ROOF».
LEAD-IN MAY
BE ATTACHED
HERE IF
DESIRED

FIG. 5.

STAND-OFF
INSULATORS

HOLE DRILLED
THROUGH TOP
FOR LEAD-IN

An antenna mounted on top the car.

proper aerial. The kind of aerial used
depends upon the recommendations of
the receiver manufacturer and the
desires of the set owner. Many automobiles have provisions for certain
special types of antennas.
Top Types. A very satisfactory
aerial could be had in early cars by
connecting to the wire mesh in the
fabric top of the car. The all-steel
tops of modern cars has made this
impossible but, since the roof is an
ideal location—as it lets the antenna
be fairly high and well away from
most interference sources—a number
of different antennas have been developed to go on top of the car. A
typical one is shown in Fig. 5.
Several more decorative types have

A typical modern top-type antenna.

FIG. 7. This antenna
reception.
It can be
position shown by the
locals are

8

is raised for distance
turned down to the
dotted lines if only
desired.

transformers must be used, as well as
nod of a room is measured by how
parts that have high wattage ratings.
long it takes a sound to drop 60 db
from its original loudness. If this time
PLANNING A P.A. SYSTEM
•
is excessive, any continuous series of
The
purpose
for
which
a
p.a.
syssounds produced in the room will seem
tem is to be used must be considered .
extremely jumbled to a listener.
first of all when you are planning its
Another factor that varies from
installation. If the system is to be
installation to installation is the surused only for paging or announcing,
rounding noise level. This level plays
it should be designed to handle only
om important part in determining the
the limited frequency range of the
amount of power needed, because the
human voice: in this case, the system
p.a. system must have enough output
can be fairly inexpensive. If the systo keep the average sound level well
tem is to handle music, however, at
above the noise.
least a fair degree of fidelity over , a
Absorption also '
creates problems.
much wider frequency range will be
The system that sounds all right in
necessary. This means that the microan empty auditorium may ne give
phones, amplifiers, and loudspeakers
enough power when the audience is
will have to be capable of delivering
present, because sound is absorbed by
the
required frequency range, and in
the clothing worn by the audience.
general, that more power output will
Outdoors, sound energy is rapidly
be required, as we shall show later.
dispersed even on a still day, because
Next, it is necessary to consider
there are no containing walls to keep
the
location. It is possible to deterit in. If there is much wind, the sound
dispersal is even more rapid. Noise mine arbitrarily the amount of sound
power that will be necessary to fill
is a problem outdoors also, of course.
acertain cubic volume, so if we know
All such factors must be considered
the length, breadth, and height of a
before an installation is completed.
As far as possible, they should be room, we can determine roughly what
sound or acoustic power will be needconsidered before the installation is
ed to fill it adequately with sound.
even started; however, it .is usually
impossible to do much about reflec- To this basic amount, we must add
tions until the equipment is at least enough power to overcome the avertemporarily installed. (Reverberation, age noise level plus enough more power
a special case of reflections, can be to overcome the effects of absorption
and dispersal. Then, once we have
cured before installation of the equipdetermined the acoustic power that
ment.) You can see, then, that far
will be needed, we can work backmore is involved in making a p.a.
installation than just setting up an wards to find how much electrical
amplifier, a few loudspeakers, and a power will be necessary. Certain spemicrophone or two. The job must be cific kinds of loudspeakers and baffles
may have to be used to meet the fidelcarefully planned so that the installaity requirements, as we shall show
tion will be adequate for its intended
later in this Lesson. Knowing the effiuse but not so unnecessarily powerful
that it is more expensive than it ciency of these loudspeakers, we can
should be. Remember that the cost determine how much electrical power
output our amplifier has to have to
of an amplifier goes up directly with
produce the acoustical power needed.
the power rating, because naturally
more expensive power and output This sets the amplifier size.
2

Now that we have certain kinds of
loudspeakers and an amplifier chosen,
we must turn to the input. The number of microphones required depends
on the conditions that are to be met.
If the system is to be used for alarge
orchestra or to amplify the voices of
actors who may be at different points
on alarge stage, a number of microphones may be needed. Very often, on
the other hand, only a single one will
be necessary. The types of microphones to use will depend on the fidel-

ity wanted, on how rugged they must
be, and on how necessary it is that
they pick up only the desired sounds
and ignore others.
Before we get into the acoustical
problems of p.a. installations and
learn exactly what must be done to
solve them, we need to know more
about the characteristics of loudspeakers and microphones. Let's take
time out to study these two devices
now.

Microphones and Their Characteristics
A public address amplifier may sound waves strike this diaphragm,
operate from a phonograph pickup,
the variations in air pressure cause it
from a radio tuner that feeds a radio
to move; its motion is used to set up
program to it, or from amicrophone.
an electrical current that varies corThe phonograph pickup and the radio respondingly.
tuner are covered elsewhere, so we
Let's examine the various types of
shall consider only the microphone
microphones to learn something of
here. Incidentally, the microphone is their physical construction.
the only one of these that brings up
CARBON MICROPHONES
the problem of acoustic feedback,
which we are going to study.
Essentially, the carbon microphone
Any microphone is simply a device
consists of a diaphragm that is in
that will transform sound energy into contact with either one or two "butelectrical energy. Basically, all microtons" consisting of small packages of
phones contain some form of dialoose carbon granules or grains. Fig.
phragm—a movable cone, a plate, a 1shows acut-away view of adoubleribbon, or the face of acrystal. When button type—one that has a button
on each side of the diaphragm. A single-button type, of course, has only
one button.
The diaphragm is avery thin metal
plate, the edges of which are clamped
in a ring assembly. The plate is so
flexible that it vibrates when sound
waves strike it. When it moves in on
the package of carbon grains, they are
pressed tightly together; when the
diaphragm moves away from a button, the carbon particles separate or
Courtesy Western Electric
loosen up. When the carbon grains
FIG. 1. The construction of a double-button
are pressed together, they make better
carbon microphone.
3

electrical contact and the resistance
through the button decreases. Conversely, the resistance through the
button increases when they are allowed to be looser. In other words,
the resistance of the buttons varies as
sound waves strike the diaphragm;

FIG. 2. How carbon microphones are connected to produce an output signal. The singlebutton type is shown in A, the double-button
in B.
This varying resistance can be made
to vary the current in a circuit by
connecting the buttons in series with
abattery.
The electrical connections for both
single and double-button types are
shown in Figs. 2A and 2B, respectively. In each circuit, the resistance R,
is used to adjust the current to the
desired initial value. Then the microphone causes the current to increase
and decrease above and below this
starting value in step with the sound
waves. This varying current flowing
through the primary of transformer
T, induces a voltage in the transformer secondary; this voltage becomes the signal output of the microphone and can be fed to the grid of
the first amplifier stage, either directly or through atransmission line. The

transformer is necessary to match the
low impedance of the microphone (200
to 500 ohms) properly to the transmission line or the grid of the first
amplifier tube.
The double-button type is capable
of giving better frequency response
than the single-button. Both carbon
microphones are relatively noisy compared to other types, however. Tiny
sparks are formed as the carbon
grains press together or loosen up,
with the result that there is always
an appreciable noise output. Although
the carbon microphone gives agreater
output than any other type, this noise
trouble, and the need to use a rather
large battery with it, have led to its
almost complete disappearance from
public address work. Today the only
carbon microphones you're likely to
find are certain hand-held microphones of the telephone type.

CONDENSER MICROPHONES
The condenser microphone, shown
schematically in Fig. 3, is essentially
a condenser whose two plates consist
of a flexible diaphragm and a fixed
plate. In Fig. 3, the diaphragm D is
held in the clamp rings R, much as is

FIG. 3. How acondenser
microphone is connected to
produce an output signal.

the diaphragm of a carbon microphone. The plate P is very close to
the diaphragm. The battery B furnishes ahigh voltage that charges the
condenser formed by D and P. As
the diaphragm is vibrated by sound
waves, it alternately approaches and
moves away from the plate P. This
4

increases and decreases the capacity.
For a fixed voltage, the amount of
charge that can be held by a condenser depends on its capacity, so
this variation in capacity obviously
changes the amount of charge stored
in the microphone. Hence, a varying

at the microphone; customarily, as a
matter of fact, it is built into the
microphone housing. Therefore, the
housing must be rather large. Furthermore, the charging voltage for the
microphone must be fairly high and
must be pure d.c. if hum is to be
avoided. Therefore, either batteries or
an exceedingly well-filtered power
supply is required.
Since a preamplifier is always a
part of the microphone unit, it is
customary to rate the output of acondenser microphone in terms of the
preamplifier output. The condenser
microphone therefore delivers a comparatively large output. However, its
bulky nature and critical power-supply requirements make this a relatively unpopular type for p.a. use.
CRYSTAL MICROPHONES

Courtesy The Turner Co.

FIG. 4. Cut-away view of acrystal microphone.

current flows through R, as the charge
increases and decreases. The varying
voltage drop across R, is the signal
output of the microphone; this is fed
out through the coupling condenser
Cl.
Since the capacity of the condenser
microphone is very small, the current
change caused by movements of the
diaphragm is measured in microamperes. As aresult, R, must be very
high in resistance for there to be an
appreciable signal voltage.
This
means that the microphone must feed
into a very high impedance for there
to be an efficient signal transfer; as
you know, any such high-impedance
connection would be subject to hum
and noise pickup if there were any
considerable length of line between
the microphone and the amplifier. Because of this fact, and because of the
low output of the microphone, it is
necessary to have apreamplifier right
5

Fig. 4 shows a cut-away view of a
typical crystal microphone, and Fig. 5
shows its operational details. Once
again we have a diaphragm that is
clamped in a retaining ring. This
diaphragm is coupled mechanically
through a drive pin to a pair of
Rochelle salt crystals. These crystals

CRYSTALS

FIG. 5. How a crystal
microphone is connected to
produce an output signal.

are very similar to the ones used in
phonograph pickups. Two crystals are
used, connected back to back. One
terminal of the microphone unit is a
tinfoil plate in contact with the two
crystals where they join. On the outside of each crystal there is another
plate; these plates are connected to
form the other terminal.

Rochelle salt crystals exhibit what
is known as the "piezo-electric" effect, meaning that avoltage will appear on the opposite faces of the crystal if the crystal is mechanically
stressed in any way (or, conversely,
that the crystal will be temporarily
deformed if avoltage is applied to its
opposite faces). In this unit, one edge
of the crystal assembly is clamped
tightly in the case and the other edge
or corner of the assembly is secured
to the diaphragm. As the diaphragm
moves back and forth, the crystals are
bent or twisted, which causes them to
generate avoltage.
Fig. 6shows another form in which
a crystal microphone may be manufactured. In this unit, known as a
"sound cell," groups of crystals are
cemented into frames. The diaphragm
and driving pin are dispensed with
and the crystal units are acted upon
directly by the sound waves.
Because the surface that is worked
on by the sound waves is less in this
microphone, the output is smaller
than it is in one using a diaphragm.

However, the sound cell microphone
is less affected by shock and vibration
than is the diaphragm type, so it is
popular in uses where it may be subjected to rough handling.
The crystal microphone is relatively
rugged, and is less expensive than
some of the other types. These factors make it one of the most popular

CRYSTAL
DAMPING PAD
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FIG. 6. Cut-away view of asound-cell microphone.
of the microphones used in p.a. work.
It does have certain disadvantages,
however, chief of which is that the
crystals can be destroyed by very
rough handling or by high temperatures. A crystal microphone cannot
be used, therefore, in any location
where conditions of high heat may
exist. It is not agood microphone for
use in a sound truck or for outdoor
locations where the sun may get to
work on it.
In the cut-away view in Fig. 4,
there is a space in the microphone
case marked "resonance chamber."
We'll explain the purpose of this
shortly.
DYNAMIC MICROPHONES
The dynamic microphone is almost
the same as a p.m. dynamic loudspeaker, except that the cone is replaced by adiaphragm. Figs. 7and 8
show the details of a typical one. A
voice coil is placed in an air gap so
that it is in a very strong magnetic
field. When the diaphragm is actuated by sound waves, the voice coil
(which is secured to the diaphragm)

Courtesy Shure Bros.

This shows what atypical crystal microphone
looks like.
6

is forced to move in and out through
the magnetic field; as aresult, avoltage is induced in the coil. This is
passed on through a transformer
mounted in the case to the output
terminals.
As a matter of fact, a small p.m.
dynamic speaker makes a relatively
acceptable microphone—this idea is
commonly used in intercommunication systems where the dynamic loudspeaker acts as a microphone when
the appropriate switch is set in the
"talk" position, but then is switched
to be an actual loudspeaker at the
output of the amplifier when the
switch is allowed to return to its normal "listen" position. You'll learn
more about this elsewhere.
The dynamic microphone is one of
the most popular types used in p.a.
work. It costs somewhat more than
the average crystal microphone but is
very rugged. It can be used where
temperature and humidity conditions
make the crystal type unsuitable.
Although the dynamic microphone
is not commonly a high-fidelity microphone, it can be made to have a
good frequency response, as we shall
see.
-

AIR RESISTANCE LOADING
In all of the microphones discussed
so far except the sound cell, a dia-

Ccrurtesy The Turner Co.

FIG. 7. Cut-away view of adynamic microphone

phragm is used to convert motions of
air particles into mechanical motion
that may be used to generate the desired electric current. All such diaphragms contain sufficient material to
have a certain amount of mass, and
they are mounted so that the natural
springiness of the material will tend
to restore it to its original shape when

FIG. 8. How a dynamic
microphone is connected to
produce an output signal.

sound pressure is removed. Since it
has mass and springiness, which are
the mechanical equivalents of inductance and capacity respectively, the
diaphragm has a resonant frequency
at which it will vibrate most readily.
This resonant point is quite likely to
occur in the audio spectrum, with the
result that the microphone will exhit
a very undesirable peak in its response.
To a great extent, this peak can be
ironed out by enclosing the back of
the microphone so as to form an air
chamber. A cut-away view of this
arrangement in one form of dynamic
microphone is shown in Fig. 9. A
small tube, or vent, connects the air
chamber to the outside air. You can
understand the function of this vent
readily if you have ever used apump
of the sort used to inflate footballs.
Such apump has a small, removable,
hollow needle at one end through
which the air being pumped out must
pass. It is appreciably harder to
pump air through this needle than it
is to operate the pump with the needle
7

removed. The reason is that the small
opening offers considerable resistance
to the movement of air through it.
By the same token, the small vent
in the air chamber of the microphone
in Fig. 9 does not pass air readily.
Thus, when the diaphragm in this
microphone moves inward, part of the
energy of its motion is absorbed in
forcing air out through the vent. If
we again consider the diaphragm to be
a resonant device, we can say that
the air chamber and vent add resistance to the circuit. You know that
adding resistance to an electrical resonant circuit reduces its output at the
resonant frequency; similarly, the addition of this acoustical resistance to
our mechanical-acoustical circuit reduces the tendency of the diaphragm
to vibrate at its resonant frequency.
As a matter of fact, it is possible to
eliminate resonant effects almost completely by designing the air chamber
and vent properly.
The cut-away views in Figs. 4 and
7 show the air chambers. Although
Fig. 9 shows a dynamic microphone,
the same general principle can be
made to apply to others with diaphragms. Such microphones are called
"pressure" microphones, because the
voltages they generate are directly
proportional to the pressures of the
sound waves striking them.
C011.

Courtesy RCA

FIG. 10. A typical velocity microphone.

RIBBON MICROPHONES

The ribbon microphone, shown in
Figs. 10 and 11, is rather different
from the types we have discussed so
far, because it has no circular diaphragm. Instead, a very thin ribbon
of an aluminum alloy is suspended
between the poles of apowerful magnet. The ribbon is clamped at its
ends, where connecting wires attach
it directly to amatching transformer.
The ribbon completes the primary circuit of this transformer and therefore
acts as a 1-turn coil. When it moves
in the magnetic field, a voltage is
induced in it.
To permit movement of the ribbon,
it is crimped or "accordion pleated."
This ribbon has no springiness whatever, and very little mass—it is so
light that it practically floats in air.
When sound waves strike it, the ribbon moves back and forth in step
with the air particles. The microphone is enclosed only by aperforated
shield (which was removed before the
picture in Fig. 11 was made) that offers no resistance to the free movement of air in and out.
Since the ribbon moves in step with
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FIG. 9. Cut-away view showing the resonance
chamber and vent in adynamic microphone.
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the moving air particles just as if it
were an additional air particle, it is
said to respond to the velocity of the
air particles rather than directly to
the actual pressure of the wave. For
this reason, you'll find that the ribbon
microphone having both the front and
back of the ribbon exposed to sound
waves is called a "velocity" microphone.
Pressure Type. It is possible to
make the ribbon microphone respond
to sound pressure like other microphones, however, by enclosing the
back of theribbon in an air chamber.
Fig. 12 shows the most common way
of doing this. A pipe is used to enclose
the rear surfaces of the ribbon completely. This pipe then leads down
into abox at the bottom of the microphone where there is an air chamber.
Enclosed on one side in this manner,
the ribbon acts like a diaphragm, so
the microphone becomes a pressureactuated device.
The ribbon microphone is rarely
used in p.a. work, because of its extreme delicacy. A single gust of wind,
or a sharp puff of air from a person
speaking directly into one, will un-

Courtesy RCA

FIG. 11. Internal appearance of a velocity
microphone.
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FIG. 12. Front view (A) and side view (B) of
the internal appearance of a pressure-operated
ribbon microphone.

crimp and straighten out the ribbon
so that it sags completely out of position. This calls for a replacement of
the ribbon, which can be done only
at the factory. When these microphones are moved, they must be carried in a normal operating position—
that is, with the ribbon in a vertical
plane. Carrying the microphone in a
horizontal position makes the ribbon
sag or stretch. Jarring or rough handling may cause the ribbon to move
far beyond its normal limits, with the
result that it may be stretched out of
shape or even stick to the magnet. In
addition, rough handling may cause
the magnet to move. The spacing in
this microphone is very small to begin
with, so even a slight change in the
position of the magnet will restrict the
air gap so much that the ribbon cannot move properly in it.
Despite all these difficulties, the
velocity microphone is used in some
high-quality installations, particularly
when music is being picked up, because it offers higher fidelity than
does any other kind of microphone
commonly used. Should you encounter such a microphone, remember the

above characteristics. Shield it al- must have a certain specific fidelity,
ways from wind, and instruct persons
because it is quite possible to get a
speaking into it to stay well away
better response by careful design of
from it and speak "across" the face
the unit. For example, many of the
of the microphone rather than directmore common dynamic microphones
ly into it. Always see to it that a are reasonably flat over a frequency
velocity microphone is kept away
range of only 100 to 5000 cycles, but
from alternating current fields such as
high-fidelity types are available that
may be produced by power transhave flat responses from 25 cycles to
formers and by power lines. If any12,000 cycles. Other dynamics have
thing is the matter with such amicroresponses in between these two exphone, don't open it; it must go back
tremes.
to the factory for repair. Under facThe same can be said for the crystal
tory conditions, in air-conditioned,
microphone, whose response may
dust-free rooms, it is possible to rerange from perhaps 100 to 7000 cycles
pair one. However, even taking the
to as much as 30 to 10,000 cycles.
screen off to examine such a.microVelocity types are practically all high
phone in an ordinary service shop is
fidelity, with responses from 40 to
quite likely to permit metal particles
somewhere between 10,000 and 15,000
to get into the air gap and prevent
cycles, depending on design.
it from working.
The obsolete carbon types were all
For that matter, it is not desirable
low-fidelity units, which is one reason
to try to repair any kind of microfor their disappearance from the p.a.
phone. If you suspect the microphone
field. The condenser microphone acof causing trouble, it is far better to
tually offers the widest frequency retry another in its place. If the subsponse of all, but, because of the disstitute works properly, then someadvantages we discussed earlier, it is
thing is the matter with the original
not used in p.a. Therefore, in general,
microphone and it should be sent
if the conditions of use would permit
back to the factory for repair.
either the crystal or dynamic microYou have now learned basically
phone to be used, it is necessary to be
how all the important types of microsure that the one chosen has a frephones work, except for the cardioid
quency response that is suitable for
types, which are combination microthe fidelity wanted. Naturally, the
phones that we shall discuss a little
prices of microphones go up as their
later. Now , let's compare the charfidelity becomes better, because a
acteristics of the various microphones
high-fidelity microphone must be
to see what makes one type better
carefully made and uses costly matethan the others for different uses.
rials. At the same time, high-fidelity
microphones are usually more deliFREQUENCY RESPONSE
cate than 'are low-fidelity units.
Practically any kind of microphone Hence, it is common practice to
will prove satisfactory for voice pickchoose a microphone that meets the
up. However, there is quite a differfidelity requirements of the installaence in the responses of microphones
tion but does not exceed them much.
to music. Furthermore, we can't say
Microphones are like loudspeakers
that just because a particular microin that their response over afrequency
phone happens to be a crystal type
range is not uniform but instead has
or a dynamic type that it necessarily
many peaks and dips. In general, the
10

dynamic microphone is particularly
subject to such variations and the
velocity type is least subject to them.
However, a well-made, high-quality
microphone will have a smoother response than an inexpensive .type.
PICKUP PATTERNS
Microphones do not respond equally to sounds coming from different
directions. Some types exhibit definite
directional characteristics.
All of the diaphragm types that we
have studied are usually made with
an enclosure at the rear of the diaphragm. Effectively, therefore, the
diaphragm faces only one way in these
units. As you might expect, they are
much more sensitive to those sounds
coming straight toward the front of
the diaphragm than they are to
sounds coming from other directions.
However, these types are classed
0°

27

210°
(000 CPS
3000 CPS...5000 CPS

180°

FIG. 13. This graph shows how anondirectional
microphone picks up sound coming from various
directions. The response at three different frequencies is shown. The front of the microphone
faces the 0° line.

as non-directional microphones because at low frequencies (below 1000
cycles) they do tend to respond to
sound waves from all directions. This
comes about because at these frequencies the microphone itself is
11

rather imall in comparison to awave
length, with the result that the diaphragm is operated upon by the pressure of asound wave regardless of the
direction of the wave. At higher frequencies, however, these microphones
become at least semi-directional in
that they respond better to sound
coming from the front (see Fig. 13).

FIG. 14. A microphone that is relatively nondirectional 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
ashield above the microphone (C).

If such a microphone is to exhibit
good frequency response, then, it
must be made to face the source of the
sound so that its response will be approximately equal to all frequencies
in its normal response range. Hence,
the microphone and its stand must be
placed so that the microphone faces
the source of the sound that is to be
picked up.
If sounds from several different
directions are wanted, the microphone
can be made much more non-directional by pointing it upward. For example, in Fig. 14A, the microphone
faces the left, so sounds coming from
this direction will be picked up best.
The sound pickup will be poorest from
the right in this drawing. However,
if the microphone is swiveled on its
stand so that it faces directly upward
(Fig. 14B), it will receive sound best
from directly overhead, but will pick
up equally from all horizontal directions.
An improvement over this latter arrangement is shown in Fig. 14C. Here
a metal shield is placed a short dis-

another). Some have to be pulled out
by hand, while others operate from
the knob within the car.
You may wonder why antennas are
made so that their lengths can be
changed. In cities, the signal strength
is usually high enough so that a relatively short antenna will give sufficient input energy for the modern
high-sensitivity auto set, so you can
make the antenna practically invisible
when driving about town. However,
as you go out on the road and get

tenna in this location. A more thorough interference elimination procedure is always required for such antennas. In some cars, it is impossible
to eliminate interference enough to
use them. However, they have proved
quite popular with car owners who do
not want the antenna visible.
110- Some car manufacturers, realizing
the desire of the customer to conceal
the antenna as much as possible
developed cars with insulated running
boards which could be used as an
aerial in a manner similar to the
regular running board antenna. In

FIG. 8. Several typical antennas intended
to mount under the car's running board.

away from stations, increased pickup
is necessary. Here, a longer antenna
is quite helpful.
Under-Car Types.
Fig. 8 shows FIG. 9. A rear bumper whip-type antenna.
several different types of under-car
some of these cars, all you need do is
antennas which are designed to be
mounted under the running board. A attach a shielded lead-in to the runnumber of others have been used ning board. Such an aerial has mechanical advantages over the other
which run between the axles.
under-car types, but it is still subject
These under-car antennas are subject to breakage when the car runs to considerable interference, especially
against the curb or strikes obstacles when out-of-town reception is desired.
Bumper and Cowl Types. T he
in the road; they speedily become
fouled with dirt, and they a_re in a whip antenna, which mounts on the
rear bumper of a car (Fig. 9) can be
poor location insofar as noise pickup
extended to be six or eight feet long
is concerned. Brake and wheel static,
and
gives rather good pickup. Its
and interference carried by the lowlength and appearance do not add to
voltage wiring under the car, are
its popularity, however.
picked up more readily with the an9

tance from the opening of the microphone. This prevents sound coming
from directly overhead from being
picked up much and improves the
pickup from the sides.
The ribbon microphones that have
their rear sides enclosed in a baffle,
which makes them pressure-actuated,

180.

FIG. 15. The response curves of abidirectional
velocity microphone.

operate just like other pressure microphones as far as directionality of
pickup goes. Of course, as you learned
earlier, these microphones should not
be turned upward because of the possibility that the ribbon will be damaged. Velocity ribbon microphones,
which are open on two sides, are most
sensitive from directly in front or directly in back, and least sensitive at
the sides, as shown in Fig. 15. Sound
is blocked off from the sides by the
mass of the magnetic structure and by
the wind shield that encloses the microphone. Therefore, response is greatest
along the 0° and 180° lines in Fig. 15,
and decreases gradually to aminimum
at 90° and at 270°.
This bidirectional response can frequently be made use of when you
have two different sound sources to
pick up simultaneously. Suppose, for
12

example, you want to pick up the
music of an orchestra that is playing
in a pit in front of a stage. The orchestra will be in two groups, with the
conductor in the middle. You can get
the desired pickup by placing the
microphone in front of the conductor
and orienting it so that the two halves
of the orchestra are in line with the
lines of maximum response of the
microphone. This orientation will not
only permit the orchestra to be picked
up well but will also minimize pickup
from the audience, which will be on
either the 90° or 270° line of the
microphone.
Incidentally, the problem of picking up unwanted sounds such as audience noise, is asevere one in p.a. installations. In fact, very often the
possibility of noise pickup determines
both the kind of microphone that
should be used and the place where it
should be located. We shall have
more to say about this later in this
Lesson.
Cardioid Responses. Several microphones have been developed that

VELOCITY +

PRESSURE =

CARDIOID

FIG. 16. The cardioid response is produced by
combining the responses of a velocity and a
pressure unit.

are combinations of pressure-operated
and velocity-operated units.
These
have pickup patterns like that shown
in Fig. 16. This pattern is said to
have a "cardioid" shape, because it
resembles somewhat the shape of a
heart.
A microphone having this response

picks up best from in front, less well
from the sides, and very little from
the rear. It is therefore very useful
in applications where there is a single
source of unwanted noise: the microphone can be turned so that its rear
is toward the noise source, and pickup
of the noise will be minimized.
330'
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response, or the two in combination
for a cardioid response. The amount
of response from the two units can be
varied to produce the response shown
in Fig. 17, also.
Other combinations are also available, such as a ribbon and crystal
unit. A third variety uses only aribbon that has an air chamber behind
half the ribbon and none behind the
rest of the ribbon. With this unit,
the half with the air chamber acts as
a pressure-actuated type and the
other half, of course, as the velocity
unit.
Still another kind of microphone,
known as the Super-Cardioid, has the
directional effects of the 2-unit cardioid but contains only a single pressure-actuated unit (either crystal or
dynamic). The cardioid effect is

150*
1806

FIG. 17. The response curve of one type of
cardioid microphone. Notice the difference between this curve and the true cardioid shown in
Fig. 16.

It is also possible to make amicrophone having the modified pickup
pattern shown in Fig. 17. As you can
see, this pattern has two minimums.
The microphone will pick up to some
extent from the rear but nowhere near
as much as from the front. At angles
of about 130 and 230 degrees, it has
minimum response. A microphone
having these characteristics is particularly useful where there are two
noise sources.
The cardioid microphone usually
• contains a ribbon velocity element in
combination with something that will
act as a pressure device. The kind
shown in Fig. 18 has aribbon element
on top and a dynamic unit underneath it. A switch arrangement makes
it possible to use the ribbon alone for
a bi-directional response, the magnetic unit alone for anon-directional
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FIG. 18. Cross-sectional view of a microphone
that can be used as a nondirectional, bidirectional, or cardioid microphone by turning the
switch (lower right) to the proper position-
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achieved by incorporating a special
acoustic chamber in the microphone
housing.
The cardioid reception pattern is
obtained from a combination of pressure and velocity units because of the
difference in the manner in which the
two units respond to sound waves.
When the waves come from the front
of the microphone, both units are energized simultaneously. Their signal
voltages are therefore in phase; and,
when they are added in a suitable
network, they produce an increased
output. When the sound waves come
from the back of the microphone,
however, the action is not the same.
The velocity unit is energized as soon
as the waves reach the microphone,
but the pressure unit is not energized
until the waves reach the front of the
microphone a short time later. The
output signals of the two units are
now out of phase; therefore, they cancel when they are combined, producing a minimum response to waves
coming from the rear of the microphone.
Incidentally, the bi-directional response of the velocity microphone
does not vary much with frequency;
practically the same pattern is obtained for all frequencies to which the
microphone responds. Some of this
same effect is carried over to the cardioid, although here the pressureactuated device can cause the pattern
to vary somewhat with frequency.
Although it is never atrue cardioid,
the response of a non-directional microphone can be sharpened so that the
response is mostly from the front by
the use of an acoustic shield around
the face of the microphone. Such a
shield plate cuts down on the energy
received from any direction except the
front.
Certain microphones come
equipped with such shields; they are
usually removable so that non-direc-

tional response can be obtained when
it is desired.

MICROPHONE OUTPUTS
Microphones differ considerably in
their output levels, even though all
are low and require the use of highgain amplifiers. The carbon microphone has the greatest output for a
fixed sound level; the condenser microphone and its built-in amplifier
have nearly as much; the crystal microphone has the next greatest output; and the dynamic microphone
output ranges from about the level of
the crystal microphone down to that
of the velocity, which has the least
power output.
Naturally, if you are to drive an
amplifier to full output, the microphone you use with it must supply at
least the minimum input power for
which the amplifier was designed. As
a practical matter, it is best to use
the kind of microphone recommended
by the manufacturer of the amplifier,
if he makes any recommendation. If
the amplifier manufacturer does not
recommend aspecific microphone, you
must choose one that has a suitable
output. If low-impedance dynamic
and velocity microphones can be used
with aparticular amplifier, any other
•kind can also be used with it, because
all other kinds have higher outputs.
Microphone sensitivity ratings are
often confusing, because at least six
different reference levels are in use.
Most manufacturers rate their microphones in terms of the electrical output across a properly matched load
at areference frequency, with respect
to a particular reference sound pressure. A few rate microphones unloaded, however; doing so gives an
output that is 6db more than it will
actually be when the microphone is
properly matched.
(The unloaded
voltage is higher because, when the
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cm2, or —50 db below 1 volt/10
dynes/cm 2,or —30 db below 1 volt/
100 dynes/cm2.
Similarly, a power rating in terms
of 1milliwatt is 8 db higher than it
would be if the microphone were rated
on the basis of a6-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 we lave to be
careful to choose amicrophone whose
db output level is high enough to give
full rated output from the amplifier
used. Then, when we compare microphones made by different manufacturers, we must be careful always to
make sure that their ratings are in
terms of the same reference; otherTABLE I
wise, we may get the wrong idea of
1 volt/1 dyne/cm 2
their relative outputs. If you cannot
1volt/10 dynes/cm 2
1 volt/100 dynes/cm 2
tell what rating standard was used
.001 watt/1 dyne/cm 2
from the information given, write
.001 watt/10 dynes/cm 2
.006 watt/10 dynes/cm 2
both the manufacturer of the microphone and the manufacturer of the
amplifier. One or the other will be
microphone given as "-50 db below
1 volt/1 dyne/cm2 into a load of 1 able to tell you whether the particular
megohm." When the complete rating microphone and amplifier you are inis given this way, you know at least terested in will work properly towhat reference level was used. On the gether.
Of course, once you have had exother hand, if the listing is just "-50
perience
with particular brands of
db," as it frequently is in supplymicrophones,
you won't have to worry
house catalogs, you won't know what
about the reference standards used,
reference level was used; and you
because you will know what their ratmay be badly misled if you compare
ings
are.
the output level of this particular microphone with that of another that
MICROPHONE IMPEDANCES
was rated on the basis of a different
In general, microphones are classed
reference.
as either low impedance or high imFor example, three different pressure reference levels are given in pedance. The ribbon microphone has
a very low impedance, and it nearly
Table 1, each 10 times the pressure
always has abuilt-in transformer that
of the one preceding. A 10-times difis designed to match the microphone
ference in pressure on a microphone
either to a 500-ohm audio line or diincreases its output by 20 db. Thererectly to the grid of an amplifier tube.
fore, the same microphone could be
Dynamic microphones have impedrated at —70 db below 1volt/1 dyne/

microphone is properly loaded by an
impedance equal to its own .
impedance, half the source voltage is
dropped across the microphone impedance.)
Microphones are usually rated in
terms of decibels down from either a
reference voltage or areference power,
with the reference sound pressure
given in dynes per square centimeter.
(Sometimes the pressure is stated in
bars; abar is equal to one dyne per
square centimeter.)
The reference voltage is usually 1
volt, but the reference power may
either be 1milliwatt or 6 milliwatts.
Table 1gives the six most commonly
used reference levels. As atypical example, you may find the rating of a
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ances ranging from around 8 ohms up
which permits cable lengths to be as
to about 50 ohms. Sometimes built-in
much as 1000 feet. When a 500-ohm
transformers won't be provided with
line is used, it is of course necessary
those around 50 ohms, but the ones
that the microphone have a transcommonly used in p.a. work all have
former designed to match it to the
transformers designed to match them
line and that the line be matched to
to 500 ohms or to a high-impedance
the grid of the input tube of the aminput.
plifier by another transformer.
The only other common type—the
As a general rule, therefore, we can
crystal microphone—is Usually a say that if the microphone is to be
high-impedance microphone.
used within 10 to 25 feet of the amAmplifier inputs are generally deplifier, we can use a high-impedance
signed either for high-impedance mimicrophone that is connected directly
crophones or for 500-ohm transmisto the amplifier. This may be either
sion lines. One designed for a highacrystal microphone or a dynamic or
impedance microphone can be used
velocity microphone containing a
with either a crystal microphone or a transformer that matches its impedmagnetic or velocity microphone that
ance to that of the amplifier input
has an appropriate matching transcircuit. A dynamic or velocity microformer.
phone that is matched to 500 ohms by
When high-impedance inputs are
its built-in transformer can also be
used, the cable from the microphone
used if it is connected to the 500-ohm
to the amplifier cannot be very long.
input of the amplifier or if it is conOne reason is that there will be connected to another transformer that
siderable frequency attenuation, as we
will match 500 ohms to the highshall learn elsewhere. Another reason
impedance input of the amplifier.
is that if any point in the circuit is at
On the other hand, if the microa high impedance with respect to
phone is to be used at a greater disground, very small stray hum and
tance from the amplifier, we must
noise fields will introduce fairly large
either use a low-impedance type
disturbing voltages. And, of course,
matched to a 500-ohm line, which in
the longer the section of the circuit
turn is matched to the amplifier, or we
above ground, the more likely there is
must feed from ahigh-impedance mito be trouble. It is therefore necessary
crophone into apreamplifier that is a
to keep the microphone cable as short
separate
unit from the main amplias possible—lengths are usually held
fier. Then, this preamplifier can be
to 10 to 25 feet at the most.
connected to the main amplifier at a
If the amplifier has a 500-ohm indistance by proper matching through
put, on the other hand, it is possible
a500-ohm line, as we will show later.
to use a 500-ohm transmission line,
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Loudspeakers and Their Enclosures
You have studied loudspeakers elsestallations in which large amounts of
where in your Course, so we shall not
low-frequency power must be hanhave to spend time here to describe
dled. In the latter case, cone-type
their operation. Instead, we shall disloudspeakers are used because of the
cuss their use in p.a. work.
nature of the baffle enclosures that
A few magnetic loudspeakers are
must be used to give the desired
used in p.a. installations, but dynamfidelity.
ics are by far the most common. PerThe cone-type loudspeaker has two
manent-magnet dynamics are almost
major disadvantages. One is that it
always the kind chosen, because they
is remarkably inefficient. Even when
do not require a field supply. Since
it is placed in a proper baffle enclothe loudspeakers must frequently be
sure, it is usually considered to be no
mounted at a great distance from the
more than 2% efficient. This means
amplifier, it would be impractical to
that only 2% of the audio power fed
furnish a field supply from the amto the loudspeaker is actually conplifier, because the extra pair of leads
verted into sound power. Fortunately,
in the cable would greatly increase
the human ear responds remarkably
the cost and complicate the installawell to very small amounts of sound
tion. Therefore, if an electrodynamic
power, or cone loudspeakers would be
loudspeaker were to be used in such
completely impractical.
cases, it would have to have its own
Another disadvantage of the cone
built-in field supply, which would
loudspeaker is the fact that the paper
have to be connected to a source of
cone will deteriorate with age, parpower. This would greatly increase
ticularly if it is subjected to condithe expense and would probably cause
tions of high humidity. Naturally,
ahigher hum level.
such a paper cone could not be used
Therefore, the electrodynamic loudspeaker is commonly used only in
small portable p.a. systems in which
the loudspeaker is built into the amplifier assembly or is connected to it
by a rather short cable.
The voice coil impedances of the
loudspeakers used in p.a. work are
similar to those of the loudspeakers
used in home radio receivers: 4 ohms,
8 ohms, and 16 ohms are the most
common.
Two basic loudspeaker types are
used in p.a. installations. One is the
familiar kind in which the voice coil
drives a paper cone; in the other, the
voice coil drives a metal diaphragm.
The paper-cone type is usually
Courtesy University Loudspeakers, Inc.
found in the lower-powered indoor
This Is e typical driver unit used with horn
installations and in high-fidelity inloudspeakers.
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DIAPHRAGM

PLUG

o
FIG. 19. An early form of horn loudspeaker
equipped with a driver unit is shown in A. In
the modern form, shown in B, reflections within
the sound chamber are eliminated by adding a
plug in the throat and by shaping the diaphragm
to match the end of the plug.

Fig. 19B shows one way this problem can be solved. As you can see,
the diaphragm has a ball-shaped indent in it, and there is a plug in the
center of the sound chamber whose
rear edge is shaped like the indent in
the diaphragm. The motion of the
diaphragm forces air to flow around
the plug and thence through the
throat into the horn. This arrangement makes it practically impossible
for any sound waves to be reflected
from the walls of the sound chamber
back to the diaphragm; instead, any
reflected waves are channeled toward
the throat by the sloping sides of the
plug and the chamber. Many variations of this plug system have been
worked out, but they all work on similar principles.

LOUDSPEAKER BAFFLES

outdoors without ample protection
against weather.
These disadvantages of cone loudspeakers have led to the development
of high-powered driver-type units
that have metal diaphragms instead
of paper cones. Such driver units are
invariably used with horn enclosures,
which we shall describe shortly. When
the diaphragm is properly coupled to
the air by a horn enclosure, it is possible to get an efficiency of 15% to
perhaps 30% from adriver unit.
The basic structure of adriver unit
is shown in Fig. 19A. For the horn
size to be practical, the throat of the
horn must be relatively small, considerably smaller than the diaphragm.
Therefore, the diaphragm in this figure drives the throat through a sound
chamber. Effectively this gives avery
good coupling to the air, with the result that large amounts of air are
moved at the throat. However, there
is some difficulty with the frequency
response, because, particularly at high
frequencies, there are reflections within the sound chamber.

A cone loudspeaker unit must be
enclosed in some form of baffle to
produce a reasonable coupling to the
air. The shape and size of this baffle
in a radio receiver depend on the
fidelity and the efficiency desired. The
same factors enter into p.a. work, and
in addition, we have to worry about
the possibility that sound from the

Courtesy Allied Radio Corp.

FIG. 20. These are box baffles of the sort commonly used in portable p.a. systems.
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loudspeaker may travel through the
air to the microphone. If sufficient
energy can get from the loudspeaker
back to the microphone, the system
can become a self-sustaining oscillator, because this fed-back sound can
replace the original sound and continue to repeat itself over and over
through the microphone-ampli fi erloudspeaker-air-microphone path. For
this reason, loudspeaker baffles for
p.a. work commonly have closed
backs; this makes it possible to operate the loudspeaker near the microphone location without fear that the
sound coming from the back surface
of the loudspeaker cone will reach the
microphone directly. An open baffle
can be used only when.the loudspeakers are located in such positions that
feedback is unlikely.
Let's see what various common baffles are like.

FIG. 22. Cross-sectional view of abass reflex
baffle. The arrows show the directions of the
sound waves from the front and the back surfaces
of the loudspeaker cones.
form a closed box in which there is
room for the amplifier when it is desired to carry the whole system from
one place to another.
A baffle of this sort is not sufficient
to give high fidelity, but it is adequate
for voice or popular music. Since the
back of this baffle is completely open,
it must be carefully located with respect to the microphone to prevent
feedback from the loudspeaker to the
microphone.
Another simple baffle is shown in
Fig. 21. This is abox that is intended
to be hung on a wall. If enclosures
of this sort are properly scattered
around, well away from the microphone, it is possible to keep the feedback down to a satisfactory level.
This baffle is actually enclosed at the
back when it is mounted firmly
against the wall, but since it is
mounted so that it faces into the
room, it can feed sound into the microphone unless the latter is carefully
placed.
The larger cabinet baffles that are
used where better tone quality is
desired are generally completely enclosed at the rear. In most instances,

CONE-LOUDSPEAKER BAFFLES
The simplest enclosure for a cone
loudspeaker is the box baffle shown
in Fig. 20. Two such box baffles are
commonly used in portable p.a. systems, the two being so constructed
that they can be secured together to

Courtesy RCA

FIG. 21:A typical wall baffle.
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such units are of the bass reflex type,
an example of which is shown in
Fig. 22.
Any of the baffles described so far
gives a relatively broad sound distribution somewhat like that obtained
from a radio receiver. There are occasions, however, when it is desired
to project sound in a more compact
"bundle" to a distance, or when it is

o
•

o
FIG. 23. A cone loudspeaker mounted in a
projector housing.

necessary to prevent sound from going in certain directions to eliminate
feedback. With cone loudspeakers,
projectors (sometimes called trumpets) are used for such occasions. An
indoor type is shown in Fig. 23. Basically, this is a directional enclosure,

FIG. 24. A cross-sectional view of acone loudspeaker mounted in a weatherproof projector.
Such an assembly can be used outdoors.
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FIG. 25. This shows how a cone loudspeaker
mounted in abox baffle (A) and one mounted
in a projector horn (B) differ in their sound
distribution characteristics.

very similar to a horn in its directive
effects.
Outdoors, avariation of the projector is the only kind that is practicable
with cone loudspeakers. Cones must
be protected from the weather outdoors, so a weather-proof projector
like the one shown in Fig. 24 is used.
This is so designed that raine and
spray will not seriously affect the
cone even if they enter the mouth of
the projector directly.
Sound Distribution. Incidentally,
the sound output from loudspeakers
is rather peculiarly distributed. Fig.
25A shows the result of using a cone
in any standard wall or cabinet baffle.
As you can see, low frequencies are
distributed rather uniformly from the
front of the baffle over a wide area.
Medium and high frequencies become
more and more directional, however;

the sound distribution at the highest
frequencies is practically a narrow
beam straight in front of the cone.
This unequal sound distribution presents quite aproblem if we are interested in high-fidelity sound distribution. It is obvious that only the

Courtesy

University

Liondspiiikerv,

high-fidelity installations frequently
use dual loudspeakers. In such installations, a large cone loudspeaker is
used to give low-frequency coverage;
the high frequencies are handled by a
small loudspeaker unit (usually a
driver type) that is designed to give
an angle of coverage that approximates the medium-frequency coverage of the large cone. Fig. 26 shows
one type of high-frequency loudspeaker, which consists of a pair of
driver units arranged with dual horns
at such an angle that a rather wide
coverage is obtained. Fig. 27 shows a
"cellular" construction in which the

Inc.

FIG. 26. A double loudspeaker designed to
give wide-angle distribution of high-frequency
sounds.

people who are directly in front of the
cone will get all the frequencies with
equal intensity.
The projector distribution shown in
Fig. 25B is much more nearly uniform. However, here we run into the
fact that the projector isn't a very
good baffle, because its low-frequency
response is poor for reasonable pro-

Ciiiirtcsic

Jensen

Mfg. Co.

FIG. 28. A typical coaxial loudspeaker.

horn is broken into segments that disperse the sound to give a wide angle
of coverage. This horn is driven by
asingle driver unit.
A form of dual loudspeaker that is
commonly used in high-fidelity installations is shown in Fig. 28. This
unit, called a coaxial loudspeaker, is
used chiefly because it has awide frequency range. In the immediate vicinity of such a loudspeaker, the fidelity is quite good, buttit does not
offer particularly wide-angle highfrequency coverage. Where a large
area is to be covered with such lottd-

Courtesy Jensen Mfg. Co.

FIG. 27. A cellular high-Frequency horn.

jector sizes. In other words, a projector gives more uniform sound distribution with frequency than a box
baffle does, but the box baffle gives
better fidelity.
To improve sound distribution,
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Today, the antenna mounted on the
side of the cowl is by far the most
popular. There are many types, one
of which is illustrated in Fig. /O. Such
an antenna gives areasonable amount
of signal pickup and is so positioned
that only a relatively short shielded
lead-in wire is necessary from the antenna to the receiver. The antenna

FIG. 10.

must be mounted carefully, however,
to prevent a leak from developing
around the seal.
lb- You have probably noticed a knob
or ball on the end of all auto radio
antennas. This knob is not just a
decoration. Any pointed object which
can collect static electricity, such as
a pointed antenna, will have a large
discharge from its end and this discharge will cause noise. The amount
of discharge is reduced if a ball is
put at the end of the antenna. Remember this, because a missing ball

A side-cowl mounting.

is made from hollow sections which
fit inside each other and can be pulled
out to increase the effective length.
Some cowl antennas are mounted on
brackets which are placed under the
edge of the hood, while mounting
others requires the drilling of two
holes. Typical examples are shown in
Figs. 11 and 12.
Some antennas are made even more
inconspicuous by being mounted so
they disappear into the cowl or fender.
Fig. 13 shows an installation in which
ahole is drilled through the cowl and
the antenna is mounted in a tube inside the car. Some antennas of this
type are manually extended, while
others are operated by compressed air
obtained from the engine. .Fig. 14
shows a fender-mounted type.
These antennas are popular because
they are out of sight except when
extended and are "gadgets." They
10

FIG. 11.

FIG. 12.

Two more side-cowl types.
One uses a replaceable bracket mounting, while the other
requires two holes for mounting.

may cause an unusual static-like
noise, heard only when driving
around.
Lead-in. All auto antennas require a shielded lead-in wire, which
may come with the antenna or may
have to be purchased separately. Always keep the lead-in short. Run
it as directly as possible to the radio,

Courtesy Langevin

FIG. 29. A loudspeaker in ahousing designed
for ceiling mounting. The small horn at the
bottom helps diffuse the sound.

speakers, therefore, it is necessary to
use a number of them to be sure of
having reasonable sound distribution
at all frequencies.
Fig. 29 shows an enclosure intended
to be mounted in the ceiling and to
distribute sound in all directions.
This enclosure is very useful when
the loudspeaker is to be mounted near
the center of aroom. However, it is
probably the least desirable loudspeaker to have in the same room with
the microphone, because some of the
loudspeaker's energy is directed right
at the microphone.

In general, the horn must be rather
long to have good low-frequency response. Since it should increase regularly in cross-sectional area as it increases in length, we must start with
avery small throat if we are to have
areasonable mouth size in any practical horn length.
,Horns that carry speech only need
to handle only a limited frequency
range; therefore, they can be, and
commonly are, rather short. However,
if music is to be carried through the
horn, it must be long—so long, in fact,
that the space required by the horn
is quite a problem. One solution to
this problem is to fold the horn up on
itself as shown in Fig. 30. Even folded in this manner, the horn is rather
large; ahorn of this sort is generally
used only in large auditoriums or theaters.
A•more commonly used arrangement for getting arelatively long horn
length in a small space is shown in
Figs. 31 and 32. This device is known
as the re-entrant or reflex horn. The
name comes from the fact that the
sound travels down an inside horn,

HORN ENCLOSURES
Some form of horn or trumpet enclosure is invariably used with driver
units. Both the fidelity and the coverage angle are largely determined by
the kind of enclosure chosen. A long,
narrow horn with a small mouth
tends to project sound directly in
front of the mouth of the horn without
allowing it to spread very much. On
the other hand, if the horn flares
outward rapidly, sound is distributed
over amuch. wider angle.
From afidelity standpoint, the rate
of increase of the cross-sectional area
of the horn is particularly important.

FIG. 30. A folded horn of the sort used in
theaters and large auditoriums.
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FIG. 33. A coupling of this sort makes it
possible to use 2driver units with one horn.

Courtesy University Loudspeakers, Inc.

FIG. 31. A typical reflex trumpet, much used
for outdoor installations.

Courtesy University Loudspeakers, Inc.

This is an extremely powerful loudspeaker in
which 12 driver units are used. It can handle
powers up to 300 watts and can be heard for
several miles.

FIG. 32. Cross-sectional view of areflex trumpet.
then is forced back toward the rear
before it •finally comes out of the
mouth of the horn, as shown in Fig.
32. Because of this internal folding,
it is possible •
to make the over-all
dimensions of the horn rather short
and yet have afairly long air column.
Furthermore, such a horn is weather23

proof, making it ideal for outdoor use.
Most drivers designed for use with
horn units are rated at 25 watts but
will work efficiently on 8to 10 watts.
If greater power is needed, extra loudspeakers may be used, or more than
one driver may be used with a single
horn. Fig. 33 shows a two-unit type;
as many as twelve drivers are used
on super-powered horns.
Now that you have a general idea
of what the pickup patterns of microphones and the sound distribution
patterns of loudspeakers are like, let's
take up the practical problems of determining how much power is necessary for an installation.

Practical Acoustics
The amount of power needed for
any particular installation depends on
a number of factors. First of all, the
hearing characteristics of the human'
ear must be considered. There must
be a certain amount of power before
the human ear registers any sound at
all, the exact amount depending on
the frequency of the source. At this
threshold level, the ear is not at all
a high-fidelity device; therefore, considerably more than this minimum
power is needed to permit an audience
to hear comfortably and with reasonably good fidelity.
As we have pointed out before, the
noise level at the location of the installation must also be taken into
account in determining the amount of
power needed; the greater the noise,
the greater the power that will be necessary. Indoors, we also have the
problem of sound reflection from the
walls and ceilings. Sound reflection
is seldom aproblem in an outdoor installation, but sound dispersal is.
Let's make a complete study of each
of these factors in turn to see how
they affect the amount of power
needed.

not be heard at all: curve A is therefore called the "threshold of hearing."
Notice that this curve is very
non-linear, illustrating what we just
said about the ear being most sensitive at the minimum-loudness level to
sounds around 2000 cycles and least
sensitive to low-frequency and highfrequency sounds.
This variation in sensitivity with
frequency becomes less marked at
higher loudness levels. The dashed
curves above curve A show the response of the ear at various loudness
levels 10 db apart. (The threshold
of hearing is used as the zero db reference.) As you can see, the response
becomes much flatter as the loudness
increases.
If asound is made loud enough, the
ear will feel pain instead of hearing
10000
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HEARING CURVES
The ear is very peculiar in the
manner in which it responds to sound
levels at different frequencies. It is
most sensitive to sounds at about 2000
cycles. In other words, a very lowpower sound at this frequency will
be audible. At low or high frequencies, however, far more power is necessary to make a sound audible.
Fig. 34 contains a series of curves
that indicate the average hearing
ability of the human ear. Sounds
having the intensities shown by curve
A can just barely be heard, and
sounds having lower intensities can-
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FIG. 34. The frequency-response curves of the
human ear for sounds of various levels. Curve A
shows the threshold of hearing, curve B the
threshold of pain.

the sound. The loudness level at
which pain is felt (which is .called the
"threshold of pain") is represented
roughly by curve B in Fig. 34. Notice
that this curve intersects the threshold
of hearing at very low and very high
frequencies but is widely separated
from it at the middle frequencies. At
frequencies around 1000 to 2000
24

cycles, the change is roughly about
120 to 130 decibels from the threshold
of hearing to the threshold of pain.
You can see from these facts that
the average person is able to hear
only the middle frequency range if the
sound level is very low; the low and
high frequencies are completely in'audible. As the sound level is increased, higher and lower frequencies
can be heard.
Obviously, the sound .output of a
p.a. system should be at least great
enough to permit all the frequencies
we are interested in to be heard comfortably. This means that the power
required for a particular installation
depends on what the system is intended to carry. If it is to be used for
instrumental music, awider frequency
range must be handled than is needed
if only voice frequencies are to be
carried; consequently, more power is
needed for the former kind of installation.
For convenience in c.ompaag
sound levels, it is standard practice to
choose a reference frequency in the
range where the hearing is most acute.
The level necessary to produce an
audible sound at this reference frequency is then considered to be the
threshold of hearing, and other sounds
and noises are said to be a certain
number of decibels above this threshold level.
EFFECT OF NOISE
The ability to hear any sound is
considerably affected by the noise
level. Theoretically, even the weakest
of the sounds in which we are interested should be at a level above the
surrounding noise level if it is to be
heard easily. Therefore, we need to
know the noise level before we can
choose the p.a. system.
Fig. 35 shows the sound levels of
various• common noises, and the noise
levels that are found in typical places
25

Type of Sound Source

DB 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
Ball 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
O
FIG. 35. These are the levels in db above the
threshold of hearing of various common sounds
and noises. The figures have ben compiled
from several sources.

where p.a. systems may be used. Notice that the noise level in the average
quiet home is about 35 db above the
threshold; since the average conversation level is higher than this, we,
of course, need no amplification to
overcome the noise in a home. As a
matter of fact, p.a. amplifiers are not
needed to overcome noise until the
noise level is above that of the desired sound. Acoustics standards state
that the average sound level for
speech should be maintained at least
10 db above the surrounding noise
level. This is not practical, of course,
when the noise level is up near the
threshold of pain, because the sound
level might then be over the threshold
for some frequencies. It is therefore
frequently impossible to keep the
sound level above• the surrounding

noise level to any great degree in installations in very noisy factories.
For ordinary music, it is desirable
to have the average sound level 15 db
higher than for voice, or a total of
25 db above the noise. High-fidelity
reproduction of symphonic music re-

to do accurately), measure it with a
noise level meter, or depend upon
practical tables or charts like Fig. 35.
Loudspeaker manufacturers give average levels in charts designed around
their particular loudspeakers. We'll
say more about this later.

SOUND REFLECTIONS

•
As we have already said, sound
reflections from the walls, floors, and
ceilings of a room are a major problem in indoor p.a. installations. These
reflections provide additional paths
over which sound waves travel from
the source to the listener. Fig. 36
gives a simple example.
Such reflections occur because
whenever sound waves strike a surface, some of the energy is absorbed
and lost, some is transmitted through
the material, and the remainder is re-

Courtesy General Radio Co.

A sound-level meter of this sort is very useful
for determining the noise level at the site of an
installation.

WALL OF ROOM

quires another 10 db above ordinary
music, or an average level 35 db above
the noise level. Of course, there, will
be peaks that exist above the average
levels; however, proper design on an
average power basis permits the peak
power capabilities of the amplifier to
handle these.
One of the problems always facing
the sound engineer, therefore, is the
determination of the noise level at the
location where a p.a. system is to be
installed. This determination must,
of course, be made under the conditions that will be present at the time
the p.a. system is to be used. An
empty auditorium is far quieter than
one filled with people. This is particularly true at a sporting arena,
where an enthusiastic crowd of spectators can make the noise level very
high.
To determine the noise level, one
must guess at it (a very difficult thing

WALL OF ROOM,
FIG. 36. 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 4must go a
greater distance to reach the listener, and consequently arrive somewhat later than those taking
path 1.

fleeted much as light rays are reflected
by a mirror. How much reflection
there is depends on the material;
hard, smooth materials like plaster reflect far more than do soft materials
like drapes. These reflections "save"
energy by preventing it from escaping from the room. However, the re26

turn of this sound energy is not instantaneous; it takes more time for
sound to travel over alonger path, so
sound waves that reflect from wall
to wall do not arrive at a given point
in step with sound waves coming over
a more direct path. Such reflected
waves may cause the sound at any
particular spot to be louder, softer,
or unintelligible. Let's study this last
effect first.
REVERBERATION
When the surfaces of a room are
hard and smooth, reflections occur and
recur, with the result that it takes
time for sounds to die out. Consequently, syllables or words traveling
over direct paths are interfered with
by earlier sounds traveling over the
reflection paths. This prolongation of
sounds, which is called reverberation,
is the most common acoustic problem
in auditoriums.
Unless a room is made absolutely
dead by special acoustic treatment
(by making the surfaces absorb
energy instead of reflecting it), there
will always be a certain amount of
this reverberation. The actual amount
depends on the size and shape of the
room and on the characteristics of the
materials used in the room. We don't
want aroom to have no reverberation
—such a room sounds "dead," and
music or speech is flat in it. A certain amount of reverberation makes
a room "alive"; music, in particular,
has more brilliance and richness of
tone in such a room.
To determine what treatment may
be necessary to make a room more
nearly ideal in this respect, engineers
assume that the period of reverberation is the time it takes for a sound
to decrease in energy by 60 decibels.
To measure this period, ashort, sharp
27

sound is made, and timing devices are
used to determine when it has decreased by this amount. If the time
taken is reasonable for the size of the
room, no treatment is necessary.
In general, the larger the room, the
longer the reverberation period that
can be permitted. There is no exact
agreement on the amount of time that
is permissible, however, because this
depends upon whether it is speech or
music that is to be reproduced and
upon what the installer thinks is an
ideal "liveness" for the room. Usually
periods of under two seconds are
necessary. "Ideal" periods for music
in rooms of various sizes are shown
É 2o
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FIG. 37. This graph shows the desirable reverberation time for rooms of various sizes in which
music is to be played.

in Fig. 37. For speech, the ideal is
from half , to two-thirds the values
given in this figure.
As an example of how excessive
reverberation affects the ability to
understand speech, a ieverberation
period of 5 seconds in a 5000-cubic
foot auditorium reduces the number
of recognizable syllables to only about
60% of the total. At least 75% recognition is necessary for intelligibility
with very careful listening, and about
90% is needed for high-quality reproduction. In aroom of 5000 cubic feet,
a reverberation period of about .6
second is required for 90% intelligibility.

ACOUSTIC TREATMENT ;
Since the reverberation time is related to the volume of the room in
cubic feet and to the absorbing ability
of the surfaces of the room, there is a
formula that can be used for calculating the approximate reverberation
period of a room. It is:
.05V
t
a
where "V" is the volume of the room
in cubic feet, "t" is the period in seconds, and "a" is the number of absorption units of the materials used.

engineer. In a large auditorium,
proper acoustic treatment involves a
considerable expense, so it is far better to have the room treated by someone familiar with the materials that
can be used for the purpose. If you
have such a problem, therefore, you
should call in an engineer or a representative of a company manufacturing sound-absorbing material. However, so you will understand what
must be done, let's see how such an
expert would go about planning the
acoustic treatment of a room.

Courtesy The Celotex Corp.

A small broadcast studio that has been acoustically treated with Acousti-Celotex tile on the
ceiling and carpeting on the floor. The walls
have been irregularly shaped to improve sound
diffusion. Acoustical treatments in rooms served
by p.a. systems are similar, though seldom so
extensive.

The number of absorption units in
a room is computed by multiplying
the area in square feet of each surface by a factor (called the absorption coefficient) that indicates the absorbing power of each square foot of
the material. The total number of
absorption units in the room is the
sum of these, plus the units furnished
by the audience and by the furniture.
As ageneral rule, any hard, smooth
surface has very little absorption, so
materials such as plaster walls will
reflect sound and keep the reverberation period high. The same can be
said for hard floor materials and for
wooden seats.
On the other hand, soft, coarse ma-

We shall discuss absorption units in
a moment.
This formula makes it possible to
calculate the approximate period for
aroom. If the period is wrong, we can
determine how much the absorption
has to be changed to make the reverberation proper by restating the formula as:
.05V
a
which gives us the number of absorption units needed for a room of volume V to have the desired reverberation period t.
In general, acoustic treatment of
a room is best left to an acoustical
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feria% absorb sound, so the period of
reverberation can be reduced by the
use of drapes or other cloth hangings,
upholstering or pillows on the seats,
rugs on the floor, etc. Even better
sound absorption can be obtained
through the use of special acoustic
materials, which are commonly made
of cane fibers. These materials either
have a rough surface or have a surface with many small holes in it that
break up the sound reflection and absorb much of the energy of the sound
wave. Covering plaster ceilings and
walls with such materials cuts down
greatly on the reverberation and also
reduces the noise (since it, too, is absorbed).

Materials
Floor Coverings:
Carpet
Cork flooring
Linoleum
Rug, Axminster
Wood flooring
Hangings:
Fabrics:
Light
Medium
Heavy
•
Hard Wall:
Brick, painted
Cement
Plaster on lath
Openings:
Window
Balcony
Audience and Chairs:
People
Chairs, wooden
Chairs ' upholstered
Acoustic Materials:
Acousti-Celotex C-2
Acousti-Celotex C-4
Acoustone F
Fiberglas Tile (1")
Permacoustic (1")

Coefficients
.20
.08
.03
.20
.03
.11
.13
.50
.017
.025
.03
•5-1
.5-1
3-4.3
.17
1.6
.67
.99
.87
.97
.71

FIG. 38. The absorption coefficients of various
materials. The figures given for audience and
chairs are in terms of absorption units per person
or per chair; the other fijures are for absorption
units per square foot. These units were determined at 512 cycles. The absorption at other
frequencies differs somewhat, usually, though not
always, increasing at higher frequencies.
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Wood floor:
• (100 x 20 = 2000) x .03 = 60
Plaster walls:
(240 x 10 = 2400) x .03 = 72
Plaster ceiling:
(100 x 20 = 2000) x .03 = 60
Wood Chairs:
50 x .17 = 8.5
•
200.5
Volume = 100 x 20 x 10 =
20,000 Cu. ft.
.05 x 20,000
t—
— 5sec.
200

FIG. 39. The computations needed to determine
the reverberation period of the room described
in the text before it is acoustically treated.

The presence of an audience may
change the characteristics of a room
considerably. Clothing is very efficient as an absorption material.
Fig. 38 gives a general idea' of the
absorption coefficients of several typical materials. (The figures given for
people, wooden chairs, and for upholstered chairs are absorption units
per person or per chair, not absorption
coefficients.)
To take a practical example, let's
suppose we have 0, small hall 100 feet
by 20 feet by 10 feet high, which has
avolume of 100 X 20 X 10 = 20,000
cubic feet. Let's suppose it has a
wood floor and plaster walls and ceilings. Let's also suppose there are
about fifty wooden chairs in the hall.
Fig. 39 shows the details of calculating the absorption units present in
the basic hall, using the average
coefficients given in Fig. 38. There
are 2000 square feet of floor space,
and wood flooring has an absorption
coefficient of .03, so the floor has a
total of 60 units. A plaster wall
around the room has a total area of
2400 square feet; its absorption coefficient is also .03, making its absorption 72 units. The ceiling has a total

of 60 units and the chairs a total of
8.5 units. The sum of all these is
200.5, which we can round off to be
200 units.
The volume of the room is 20,000
cubic feet, so the time, as shown by
the calculations, is five seconds. This
is too long; .
Fig. 37 shows that it
should be about 1.1 seconds for a
room of this size if music is to be
played in it.
An audience of fifty people present
in the chairs will change matters, because the audience has an absorption
of about four .units per person or a
total absorption of 200 units, which

tion period is changed considerably.
Our time of 1.17 seconds is now much
better for a room of this size. With
an audience adding 200 more units,
the time is reduced to about one second, so this treatment is just about
right.
Of course, atreatment that involves
hanging drapes completely around the
room, installing a carpet over the
whole floor, and changing from wooden chairs to upholstered chairs cannot
be described as a simple one. It may
be less costly and more satisfactory
in the long run to leave the floor and
chairs alone and to have an acoustic

Carpet:
(100 x 20 = 2000) x .2
Med. drapes on
walls:
2400 x .13
Plaster ceiling:
2000 x .03
Upholstered chairs: 50 x 1.6

t—

.05 x 20,000
852

= 400
-= 312
= 60
-=.• 80
852

— 1 17 sec.

FIG. 40. How acoustical treatment affects the
reverberation period of the room.

cuts the time in half, or to 2.5 seconds.
Therefore, this hall will have much
better characteristics with an audience than it has when empty. Even
so, it still has too long aperiod. Using
the formula for determining the absorption units needed, we find that to
produce a 1.1-second period, we need:
.05 X 20,000
a=
—910 units
1.1
(approximately) instead of the 200 to
400 we have.
Covering the floor with carpet,
hanging medium-weight drapes on the
walls, and using upholstered chairs
produces the effects shown by the calculations in Fig. 40—the reverbera80

material applied to the wall or ceiling.
If we were to cover the entire wall
with Acousti-Celotex type C-4, the
number of absorption, units for this
treatment alone would be 2376 (2400
X .99). This would be too much and
would make the room rather dead,
because the reverberation period
would then be only about .4 second..
To come out around 700 units, so that
with an audience (200 units) the period will be about one second, we need
only about 600 feet of this acoustic
material on the wall. Therefore, it is
possible to hang several panels of this
material at various points along the
wall and thus deaden the room just
as much as it would be deadened if

we were to hang drapes over all the
walls and put acarpet on the floor.
As you can see, there are a number
of different things that can be done
to change the reverberation period of
aroom. Initial costs, ease of application, and upkeep costs must all be
considered in selecting a method of
treatment. This is particularly true
when a large auditorium is to be
treated, because the cost of such a
project may be very high.
An auditorium intended to seat several thousand people is a difficult
problem to treat acoustically because
of the fact that the audience may
vary in size from just a few people
to a capacity crowd. There will obviously be a tremendous difference in
the absorption of the auditorium under the two extreme conditions; if the
treatment is such that the reverberation period is correct when the auditorium is filled to capacity, the reverberation will be excessive when the
audience is small. Usually the treatment for such an auditorium is calculated on the assumption that it is
to be only moderately full. Then, as
the audience varies around this average, the period is made slightly higher
or lower, but never varies as much as
it would if we assumed either zero or
a capacity audience.
FOCAL POINTS AND DEAD SPOTS
Another factor that must be considered in planning ap.a. installation
is the possibility that thè shape and
size of the room will cause unequal
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sound distribution over the floor area.
An example of just such a room is
shown in Fig. 41. The dome-shaped
ceiling of this auditorium provides
sound paths that tend to concentrate
the sound from the origin to aspot in
the balcony. At this particular spot,
the sound will be excessive.
On the other hand, it is equally
possible for the shape of the room to
cause dead spots—points at which

FIG. 41. Sounds reflecting from various points on
the curved ceiling of this auditorium are brought
to afocus at asingle small area in the balcony,
making the volume level there considerably higher than it is elsewhere.

there is sound cancellation because
the sounds arrive out of phase over
two different paths. Such spotty responses are not likely in small rooms
but are quite common in large auditoriums. In such cases, it is either
necessary to treat the room acoustically to break up these reflection points
or to place the loudspeakers so that
the sound is more evenly distributed.
The latter method is usually preferable, since it is less difficult and expensive than is changing the contour
of a room.

FIG. 13. A disappearing side-cowl type,
which can be extended for distance reception.

but keep it away from the auto electrical wiring as much as you can, and
of course keep it away from brake
pedals or control rods so as not to
interfere with the car operation. Remember—even a shielded lead-in will
pick up interference if it passes
through ahigh-noise zone.
The shield will ground through the
coupling at the radio, but the other
end must also be grounded as close
as possible to the antenna. You may
have to drill an extra hole, clean an
area about it, and use a bolt or selftapping screw to provide a good
ground connection. Since this ground
is sometimes hard to make, careless
installation men frequently omit h—
and so make the interference problem
worse. Remember to check for a
poorly made shield ground if the antenna or lead-in picks up interference.
CONTROLS AND CONNECTIONS

4,

The correct method of mounting the
control head is usually obvious, but
you should again follow the instructions furnished with the head.
Once the controls are mounted, you
are ready to connect the radio. You
will have the "hot" A lead, antenna
connection, control head cables, and
possibly speaker connections, to make.
Usually a picture like Fig. 15 or 16
will be included in the installation
instructions, so there is little chance
for error in making the connections
if you follow the instructions care.
fully.
Control Cables. If the set has a
control head, it will have flexible
cables to drive the tuning condenser

FIG.

14.

A disappearing
antenna.

fender-mounting

and volume control from the remote
position. The correct plug-in terminal for each of the control cables must
be located by studying the instructions.
The control cables from the control
head must be run to the receiver with
a minimum of bending or kinking of
the cable. Allow the cable to make
wide radius turns when it must go
around acorner. If you make asharp
bend, the cable will bind inside its
housing and will not operate properly.

After the receiver and antenna have
been mounted, you must mount the
controls of the receiver. As you've
learned, these controls may be a part
of the receiver and require no further
attention. On the other hand, you
may have a remote control which
mounts on or underneath the instrument panel of the car, or on the steering column. In addition, some models
have separate sensitivity or tone
controls which have to be mounted.
11

Determining Acoustical Powers Needed
From the foregoing section, you can
see that there are anumber of factors
involved in determining how much
acoustical power will be necessary to
obtain the desired performance from
ap.a. system in agiven location. Engineering methods can be used to calculate the exact power necessary, but
the practical sound man seldom bothers to make such elaborate computations. Instead, he uses some table or
graph that gives ageneral idea of the
power that should prove suitable
under average conditions.
Most such published tables, which,
incidentally, may be found in the literature of the loudspeaker manufacturers, assume that the reverberation
period of the room is normal for its
size and for the conditions that will be
met. If you find upon examination
that the room is not normal in this
respect, a correction must be made to
make the room suitable for a permanent sound installation.
If the reverberation in the room is
reasonable or is made so, we can find
the power necessary if we know the
volume of the room in cubic feet and
the noise level that can he expected.
Unless you are going to go to the
expense of purchasing or renting a
noise level meter to check the exact
level, you will have to depend on the
averages that have been found for

installations that are similar.
Tables, such as Figs. 42 and 43,
give acoustic powers needed for particular noise levels and room volumes.
To use them, you will have to estimate or determine the noise; the
tables then give the approximate
acoustic power needed for a room
having the area of the one in which
you are interested. Notice that the
minimum powers for the reproduction
of speech or music are given—more
power may be needed if the room is
dead or if it is necessary to overcome
dead spots or reflections in the room.
Once you have determined how
much power is needed, you will have
to divide the number of acoustic
watts by the speaker efficiency to get
the electrical wattage the amplifier
must supply. For example, if the
acoustic power is .5 watt, and you are
using ordinary cone loudspeakers,
which are about 2% efficient, the amplifier must have an output of 25
.5
watts of electrical power (— -= 25).
.02
Generally, it is best to choose an amplifier rated somewhat above this
minimum, to allow for losses in the
transmission lines, and for possible
inereases in the noise level.
The tables in Figs. 42 and 43 are
incomplete, since they cover only a

Noise Level
(db)
Above
Threshold
of Hearing

Area (sq. ft.)
500-2000
Assumed Room
Height (ft.)
10-15

Area (sq. ft.)
2000-5000
Assumed Room
Height (ft.)
15-20

Area (sq. ft.)
5000-10,000
Assumed Room
Height (ft.)
20-25

Area (sq. ft.)
10,000-30,000
Assumed Room
Height (ft.)
25-35

Area (sq. ft.)
30,000-70,000
Assumed Room
Height (ft.)
35-50

70
80
90
100

0.001-0.004
0.012-0.044
0.126-0.447
1.26-4.47

0.004-0.010
0.044-0.100
0.447-1.0
4.47-10.0

0.010-0.019
0.100-0.199
1.0-1.99
10.0-19.9

.0.019-0.056
0.199-0.562
1.99-5.62
19.9-56.2

0.056-0.126
0.562-1.26
5.62-12.6

Courtesy

John

F.

Rider

FIG. 42. Minimum acoustic power in watts required to override noise for reproduction of speech

only in indoor coverage areas indicated. Areas are in square feet.
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Noise Level
(db)
Above
Threshold
of Hearing

70
80
90

Area (sq. ft.)
500-2000
Assumed Room
Height (ft.)
10-15

Area (sq. ft.)
2000-5000
Assumed Room
Height (ft.)
15-20

Area (sq. ft.)
5000-10,000
Assumed Room
Height 00
20-25

Area (sq. ft.)
10,000-30,000
Assumed Room
Height (ft.)
25-35

Area (sq. ft.)
30,000-70,000
Assumed Room
Height (ft.)
35-50

0.039-0.141
0.398-1.41
3.98-14.1

0.141-0.316
1.41-3.16
14.1-31.6

0.316-0.631
3.16-6.31
31.6-63.1

0.631-1.78
6.31-17.8

1.78-3.98
17.8-39.8

Courtesy John

F.

Rider

FIG. 43. Minimum acoustic power required to override noise fór normal p.a. requirements for
speech and music reproduction in indoor coverage areas indicated. Areas are in square feet.

ordinary dance music or for speech.
To convert acoustic power into
electrical power, you must know the
efficiencies of the loudspeakers you
intend to use. As we said earlier, cone
loudspeakers are commonly considered to be 2% efficient in baffles and
5% efficient in projectors. By dividing the acoustic power level (in
watts) by the speaker efficiency (expressed as a decimal), you will find
the electrical power needed.

few noise levels. However, the trend
of powers is obvious, so you can fill
in for lower or higher noise levels by
the simple process of dividing or multiplying by a factor of 10 for each 10
db decrease or increase in noise.
In attempting to estimate the
amount of noise, you can use tables
like that shown in Fig. 35 or charts
that you obtain from loudspeaker
manufacturers.
Such
loudspeaker
charts give usual noise levels and the
power needed for various room volumes when using certain particular
loudspeakers. These charts apply only
to. the loudspeakers made by that
manufactuer—you should obtain the
one for the brand in which you are
interested, because differences in efficiencies and coverage angles exist that
make them wrong for other brands.
Let's sum up what we have learned
about calculating how much power is
needed for an indoor installation.
First, you must determine w ther
the room has the proper reverb ation
period or needs acoustic tre ment.
Then, from atable or chart, yu must
find how much acoustic power is
needed for a room of the size of the
one with which you are conrerned,
taking into consideration the tverage
noise level of the room an whether
music and speech, or speech alone, is
to be carried by the p.a. system.
Naturally, even more acoustic power
is needed for the high-fidelity reproduction of music than is necessary for

SOUND OUTDOORS
We have no reverberation problems
outdoors but do have the problem of
rapid attenuation of the sound. Since
there are no walls to reflect energy
back to the audience, sound power
goes down 6 db for each doubling of
the distance from the loudspeakers to
the listener.
Horn loudspeakers are generally
used in these installations The horns
may have either narrow or wide coverage angles, depending on the installation. Both types have their advantages and disadvantages. Horns with
wide coverage angles cover a larger
area, but since the sound is spread out
over this area, it is weaker at any
distance from the horn than it would
be for a horn with a narrower coverage angle. On the other hand, if we
use narrow-angle horns and must
cover a wide area, we have to use
more of the horns to cover this area
properly.
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Noise
Level
(db)

70
80
90
100

10-30 ft.

30-75 ft.

75-150 ft.

0.002-0.017 0.017-0.112 0.112-0.501
0.020-0.178 0.178-1.12
1.12-5.01
0.200-1.78
1.78-11.2
11.2-50.1
2.0-17.8
17.8-11.2

150-300 ft.

300-500 ft.

500-1000 ft.

0.501-1.78
5.01-17.8

1.78-5.01
17.8-50.1

5.01-20.0

Courteey

John

F.

Rider

FIG. 44. 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.

Fig. 44 shows atable for determining the sound power necessary outdoors. Notice that the table is for a
certain specified coverage angle of
the horn.
A comparison of Fig. 44 with Figs.
42 and 43 shows that the acoustic
power needed outdoors is far higher
than it is for indoor installations.
However, since horns have a 15%
efficiency, the actual electrical power
increase needed is not as great as you
might at first imagine. For example,
if the indoor acoustic power needed is
1watt, and 2% efficient loudspeakers
are used, 50 electrical watts are necessary. With a 15% efficient loudspeaker, 1 acoustic watt is obtained
from only about 6 electrical watts,
however. Fifty watts delivered to
15% efficient loudspeakers will deliver as much as 7.5 acoustical watts,
which is a respectable amount of
sound power.
PLACING LOUDSPEAKERS
Either indoors or outdoors, once we
decide on the electrical power that
will be needed, we must then determine both from the power level and
from the surrounding conditions the
number of loudspeakers that will be
needed. Cone loudspeakers are available in various power-handling capacities from as low as 1watt to perhaps
40 watts. If the necessary amplifier
power level is higher than one loud34

speaker can handle, then obviously
more than one must be used. Most
driver units are rated at about 25
watts, but they operate satisfactorily
from powers as low as 6to 8 watts.
However, if the output from the amplifier is greater than 25 watts, again
more than one loudspeaker is needed.
Extra loudspeakers may be needed
to give the proper coverage for the
area. There are locations at which
it is best to use a number of loudspeakers and divide the sound for better dispersion. In some instances,
such as when sound is distributed_to
hotel or hospital rooms, this is anecessity—a small loudspeaker must be
placed in each room, which of course
means that there will be quite anumber of loudspeakers.
Even when the major sound distribution comes from one or two large
loudspeakers located near the source
of sound, a few supplementary loudspeakers may be necessary to take
care of spots that would otherwise be
dead.
Incidentally, when the loudspeaker
is in the room in which the performance is occurring, it is considered
good practice to get the loudspeakers
somewhere near the, source of sound,
so that the sound will apparently be
coming from its source. This, of
course, introduces the problem of
feedback to the microphone through
the air, which means that the loud-

speakers must be so enclosed or so
positioned that the feedback will not
be excessive.
Of course, this does not mean that
all the loudspeakers must be grouped
in one place. Even if the main ones
are so grouped, there may have to be
supplementary loudspeakers to feed
sound into dead spots, under balconies, etc.
When you are feeding sound into
rooms other than the one in which the
performance is occurring, you do not
have to worry about feedback to the
microphone. .
It is possible to use a
single cluster of loudspeakers in such
a room, but because sound may be
excessively loud near the loudspeakers
and too weak farther away, it is more
common in this kind of installation to
scatter the loudspeakers about. The
only problem here is to make sure
that the coverage is approximately
uniform over the entire room.
We will go into greater detail on
loudspeaker placement when we take
up typical installations elsewhere.
For now, let's cover a few general
rules that will prove helpful in any
installation.
Loudspeaker Phasing. When more
than one loudspeaker is used in a
cluster, it is important that the voice
coils be connected so that the sounds
from these loudspeakers are in phase.
If the loudspeakers are outwardly
identical, you can usually assume that
the connections from the voice coil to
the terminals on the loudspeaker are
the same on each, and you can connect similar terminals together when
the loudspeakers are in parallel, as
shown in Fig. 45A. Fig. 45B shows
the proper way to connect loudspeaker voice coils in series.
It is always possible, however, that
the manufacturer has reversed one of
the windings; if so, neither of these
connections will be right for these

particular loudspeakers. When the
loudspeakers are out of phase, the
sound from them tends to cancel.
Therefore, the correct in-phase connection will be the one that gives the
louder response for the same fixed
input. If there is any doubt about
this, you can make the simple test of
listening to the loudspeakers while
you reverse the connections to one of
them.
You don't have to worry about the
phase of loudspeaker connections
when the loudspeakers are very widely separated, particularly when they
are outdoors.

FIG. 45. Proper method of connecting loudspeaker voice coils in parallel (A) and in
series (B).
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Coverage Angles. Loudspeakers in
box baffles have fairly wide coverage
angles at low frequencies, but the
angle of coverage for the middle and
high frequencies is more restricted.
For this reason, loudspeaker placement may become rather critical. If
it is desired to have the sound apparently come from the source on astage,
the loudspeakers should preferably be
mounted above the stage and should
be tilted downward to point toward
the audience. If there are two loudspeakers, better results can be obtained by placing them to the right
and left of the center of the stage,
turning them so as to give the greatest
coverage.
If a room is to be covered by a
series of separated loudspeakers instead of by a centralized group, you

can either locate them along the
longer wall or use ceiling loudspeakers
that have 360° coverage. Incidentally, when loudspeakers are located
along a wall, they should never be
more than about 40 feet apart; if they
are more widely separated than this,
there will tend to be an echo effect
as sound comes to listeners from different loudspeakers.
In general, outdoors, it is preferable to have the loudspeakers in a
single cluster if possible. Of course,
it may not be possible to use asingle
cluster. In football stadiums, for example, it may be necessary to string
the loudspeakers around so that each
covers aportion of the audience.
MICROPHONE PLACEMENT
The proper placement of microphones is often a problem. Of course,
if voice is being picked up, it is common practice to have the microphone
directly in front of the person speaking. Stage presentations, however,
often require not only that the sound
be picked up over a wide area but
also that the microphone be concealed. Generally, in such cases, from
two to four microphones are located
in the footlight region of the stage, or
several microphones are suspended
from above the stage so as to cover
as much of the area as possible.
When instrumental music is to be
picked up, it is often necessary to
locate the microphone or microphones
very carefully with respect to the va-
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FIG. 46. Practical microphone placements for
picking up (A) a2-piano team, (B) asmall salon
orchestra, and (C) adance orchestra.

rims instruments being used. Several
typical examples are shown in Fig.
46. In cases of this kind, the only
practical way to find the right microphone positions is to be present at a
rehearsal and try various positions
until the proper ones are found.
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makes himself felt as aforce 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,
without possessing his. desire to do right, know only

This statement of Theodore Roosevelt's has always
appealed to me as being a very sound piece of practical
advice. Read it carefully. It can be of real value to you.
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P.A. TRANSMISSION SYSTEMS

A

11:IPLIFIERS, loudspeakers, microphones, and other components
of public address systems may be purchased from their respective manufacturers, from local radio wholesalers,
or from the mail-order supply houses
that handle radio parts. It is possible
to obtain a complete system as a
"package" consisting of an amplifier
together with suitable loudspeakers
and amicrophone. The portable units
that are intended for temporary installations are almost always sold this
way. These even come with pre-cut
cables to connect the various components together.
There is no connection problem with
such package units—all you need do
is plug the cables into the proper outlets and place the components where
you want them. If such a package
unit is used in a permanent installation, you can conceal the cables and
place the amplifier in an out-of-theway location if you wish. In temporary installation work, you will
probably mount the various components of the system in convenient places
without making any great effort to
conceal anything.

With such package units, there will
be no problems of impedance matching nor of excessive line losses (provided you use the lines supplied). You
can assume that the components of a
particular assembly were chosen to
operate properly together.
Of course, all sound installations
aren't this simple. For most permanent and some temporary installations, you will have to assemble a
sound system rather than use one that
is offered as a unit.
One of the major problems you will
meet in doing so is making the proper
connections between the various components. You will have to match impedances to get maximum power transfer and normal frequency response,
and you will also have to make sure
that excessive power and frequency
losses will not occur in the transmission lines used to connect the various
components. This last is often aproblem when a line must be run several
hundred feet from an amplifier to a
loudspeaker.
This Lesson is devoted to showing
you how to connect the components
of p.a. systems properly. We shall
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Of course, these cables must not get
in the way of the driver or interfere
with any of the control rods coming
to the instrument panel.
The control cables plug into sockets
on the case of the set. Some are
locked in by turning the cable housing
aquarter or half turn to engage locking ears in the case; others are
anchored by set screws. Before locking into position, be sure the cable itINTERFERENCE
CONDENSER --GROUNDED --INSTRUMENT
PANEL

\

FLEXIBLE
SHAFT

CONTROL
CABLE
COLT &NUT
SHAFT CASING
SET SCREW
Courtesy RCA
FIG. 15. Typical mounting and connecting
diagrams, such as you can expect to be with
a new auto set.

self is engaged properly. Most have
slotted end fittings which slip inside
a sleeve and fit over a projection as
in Fig. 17. The control knob should
be rotated until the fittings connect
together before locking in the cable
housing.
10- When the control cables have been
engaged with the tuning condenser
and volume control mechanisms, you
must synchronize the tuning dial with
the actual rotation of the tuning con12

denser gang. Some models have aslip
mechanism. With these, rotating the
tuning control first to one end of the
tuning condenser range, then to the
other end of the range, will "slip" the
dial pointer so that it will indicate
correctly. On other models, you must
release the dial mechanism by turning
a set screw, rotate the shaft until the
tuning condenser is at one end of its
rotation, set the dial pointer to the
proper end of the range, and tighten
the set screw. Consult the manufacturer's instructions if you have any
doubt as to the method used.
10- In addition to the control cables,
some control heads will have pilot
light leads or other connections which
have to be identified from the manufacturer's instructions.
Speaker Connections. If a separate speaker is used, plug in its connections at this point in the installation. There will be aterminal board
or a socket-and-plug arrangement for
this.
Antenna Connections.
Some receivers have sockets for plugging in
the antenna lead-in, while others use
a short lead and acoupler. Be careful about the latter—it may look like
the storage battery lead. However,
the antenna will always be shielded,
and the connector is usually a short
affair, frequently with a fastening
clamp like the one in Fig. 18.
Some receivers have two plug-in
receptacles for the antenna lead, or a
special reversible antenna connector.
This is provided to compensate for
the widely different capacities of auto
radio antennas.
Antennas which mount close to the
car body have a very high capacity
between themselves and the frame of
the car, so the antenna transformer
must be of special design. Other antennas which are held away from the
body of the car do not have such high
capacities. Therefore, so that the re-

to an amplifier, and one or the other
is used for this purpose in most installations. These wires may be strung
around the room in a temporary installation; in apermanent installation,
AUDIO CABLES
they are frequently put in the walls,
Any set of conductors used to carry preferably in conduit. Outdoors, such
energy between pieces of equipment cables are often enclosed in conduit
is called a transmission line.
At or pipes and buried in the ground;
power-line frequencies, parallel wires this helps to protect the wire.
strung on insulators several inches
Incidentally, in installing any cable
apart can be used. However, such a of this kind permanently, you will
have to meet local electrical codes.
line is not desirable for audio-freDespite the fact that relatively low
quency use, both because of difficulty
in installation and because such an voltages and moderate power are be"open" line will pick up excessive
amounts of hum, noise, and interference.
Such stray pickup is reduced by
twisting the wires together so that
they are separated only by their insulation. Close spacing and the twisting causes the stray pickup of one
wire to be mostly cancelled by that
of the other.
Hence, such twisted
wire—ordinary electric lamp cord, for FIG. 1. The three most common kinds of audio
lines: A, twisted-pair line; B, unbalanced coexample—is commonly used as an
axial line; C, balanced coaxial line.
audio line where the power levels are
high enough to make the losses un- jug handled, there is always a posimportant and where the wire would sibility that someone will make a
not be subject to deterioration caused mistake later on and get the wires
by weather or to wearing caused by crossed up with other electric wires.
excessive motion.
Such lamp cord To prevent this from happening, some
is readily obtainable: it is found
electrical codes may require special
everywhere that electrical supplies are
conduits or special marking of the
handled, even in five-and-ten cent wires.
It may be best to have a
stores.
registered electrician string the cable
for you so that the electrical code
Radio supply houses carry abetter
wire for this purpose. A typical exrequirements will be met; in fact, this
ample is shown in Fig. IA. This is is required in many communities.
Ordinary twisted-pair lines cannot
atwisted pair of wires that is enclosed
in a cotton loom that affords adbe used as high-impedance microditional protection to the wire. It phone lines because they are too likely
is possible to get wire like this with to pick up hum and noise. For this
the loom specially treated to make it reason, some form of coaxial line is
weather-proof.
Such wire can be always used for a high-impedance
used outdoors.
cable. Such a line consists of a conEither of these two types is sat- ductor surrounded by insulation that
isfactory for connecting loudspeakers in turn is surrounded (coaxially) by
study all parts of this problem. As
the first step in our studies, let's learn
what kinds of lines are used in p.a.
work.
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ashield that acts as asecond conductor. A typical example is shown in
Fig. 1B. Because it is necessary that
the cable be flexible so that the microphone can be moved about, the outer
conductor consists of anumber of fine
wires braided together rather than a
piece of copper tubing. Although the
braid shield is not quite as effective a
shield as solid tubing would be, it is
satisfactory for all normal p.a. uses as
long as it is not used near very strong
fields.
For balanced microphone lines, two
wires are enclosed in a coaxial shield
as shown in Fig. 1C. The shield here

acts as athird conductor, carrying the
ground lead from the microphone
transformer to the amplifier.
Shielded wire that has the shield on
the outside can be obtained, but for
better appearance and for ease in
handling, microphone cable commonly
has arubber covering or cotton braid
insulation over the shield as shown in
the examples in Fig. 1.
Now that you know what kinds of
lines are used for microphone and
loudspeaker cables, let's learn what
important characteristics of these lines
must be considered in making an installation.

High- and Low-Impedance Lines
Regardless of the type of transmission line, it will have the following
characteristics:

and the capacity of the line are very
important.
The resistance of atransmission line
1. Resistance. No conductor is per- depends on the length of the wire and
on the wire size, increasing if the wire
fect; all have some resistance.
is made longer or if its diameter is re2. Capacity. Whenever two conduc(A wire table later in this
tors are separated by an insula- duced.
Lesson
will
show you exactly how the
tor, there is a capacity between
resistance
varies
with each of these
them.
f
actors. )
3. Leakage. Leakage is a measure
The capacity between wires varies
of the quality of the insulation.
with the wire size, the length, and the
Very good insulation has very
little leakage; therefore, the cur- spacing between them. The capacity
rent between the wires is very increases if the wires are brought closer
small. If the insulation is poor, together or if the diameter or length
however, it is possible for there is increased.
The resistance of transmission lines
to be an appreciable current beis
what determines how much power
tween the wires.
loss
there will be, and the capacity de4. Inductance. A wire also has a
termines
the frequency discrimination.
certain amount of inductance.
The
amount
of this frequency discrimThis inductance is relatively
small, however, so it is not ap- ination and the amount of power loss
depend upon the conditions under
preciable at audio frequencies.
which the line is to be used. However,
,Inductance and leakage, then, can since both the resistance and the cabe ignored in considering an audio line pacity of a line increase when it is
if we assume that wire of good quality made longer, it is obvious that a line
will be used. However, the resistance should be kept as short as is practical.
8

LINE IMPEDANCES

kind that has ahigh impedance of itself, but a dynamic or other low-imWhen we speak of "low" impedance
pedance microphone is often made to
or "high" impedance audio lines for have ahigh-impedance output by conp.a. work, we are not referring to the necting it to asuitable matching transresistance or capacity that is posformer, which is frequently built into
sessed by the line. If the line length
the case of the microphone. A short
is appreciable (a quarter-wavelength
line can be used to connect such a
or more) with respect to the wave- microphone to the grid circuit of the
length of the signal being handled, preamplifier tube.
then the line does have acharacteristic
When a transmission line is used
impedance of its own that is called its
between two points of high impedance,
"surge" impedance. Telephone lines
the power loss in line resistance is
have such an impedance, and the imnegligible. If the terminal impedances
pedance must be matched at each end are, say, around 10,000 ohms, a line
of these lines for proper signal transhaving a resistancè of 10 ohms or so
fer. However, p.a. lines are at most will not be able to affect the current
only a few thousand feet in length,
distribution appreciably. However, alwhich is short compared to the wave- though power loss is no problem with
lengths of audio signals. Hence, when these lines, frequency response and
we call a line a "low" or "high" impickup of interference are.
pedance, or call it a "500-ohm" line,
Interference. Stray noise and hum
we are referring solely to the impedfields are troublesome whenever the
ances of the terminating devices—the impedance to ground is high, because
source and load that the line connects,
even asmall field can develop an apand not to the actual line impedance.
preciable voltage across ahigh impedAs we shall show, what may be a
ance. The impedance between the conlow-impedance termination for one
trol grid of atube and ground is ususervice may be high for another, so we
ally 50,000 ohms or more, so the grid
qualify the impedance term by referis particularly likely to pick up interring either to "microphone" lines or to
ference. Furthermore, the signal level
"transmission" lines. The latter term
at the grid of the first preamplifier
is applied to lines carrying power, such
tube is always low, so even arelatively
as those that connect amplifiers to
low hum or noise voltage can be aploudspeakers.
preciable with respect to the desired
signal. This difficulty can be miniHIGH-IMPEDANCE LINES
mized by keeping the impedance to
FOR MICROPHONES
ground low, by keeping physically
Microphone lines are considered to small the amount of the circuit that
be high impedance if they are con- is at ahigh impedance, or by shielding
nected between devices having imped- all portions of the circuits that are at
ance values above 10,000 ohms. Crys- ahigh impedance to ground. This lattal microphones, for example, may ter method is used to minimize pickup
well have impedances of 20,000 ohms in high-impedance microphone cables,
or more. A crystal microphone having which are always shielded coaxial
such an impedance can be connected lines. This shielding is always carried
directly to atube grid circuit through right inside the amplifier all the way
to the grid of the tube, and sometimes
a connecting line.
The crystal microphone is the only even encloses the input resistor.
4
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Even though it is shielded, however,
a high-impedance line always has a
certain amount of pickup per unit of
its length. It is therefore desirable
to keep the line just as short as possible to minimize this kind of interference.
Frequency Response. The shunting capacity of a microphone line always has an effect on the frequency
response. The exact nature of the effect depends on the characteristics of
the microphone impedance.
The average single-wire coaxial
microphone cable has acapacity of 25
to as much as 75 mmfd. per foot. (It
is possible to get lower capacities by

microphone impedance so that most
of the voltage generated by the microphone would be dropped across Ri.
However, it is desirable to load the
microphone to minimize peaks in its
response. For this reason, it is common practice to make the load into
which the microphone works equal to
the microphone impedance, even
though this arrangement means that
only half the microphone voltage is
applied to the amplifier grid.
The capacity of the microphone
cable, represented as Cc in Fig. 2, is in
parallel with 111. Its reactance, of
course, varies with frequency. At low
frequencies, the reactance is so high

FIG. 2. How to connect a high-impedance
microphone to the grid of the input tube of an
amplifier.

increasing the spacing between the
center wire and the braided shielding
through the use of fillers made of
threads or ropes. This increases both
the bulk and the cost of the cable
greatly, however; as aresult, such lowcapacity cable is found only in certain
high-fidelity installations.) If we were
to use a 20-foot cable that had a
medium capacity value of 50 mmfd.
per foot, the total capacity would be
20 X 50, or 1000 mmfd. (.001 mfd.),
which is very appreciable.
Fig. 2shows how ahigh-impedance
microphone should be connected to the
grid of atube. The grid circuit is completed by resistor R„ which is chosen
to match the impedance Zs of the
microphone. Since the grid of atube is
a voltage-operated device, we might
expect Iti to be several times the
5

that the capacity is anegligible shunt.
It becomes an appreciable factor at
higher frequencies, however, and has
an effect on the frequency response.
As an example, let's assume that Zs
and Ri are 100,000 ohms each, and
that we are using a20-ft. cable having
a total capacity of 1000 mmfd. The
reactance of the capacity equals the
resistance of R, at about 1600 cycles.
At this frequency, the net impedance
of Cc and R, in parallel is half that
of R, alone, so the voltage across Ri
drops to two-thirds its original value.
At afrequency twice this, 3200 cycles,
the condenser reactance has dropped
to 50,000 ohms, so the net impedance
is one-third its former value; the voltage across R, is now one-half what it
was at the low frequencies, where the
condenser reactance was too high to

matter.
Obviously, therefore, the
shunting capacity has considerable effect on the frequency response when
the microphone impedance is essentially resistive.
If we reduce the values of R, and
Zs to, say, 50,000 ohms each, the cf-

capacitive, as shown in Fig. 3. This
comes about because the crystal acts
as a dielectric between the two terminal plates of the crystal element.
Since it is capacitive, the impedance
of the microphone goes down as the
frequency increases. If the microphone cable is properly chosen, the internal impedance of the microphone
can be made to act with the line capacity as a voltage divider of such a
nature that the output is practically
constant over the range that the
microphone is intended to cover. That
is, the impedance Zs goes down with
frequency at the same rate as the reFIG. 3. If the line is properly chosen, the capacactance of Cc does, so the output reity of acrystal microphone and that of the line
mains approximately the same even
can be made to balance, producing arelatively
flat frequency response.
though the impedances decrease with
frequency. Notice that this effect ocfects we have just described will occur curs only if the microphone cable has
at a higher frequency: the voltage is the proper characteristics. Therefore,
reduced to two-thirds at 3200 cycles you should neither shorten nor
and to one-half at 6400 cycles. Ob- lengthen the cable that is supplied
viously, therefore, for a fixed cable with a crystal microphone; if you do,
capacity, the lower we can make the the output will not vary uniformly
source and load impedances, the less with frequency.
In this case, the value of R, really
shunting of high frequencies there
sets the low-frequency response rather
will be.
Of course, we can't change the than the high-frequency response. As
microphone impedance at will, so our the frequency decreases, the impedchoice of microphone fixes 11, 1. We ance Zs increases. When it gets well
must choose a microphone having a above the value of R,, an increasing
reasonably low impedance if high amount of the signal is dropped in the
internal impedance of the microfidelity is wanted.
The effect of the capacity of the phone. In this particular case, increascable is made worse if the microphone ing the value of It, extends the lowhas an inductive component in its im- frequency response—exactly the oppedance, as dynamic types that use posite of what happens in the circuit
matching transformers to give a high shown in Fig. 2. However, the necesimpedance often have. The inductance sity of keeping down hum and noise
tends to make the microphone imped- pickup places a definite limit on the
ance rise with frequency, which pro- value of R1.
You can see that a line operated
duces an even greater voltage division
with its terminals at ahigh impedance
with the line capacity.
Crystal Microphone Cable. For- must be specially chosen. Its length
tunately, the most common high-im- is critical when it is used with acrystal
pedance microphone—the crystal type microphone, and it must be as short as
—has an impedance that is essentially possible when it is used with any other
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form of high-impedance microphone
if reasonable frequency response is
wanted. In general, therefore, highimpedance microphone cables are
around 10 to 15 feet long; even the
longest are no more than 25 feet in
length. High-impedance microphones
must therefore be placed close to the
amplifier.

out to 16,000 cycles, the terminating
line impedance must now be 1000
ohms or less. Because it is sometimes
desirable to run microphone lines for
200 feet or more, the industry has
standardized the so-called low-impedance microphone terminations at 500
ohms, although a few manufacturers
use 200 ohms.
The connections for such a line are
LOW-IMPEDANCE LINES
shown in Fig. 4. If the microphone is
FOR MICROPHONES
a high-impedance type, transformer
Whenever it is desired to locate a T, steps down its impedance to 500
microphone at adistance greater than
ohms. If the microphone is low impedthe allowable length of high-imped- ance, transformer T„ steps up its imance microphone lines, it is necessary pedance to 500 ohms. At the amplifier,
to use aline of lower impedance. As a transformer T2 matches 500 ohms to
matter of fact, low-impedance lines the value of It1,which is usually beare generally used even for short dis- tween 50,000 and 250,000 ohms. (This
tances when low-impedance micro- resistor is used because the transphones are used.
former would be working into an
Terminating a line with lower im- "open" circuit of no definite impedpedance cuts down on the noise and ance value if the resistor were not
hum pickup because.the lower imped- present. The use of the resistor gives
ance to ground decreases the amount adefinite load for the transformer and
of voltage that can be induced by a therefore permits the turns ratio of the
fixed field. Another advantage of the transformer to be fixed.) Transformer
low impedance is that, as we indicated T2 is usually located as close as posin the discussion of high-impedance
lines, a reduction in the terminating
impedance decreases the effect of the
capacity of the line on the frequency
response. For example, you learned
that the 20-foot cable began to be
noticeably effective at 1600 cycles
when the terminating impedance value
was 100,000 ohms. This changes to
3200 cycles when the impedance value FIG. 4. How alow-impedance line is connected
to amicrophone and an amplifier.
is made 50,000 ohms. If we can get
the terminating impedances down to
10,000 ohms, we can go out to 16,000 sible to the tube VT, so that the lead
cycles before the capacity of a20-foot from the transformer to the tube grid
can be as short as possible.
cable will have much effect on the frequency response.
As we have mentioned, the line is
Reducing the terminating imped- called a 500-ohm line purely because
ances also permits the use of longer it is used between transformer termilines. If we increase the line length to nations that have this impedance
200 feet instead of 20 feet, the total value. The actual line resistance recapacity now becomes .01 mfd. To get mains that determined by the length
7

and size of the wire, and the capacity
is still determined by the size of wire,
the spacing between wires, and the
length of the line. Exactly the same
kind of cable can be used as a highimpedance line in one case, and as a
low-impedance line in another; it just
depends on the terminating impedances.
A low-impedance line does not have
to be acoaxial cable. The impedance
is so low that hum and noise pickup
is not usually a problem. However,
if conditions are such that a.c. power
lines must be near the microphone
cable, it may be best to use a coaxial
cable for a500-ohm line.
As we said earlier, 200 ohms can be
used as aterminating value if desired.
It makes little difference whether a
500-ohm or 200-ohm line is used in
most cases; the choice depends mostly
on the transformers available for
matching.
PREAMPLIFIER LINES
If a microphone must be located a
long distance from the amplifier, the
very weak microphone signal may be
seriously attenuated by losses in the
line and the transformers, and may be
interfered with by even small amounts
of hum and noise interference. In
such cases, a preamplifier is used at
the microphone location, then the amplified signal is sent down aline to the
regular amplifier.
The preamplifier is essentially just
a one- or two-stage amplifier, much
like the first stage of the regular p.a.
amplifier. The signal from the microphone is fed to this amplifier through
either a high-impedance or a low-impedance line, depending upon the type
of microphone; generally avery short
microphone line is used. The output
of the preamplifier is fed through a
matching transformer or through a

cathode-coupling connection to a 500ohm line that runs from the preamplifier to the main amplifier. At the main
amplifier, a transformer matches the
line to the grid resistor of the input
tube.
LOW-IMPEDANCE LINES
FOR LOUDSPEAKERS
At the other end of our p.a. system,
we are faced with the problem of connecting the loudspeaker to the amplifier. Here, we are working from plate
circuits, rather than into grid circuits.
Also, we are dealing with low-impedance loudspeaker voice coils. In fact,
the impedances with which we deal
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, ranging from 2 ohms to 16
ohms.
Obviously, since the signal power
levels are high, we needn't worry

FIG. 5. The resistance of the wire in a lowimpedance loudspeaker line acts as a voltage
divider with the load impedance.
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about hum and noise pickup on a
low-impedance loudspeaker line. A
twisted-pair line appropriately protected from weather and from mechanical damage is therefore entirely
satisfactory. Also, since the terminating impedances on such a low-impedance line (under 50 ohms) are quite
low, the capacity across the line will
not prove troublesome, The resistance

of the line itself is important, however.
The line resistance is distributed in
both sides of the line, one half in each,
as indicated by R, and R, in Fig. 5.
(Although we ordinarily think of copper wire as having practically no resistance, actually long lengths of wire

B & S GAUGE

D. C. RESISTANCE
IN OHM

10
12
14
16
18
19
20
21
22
23
24
26

0.0020
0.0032
0.0051
0.0080
0.0128
0.0161
0.0204
0.0256
0.0330
0.0407
0.0513
0.0816

run of this wire would therefore have
aresistance of 1.28 ohms. If we tried
to run a wire of this size and length
from an output transformer to a4-ohm
loudspeaker voice coil, we would find
that we would have appreciable line
loss because the line resistance would
be high with respect to the load impedance.
In general, engineers consider aline
loss of 15% in the 400-to-1000-cycle
range to be reasonable. Tables like
that in Fig. 7give the maximum length
of line of any one size that can be
used
for
various
low-impedance
values, assuming a maximum loss of
15%. In our example, the 100-foot
run of No. 18 wire is too long for a
4-ohm load; if we were using this load
value, we would have to restrict ourselves to 50 feet of No. 18 wire 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 impedance, as you will observe from Fig. 7.
However, large wire sizes cost con-

FIG. 6. This table shows the resistance per loop
foot of various gauges of wire.

have appreciable resistance.) These
resistances act as voltage dividers with
the voice-coil impedance ZL ;if they
are relatively high in comparison with
ZL,there will be aconsiderable amount
of power lost in the line.
For convenience in use for p.a. installations, tables like Fig. 6 give the
resistance "per loop foot for various
sizes of wire." A loop foot actually
represents two feet of wire, since it is
the amount of wire needed to connect
an amplifier to a loudspeaker when
the two are afoot apart. You can find
the total resistance of a loudspeaker
cable with the aid of such atable just
by multiplying the resistance per loop
foot by the number of feet of cable
used between the amplifier and loudspeaker locations.
As an example, let's suppose you are
using No. 18 wire, which is acommon
lamp cord size. Its resistance (Fig. 6)
is .0128 ohm per loop foot. A 100-foot

WIRE
SIZE
(B&S)
14
16
18
20

LOAD IMPEDANCE
4
a
16
OHMS
OHMS
OHMS
125'
75'
50'
25'

250'
150'
100'
50'

450'
300'
200'
100'

FIG. 7. Maximum loop lengths that can be used
with various load impedances to keep line loss
no more than 15% for audio frequencies below
1000 cycles.

siderably more money. Furthermore,
if the load consists of agroup of loudspeakers, its net impedance will be so
low that the permissible length of the
line will be severely limited. Hence,
you ordinarily will not find low-impedance loudspeaker lines that are
longer than about 200 feet and seldom
one that is over 50 feet.
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WIRE
SIZE
(B & S)
14
16
18
20

on the cost of the line; this saving is
often worth while if a long line is
used. Although, of course, we must
use transformers at each end of such
a line, such transformers may be desirable anyway to give the proper impedance matching and power transfer,
as we shall show later.
Although going to ahigh-impedance
line does solve the loss problem, it reintroduces the problem of the shunting capacity. The average capacity
of atwisted-pair electric cord is about
50 mmfd. per foot, so the line length
must be kept down if the high-frequency response is not to be seriously
reduced.
Line Lengths. Fig. 9shows achart
prepared by one loudspeaker manufacturer that permits you to determine
the length of line that can be used for
aparticular frequency response and a
fixed impedance, or permits you to determine the impedance that is neces-

LOAD IMPEDANCE
100
250
500
OHMS OHMS
OHMS
1000'
750'
400'
250'

2500'
1500'
1000'
750'

5000'
3000'
2000'
1500'

FIG. 8. Maximum loop lengths for highimpedance loudspeaker lines if 5% power
loss at the middle frequencies is allowed.

HIGH-IMPEDANCE LINES
FOR LOUDSPEAKERS
The problem of power loss on the
transmission line can easily be solved
by operating the line at ahigh impedance. This we can do by using transformers at each end of the line, one
to match the source to the line and the
other to match the line to the load.
For power transfer to loudspeakers,
terminating line impedance values
ranging between 100 and 600 ohms are
called high impedances. Notice that
these correspond to what we call low
impedances for microphone lines.
The line loss is negligible when the
termination is 500 ohms. Effectively,
of course, going to ahigher-impedance
termination means that, for the same
power, we have a higher voltage and
lower current. The reduced current
causes less drop to occur in the resistance of the line.
Fig. 8 gives line lengths that provide 5% power loss at the middle frequencies. Compare these with Fig. 7.
Incidentally, 5% losses are used for
these lines rather than the 15% value
used for low-impedance lines because
the impedance-matching transformers
have some loss. The total loss including line and transformer loss will be
kept to about 15% if the line loss is
kept down to 5%.
Obviously, we can run much longer
lines if we terminate them in high impedances. Also, we can use much
smaller wire, thus saving something
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limiting frequency due to aline capacity of 50
mmfd. per foot across a typical moving-coil
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sary at the end of the line when acertain length must be used.
As an example, let's suppose that
the line is to be 1500 feet long. Also,
let's suppose that the response is to
go out to 7500 cycles before the power
drops to half its normal value (3-db
loss). Following the dotted line (at
1500 feet) from the left scale over to
the 7500-cycle line, we find that we
strike it near point A. Reading downward along the dotted line to the bottom, we find that the load impedance
must be 250 ohms for this length and
frequency response. The wire size
necessary for minimum line loss and
for the expected capacity value is the
next larger above the point of intersection with the frequency line; in
this case, it is No. 16 wire.
If we have a fixed impedance, we
cari determine the line length for a
particular frequency response. For
example, let's say that 200 ohms is
our impedance value. Reading upward
until we strike, let us say, the 10,000cycle curve at point B, we find that
we can again use a 1500-foot line.
Notice that changing the impedance
from 250 ohms to 200 ohms allows us
to go from a 7500-cycle to a 10,000cycle response for the same line length.
If we go the other way—toward a
higher load impedance — the fidelity
will fall off if we must have a 1500foot line length. For example, at 500
ohms, the response is something under
5000 cycles for a 1500-foot line.
This same chart can be used to determine the maximum line length for
a particular size of wire and a particular frequency response. For example, let's suppose we want to use
No. 18 wire. If the frequency response
is to be within 3 db to 10,000 cycles,
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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
we can use aline length of about 1050
feet, and reading downwards you will
find that the impedance should be
about 270 ohms. If we used the more
practical impedance value of 250
ohms, which crosses the No. 18 wire
size at D, we could use a line of 1000
feet 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 our 250-ohm impedance value, point A shows alength
of about 1500 feet and a frequency
response out to 7500 cycles. Point D
at 1000 feet and the same impedance
gives afrequency response flat out beyond 10,000 cycles. If the length is
only 800 feet, the frequency response
goes out to 15,000 cycles.
To sum up: we see that if we terminate power transmission lines with
high impedances, the line losses will
in general be negligible, but the frequency response may suffer. On the
other hand, the frequency response is
good if we use lower impedances as
line terminations, but we 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 that is necessary.
Now that you have learned something of the basic characteristics of
the transmission lines used, let's turn
to the problem of impedance matching.

RED DOTS HATCH FOR LOW CApacITY
ANTENNA, FOR HIGH CAPACITY ANTENNA
INSERT PLUG WITH DOT MO FROM
POSITION SHOWN.

BULKHEAD

MOUNTING BOLTS
3
VDIA. le TFiD.

GROUND PIGTAIL
ANTENNA CABLE
VOLUME CONTROL SHAFT
TUNING CONTROL SHAFT

TONE CONTROL
SWITCH
CONTROL 8. TRIMMER LOCATIONS
BATTERY CABLE
INSTALLATION

G

WIRING
CONTROL HEAD
TO

FIG.

16.

INSTRUMENT
PANEL •

AMMETER POST

Courtesy General Electric

Another example of mounting and connecting instructions.
the

right

shows

how

the

antenna

capacity

is

Notice

the figure

at

adjusted.

of the car ammeter (which is mounted
on the instrument panel) provide a
convenient mounting point for this A
lead from the receiver. You should
connect to the ammeter terminal
which does not connect directly to the
battery, so the discharge produced by
the radio will appear in the ammeter
indication.
Sometimes connecting at the ammeter will allow a considerable

ceiver can be used with either type
with equal satisfaction, you will sometimes find both high-capacity and
low-capacity terminals provided on
the set. Follow the manufacturer's
instructions as to which terminal or
method of plug-in should be used.
Note that Fig. 16 shows one arrangement for adjusting the antenna
capacity.
One manufacturer uses a tubular
condenser which fits in the antenna
connector to reduce the capacity of
a high-capacity antenna. Be sure
not to confuse the antenna connector
for this type with afuse holder, which
it closely resembles.
Battery Lead. To provide power,
the battery lead (called the "hot" A
lead) of the receiver must be connected somewhere to the ungrounded
side of the storage battery circuit.
(The other half of the power circuit
is completed through the set mounting bolts to the frame of the car and
thus to the battery.) The terminals
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amount of interference to be fed into
the receiver. If so, run the A lead
from the receiver directly to the storage battery. As you've learned, a
storage battery in good condition acts
as alarge condenser, so aminimum of
13

Impedance Matching
of the characteristic of vacuum tubes,
the maximum undistorted power output is not obtained at exactly the same
point as the maximum total power
output. As amatter of fact, for triode
tubes, the load should be twice the
plate impedance for maximum undistorted power output. Fortunately, the
power output secured with a load of
this sort is only slightly less than that
obtained when the impedances are
properly matched.
In the case of pentode and beam
power tubes, the impedance that gives
maximum undistorted power is about
1/7 to 1/9 the plate impedance of the
tube. Although these tubes give considerably less power output when they
are operated with such loads than they
would give if their loads were equal
to their impedances, the distortion is
so severe if they are operated in the
latter manner that the power sacrifice
is considered worth while. The load
values chosen still give a reasonably
high output.
It is safe to assume that the manufacturer of an amplifier gives load impedance values in terms of the maximum undistorted power output. In
other words, when you must match a
particular grouping of loudspeakers to
an amplifier, the value specified by
the amplifier manufacturer is the
value you should match for maximum
undistorted power output.
Let's learn something about how to
match impedances.

From your earlier Lessons, you will
recall that it is necessary to match
impedances whenever maximum power
transfer is desired.
In public address work, the microphone does not, strictly speaking, require such impedance matching. Since
the microphone eventually feeds into
the grid of atube, which is avoltageoperated device, we would ordinarily
want the load impedance to be many
times higher than the microphone impedance for maximum voltage transfer. If the microphone is operated this
way, however, there will be peaks and
humps in its frequency response. It is
best to load the microphone to smooth
out these irregularities. As a compromise between the two opposing possibilities, it is common practice to terminate the microphone line with aresistor having aresistance equal to the
impedance of the microphone. Hence,
if the microphone is ahigh-impedance
type, the load into which it operates
will have the same impedance as itself. If it is a low-impedance type,
impedance-matching transformers will
be used to match the microphone to
the line and the line to the grid resistor, or a single transformer will be
used to match the microphone to the
grid resistor. (In the latter two cases,
the grid resistor is fixed by practical
transformer design and by the need to
avoid hum pickup at some value between 50,000 ohms and 250,000 ohms.)
At the other end of the system, we
are interested in making an efficient
transfer of power from the plate circuit of the power output stage to the
loudspeakers. As you have learned
elsewhere, we will get the maximum
power transfer whenever the load impedance equals the source impedance.
However, it so happens that because

OUTPUT TRANSFORMERS
Two kinds of output transformers
are in common use in amplifiers.
Each, of course, has aprimary that is
properly designed for the output tubes
of the amplifier in which it is used.
One kind is designed to match the am12

plifier output stage to a particular
loudspeaker or group of loudspeakers,
and therefore has a fixed secondary
impedance. If for some reason the
loudspeakers chosen by the manufacturer are not to be used, others having
the same voice-coil impedances may
be substituted.
The second kind of output transformer is essentially auniversal type
in that its secondary has anumber of
taps that can be used to match to any
common loudspeaker or group of loudspeakers. It is not unusual to find
secondaries that are designed to match
impedance values of 4, 8, 15 (or 16),
and perhaps 30 ohms, and in addition
have a 500-ohm and perhaps a 250ohm tap for matching transmission
lines.
Another type of output transformer
that is occasionally used is primarily
designed to match the amplifier to a
line. A transformer of this type usually has taps at about 67, 125, 250,
and 500 ohms.
Although the output transformer on
the average p.a. amplifier does contain anumber of taps, it is quite possible that the exact tap needed will not
be available. For highest possible
fidelity, the source and load impedances should be matched within 10%,
but mismatches of up to 25% may be
permissible in practice, depending
upon the fidelity demanded. If awide
mismatch must occur, it is always better to connect the loudspeaker to the
impedance tap next lower than the
load impedance to minimize loss of
power and distortion. Thus, if the
combined loudspeaker load figures out
to be, say, 6 ohms, you should use a
4-ohm tap rather than an 8-ohm tap.
Line Transformers. In addition
to output transformers, there are lineto-loudspeaker matching transformers. These are designed to match the
loudspeaker voice coil to whatever

value is needed to terminate the line
properly.
Incidentally, when we speak of the
impedances of atransformer, we refer
to the values the transformer is designed to match—not to the actual
reactances of the transformer windings. The reactance of the primary
winding (when there is no secondary
load) should be about ten times the
source impedance if good low-frequency response is to be obtained.
Then, its turns ratio should be chosen
so that the secondary load will appear
as the desired "reflected" value in the
primary. For example, if a transformer is supposed to cause a 4-ohm
secondary load to appear as a 3600ohm reflected impedance across the
primary, its turns ratio should be 30.*
The actual impedance of the primary
winding depends on the plate resistance of the tube to which it is to be
connected. If it is to be used with a
triode tube having a plate resistance
of about 2000 ohms, the primary winding should have a reactance of 20,000
ohms (or more) at, say, 400 cycles.
A 30-to-1 transformer will also
cause an 8-ohm secondary load to reflect as 7200 ohms; a 2-ohm load as
1800 ohms; a 16-ohm load as 14,400
ohms; and so forth. In other words,
a transformer having a 30-to-1 turns
ratio will always produce a reflected
primary impedance that is 900 times
as great as the impedance that is connected to the secondary. This does
not mean that the same transformer
can be used for any application in
which an impedance ratio of 900 to 1is
wanted, because there is also the requirement that the primary reactance
must be at least 10 times as large as
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*The turns ratio equals the square root of
the impedance ratio. Hence:

the source impedance to give good
low-frequency response.
Hence a
transformer designed for "3600 ohms
to 4 ohms" is different from one designed for 14,400 ohms to 16 ohms, although both have the same 30-to-1
ratio.
For this reason, transformers aren't
listed by turns ratios; they are described by the impedances between
which they are to work. Thus, one
rated at "500 ohms to 8 ohms" is designed to match a source (or a line
matched to such asource) of 500 ohms
to aload of 8ohms. However, it can
be used to match 250 ohms to 4ohms,
because the source is lower in impedance than the value for which the primary was designed. It can also be
used to match 1000 ohms to 16 ohms
with some loss in low-frequency response. In other words, the secondary
impedance can be varied over arange
from one-half to twice the value for
which the transformer was designed
without causing too great a loss in
power (under .5 db) and without .affecting the frequency response too
seriously in any but high-fidelity
systems.

generator impedance (Re) equals
twice the load value (
RL) as in this
case, we have a loss of only about .5
db. This isn't much power .loss. As
the difference between the source and
load impedances becomes greater,
however, the power loss also increases.
For example, if we have a 1000-ohm
source and a250-ohm load, Re equals
4R,, and, as the chart shows, we have
a 2-db power loss, which represents a
loss of about a third of the power.
With the impedance relationship
shown in Fig. 10A, we are not losing
much power, but the requirements
may be such that the frequency response is very poor under this condition. If the poor response is caused
by the fact that the source is not properly loaded, we can improve matters
by adding a series resistor, as shown
in Fig. 11A, having avalue such that
its resistance plus that of the load
equals the source impedance. In this
particular example, half the available
power is lost in the series resistor, so
SOURCE

LOAD

1000w
R
G

1500W
RL

IMPEDANCEMATCHING PADS
A resistor network can be used instead of transformers to make an impedance match. A disadvantage of
using the resistor network is that it
always introduces a loss; however,
there are occasions when such aloss is
permissible or even desirable.
We can, of course, connect the load
and source directly together as shown
in Fig. 10A. As long as the difference
in their impedances is not too great,
there won't be alarge power loss. For
example, in the case shown in Fig.
10A, the load impedance is one-half
the source impedance. From the curve
in Fig. 10B, we find that when the
14
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FIG. 10. The chart in part B this figure shows
how much power is lost for various relationships
between the load impedance RLand the source
impedance RG in acircuit like that in part A.

FIG. 11. Use of aseries resistor (part A) and of
an Lpad (part B) to match asource and aload.
we have a 3-db power loss—much
more than in the direct connection
shown in Fig. 10A. If the ratio of
source to load impedance were greater,
the series resistor would have to be
larger, and more power would be lost.
A bad feature of the arrangement
shown in Fig. 11A is that the load RL
does not see its own impedance when
looking back toward the source; in
fact, the series resistor has made matters worse in this respect. (When we
say that a source or a load "sees" an
impedance when it "looks" in one direction or another, we are using an engineering expression that is often very
convenient. The impedance "seen" is
the effective impedance in the specified direction. For example, the source
in Fig. 11A sees an impedance consisting of Rs and RL in series when it
looks toward the load; the load, on
the other hand, sees an impedance
15

consisting of Rs and Ro in series when
it looks toward the source.)
If the load is entirely resistive, this
won't matter at all. However, if the
load is areactive one such as a loudspeaker voice coil or a long transmission line, it is quite possible for the
load characteristics to be such that
this mismatch affects the circuit response. For example, if aloudspeaker
voice coil does not see its own impedance, it will have much higher peaks
and valleys in its over-all frequency
response.
If it is necessary that both the
source and the load see their respective impedance values (that is, if they
must both be matched), an L-type pad
like that shown in Fig. 11B may be
used. The formulas given in Fig. 11B
are correct if the source has a higher
impedance than the load. If the load
impedance is higher than that of the
source, R., should be placed between
R, and the load rather than as shown,
and the terms Ro and RI., in both
formulas should be interchanged
throughout. (That is, where RG appears, use RL,and vice versa.) If we
calculate R, and R2,using the formulas given in Fig. 11B and the source
and load impedances given in Fig. 11A,
we find that they both come out to be
about 706 ohms. In this case, Ito sees
It, and RL in parallel, with R, in series
with the parallel group. The resistance of R2 (706 ohms) in parallel with
the 500-ohm load is about 294 ohms;
this resistance in series with R, (706
ohms) makes atotal resistance of 1000
ohms.
The load sees R2 in parallel with a
series combination of RG and R, in
series. The combined resistance of
these three is 500 ohms, so the load
is matched. However, there is now
about an 8-db power loss.
Such a power loss always occurs
when pads are used to match imped-

therefore, this form of impedance
matching can be used only if the loss
is permissable. If we cannot permit
such aloss, we have to use transformers for impedance matching.

ances. The amount of the loss depends upon the ratio of the source to
the load impedance, but there is always at least some loss, and sometimes a very large one. Obviously,

Microphone Connections
The input terminals on ap.a. amplifier provide for a certain number of
microphones. The connections are
usually all low-impedance or all highimpedance types, but occasionally a
combination of these is provided. Obviously, if you use the kinds of microphones for which the amplifier input
is designed, there is no problem. However, it may well be that an amplifier
with exactly the input terminals
wanted is not available, or you may
be forced to use microphones with amplifiers that have the wrong kind of
inputs. Let's see how to do so.
High to Low. First, let's suppose
you have a high-impedance microphone that must be used with an amplifier having only low-impedance input terminals. There are two solutions
to this problem.
One solution is to modify the amplifier. The fact that an amplifier has
a low-impedance input means that it
contains a built-in transformer that
is designed to match a 500-ohm line
to the grid of the first tube. It is possible to remove the transformer and
bring the grid lead directly to the
microphone jack. If high-impedance
microphones are always to be used,
such a modification may be worth
while. However, if you believe there
may be any need in the future for
using alow-impedance microphone or
for using aline to connect the micro16

phone to the amplifier, such a change
should not be made. It should not be
made, either, if the additional length
of wire connected to the grid of the
first tube produces amarked increase
in the hum level; unfortunately, you
cannot find out whether this will happen without first making the modification.
If changing the amplifier seems inadvisable, the only solution is to use
a transformer outside the amplifier
that will match the high-impedance
microphone to the 500-ohm input. In
such cases, it is usually best to obtain
atransformer that is designed for this
particular microphone from the manufacturer of the microphone. The case
of such a microphone often contains
space for mounting atransformer right
next to the microphone. If it is possible to install the transformer at this
position without taking the microphone apart, this is the best place to
put the transformer. However, if it
is necessary to disassemble the microphone, it is better to send it back to
the factory to have this work done, or
to place the transformer at the end
of the cable, right at the input of the
amplifier. The latter method may or
may not be desirable, depending on
whether the transformer picks up too
much hum and noise; again, only a
trial will show.
Low to High. The opposite prob-

lem occurs when the microphone is a
low-impedance (500-ohm) type and
the only jacks provided on the amplifier are at high impedance. In this
case, the only solution is to use a
transformer at the amplifier input that
is designed to match 500 ohms to the
grid of the first tube. Although such
a transformer might possibly be
mounted outside the amplifier, the
chances are that the high-impedance
lead from the amplifier connecting
jack to the transformer would be so
long that it would pick up excessive
amounts of hum and noise. The most
satisfactory solution is to mount the
transformer as close as possible to the
grid of the preamplifier tube. This is
rarely a difficult problem, because the
manufacturer usually provides space
for the mounting of such transformers
inside the amplifier on the assumption
that he may be requested to supply
the amplifier with low-impedance inputs. You can probably obtain the
necessary transformer for making the
conversion as well as mounting instructions from the amplifier manufacturer.
Multiple Connections. You will
sometimes find it desirable or necessary to operate more microphones
than the input jacks on the amplifier
provide for. Although only one or two
microphones are needed for most installations, high-fidelity music pickup
or pickup from a stage often requires
the use of a number of microphones.
Since the average p.a. amplifier has
only two microphone inputs and even
the most elaborate types have only
three or four, it is quite possible for
you to need more microphone input
terminals than the amplifier offers.
There are two common answers to
this problem. If the microphones are
to be located at some distance from
the amplifier, the use of apreamplifier
may well be justified. This will per-

mit a considerable increase in the
number of microphones that can be
used, since a preamplier commonly
has four inputs, all of which feed
through the preamplifier into only one
input on the main amplifier.
Of course, if the microphones are to
be used in a location near the main
amplifier, the expense of a preamplifier may be unwarranted. In such
cases, you can use commercially available resistor mixer boxes. Fig. 12
shows the schematic of one such box,

-e
FIG. 12. The schematic of aresistor mixer box
used to mix the outputs of 3microphones.
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designed for three microphones, each
of which feeds into its own mixer-control potentiometer (R1, R2,or R2).
These potentiometers are decoupled
from each other by the resistors R.,
R5,and R.. The output of the box
goes to one microphone input on the
amplifier. Thus, like apreamplifier, a
box of this sort permits the outputs of
several different microphones to be fed
into a single input jack on the amplifier.
The mixer boxes available are corn-

monly designed for high-impedance
microphone connections. If low-impedance lines are involved, transform-

ers will be necessary for each line, so
a preamplifier will probably not be
much more costly.

Practical Loudspeaker Connections
At the other end of the amplifier, we
are faced with the problem of connecting one or more loudspeakers to the
amplifier. In the average job, usually
at most only three or four loudspeakers must be connected together. More
elaborate installations may require
the use of a great many more, however, particularly when several rooms
are to be covered. An extreme example
of this is a hotel or hospital installation in which separate loudspeakers
are wanted in a number of small
rooms; as many as 100 or more may
have to be connected in such an installation.
You have already learned how to
determine the power ratings and the
number of the loudspeakers to be used
in an installation. Now we are going
to discuss the problems involved in
connecting these loudspeakers to the
amplifier. Before we do, however, we
must learn something more about the
voice-coil impedances of loudspeakers.
Although voice-coil impedances are
always given as some definite number
of ohms, this fact does not mean that
the impedance is the same at all frequencies. As a matter of fact, the
impedance of avoice coil varies widely
over the audio-frequency spectrum,
reaching high peaks at some frequencies and falling to low values at others.
The voice-coil impedance rating of a
loudspeaker is therefore either anominal value that is representative of the
over-all characteristics, or is the impedance at some particular reference
frequency, such as 400 cycles or 1000
18

cycles. There is no general agreement
among manufacturers on how voicecoil impedance should be rated.
The variations in the impedance of
a voice coil are minimized when the
coil is properly matched to an amplifier. For this reason, you can compute
the load on an amplifier with reasonable accuracy by using the impedance
value given by the manufacturer of
the loudspeaker.
Very often you will find that you
can choose any of several different
voice-coil impedances for a given
loudspeaker that is usually equipped
with an 8-ohm voice coil may instead
be obtained on request equipped with
a 4-ohm or a 16-ohm coil. It is particularly helpful to be able to make
such a choice when you have to connect together a group of loudspeakers
and must arrive at some reasonable
combined impedance that can be
matched by available transformers.
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 are useful when several loudspeakers are to be connected in parallel, because the total net impedance
of the parallel combination will be
very low unless the voice-coil impedances are fairly high to begin with.
Now let's study several practical
examples of the problems you will
meet in connecting loudspeakers to
amplifiers and learn how they can be
solved.

shown in Fig. 15. The impedance of
this combination is the same as that
of an individual voice coil as long as
all the voice coils are the same and
are connected as shown.
As long as the loudspeakers in each
of these cases have the same voice-coil
FIG. 13. Matching impedances of parallel voice
impedances, the power will divide
coils.
equally between them. Thus, if two
loudspeakers are connected either in
LOWIMPEDANCE CONNECTIONS
series or in parallel and their voiceIf the distance from the amplifier to coil impedances are equal, each will
the loudspeakers is small, it is possible, receive half the power. If there are
as you have learned, to run lines at three loudspeakers, each gets one-third
the voice-coil impedance. In such a of the power; if there are four, each
case, if we have more than one loud- gets one-quarter of the power; and so
speaker, we can connect the voice coils on. Therefore, to make sure none of
either in series or in parallel. If we the loudspeakers in such a combinaconnect them in parallel, and all have tion will be overloaded, all we need do
the same impedance, the net imped- is make sure that each has a power
ance will be equal to the impedance rating that is greater than its fracof any one divided by the number of tional portion of the amplifier output
loudspeakers. For example, the net rating. If the amplifier is rated at 50
impedance of the two 8-ohm voice watts, for example, and we have two
coils in parallel in Fig. 13 is 4 ohms. loudspeakers, each will get 25 watts of
, We can use a low-impedance line to power and must be rated to handle it.
connect these two voice coils to the
Unequal Impedances. If the loud4-ohm tap on the amplifier output speaker voice-coil impedances are untransformer. In figuring the line loss, equal, the power distribution will also
we must use the net impedance; in be unequal. For example, when two
Fig. 13 it is 4 ohms, so the maximum unequal loudspeakers are connected
line length is figured on this basis. If in parallel, the resulting impedance is
we used two 16-ohm loudspeakers, the
Zi Z2
net impedance' would be 8 ohms; this
ZT
+
Z2
would make it possible to use alonger
line for the same wire size.
As an example, if we have an 8-ohm
If two or more loudspeakers are speaker voice coil in parallel with a
connected in series, and all have the 16-ohm speaker, the result will be
same impedance, the load will be the
8X 16
128
sum of the voice coil impedances.
8 ± 16 = —24 .= 5.33 ohms
Fig. 14 shows an example.
A tap rated at 5.33 ohms will probIt is also possible to connect the
loudspeakers in series-parallel, as ably not be found on the output trans-
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FIG. 14. Matching impedances of series-connected voice coils.
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former of an amplifier; 4 ohms is
about the closest we can expect. Connecting this group to the 4-ohm tap
will result in a certain loss of power.
There will also be an unequal power
distribution; the loudspeaker having
the lower impedance will receive the
greater amount of power when they
are in parallel. In this case, with an
8-ohm and a 16-ohm loudspeaker, 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 = E
Z;
hence, the lower the impedance, the
higher the power.) You should keep

with the higher impedance will get the
more power: in our example, the 16ohm loudspeaker would get twice the
power applied to the 8-ohm loudspeaker.
You can see 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 use loudspeakers
having equal voice-coil impedances
to secure equal power distribution, nor

2

FIG. 15. Matching impedances evoice coils
connected in series-parallel.
does the use of equal impedances mean
that the power will necessarily be
equally divided. Let's take up highimpedance lines now.

this fact in mind if you are connecting loudspeakers of unequal impedance in parallel, because otherwise you
may accidentally overload one of the
loudspeakers. If a 50-watt amplifier
•
were connected to the 8-ohm and 16ohm combination we just described,
33 1/
3 watts would be applied to the
8-ohm loudspeaker and 16% watts to
the 16-ohm one.
The 33 1/
3 watts
would be a considerable overload if
both loudspeakers were rated at only
25 watts, which is the maximum rating
for all but the most powerful loudspeakers.
If these two loudspeakers were connected in series, the net impedance
would be the sum of the two impedance values, or 8+ 16 =. 24 ohms. In
a series connection, the loudspeaker

HIGH-IMPEDANCE LINES
FOR LOUDSPEAKERS
One example of the use of high-impedance lines to match loudspeakers
to an amplifier is shown in Fig. 16.
Here there are two loudspeakers at a
location remote from the amplifier.
Since they are grouped together, however, it is practical to connect the
loudspeakers together as a low-frequency grouping, then use a transformer to match this group to the
500-ohm line. The line is then terminated at the proper 500-ohm value at
the amplifier. Operating this way, as
20
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FIG. 16. Use of high-impedance line with grouped loudspeakers.

you have learned, provides far less
line loss and permits the loudspeakers
to be placed much farther from the
amplifier. Because of shunting capacities, however, the permissible
length of the 500-ohm line depends on
the frequency range wanted. If the
line has to be so long that a 500-ohm
terminating impedance will not permit the desired frequency response to
be secured, lower impedances must be
used. Hence, in the example shown
in Fig. 16, it might be necessary to
use 250 ohms instead of 500 ohms at
each end of the line. Transformer T,
would then have to be designed to
match the impedance of the loudspeaker group to a 250-ohm line. If
the amplifier transformer did not have
a 250-ohm tap, it would be best to
replace it with one that did. Such a
replacement would, of course, have to
be designed to handle the power output
of the amplifier.
Obviously, the arrangement shown
in Fig. 16 can be used for practically
any number of loudspeakers, provided
that the loudspeakers can be connected in the proper series or parallel
arrangement to give aterminating impedance that can be matched by transformer Ti.If four or more loudspeakers are to be connected in parallel, it

is desirable to use 16-ohm rather than
8- or 4-ohm loudspeakers, because the
net impedance will be higher and
therefore more likely to be a value
that can be matched by transformer
Ti.
The statements made before about
power distribution hold here; in fact,
you can consider transformer T, to be
the same as the amplifier output
transformer. Therefore, if we use
loudspeakers of equal voice-coil impedance, they will divide the power
equally. If their impedances are unequal, they will divide the power according to their respective impedances and to whether they are connected in series or in parallel.
It doesn't always happen that the
loudspeakers are grouped closely
enough together to make it practical
to run a low-impedance connection
between the voice coils. In such cases,
the loudspeakers must be located
wherever they are wanted, and then a
high-impedance line must be run to
each location. Each location must, of
course, have its own matching transformer.
Fig. 17 shows an example. Here,
each loudspeaker has a transformer
that is chosen to match the voice-coil
impedance to the line in such a way

FIG. 17. Use of high impedance line with separated loudspeakers.
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interference will be found directly
across the storage battery itself.
Once in a while you'll find interference can be reduced by running a
ground lead from the radio case to the
grounded terminal of the storage
battery.
The battery circuit is completed by
pla •
ftrsu-in the holder (Fi').
se a10- or 15-amp. at4ofilgeome
.
1------servicemen use a 20- oi-2
.-5=amp. fuse
CLAMP

SCREW, NUT a. LOCKWASHER
BUSHING

SHIELD ' SPRING
BRAIOe.

EYELET

LOOM

CONDUCTOR
INSULATION

ANTENNA CONNECTOR
FIG. 18.
The antenna connector is longer in
diameter than a fuse holder and is in the
shielded antenna lead.

because they happen to have it, but
this is bad practice—it does not sufficiently protect the radio.
Tuck the A lead and lead-in up behind the instrument panel, out of
sight and out of the way. Fasten
them with tape if there is any chance
of their falling down in the way.
CHECKING THE RECEIVER
Now, with the receiver installed,
you are ready to try it and make the
necessary adjustments for best operation.
Since you have not yet suppressed
the interference (we will take this up
later in this lesson), do not have the
engine of the car running when you
try the set. Turn on the receiver and
tune to the frequency of some local
station. Check the operation and
calibration of the tuning dial, and
make sure the volume and tone controls work properly.
After assuring yourself that the set
is working, locate the antenna trimmer from the manufacturer's instruc14

tions. In practically all cases, this
trimmer is so placed that it can be
adjusted on the outside of the radio
to compensate for the effects of the
particular aerial used. In some instances asmall cover may have to be
snapped out of the side of the set, or
unscrewed, to reach the trimmer.
Once you've located it, tune in a
signal at the frequency indicated in
the manufacturer's instructions and
adjust the antenna trimmer for maximum output. Some are adjusted for
maximum at the low-frequency end of
the band while others are adjusted
at the high-frequency end.
Push-Buttons. Many modern auto
sets have push-buttons, which may
be mechanical, electromechanical, or
electrical. In general, the method of
FU E

INSULATION

FUSE RECEPTACLE
FIG. 19.
The fuse holder can be recognized
by its shape and by being in the A lead.

setting the push-buttons will be the
same as that for a home receiver
(given elsewhere in this Course). Of
course, you should refer to the manufacturer's instructions to make this
adjustment in the quickest possible
manner.
ADJUSTING THE GENERATOR
CHARGING RATE
The radio represents an additional
drain on the storage battery of the
car.
Since the battery is already
heavily loaded in many cars by defrosters, lighters, lights, electric oil
and gas gauges, heaters, clocks, etc.,
it is sometimes necessary to advance
the charging rate of the generator.
This is particularly true if a great
deal of night driving is done—especially in wintertime, when the engine

that the net impedance of all the voice
coils will equal the proper terminating
impedance-500 ohms in this case.
Since we have two loudspeakers, the
transformers are chosen so that their
reflected primary impedances are 1000
ohms; the net impedance of the two in
parallel then equals 500 ohms. If we
had four loudspeakers, each primary
would have to have a 2000-ohm reflected impedance so that the net impedance of all of them would be 500
ohms.
In cases like this, where each loudspeaker is to get the same power, you
can find the primary impedance each
must have by multiplying the termi-

Cm
Ce
Ce

o

example is an installation in which
high-powered loudspeakers are used in
an auditorium and one or more smaller
loudspeakers are used in side rooms to
handle an overflow crowd. Obviously,
an equal distribution of power would
overload the smaller loudspeakers or
under-drive 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.
18, in which LS, and LS, are each
rated at 25 watts, LS, is rated at 10
watts, and the amplifier has an output
impedance of 500 ohms. Our problem
is to find the primary impedance

500W

AMP.

FIG. 18. Unequal powers can be supplied to the various loudspeakers by choosing the prope
impedances for the transformer primaries.

nating line impedance by the number
of loudspeakers wanted. Thus, if there
are to be 6loudspeakers and the terminating impedance is to be 500 ohms,
6 X 500 or 3000 ohms is the primary
impedance that each matching transformer must have. Each transformer
must then be able to match this impedance to that of the voice coil that is to
be connected to its secondary. If each
transformer meets this requirement,
the power will be evenly distributed
among the loudspeakers no matter
what their voice-coil impedances may
be, since the transformers effectively
make them all equal as far as the amplifier is concerned.
UNEQUAL POWER
In many installations, we don't want
equal power at each loudspeaker. One
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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
individual loudspeaker.
3. Multiply the line or amplifier 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 loudspeakers. This
is 25 -F 25 -F 10 or 60 watts.
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 ÷ 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 T, and T, must have:
this turns out to be 1200 ohms. Multiplying 500 by 6 gives us 3000 ohms
as the impedance of the primary for
T2.
We can prove that we have found
the correct ratios by computing the
net impedance of these three primary
impedances in parallel. The net impedance of the two 1200-ohm primaries in parallel is 600 ohms; this
600-ohm value in parallel with the
3000 ohms of T. makes a net impedance of 500 ohms for the whole combination. Since this is equal to the
amplifier output impedance, the loudspeakers are correctly matched to the
line.
Effectively, therefore, if we use
transformers that will have reflected
primary impedances equal to those we
have calculated, the power will automatically be divided so that each
speaker will receive the proper
amount. Again, it doesn't matter
whether the voice coils all have the
same impedance or different impedances as long as the transformers
match them properly to the calculated
primary impedances.
Another way that we can get the
same result, and incidentally prove
that this power distribution will occur
properly, is to calculate the source
voltage needed and then to find the
impedance of the transformer primary
from the source voltage and the required power. In our example, we
have a 500-ohm source and require a
total of 60 watts. The source voltage
can be found from the formula:
£2

PsZs

where Ps is the total power of the
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source and Zs is the impedance of the
source. Multiplying 500 by 60 we get
30,000 as the square of the voltage.
By taking the square root of this value,
we find that our source voltage is approximately 172 volts.
The impedance of each primary is
given by
D

E2
—
PL

where PL is the power needed for that
particular load. As an example, loudspeaker LS 1requires 25 watts, and the
square of the voltage is 30,000. Dividing 30,000 by 25 gives us 1200 ohms
as the primary impedance, just as we
calculated' before.
As another and somewhat more difficult example, let's compute the primary impedance needed for the transformers in the circuit shown in Fig. 19.
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 respectively:
2X 25 = 50 watts
4X 5 = 20 watts
15 X 2 = 30 watts
making a total power of 100 watts.
The power ratio for the 25-watt loudspeakers is 4 (100 ± 25). For the 5watt loudspeakers it is 20 (100
5)
and for the 2-watt loudspeakers it is
50 (100 ÷ 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
(500 X 20) ;and for the 2-watt loudspeakers it should be 25,000 ohms
(500 X 50).
If we were to attempt to locate the

parts for this installation, we would
find it difficult or impossible to obtain
transformers for the 2-watt loudspeakers.
Power-handling transformers
rarely have turns ratios that would
cause a loudspeaker voice coil to appear as aprimary impedance of more
than 10,000 to 15,000 ohms at the
most. Therefore, it would be wiser for
us to use some lower value of source
impedance so that we can get this
turns ratio for the 2-watt loudspeakers
down to something reasonable.
If we use asource impedance of 125
ohms, the 25-watt loudspeakers will
require primary impedance values of
500 ohms (125 X 4), the 5-watt

loudspeakers will require 2500 ohms
(125 X 20), and the 2-watt loudspeakers will require 6250 ohms
(125 X 50).
Transformers having
the necessary turns ratios to produce
these impedances 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 transformer rated to match two specific impedances can often be used for other
impedances that are in the same pro:
portion. For instance, a transformer
listed to match 4000 ohms to let's say

AMP.
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FIG. 19. A small hotel installation in which unequal powers must be applied to the loudspeakers.
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impedance is always less than the
actual primary reactance of the transformer, so there is little frequency
distortion. Notice that this is different
from what you learned earlier in
this Lesson about microphone-to-line
transformers.

an 8-ohm loudspeaker can also be used
to match 2000 ohms to a4-ohm loudspeaker, and can be used to match
8000 ohms to a 16-ohm loudspeaker
with only a slight loss in fidelity.
Line-to-loudspeaker transformers can
be used this way because the source

Loudspeaker Switching; Equalizers
In any installation involving alarge
number of loudspeakers, such as a
hotel installation where loudspeakers
are in separate rooms, it will always
be necessary to make it possible for
loudspeakers to be cut in and out at
will to suit the desires of the listeners.
As we have just shown, however, the
loudspeakers are all matched to the
line. If we attempt to cut any of them
in or out simply by throwing aswitch,
we will upset the impedance matching
and the power distribution. If even
one loudspeaker is cut off, the power
applied to the others will increase to
some extent; if many small or one or
two large ones are cut off, the power
increase may be so great that small
loudspeakers left in the circuit will be
ruined. Even if the remaining loudspeakers are not damaged, the frequent changes in volume level as loudspeakers are cut in and out will be
highly undesirable. To prevent such
effects, it is common practice to arrange the circuit so that a resistor is
substituted for the loudspeaker when
the latter is out of the circuit. This
keeps the total impedance of the circuit constant at all times and therefore prevents any variation in the
power applied to the individual loudspeakers.
One such arrangement is shown in
Fig. 20A. Resistor R, equals the voicecoil impedance. When switch S is in

the position shown, resistor R, is connected to the line in place of the loudspeaker; when Sis thrown to the other
position, the loudspeaker is energized
and the resistor is cut out. Effectively,
therefore, there is a constant-impedance load on the line regardless of the
position of switch S.
When transformers are used to
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FIG. 20. Two ways of keeping the impedance
of a line constant whether loudspeakers are
switched in or out.

match the individual loudspeakers,
the arrangement shown in Fig. 20B
may be used. Here the value of R,
corresponds to the reflected primary
impedance of transformer T,. Again
the line is not upset whether the loudspeaker is switched in or out.
It is often necessary to make some

provision for adjusting the volume
level of individual loudspeakers as
well as for cutting them in or out. A
hotel room or hospital installation is
a practical example of one in which
avolume control for each loudspeaker
is needed.
Again, it is necessary to be able to

FIG. 21. Typical L pad (part A) and T pad
_
(part B).

control the volume without upsetting
the impedance match. Therefore, instead of using an ordinary volume
control (which could not handle the
power anyway), some kind of special
attenuator is used for controlling volume at the loudspeaker. This attenuator is commonly either an L or T
pad, so designed that it offers constant impedance at least to the source,
and preferably to both the source and
loudspeaker loads. Fig. 21 shows typical examples of the L and T connections. The resistor values are so
tapered that the proper impedances
are maintained. Sometimes these pads
are continuously variable, sometimes
they are switching units that use fixed
resistors to produce a certain amount
of attenuation at each position.
In either case, these attenuators are
designed to operate between definite
impedance values. In the case of the
kind shown in Fig. 21, they must be
26

designed to operate at the voice coil
impedance.
CROSS-OVER NETWORKS
In high-fidelity systems, dual loudspeakers are used to give agood overall frequency response. One is a lowfrequency or woofer type and the other
a high-frequency or tweeter unit. A
much better over-all frequency response can be obtained by the proper
use of such combination speakers. The
woofer speaker can be designed to
handle the low frequencies exceptionally well, and the tweeter will give an
extended high-frequency range.
However, it is necessary to prevent
high frequencies from being fed to the
woofer and to prevent low frequencies
from going to the tweeter. Fig. 22
shows a typical cross-over network
that is used to direct the various frequencies to the proper loudspeakers.
It consists of ahigh-pass filter, C1-4.,
and a low-pass filter, 02-4. In the
high-pass filter, condenser Ci is small
in capacity and therefore offers ahigh

FIG. 22. Typical cross-over network used to
separate the frequencies fed to the loudspeakers
in atweeter-woofer combination.

impedance to low frequencies. L1 at
the same time offers low impedance at
low frequencies, with the result that
practically all low frequencies are
dropped across C and are not applied
to the tweeter. As the frequency goes
up, however, C1drops in reactance and
L1 increases, so an increasing amount
of power is applied to the tweeter.
The opposite action occurs with the

s

low-pass filter 14 2-02 that is connected
to the woofer. Here, only the low frequencies get through.
The exact design of the high- and
low-pass filters that make up this network depends upon the "cross-over"
frequency. The cross-over is the frequency at which the woofer response
should begin to die out as the tweeter
response begins to increase. The frequency at which cross-over occurs depends on the loudspeaker design.
Some loudspeakers are designed for
cross-overs around 200 to 400 cycles,
others may have cross-overs in the
range between 1000 and 3000 cycles.
Therefore, the cross-over network used
must be designed for the particular

ably close to the expected design
values. However, it is possible that
peaks or valleys will appear in the
response of a system when it is assembled. This may well occur if all
of the components—the microphone,
the amplifier, and the loudspeakers—
happen to have peaks or dips in their
response that occur at about the same
frequencies.
The amplifier will usually have a
tone control that will compensate for
most of this kind of difficulty. However, there may be installations—particularly those in which transmission
lines are used—in which it is not desirable to depend entirely on the tone
control. For example, let's suppose

R1
..«AMAr

II

Ci

FIG. 23. Simple equalizer circuit used to correct
high-frequencyZattenuation.

loudspeaker combination that is being
used. This means that you must select
loudspeakers that are designed to work
together—you can't just combine a
small loudspeaker and alarge one and
hope to make them work well together.
The design of the loudspeaker must be
carefully worked out if asmooth overall response is to be obtained.
If the low-pass and high-pass filters
are properly designed, the net impedance at the input terminals of the two
loudspeakers will remain practically
constant—effectively, as the impedance of one drops, that of the other
will rise to compensate for it.
EQUALIZATION
Ordinarily, the over-all response of
acomplete p.a. system will be reason27

that aline somewhat longer than usual
is required and that the high-frequency response has suffered accordingly. It may well be that the tone
control of the amplifier is unable to
make up this deficiency or is able to
do so only by being turned to maximum treble gain, in which latter case
there will be no reserve left for boosting the high frequencies in programs
that need it. In either case, some other
method of correcting the high-frequency attenuation should be used. If
there is enough gain in the amplifier
to permit us to throw away half the
voltage, the equalizer shown in Fig. 23
can be used. Here, condenser 0, has
acapacity that is approximately equal
to the total capacity introduced by the

line. Resistors R, and R2 have equal
resistances. Under these conditions,
the over-all gain is reduced one-half,
but the frequency response is extended
considerably. The over-all response is
also flatter. Incidentally, when impedance matching is important, the sum
of R1 and R2 should equal the desired
terminating impedance for this line.
Obviously, equalizers like this one
can be used only where there is sufficient reserve gain to make up for the
loss introduced by the equalizer.
Equalizers are also used for somewhat different purposes with phonograph pickups. A pickup may have a
fairly high response in the region between 5000 and 7000 cycles, with the
result that the normal record noises
may prove annoying to some listeners.
They may be willing to sacrifice fidelity to get rid of such noise. In such
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FIG. 24. Scratch filters for a crystal pickup
(at A) and for amagnetic pickup (at B).

cases, scratch filters like those shown
in Fig. 24 may be used. That in Fig.
24A is for use with a crystal pickup
and that in Fig. 248 is for use with
the magnetic pickup. Typical values
of the circuit components are shown
in each instance.
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Rudyard Kipling once said:
"We have forty million reasons
for failure—but not a single
excuse."
Before you argue or disagree with that statement,
think just a minute about a few world-famous men who
had reasons to fail:
Steinmetz, the great electrical genius, was severely
crippled and practically blind. But he did not use his
ailments as excuses.

When the going is tough, think about Kipling's statement—and think about the marvelous accomplishments
of men who had reasons for failure, but who refused to
use these reasons as excuses. Other men have overcome
difficulties and handicaps—have succeeded in spite of
troubles and difficulties. So can you!
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setting mechanical push-buttons after the installation.

is hard to start, and the consequent
longer use of the starter motor puts
a severe extra drain on the battery.
The charging rate should not be
made so high that the battery is overcharged, however; the usual range is
up to 15 or 20 amperes. Here again,
the advice of a good auto mechanic
will be helpful.
Some cars have automatic means of
adjusting the charging rate, but in
most cases it is necessary to adjust
the third brush on the generator. If
you remove the commutator cover,
you will see this third brush located
between the two main brushes—in
contact with the commutator, of
course. You can usually move this
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brush holder by loosening a screw or
clamp. Moving the holder in the
direction of armature rotation will increase the charging rate, while a reverse movement will cause adecrease.
After you've made the adjustment,
run the automobile engine and watch
the car ammeter to make sure the
charging rate has increased, but has
not increased too much.
It is well to caution the receiver
owner that the condition of the battery should be checked frequently
with ahydrometer. If the battery is
somewhat low, it should be brought
up to full charge by a service station
and then frequently checked to see
that it stays reasonably well charged.
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OU have already studied the
yequipment
used in public address
systems. In this Lesson, you will
learn how to put this equipment to
work in typical indoor, outdoor, and
mobile p.a. installations.
Commercial p.a. installations are
not usually very complicated from
the technical viewpoint. Mechanical
problems met in mounting loudspeakers or in running cables may make
some jobs rather difficult, but the electrical and acoustical theory involved
is generally fairly simple and straightforward. We shall, therefore, Concentrate mostly on the practical aspects
of p.a. installations in this Lesson.
We shall also restrict ourselves to
discussing
installations
that
are
bought by the customer, rather than
rented, except in the case of mobile
installations. The typical rented installation is rather simple. If you go
into the business of renting p.a. systems, you will undoubtedly have a
stock of conventional medium-power
amplifiers, some portable loudspeakers, a few dynamic microphones, and
one or two record players. You will
use this same equipment for all jobs

as far as possible; obviously, you cannot afford to buy special equipment
for one-time use. In other words,
each job will be an adaptation of your
existing equipment rather than an installation tailored for a particular
problem. An installation that you
sell, on the other hand, must meet the
specific requirements of the location,
and will therefore introduce problems
in the selection and installation of
equipment.
ADVANCE PLANNING
The simplest p.a. job, and perhaps
the most common one, consists of
making a temporary installation of a
single microphone, a small amplifier,
and one or two loudspeakers. These
latter are usually housed in carrying
cases that serve as baffles. Such an
installation requires little or no advance planning if you are sure that a
source of electrical power is available
at the location to be used and that the
equipment is adequate for the job.
Any more complex installation, however, requires careful planning and
preparation before the installation is
made.

This planning consists d making a tion you need to plan a commercial
careful, detailed study of the location
at which the installation is to be made
and of reducing the results of your
survey to written data that will show
you exactly what is required to do
the job. Naturally, the extensiveness
of your study, and the completeness of
your report, will depend on how complicated the installation is to be, but
you should make an adequate study of
every job except the simplest ones.
Doing so makes it certain that you
can set aprice for the job that will be
fair both to you and to your customer,
and eliminates any chance of your
running into unexpected difficulties.
Since proper advance planning is
very important in a p.a. installation,
let's spend a few moments now to
learn just how you should go about
making ajob survey. There are three
things to do:
1. Make a study of the location.
2. Make a sketch of the location,
showing its shape, its important
dimensions, and where the equipment is to go.
3. Put into writing other information
gained from your study that will
help you plan the installation.
To take care of this third step, it is
agood idea to use aprinted or mimeographed form that is complete enough
to cover the most complicated job.
Using such a form, rather than just
taking notes, will keep you from forgetting to get some information that
you will need.
A typical form is shown in Fig. 1.
It is complete enough so that all the
data required for alarge, complex installation can be entered in it. On
simpler installations, of course, you
would not fill in the whole form—just
the sections required for the particular
job.
To show you the kind of informa-

p.a. installation, let's discuss each of
the headings on this job survey form
one by one.
The need for the four items above
the line on the form—the file number, the date, and the customer's
name and address—is obvious.
The first heading under the line is
"purpose of installation." State here
briefly what the installation is to be
used for, such as "music and voice in
dance hall" or whatever it is. Be sure
to learn whether the installation is to
be used for voice alone, or for both
voice and music.
•
Next, list the acoustical facts. If it
is an indoor installation, make the
proper entry beside the headings
"Room Volume, cu. ft.," and "Number
of Seats." Also, put check marks in
the appropriate places to indicate
whether the floor is hard, medium, or
soft; whether the walls are hard, medium, or soft; and whether the ceiling
is hard, medium, soft, flat, or curved.
These acoustical qualities of a room
were discussed in earlier Lessons, to
which you should refer if you have
forgotten what each of the terms
means.
Next, determine what the noise level of the room is when it is being put
to its intended use. If possible, visit
the room while it is in use; otherwise,
estimate what the noise level will be.
Put a check mark on the form in the
proper place to show whether the
room is very noisy, noisy, medium, or
quiet.
Next, under the heading "Remarks,"
make notes about any special conditions that may require unusual treatment. For example, if the room is
made noisy by sound coming from a
motor room or a kitchen, you may
want to recommend the installation of
a wooden partition or a special door
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JOB SURVEY FCRM
Date

File No.
Customer's Name
Address
Purpose of Installation
ACOUSTICAL DATA

Room Volum, cu. ft.
No. of Seats
Area, sq. ft. (outdoor only)
Floor: HardEpiediumE3Softrj
Walls: RardEjMediumElSoft0
Ceiling: HardaMediumsSoftsFlatsCurveds
Noise Level: Very NoisysNoisymMediumoQuiets
Remarks
EQUIPYiNT
No. of Loudspeakers
Remarks

Make

Model
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FIG. 1. This is asample of the kind of job-survey form you should make up for use in planning
p.a. installations. To economize on space, we have left out some of the blank lines that you would
normally use in asheet of this sort. For example, you would probably want to use two or three
lines for "Remarks" in each instance, although we have left but one.
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to cut down the noise. If there are
marked reflection effects, you may
want to install a drape or curtain on
one or more walls or put sound-absorbing material on the wall, floor, or

ceiling. Make notes about any such
conditions, because they will be important in your computations of the
cost of the job.
If the installation is to be made in
an outdoor location, enter the area in
square feet in the proper place on the
form. Determine the noise level at
the location when a normal-sized audience is present, and check the form
in the proper place to show whether
the location is very noisy, noisy,
medium, or quiet.
Next, under the heading "Remarks,"
make notes about any steady or intermittent sources of noise, such as
nearby trains or heavy traffic, or anything else that will play apart in determining the equipment you should
use for that location.
The information thus far recorded
will let you compute how much power
will be needed to supply an adequate
volume of sound. This, of course, has
an important bearing on the number
and type of loudspeakers to be used
and on the amplifier to be selected.
The rest of the form can be filled
out either when you make the first inspection of the location or afterward,
depending on how complicated the installation is going to be. If it is a
simple one, you can specify such things
as the locations of loudspeakers and
microphones as soon as you have inspected the location; on more complicated jobs, you will want to do some
figuring first. In either case, the next
thing to be entered on the form is information about the loudspeakers.
Courtesy University Loudspeakers, Inc.
Enter first the number of loudspeakThis is a typical church installation in which
ers, then the make and model of each.
reflex trumpets are used instead of bells in a
(You will probably specify the make
steeple. Louvered openings (shown in the back
walls of the steeple) permit the sound to escape.
and model only after you have done
This system is popular because it is far cheaper
the rest of your figuring and are makto play recorded bell selections through an
ing up final specifications for the job.)
amplifier and project the music through the loudspeakers than it is to install aset of bells. A
Finally, enter any remarks you want
great many recordings of bell music are available
to remember about special locations
for such use.
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and so forth. The actual placement
of the speakers you should indicate on
the sketch you draw of the location.
Similarly, enter the number of microphones, their makes and models,
and any special remarks about them
in the next section of the form. The
use to which the installation is to be
put will usually determine the number of microphones. Again, you will
probably not specify makes and models until you are making your computations. The locations of the microphones should also be shown on your
sketch of the installation.
If a radio tuner input is to be used
with the installation, note that fact
on the form by putting a check mark
after the heading "radio tuner input."
Enter the make of the tuner and the
type of power supply required (separate or built-in.).
Similarly, if arecord player is to be
installed, put a check mark on the
form after the heading "phono input."
Also check the form to show whether
one or two turntables are to be installed and enter the make and type
(single-play, changer, mixer-changer)
in the spaces provided on the form.
Next, specify the details of the wiring that will be necessary to connect
the various parts of the installation.
Space is provided for loudspeaker wiring, microphone wiring, radio-tuner
wiring, and power wiring. In each
case, record the type, size, and length
of wire needed. For example, if you
are going to need twenty feet of No.
14 BX cable to a high-power loudspeaker and a light twisted pair to a
small loudspeaker, record these facts
by saying simply "20 feet No. 14BX
to 25-watt driver," and "30 feet No.
18 lamp cord to single 5-inch p.m."
Similarly, list the microphone, record
player, radio tuner, and power wiring
by type, size, and length of wire or

cable.
(In many installations, of
course, it will not be necessary to install special power wiring, since there
will be outlets available into which
the various pieces of equipment can
be plugged.)
Information about the record-player
wiring and radio-tuner wiring should
all be concerned with the actual audio
line from the equipment to the amplifier, not with any power wiring that
may be necessary for them.
This
latter information should be listed
under power wiring.
The general positions of all important wires should be shown on your
location sketch. If there is apt to be
any confusion because of the complexity of the installation, assign each
circuit a number on your diagram
and refer to the particular wire or
cable by that number on your record
sheet.
Once you have the facts Concerning
the speakers, microphones, and so
forth, you will be able to select the
type of amplifier needed. Space is
provided on the form for you to show
the number of amplifiers. If only one
is to be used, list its make and model,
its power output, its output impedance,
the db gain of the microphone channels, the db gain of the phono channels,
the number of microphone inputs, the
number of phono inputs, whether or
not aseparate power supply is needed
(you would fill this in as either "separate" or "built-in"), and the number
of gain controls. There are also spaces
that you can check to show whether
the amplifier has a bass tone control,
a treble tone control, or both, and to
show whether the amplifier has ahighfidelity response, astandard frequency
response, or aspecial response. (This
last refers to an amplifier used for
some special purpose requiring an extended low or high range of frequen5

cies.) Finally, there is a space for
you to enter any special remarks that
you feel will be helpful.
If more than one amplifier is to be
used, and they are all identical, this
listing will serve for all. If two difrerent amplifiers are used, list the
data on one above that on the other,
using the same blanks for both. In
this latter case, be sure you are consistent about keeping the data on one
amplifier on top.
This completes the information
needed to plan the installation. In
addition, of course, you need to make
an accurate estimate of the cost of
the installation for the customer.
Space is provided on the form for this
under the heading "COST ANALYSIS." Here, enter the list price of the
amplifier, the loudspeaker system, the
microphones, the record players, the
radio tuner, and the cables. In addition, list the cost of the labor to the
customer.
You may, if you wish, charge afiat
fee for the labor involved in the installation. However, if the work is
to be done partially or wholly by some
one else—say by alicensed electrician,
as is required in many communities—
you'll probably not have any very
good way of estimating just what the
cost of labor will be. It is better, in

this case, to bill the labor as "time
and material." This means that the
customer. is to pay for the material
used and for the time actually spent
in making the installation. The perhour charge for labor should also be
quoted; this figure should be high
enough to cover the actual time charge
of the workmen plus a reasonable
profit for yourself. Be sure to remember this last item, because, on
most jobs, the greater part of your
profit will probably come from the
labor charge.
In the space marked "Maintenance
Agreement"• write the details of any
agreement you entered into with the
customer about maintaining the equipment. For example, you might have
an agreement to furnish one year's
service at acost to the customer of $10
per call plus cost of replacement parts,
or you might offer free service for 3
months and future service for an annual fee.
When you have completed filling
out the form, make a copy for your
customer, sign both copies yourself,
and have him sign both copies also.
If you feel it to be desirable, you can
have both signatures notarized by a
notary public; space for this is provided in the form.
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Indoor P.A. Installations
mercially available size, will provide
enough power for the installation.
Amplifier. The Bogen E14 amplifier
is well suited to this installation. Its
schematic diagram is shown in Fig. 3.
This amplifier has two high-impedance microphone inputs and one
phono input. Other models are available in which either or both of the
microphone channels are low impedance.
The amplifier delivers 14
watts at less than 5% distortion, and
has a.peak power of 25 watts.

Now that we've seen the general
procedure to follow in making advance
plans for any kind of installation, let's
study in detail several typical installations—one of low power, one of
medium power, and one of high power.
We'll take up the low-power installation first.
LOW-POWER INDOOR SYSTEM
Let's suppose someone has asked
you to install a small, low-power p.a.
system for a large business luncheon
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FIG. 2. This shows the sort of information you
should put on asketch of aproposed installation. You need not be as neat as this in your
drawing, but be sure to take reasonable pains
with it so that your Anished sketch will be a
recognizable plan of the installation.

where an audience of 100 people is
expected.
The first step, as you know, is to
inspect the location. Then you should
make a sketch of the location and fill
in the parts of the job survey form
that apply to the particular job.
Let's suppose your sketch of the
location is like that shown in Fig. 2.
This sketch shows the general location
of the mike, loudspeakers, and audience. As you can see, one microphone
and two loudspeakers are to be used.
We'll assume that your studies of
the location show that apower output
of approximately 12 watts is needed
to provide sound coverage of the room.
A 14-watt amplifier, which is a corn-

As you cam see from the diagram,
the microphone inputs feed into separate 7B4 voltage amplifier tubes, the
outputs of which are fed to the grid
of one section of a 7F7 dual triode.
The output of this tube is fed to a
voltage amplifier-phase inverter stage
in which a 7N7 dual triode is used.
The output of this last stage is fed to
the control grids of the output stage,
in which a pair of 6L6's in push-pull
is used.
The phono input is applied to the
grid of the other section of the 7F7
voltage amplifier, the plate of which
is connected in parallel with the plate
of the other section. All three inputs
are therefore mixed before reaching
7

the control grid of the 7N7 voltage
amplifier section. The volume level
of each input is controlled earlier in
the circuit by separate potentiometers.
A tone control circuit is incorporated
in the grid circuit of the voltage
amplifier section of the 7N7 stage.
The output of the amplifier is fed
to two paralleled 5-hole speaker
sockets. The output impedance of the
amplifier at these sockets can be adjusted by connecting a flexible lead
to any one of five terminals on a
strip on the back of the amplifier. The
available output impedances are 4
ohms, 8ohms, 15 ohms, 250 ohms, and
500 ohms.
A common (grounded)
terminal is also provided on this strip
so that you can, if you wish, connect
speakers directly to the strip instead
of to the speaker sockets.
Microphones. Either acrystal or a
dynamic high-impedance microphone
can be used with this amplifier. The
microphone you choose should have a
cardioid pickup pattern, since it is
intended for use by someone speaking
rather than for general sound pickup.
The dynamic microphone is preferable in that it is more rugged than a
crystal and less susceptible to damage
if it is stored some place where the
temperature becomes high. However,
a good dynamic costs more than a
good crystal microphone, so, if price
is an object, it may be better to use the
crystal type.
A reasonably good
crystal microphone will be perfectly
adequate for the job it has to do in an
installation of this sort.
Shielded lines must be used to connect the microphone or microphones
to the amplifier. These should be not
over 25 feet long, and preferably
shorter.
(If the microphone cable
run must be longer than 25 feet, you
should use a low-impedance microphone and the model of the amplifier
8

that has a low-impedance input.)
Standard shielded lines are available
that are automatically grounded when
the plugs at their ends are connected
to the amplifier.
Loudspeakers. Two 8-watt loudspeakers will provide sufficient sound
coverage in aroom of this size. These
can be mounted in wall baffles that
are secured to the side walls of the
room. One should be near the front
of the room and the other near the
rear. It is probably best to mount
them both on the same wall, although
it will be well to experiment to see
whether it might not be better to
mount them on facing walls. They
should not, of course, be directly across
from one another.
Alternatively, you can use cone
loudspeakers mounted in projectors.
These are provided with mounting
arms that can be secured to the wall.
The projector can then be aimed in
any desired position. If you use these
projector loudspeakers, you should
mount one on either side of the room
slightly ahead of the speaker's table,
aiming them so that their sound patterns cover the room completely.
It would be possible to use one loudspeaker instead of two as far as power
requirements are concerned. In an indoor installation of this sort, however,
it is better to use at least two loudspeakers to secure even sound distribution.
Whatever loudspeakers you use,
make sure that they are placed so that
their sound output does not reach the
microphone. Otherwise, there will be
a feedback of acoustical energy that
can cause howling.
Installation. The installation of a
system of this kind is not at all difficult. Essentially, all you have to do
is connect the microphone and the
speakers to the amplifier, and plug the
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FIG. 3.

Schematic diagram of aBogen E14 ampliRier.

Eliminating Ignition Interference
An important job in any installation is cutting down the interference
generated by the car's electrical system. This is always necessary in a
new installation and, because of
loosening of chassis bolts in the car
and general deterioration in the ignition circuit, additional elimination
steps may become necessary after six
months or ayear of operation.
You've learned that interference
comes from the ignition circuit, the
generat,or and low-voltage wiring,
wheel and tire static, electric gauges
and indicators, and from special appliances such as heaters, electric
lighters, etc. Regardless of the source,
the interference must enter the set
through the antenna and lead-in, the
A lead, the control cables, or by direct
chassis pickup. To some extent, the
method of entry depends upon the installation. For example, an antenna
on top the car will be much less subject to wheel static than one underneath or on the side of the car.
There are two general methods of
reducing this interference—we can
suppress it at the source, or we can
introduce shielding between the source
and the point of entrance into the
radio.
Suppression is usually the easier
method, but since we must not affect
the operation of the automobile adversely, there are definite limits on
the kinds of suppression which can be
used.
For this reason, we usually take
advantage of the fact that the engine
of the car is more or less completely
enclosed in metal which can be made
to act as a shield if all of it is properly bonded (electrically connected
together). For example, if we bond
the radiator, engine hood, oil pan and
16

fire-wall together, we cut down very
effectively the amount of radiation
from the engine compartment. This
is not aperfect shield, however; some
radiation may still escape through
various openings in this compartment,
in addition to the interference which
is conducted out over the low-voltage
wiring and through control rods, gear
shift levers, brake and clutch pedals,
steering gear column, etc.
Almost never can you take out
every last bit of interference. When
tuned between stations, it will almost
always be possible to hear some noise.
However, you can consider the job is
finished if you can tune to relatively
weak stations and hear programs
without noticeable interference.
Now, let's take up the interference
eliminating procedures. We'll start
first with the basic elimination procedures—the steps that are practically
always taken regardless of the car's
make and model.
BASIC ELIMINATION PROCEDURES
Practically all the equipment necessary for eliminating or minimizing
auto radio interference is readily
available from the wholesale supply
houses. In most cases, the apparatus
is made specifically for auto use—
some parts being made for specific
makes and models of automobiles.
You won't have to worry about condenser capacity or resistor values
either; you just purchase the parts
needed according to their location
and the car model. Thus, adistributor suppressor has a different resistance than aspark plug suppressor, but
they are sold for their particular use
and look different so you won't have
any trouble telling them apart.
The bypass condensers used are
metal-clad. This metal case keeps
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amplifier into the power source. You
will, of course, have to make acareful
check of the system in operation to be
sure that feedback and howling will
not occur even when the amplifier is
delivering maximum output. If you
find it impossible to prevent some
feedback at maximum output, you
have to determine the maximum output at which howling will not occur;
AMPLIFIER AND RECORD PLAYER

-à
to

150 SEATS

J

300 SEATS

ROOM HAS 20' CEILING

announcement to speak louder than
normal. When the luncheon is finished
and scheduled speeches are being
made, the noise level will be considerably lower and it will be desirable to
reduce the amplifier output. Therefore, you should instruct the customer
or one of his representatives in the
manipulation of the volume and tone
controls of the amplifier. If you have
found it necessary to use less than
maximum output to prevent acoustical
feedback and howling, be sure to point
that out to him.
In addition, teach the customer or
his representative a few simple facts
about the proper care and use of the
equipment. If the microphone is to be
stored when it is not in use, show him
how to disconnect it and, if it is acrystal microphone, warn him about the
effect of heat on the crystal. A little
time spent in teaching someone how to
use equipment properly may save you
future complaints from the customer.
Now, let's see how you would go
about installing a medium-power
sound system.
MEDIUM-POWER INSTALLATION

AISLE

The sketch of a typical mediumpower p.a. installation is shown in Fig.
4. This installation is to be used to
reproduce both voice and recorded
music in an auditorium seating some
600 people. The reproducers are to
be mounted on or near the stage. We'll
assume that your preliminary acoustical studies have shown that apower
of 25 watts will be needed.
A 25-watt amplifier like the Thordarson T-31W25A shown schematically
in Fig. 5 will provide the necessary
power. You can see from the schematic
that this amplifier has two microphone
inputs and one phono input. The
amplifier is normally built with highimpedance microphone inputs, but

80'

FIG. 4. Sketch of the auditorium installation
discussed in the text. The part of the stage that
is used for productions is enclosed by the wavy
lines. As much as possible audio equipment
should be kept outside of this area.

this output level must then be considered to be the maximum usable output of the system.
A certain amount of monitoring is
needed when au installation of this
sort is in use. During aluncheon, the
noise level in the room will be quite
high. If announcements must be made
during this time, it will probably be
necessary to run the amplifier 'at full
output and for the person making the
10
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FIG. 5.

Schematic diagram of the Thordarson T-31W25A 25-watt p.a. amplifier.

models with low-impedance inputs can
be secured. Circuits for both types are
shown in the diagram. The phono input is always high impedance.
Amplifier. Each microphone channel has a preamplifier stage in which
a 6SJ7 is used. The outputs of both
these stages and of the phono channel
are applied to the grid of another
6SJ7 that is used as a voltage amplifier. The output of this stage is applied to a 6N7 driver stage that feeds
the output stage, which contains two
6L6 tubes connected in push-pull. The
6N7 is a dual triode, but, in this use,
its plates, grids, and cathodes are
paralleled to double its power-handling capability.
The output transformer has a
tapped secondary that offers output
impedances of 4, 8, 15, 125, 250, and
500 ohms. A selector switch permits
any of the taps to be connected to
two paralleled sockets into which the
speakers or the audio line is plugged.

Each channel contains a potentiometer by which the volume level of

that channel is controlled. The amp-

lifier

has no master volume control

with which the volume in all channels

can be controlled simultaneously.
The frequency response of the amplifier is flattened by the use of inverse
feedback in the 6SJ7 stage just aheadl
of the driver stage. There are two.
feedback paths, one from the secondary of the output transformer to the
cathode circuit of the 6SJ7, and the
other from the plate circuit of the 6SJ7
back to the grid.
The amplifier has a bass and a
treble tone control. The bass control
consists of Co and variable resistor
R10 . Condenser Co is used in the
coupling circuit between the 6SJ7 and
the 6N7. Resistor R10 is shunted across
it. The influence of Co on the frequencies passed to the 6N7 can be
varied by varying the resistance of
R„. When R10 is adjusted so that

Courtesy Montgomery Ward

This is a typical temporary p.a. installation. Notice the amplifier beside the music stand at the
extreme left. Cone loudspeakers mounted in projector housings are used. These housings, which
have flared openings, give the loudspeaker output a certain amount of directional effect. Notice
that the projectors are ,ocated ahead of or beside the microphones; this eliminates direct acoustical
feedback and lessens the danger that the system will go into oscillation.
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its resistance is maximum, the lower
frequencies in the signal are dropped
in 09;when R19 is adjusted to have
zero resistance, C, is effectively removed from the coupling circuit, and
the low frequencies in the signal are
passed on to the grid of the 6N7.
The treble tone control consists of
potentiometer R,, and condenser 010 .
The two ends of R2, are connected
between the grid of the 6N7 and
ground, and C1,is connected between
the slider of R, 0 and ground. When
the slider is run to the upper end
of R,,, the higher frequencies are bypassed around the grid resistor, and

cycles. When these controls are in
their normal positions, at which they
provide no attenuation, the frequency
response of the amplifier is flat within
1db from 30 to 15,000 cycles.
Loudspeakers. Assuming that your
figure of 25 watts is based on the use
of high-efficiency loudspeakers, you
must select either folded auditorium
horns or reflex trumpets for this installation.
Trumpets are not particularly suitable for use in auditoriums, particularly when music is to
be reproduced. For one thing, they
have a directional effect, and would
therefore not provide even sound coy-

Courtesy Thordarson

The Thordarson T-31W25A 25-watt ampliner.

erage of the auditorium unless they
were very carefully aimed.
Even
more important is the fact that they
have restricted low-frequency response, and are therefore not well
suited to the reproduction of music.
The folded auditorium horn is
superior to the trumpet in both respects.
It offers wide-angle sound
coverage and reproduces sound with
much better fidelity. It has certain
disadvantages, also: it is expensive,
bulky, and heavy. There is, however,
no better choice available where both
high fidelity and high volume levels
are needed.

the high-frequency response of the
amplifier is therefore reduced. When
the slider is run down to the lower
end of the potentiometer, the condenser C,, has no effect on the signal.
As you can see from this description, these tone controls are attenuators; that is, they can decrease the
low-frequency or high-frequency response, but cannot boost it above the
normal level. The bass control provides an attenuation of 20 db at
50 cycles and 12 db at 100 cycles.
The treble control gives an attenuation of 40 db at 1000 cycles, 15 db
at 5000 cycles, and 23 db at 10,000
13

High-power loudspeakers of the
cone type mounted in console cabinets
are sometimes used for sound reproduction in small auditoriums. Their
fidelity, particularly when a tweeterwoofer combination is used, is very
good, but they cannot handle volume
levels as high as those handled by
diaphragm-driven units, and their
efficiency is considerably lower.
In
addition, such loudspeakers usually
have considerable rear-end radiation,
and they therefore produce acousti-

You will probably want to conceal
the horns. To do so without interfering with their efficiency, hang a drape
in front of them as shown in Fig.
6. Notice that this drape is made of
two kinds of cloth: heavy material
is used at the top of the drape to
make it hang properly, and lighter
material that will pass sound readily
is used for the part of the drape that
hangs directly in front of the horn.
An air space of at least 12 inches
must be left between the drape and
the mouth of the horn to prevent an
undesirable increase in the loudspeaker loading.
HEAVY DRAPE
Preferably, the horns should be
secured to the floor to prevent their
being accidentally moved out of position. If they must be left unsecured
so that they can be moved out of the
LIGHTER CLOTH
ABLE TO PASS SOUND
way when necessary, mark the proper
locations on the stage floor so that
they can be replaced properly.
AIR
SPACE
The high-frequency response of the
auditorium system can be improved
BACK
STAGE
by adding a pair of tweeters. These
STAGE
tweeters should be placed 10 or 12
FIG. 6. Method of installing an auditorium
horn so that it is concealed from the view of the
feet above the stage, one at either
audience but is not muffled.
end, and tilted downward at about
cal feedback and howling unless they 20° from the horizontal. If tweeters
are used, of course, a suitable highare very carefully placed with refrequency cross-over network must be
spect to the microphone.
For this
reason, they are usually not suitable used to supply high frequencies to
for use in installations where the the tweeters and low frequencies to
the horns.
microphone may be moved about.
Microphones. As you know, the
Let's assume, therefore, that you
will install two folded auditorium amplifier used with this installation
has two microphone channels, each of
horns.
It is usually impractical to mount which can be either high impedance
these horns on the wall or suspend or low impedance. It is not, of course,
them from the ceiling; they are usually necessary to use both inputs; howso big and heavy that mounting them ever, it is probably a good idea to do
in either of these ways would be a so if the stage is to be used for plays
major construction job. Probably the or for other activities that will reeasiest way to mount them is to in-- quire sound pickup over a wide area.
stall them on the stage, one at either
Since there may be an orchestra
end.
in the pit playing while the micro14

›‹'

phones are in use, it is best to use
microphones having cardioid pickup
patterns. These microphones will then
pick up chiefly the voices of those
on the stage, more or less ignoring
the sounds of the orchestra. Both
dynamic and crystal microphones
having cardioid pickup patterns are
available.
There are several possible locations
for the microphones. If they are to be
used for picking up voices during the
presentation of plays or other stage
performances, you will probably want
to conceal them as much as possible.
One way to do so is to install them
in the footlights. Of course, it may
not be possible to use this installation
if a trial shows that it does not give
sufficient voice pickup, or picks up
too much foot noise. In this case,
it may be practical to suspend the
microphones from the ceiling of the
stage if doing so will provide better
pickup. If the stage is deep, it may
prove impossible to use concealed
microphones and still get adequate
pickup from all positions on the stage.
Amplifier Location. The amplifier
may be conveniently located either
back-stage or in the orchestra pit.
If a phono pickup is to be used with
the amplifying system, it will probably be best to place the amplifier
and the phono attachment back-stage.
Records can then be changed by the
person operating the amplifier.
An installation of this sort will
require a certain amount of monitoring, since it will probably be put to
a variety of uses that will require
changes in the volume levels and perhaps the tonal characteristics. Explain the operation of the various
controls on the amplifier carefully and
thoroughly to the person who will be
in charge 'of it.
Tests. You should, of course, test

the operation of the system carefully
after it is installed.
In particular,
make sure that there will be no feedback between the auditorium horns
and the microphones.
If a microphone is to be used on a stand, try
it in all the positions in which it
can be placed before concluding that
there will be no feedback. If you find
there is feedback, turn the auditorium
horns slightly outward until it no
longer occurs.
Now, let's see what procedure should
be followed in installing a highpower indoor p.a. system.
HIGH-POWER INSTALLATION
The sketch of a large indoor installation is shown in Fig. 7. This
installation is made in a large indoor arena.
Its major use is for
making announcements during sporting events, such as hockey games,
prize fights, and basketball games,
and for playing records before and
after such events and during intermissions. Even though music is played
over this system, intelligibility and
carrying power are the chief requirements, not high fidelity. The fidelity
should, of course, be as good as it is
practical to make it without sacrificing power.
Let's assume your studies of the
location show that adequate coverage will be given if an electrical power
of 200 watts is used. This is to be
divided among eight reflex loudspeaker trumpets, located in the center of
the arena and each aimed at one of
the sections of seats.
You can get the required electrical
power using either a single highpower amplifier or anumber of lowerpower amplifiers. It is more common
to use several amplifiers, since they
are readily available, whereas single
high-power amplifiers must usually
be custom-built.
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For _example, 50-watt amplifiers are
commonly available. Four of these
amplifiers will supply a total of 200
watts, just enough for the installation.
The schematic diagram of such an
amplifier—the Thordarson T-31W50A
—is shown in Fig. 8.
This amplifier has remarkably good
fidelity for the power it handles. The
manufacturer states that its frequency response is flat within 1 db
from 30 to 13,000 cycles, and that
there is less than 5% distortion at the
full output of 50 watts. The 50 watts
is aconservative rating; it will supply
over 65 watts at peak power.
With two exceptions, which we
shall discuss in amoment, the circuits
of this amplifier are not unusual. There

are three high -impedance microphone
input channels and one dual highimpedance phono input channel, all
of which feed into a6SJ7 voltage amplifier stage. Each of the microphone
channels has one stage of amplification ahead- of this common amplifier
stage. The output of the 6SJ7 stage
is applied to a 6J5 voltage amplifier,
the output of which is applied to a
6V6 used as a driver for the output
stage, which contains four 6L6's in
parallel push-pull.
The 6V6 used
as a driver is triode-connected (the
screen grid is connected directly to
the plate). An input transformer is
used to connect the driver stage to
the output stage.
The output transformer is tapped

FIG. 7. This set-up is typical of those used in large indoor arenas. The loudspeakers are mounted
on aplatform suspended from the roof in the center of the area, alocation that makes it possible
to have auniform sound coverage for all seats. Eight reflex loudspeakers, only 3of which are shown
in this sketch, are used to furnish the sound output. Each loudspeaker is aimed at the center of one
section of seats. Notice that aclock is also mounted on the platform. In many installations, aclock
and ascoreboard are mounted on each of the four faces of the platform for the convenience of the
patrons.
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Courtesy

FIG. 8.

Thordarsou

Schematic diagram of the Thordarson T-31W50A 50-watt p.a. amplifier.

to provide impedances of 4, 6, 8,
16, 125, 250, and 500 ohms. A switch
connects the desired tap on the secondary of the output transformer to
half the receptacles in each of two
parallel-connected octal sockets, from
which connections are made to the
loudspeakers.
We mentioned earlier that there are
two unusual features in this amplifier circuit. One is the use of inverse
feedback in the 6SJ7 voltage amplifier stage that is fed by all the input
channels.
The effect of this is to
reduce the high-frequency response
of the stage.

resistance between the slider and the
end of the resistive element will increase until the slider has been turned
to the center of the device; then the
slider comes into contact with a section that has practically no resistance,
and further rotation does not increase
the resistance between the slider and
the resistive end of the potentiometer.
To make up adual potentiometer of
the sort used here, two of these are
mounted back to back so that asingle
control shaft operates both sliders.
As you can see from the diagram in
Fig. 8, with this arrangement the

Courtesy Thordarson

The Thordarson T-31W50A 50-watt amplifier.

slider arm of one potentiometer is
moving over a resistive portion while
the other is moving over a conductive portion; then, when the midpoint
of the control is reached, the slider of
the first changes over to the conductive
portion of the first control and the
slider of the second starts on its resistive portion.
Degeneration is produced in the
cathode circuit of the 05 stage of this
amplifier because of the presence of
R. 22 ,which is inadequately by-passed
for audio frequencies. (Although condenser C,, and C,„ are connected in
series across this resistor to ground,

The other unusual feature is the
tone-control circuit, which is located
directly below the 6J5 tube in the
circuit diagram. This is a dual tone
control that permits both the highfrequency and the low-frequency response to be adjusted above or below
the normal position (at which the
response is practically flat).
The circuit uses two dual potentiometers. These consist of two potentiometers, each of which is resistive for
half of its circumference and conductive for the other half. Thus, when
the slider is moved along the circumference of the potentiometer, the
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their net capacities are so small—C„
is only .001 mfd.—that the series
combination has little by-passing effect even at fairly high audio frequencies.)
Since this resistor is in
the cathode circuit, the tube plate
current must pass through it; therefore, a voltage is developed across
it that is in phase with the a.c. signal
current of the tube plate current.
By tracing through the circuit carefully, you can see that the voltage
developed across the load of the preceding 6SJ7 stage, which is the source
of the signal applied to the grid of the
6J5, is in series with the a.c. voltage developed across R„. Therefore,
the algebraic sum of these a.c. voltages
is' applied to R2,as the grid signal.
These two voltages are always opposite in polarity at any instant, so
the voltage applied to the grid of the
6J5 stage is always the difference
between them.
For example, when the a.c. voltage
across R0 0 is such that the upper or
plate end of the resistor is positive,
the voltage applied to R„ will make
the grid of the 6J5 more positive.
This will cause an increase in plate
current, causing avoltage drop across
R22 having a polarity such that the
cathode end of R„ will be positive.
Trace the circuit—you will see that
the voltage across R„ will then oppose the voltage across R2o (remember,
we are talking about a.c signal voltages). Therefore, the voltage applied
to R„ will be less than it would be
if R2, were not present.
In other
words, the presence of R22 tends to
reduce the grid signal, with the result that for a given input signal,
the amplification of the 6J5 stage
is less than it would be if R„ were
not in the circuit. This effect, as you
have learned in earlier Lessons, is
called degeneration.

Since this is a resistance network,
its effect is the same for all frequencies in the audio range. The tone control is designed so that it can reduce
the amount of degeneration caused by
R22 for certain frequencies. Of course,
if the amount of degeneration is reduced for any given frequency, the
amplification of the 6J5 stages increases as far as that frequency is
concerned. This amounts to a boost
for this particular frequency.
First, let's see how the treble boost
control operates.
As you can see
from the diagram, condenser 0, 4 is
connected between the two sliders of
this control. As the sliders are rotated from the center position of the
control toward the "boost" end, a
network consisting of C„ plus part of
the resistance of the potentiometer
is connected in parallel with condenser
C„. As the control is advanced toward the boost end, the resistance in
this network is decreased; when the
control reaches the full boost position, all resistance is removed and
C„ is in parallel with C„. Resistor
R22 is always by-passed by the series
combination of 0, 3 and C„, but the
capacities of these two are so small,
as we said earlier, R22 is effectively
by-passed only for the highest audio
frequencies. However, when the treble
tone control is advanced to the boost
position and 0, 4 is put in parallel
with C„, the capacity of the by-pass
network is increased to such an extent that practically all the high frequencies pass through the condensers
rather than through R22 . As a result,
there is little degeneration as far as
these frequencies are concerned, and
the high-frequency output of the amplifier is effectively boosted as a result.
The bass boost tone control works
in much the same way, except that
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heat from affecting the condenser,
protects it from dirt and moisture,
and also acts as a shield.
10- Installing bypass condensers is the
first step to take. A bypass condenser should be installed at the point
where the receiver A lead connects to
the ammeter. Typical installations
are shown in Figs. 15 and O.
Next, a condenser should be installed at the generator to reduce the
interference produced by the commutator. Regardless of the generator
type, you will always find a convenient screw for mounting the condenser
so that the lead can be properly connected to the hot or ungrounded generator terminal. Several examples of
such connections are given in Fig 21.
These two condensers minimize the
interference produced in the low-voltage circuit and also take out much of
that which is radiated to the lowvoltage wires from the ignition circuit.
110-Practically all installations will also
require some sort of suppression in
the ignition system high-voltage cir-

FIG. 21.

Examples of installations of colsdenser' at the generator.

Fig. 22 shows some of the many
kinds of distributor suppressors available. On the usual distributor head,
the high-tension wire from the coil
comes to the center terminal. If the
high-tension wire plugs into the
distributor head, it is unplugged and
the special resistor inserted as shown
FIG. 20. The condenser should be installed
in Figs. 22A and B. If it cannot be
right at the ammeter and must connect to
the same terminal as the radio A lead.
unplugged, the wire itself is cut and a
special screwtype suppressor is put in
cuit. The most effective device is a series with the wire, as shown in Figs.
distributor suppressor which damps 22C and D. Several others are shown
out or dissipates the sharp current in the remaining illustratiums.
changes (noise impulses) in the spark
e three steps we have just dedischarges. For this reason, a re- scribed—installing a condenser at the
sistor or an r.f. choke coil is always ammeter, inàtalling acondenser at the
placed in series with the distributor generator, and installing a suppressor
arm. The impulse energy developed
in the distributor circuit—must be
in the ignition circuit must flow )taken on practically every Etutomuthrough this resistor or choke coil, _2111_e_frhese might be called the basic
and much of it is dissipated.
suppression steps. You will often find
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acoil T2 is connected between the two
sliders. When this control is at the
full boost position, the by-pass path
around Roo consists of C„ and To.
Since To has a high impedance for
high frequencies, and a low impedance for low frequencies, this path
is effective as a by-pass for the lows.
Thus, advancing the bass tone control
to the full boost position reduces the
degeneration in R„ for the lows and
effectively boosts the low-frequency
response.
The boosts offered by these controls
are not extremely great. The bass
control gives a bass boost of 91/
2 db
at 80 cycles, the treble control gives
a boost of 11 1
/ db at 8000 cycles.
2
These controls provide attenuation
of the treble or bass in asimilar manner by providing a variable by-pass
for R27 ,the grid resistor of the 6V6
stage. At the full-attenuation position of the treble control, condensers
014 and 015 are connected to ground
in parallel across R„. The high frequencies are then shunted to ground
across this grid resistor, thus reducing the high-frequency part of the
signal applied to the grid of the 6V6.
When the bass control is advanced to
its full-attenuation position, To is connected to ground in parallel with R27 .
Coil T2 then acts as a low-impedance
shunt for the low frequencies, reducing the proportion of, them in the signal applied to the grid of the 6V6
and thus reducing the low-frequency
output of the amplifier.
The attenuations offered by the
controls are somewhat greater than
the boosts they provide. The bass
control gives an attenuation of 25
db at 80 cycles, and the treble control gives an attentuation of 25 db at
8000 cycles.
Amplifier Location. Usually the
best place to locate the amplifier is the
20

announcing booth. Then the announcer or technician can monitor the system when it is necessary to do so.
The record player used with the system should also be located in the announcing booth so that the records
can be changed by the announcer
or technician in charge of the as-,
sembly.
If there is no announcing
booth in the arena, the amplifier
should be located in some convenient
place at which it can be monitored
readily.
Loudspeakers. Eight 25-watt reflex
trumpets will provide adequate sound
coverage in this arena. You can see
from the sketch that they are mounted
on a platform suspended from the
center of the roof, This arrangement,
which is frequently used in indoor
arenas, has the advantages that it
permits each loudspeaker to cover
a large area and also that all listeners are about the same distance
away from the loudspeakers. This
latter is an advantage because it
permits the volume level to be about
the same at all seats.
It is common practice, when this
platform arrangement is used, to make
the platform very substantial and to
suspend scoreboards, lights, and perhaps a timing clock from it, as well
as to use it as a mounting point for
the loudspeakers. Such a platform
must, of course, be installed by aconstruction crew; it is not part of the
duties of the p.a. expert to build it
or supervise its building.
A typical reflex trumpet suitable
for use in this application has a
sound dispersion angle of 90° and
a low-frequency cut-off of 120 cycles.
The fidelity of reproduction will not
be too good with a cut-off characteristic of this sort, but it will be
good enough for the uses to which the
amplifier system is to be put. If the

arena is to be used for public ice
skating, it may be desired to play
records of organ music over the p.a.
system; in this case, a somewhat
larger reflex trumpet capable of reproducing lower frequencies should be
installed.
A reflex trumpet is usually equipped
with a mounting bracket that makes
mounting it on a platform of this
sort very simple.
Just secure the
bracket to the platform near the
edge with screws, and the mounting
job is done. Before mounting each
loudspeaker, be sure to position its
brackets so that you can aim the loudspeaker at approximately the center
of the section of seats it is to cover.
Power Distribution. Since all eight
loudspeakers are to be installed in
o
AMP
1

o

approximately the same location, the
most practical way to feed them is to
connect them so that they form a
common load for all four amplifiers.
The chief problem involved in doing so is to connect these lines in
such a manner that their net impedance will be a value that can be
matched to the amplifiers with an
available transformer.
A sketch of the connections in the
distribution system is shown in Fig.
9. As you can see from the sketch,
each loudspeaker is connected to the
secondary of a matching transformer
(T, through T8), the primaries of
which are connected in parallel to a
single line. The four amplifiers, also
connected in parallel, are connected
to the other end of the line.
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FIG. 9. Power distribution system used to feed 8 loudspeakers from the outputs of 4 amplifiers.
The 8 matching transformers, Ti through 1
.
8,are used to make the net impedance of the paralleled
amplifiers. Notice that all connections are made to terminal boards for neatness and convenience
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Of course, the distribution system must provide proper impedance
matches to prevent waste of power.
In the system shown in Fig. 9, matching transformers T, through T, must
provide primary impedances of 1000
ohms each when they are connected to
the loudspeakers. The net primary
impedance of all the transformers
when they are connected in parallel
will then be 125 ohms (1000 ÷- 8). At
the other end of the system, the 500ohm output terminals of the four
amplifiers must be connected in parallel. The net output impedance of the
four amplifiers is then also 125 ohms
(500
4) . The paralleled speakers
can then be connected to the paralleled
amplifiers by an ordinary twistedpair line. In theory, this line should
also be 125 ohms in impedance, but,
as a practical matter, standard p.a.
cable, which has an impedance of approximately 500 ohms, can be used
without there being any serious mismatch. To avoid excessive power loss
due to resistance in the line, the wires
in the cable should be 14 gauge.
Notice that the primaries of the
matching transformers are brought to
a terminal board before the parallel
connections to the line are made. A
similar arrangement is also used at
the amplifiers. In each case, the terminal board should be very close to the
equipment to which it is connected.
This use of terminal boards is a good
idea for several reasons: it makes a
neat installation, it is of great assistance. in helping you to identify
individual circuits when you are servicing the installation, and it makes
it easier to install a new component
if one of those in use becomes defective.
This distribution system has two
particularly good features.
One is
that it makes it unnecessary to use

line-matching transformers; the only
transformers used in the system are
the impedance-matching transformers
used at the loudspeakers, which would
be necessary in any distribution system.
The other advantage of this
method of wiring is that only one
line is run from the platform where
the loudspeakers are mounted to the
place where the amplifiers are installed.
This, of course, represents
agreat saving in wire over what would
be needed if individual lines were run
from the loudspeakers to the amplifiers.
Microphones. ,Normally, only two
microphone inputs and one phono
input are used in an installation of
this sort. One microphone is located
at some point from which the announcer can see the floor area of the
arena clearly. If the arena is used for
boxing or wrestling, it is usual to
have a microphone arranged so that
it can be lowered to a point just
above the ring for the making of
anouncements and can be taken out
of the way during the progress of the
bout. Sometimes provision is made for
a third microphone that is located
near the edge of the floor so that an
official, such as the scorekeeper at
a basketball game, can make announcements.
There are so many possible variations in the microphone set-up in an
arena of this sort that we cannot give
any definite rules for it. It is probably best, under almost any circumstances, to use microphones having
cardioid pick-up patterns, since each
microphone will usually be intended
for use by only one person at atime.
You may find it necessary to use a
pre-amplifier with one or more microphones if the microphone cable must
run a long way to the amplifier. It
is unlikely that the microphone cable
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will be so long that the input signal remotely unless the platform is so
will be too attenuated to operate the situated that it is easy to get to it.
amplifier. However, it may well be
If you find that a pre-amplifier
that there will be enough hum pick- is necessary for use with a microup in the microphone cable to cause phone that is to be used on a judge's
trouble unless pre-amplification is or scorekeeper's table on the edge of
used. The hum signal will not be the arena floor, you will probably
harmful, of course, if the microphone find it best to install the pre-amplioutput is built up to such an extent fier on or under the table. It will then
by a pre-amplifier that its level is be possible to change the volume level
much greater than that of the hum of the pre-amplifier easily whenever
picked up. The only way to tell it is found to be necessary. However,
whether or not hum is going to be in most uses, and particularly when
bothersome is to run the microphone the pre-amplifier is to be located some
cable in its proper location and make place that is hard to reach, it is best
an operating test.
If hum is then to leave the volume level fixed and
objectionably noticeable, you should adjust the overall volume of the sysconsider using a pre-amplifier.
tem at the main amplifiers.
If a pre-amplifier must be used on
If a microphone is to be lowered
a microphone that is to be lowered from the ceiling or from the platform
over a boxing or wrestling ring, prob- to a ring, it will be necessary to 'proably the best place for you to locate vide a mechanical means for doing
it is on the platform where the speak- so. The simplest method is to susers are mounted. Some care may be pend the microphone from a heavy
necessary in choosing the proper lo- cord, such as a sash cord, and- run
cation for the pre-amplifier in this the cord through -a guided pulley or
case, because some of the sources of two to some location from which an
hum, such as timing clocks, may also attendant can raise or lower the mibe located on the platform. Naturally, crophone as desired. A more elabpre-amplification must occur before orate method is to secure the cord
the hum signal is picked up by the to asmall drum driven by areversible
microphone cable; otherwise it will electric motor; the microphone can
be amplified along with the micro- then be raised or lowered by opphone signal, and the pre-amplifica- -erating a switch by means of which
tion will be of no value. If the pre- the motor can be turned off or made
amplifier is located on the platform, to run in either direction. It is not
you will probably have to arrange advisable to suspend the microphone
some method of turning it on and off by the microphone cable alone.

Outdoor P.A. Installations
There are two chief differences between outdoor and indoor p.a. installations.
One is that area, not
volume, is the factor that you must
consider in determining how much
power is going to be needed to provide adequate sound coverage outdoors. The other is that the loudspeakers you use and the lines through
which they are fed must be weatherproof.

speaker outdoors.
A steel mast is
frequently used for this purpose.
One method of installing such a
mast is shown in Fig. 10. This mast
is aheavy steel pipe, at least 3inches
in diameter, imbedded in concrete.
The distance that the end of the pipe
is below the ground should be at
least one-third of the total height
of the pipe above ground.
A mast of this sort may be used
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FIG. 10. A strong, permanent outdoor loudspeaker mast can be made by imbedding apipe
in concrete. The distance "d" should be at
least one-third of the height above ground of
the mast.

In its other essentials, however,
an outdoor p.a. installation is like
an indoor one. Similar amplifiers are
used for both applications, although
greater power is usually needed outdoors. Therefore, we shall not discuss the theory of the outdoor installation very much, since it does
not differ basically from what you
have already learned.
Instead, we
shall take up specific points that you
would meet in outdoor work but are
not likely to meet in indoor installations.
MOUNTING LOUDSPEAKERS

Very often, some support must be
constructed for mounting a loud-

to support either a single loudspeaker
or a cluster of them. The loudspeakers may be permanently secured to
the top of the mast if desired; however, it will then be necessary for a
serviceman to get to the top of the
mast if one of the loudspeakers becomes defective. In many installations, the problem is solved by mounting the loudspeakers on a sliding collar that fits around the mast and
raising or lowering the whole assembly
with the aid of a rope that is secured
to the collar, run over apulley at the
top of the mast, and brought down
to a cleat at the bottom of the mast.
This rope can then be used to raise
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the loudspeakers to the top of the
mast for use and to lower them to the
ground for servicing.
If this method is used, the loudspeaker cables should be brought
down through the hollow interior of
the mast to a hole drilled near the
bottom. The cables can then be fed
into or pulled out of this hole as
the loudspeakers are raised or lowered.
If the loudspeakers are to be fastened permanently- to the top of the
mast, the cables should again be let
down through the inside of the mast
and brought out through a hole in
the side of the mast near the bottom.
They should then be secured to terminals in a junction box, which should
then be secured to the mast over
the hole.
Even thick-walled steel pipes in
a 3-inch or 4-inch size may not be
strong enough to hold up three or
four heavy loudspeakers if the mast
is tall. The strength of the mast can
be very considerably increased by
pouring it full of concrete after it
has been set in place. Of course, if
you do this, you will be unable to run
the cables from the loudspeakers down
through the pipe. If you prefer to
have the cables hidden when the installation is complete, run a piece of
conduit through the pipe from the top
to a hole near the base before you
pour the concrete into the pipe. Be
careful not to pour any concrete into
the open end of the conduit. Then,
when the concrete is set, you can
thread the loudspeaker cable through
the conduit and still have a reinforced mast. Alternatively, you can
fill the mast solid with concrete and
run the loudspeaker cables down the
mast on the outside, enclosing them
in heavy conduit.
Whether the loudspeaker cables are
brought down the inside or the out-

side of the mast, they should go underground very near the base of the mast.
In fact, it may be desirable to have
them come down underground at
the base of the mast. We will discuss
this matter of underground cables in
more detail a little later in this Lesson.
Under some conditions, it may be
desirable to use semi-permanent masts
instead of permanent ones. This may
be true, for example, when a football field is to be used during the
summer months as an outdoor auditorium. In this case, masts will be
needed for a period of several weeks,
but cannot be left in place indefinitely.

FIG. 11. This shows one way to build asturdy
wooden mast for temporary outdo or i
ns t
all ations. Be sure to use 2 x 4 timbers. A height
of 12 or 14 feet is about the maximum that is
practical.

A sketch of a temporary mast capable of supporting heavy loudspeakers
is shown in Fig. 11. This mast is
supported by heavy wooden braces
at its base rather than by being sunk
into the ground.
Tinder ordinary
conditions, such a mast may be selfsupporting, but, to insure stability
in high winds, wire guys should be
used to steady it. These guys should
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be brought to stakes permanently
imbedded in the ground.
In installations such as football stadiums in which the seats rise in tiers
from the ground, the loudspeakers are
sometimes placed at ground level and
aimed up at the seats. This is not
perhaps the best system from an
acoustical viewpoint, since the distance of the loudspeaker from the seat
varies for each seat. However, it is
one way of furnishing sound coverage
without having the loudspeakers interfere with the view of the spectators.
In such an installation, the loudspeaker should be on some form of
platform. A concrete block of suitable size, with one or two screws set
into it to form a mounting point, is
excellent for the purpose. The loudspeaker cable should be brought directly from the loudspeaker to the
ground through a conduit.
If an installation is to be made in
a field having covered stands, the
loudspeakers can usually be secured
to the roof of the stands or to the
supports holding up the roof. There
is nothing particularly unusual about
such an installation in the technical
sense. You must be sure, of course,
that the speakers used will provide
adequate coverage for all seats. In this
as in all other outdoor installations,
the loudspeaker cables should be run
through conduit, both to protect them
from the weather and to keep them
from being cut by vandals.
All the mounting methods we have
described so far are chiefly used when
a considerable number of loudspeakers are to be used. Actually, for most
purposes, it is better to use very few
loudspeakers and concentrate them at
one point if it is possible to do so.
This procedure will minimize the
echo effect that a listener gets from

hearing the sound from two or more
loudspeakers that are located at differing distances from him.
Some
sound engineers feel that the use of
a great many loudspeakers enhances
the brilliance of music, but, in the
average installation, the problems
created by the use of many loudspeakers more than outweigh the
benefits gained by using them.
In a large outdoor installation, the
use of only a few loudspeakers means
that they must be very high-power
units. A few types of loudspeakers
of extremely high power are available; one kind, used on top of the
Empire State building in New York,
transmits the sound of a carillon for
distances up to fifteen miles. Such a
loudspeaker, which has a continuous
operating capacity of 300 watts, is
too powerful for any except a very
large installation. •However, there are
smaller versions of this loudspeaker
that can be used with less power.
Two or three such loudspeakers of
suitable power, mounted on top of
the center-field wall, can provide
adequate sound coverage in a baseball field. One of the chief objections
to the use of extremely high-power
units is that the listeners near the
loudspeakers must be subjected to an
uncomfortably loud sound if distant
listeners are to hear at all. However,
in ba.seball parks, in particular, it is
often possible to find a mounting
place for the loudspeakers that no
listeners will be very near; if this
can be done, then it is perfectly praotical to use very few loudspeakers of
very high power.
DISTRIBUTION LINES

-

The audio lines used to feed loudspeakers and outdoor installations
must be protected from the weather.
Many owners of outdoor installations
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have also found it necessary to protéct the lines from people who maliciously or thoughtlessly cut them if
they are left exposed. Cutting a cable
seems to be a pointless form of destruction, but it does occur unless
precautions are taken to prevent it.
Both problems can be solved by
installing the cables in conduit. This
conduit may or may not be buried
in the ground, depending on the location of the loudspeakers. If aloudspeaker is on a mast that is standing
by itself some distance from the amplifier, obviously the conduit running
from it to the amplifier should be
buried in the ground. If, however,
the loudspeaker is mounted on the
roof support of agrandstand, the conduit may be run down from the loudspeaker and underneath the grandstand to the amplifier location. In
this latter case, there is no need to
bury the conduit in the ground.
Rubber and lead-covered cables
should be used for all outdoor audio
lines. This cable, when it is enclosed
in conduit, is very nearly proof against
all forms of corrosion. It cannot readily be spliced, however, without introducing the possibility of corrosion
at the joint. Unless you have had
experience in running conduit and in
using this rubber and lead-covered
cable, you should have it installed
by an electrician. In fact, the laws
of many communities require that
such work be done by a licensed electrician.
Cables that must run in the open
should be buried 6 to 8 inches under
the surface of the ground. You should
draw an accurate map showing the
locations of any buried cables so that
they can be readily located in case
one of them becomes defective.
If
possible, make sure that you do not
bury a cable in any location that is

apt to be dug up at any future time.
The most permanent form of wiring
now available consists of rubber and
lead-covered cable in a special gastight conduit that, after the installation is completed, is pumped full of
nitrogen under about 80 pounds pressure. The presence of the gas prevents
condensation from forming in the conduit, thus helping to preserve the cable.

Courtesy University Loudspeakers, Inc.

The University Model MM-2 loudspeaker, a
submergence-proof unit intended primarily for
marine use. It is also well suited for applications involving extremely dusty conditions,
since its method of construction prevents any
foreign material from entering the mechanism.
The loudspeaker has aflanged rim for mounting
in bulkheads or walls. It drains automatically in
the operating position.

Such an installation is, of course, expensive, and must be performed by a
trained man; however, if an extremely
long-lived installation is wanted, it
may be worth while to go to the expense of using gas-filled conduit.
MICROPHONES
Microphones are never permanently
installed out of doors. There may be,
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and commonly is, one installed in the
announcing booth if there is such a
booth at the site of the installation,
but microphones are much too delicate
instruments to be exposed permanently to the weather. Therefore, in
apermanent installation, you will run
microphone lines to the places where
microphones will be used and terminate the lines with aconnector. These
connectors have screw caps that permit them to be sealed weather-tight
when they are not in use.
It may or may not be possible, depending on the installation, to run
microphone lines to anumber of points
so that it will be necessary to use only
ashort coupling line from any microphone to the nearest permanent line.
This can usually be done if the installation is in an outdoor auditorium or
some other similar location where it is
possible to know in advance where
microphones are going to be used.
Permanent microphone lines, like
permanent loudspeaker cables, should
be rubber and lead-covered and installed in conduit. Again, this is a
job for an electrician unless you are
experienced in making such installations.
Generally speaking, dynamic microphones are best for outdoor work.
They are both more rugged and more
weatherproof than other kinds. It is
possible to use other microphones
when special requirements make it
necessary; for instance, velocity mi-

crophones might be used when the best
possible fidelity is wanted. As ageiteral thing, however, it is best to plan
on using dynamic microphones.
In setting up the microphones lines,
you must be careful to use the microphone input of the amplifier that
corresponds to the impedance of the
microphones that will normally be
used.
Most dynamic microphones
have output impedances of 200 to
250 ohms; if dynamics are to be used,
then, the permanent microphone lines
should be connected to the 250-ohm
inputs of the amplifier. Of course,
high-impedance microphones, such as
crystal microphones, should not be
connected to the permanent microphone lines unless the other ends of
the lines are transferred to the highimpedance inputs of the amplifier.
Microphone lines should always be
shielded to minimize hum and noise
pick-up. It is not necessary to use
shielded cable in the permanent microphone lines as long as you ground
the conduit in which the lines run.
It is inadvisable to run two unshielded
lines in the same conduit, however,
since there may be energy interchanges between them. The connecting line between the microphone and
the permanent line should be shielded
and should be grounded at the point
where it connects to the permanent
line. Usually the plug used to make
the connection will complete the
ground connection to the shield.
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Mobile P.A. Installation
If you become a p.a. expert, very
likely you will find it profitable to
have asound truck. Let's see how you
can equip atruck for use as aportable
p.a. system.
The first question to settle is the
kind of truck you are going to use.
Most sound trucks are of the light
or medium-duty panel delivery class.
If you own a shop and already have
a delivery truck, very likely you can
convert it for use as a sound truck
and still have enough room in it for
deliveries too. It would be perfectly
possible to use a station wagon; in
fact, it would be desirable to do so,
since it would be possible to ventilate
the inside of the vehicle far more
easily than it is when a panel truck
is used.
Next is the problem of selecting
the equipment to use. The fact that
the equipment is to be mobile, and
therefore cannot be operated from a
power line, means it must be economical of power. This means that we
must choose an efficient amplifier and
use efficient loudspeakers.
Assuming that you will not want to use a
motor generator set for providing
power, you must choose an amplifier
that can be operated from a vibrator
power supply powered by a storage
battery.
In most installations, the
truck battery is used as a power
source, although, of course, it is always possible to use a separate storage battery—perhaps installing an
extra generator on the truck engine
to charge it.
Since you will probably want to
have sound coverage in all directions
from the truck most of the time, you
will want to use four loudspeakers,
one mounted at each corner of the

truck roof. Reflex trumpets are the
most practical form of loudspeakers
to use, both because they are highly
efficient and because they are weather
proof.
The rest of the equipment you will
need to complete the sound truck
installation is a microphone, a record
player, and possibly a radio tuner.
These are standard items, no different
for mobile installation than for any
other.
Many mobile amplifiers are
available that have record players
already installed in their tops.
Now, let's discuss the equipment
and its installation in more detail.
Amplifier. The Airline 30-watt mobile amplifier is typical of those used
in sound trucks. A schematic diagram is shown in Fig. 12. Notice that
its power supply can operate from
either a regular a.c. power line or
from a 6-volt storage battery.
Aside from its power supply, this
amplifier is conventional. It has two
high-impedance microphone channels
and two high-impedance phono channels. Each microphone channel feeds
into a 6SQ7 voltage amplifier stage.
The signals from these two stages are
fed through individual volume controls, one for each channel, to amaster
volume control. Both signals are fed
through this master control to the
rest of the amplifier.
A potentiometer having a grounded
center point is connected across the
two phono input channels. As a result, a signal applied to one of the
phono channels appears across half
the potentiometer, and a signal applied to the other channel appears
across the other half. Since there is
only one slider on the potentiometer,
the signal from only one phono chan-

29

that these three are the only steps
necessary, particularly if the car is
new and the receiver is a better quality set with built-in interference
eliminating features.
SECONDARY PROCEDURES

spark, but this cannot be carried too
far. If the spacing is made too small,
the initial voltage may cause a spark
to jump more quickly than normal,
thus upsetting the timing and again
interfering with the operation of the
car. You should make every effort to

If the basic procedures do not reduce interference sufficiently, however,
then several secondary steps must be
taken.
Spark Plug Suppressors. When
auto sets first came out, most servicemen installed suppressors at each

FIG. 23.
SCREW-TYPE SUPPRESSOR

SCREW SUPPRESSOR 0
INTO END, OE. WIRE

FIG. 22.

Types of distributor

suppressors.

Typical spark-plug suppressors.

exhaust other possibilities before trying spark plug suppressors.
Other Steps. The manufacturer's
literature on the radio will tell you
steps which may have to be taken
for various makes and models of cars.
Further information can usually be
obtained from the firm selling the automobile. Make full use of this kind
of information, for many of the suppression steps may not occur to you
otherwise.
Bypass condensers are generally
necessary on the leads of the oil pres-

spark plug. A typical suppressor is
shown in Fig. 23 and atypical installation in Fig. 24.
Today, however, spark plug suppressors are not installed unless absolutely necessary, because they tend to
interfere with the efficiency of the engine. When the spark jumps the gap,
the current flow through, the resistor
reduces the voltage at the spark gap
to such an extent that the spark is no
longer as hot as it should be for best
combustion. A trained mechanic can
reduce the spacing between the spark
plug pointa and so produce a hotter

FIG. 24.
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Courtesy Erie Resistor Corp.
Spark-plug suppressors installed.

nel can be fed to the amplifier at
one time. As you rotate the slider
from one end of the potentiometer
to the other, the level of the signal
from one phono channel will be reduced from full volume to zero; then,
as rotation continues, the level of the
signal from the other phono input will
rise from zero to full volume. This
arrangement permits smooth control
of the input from the two phono channels.

A feature of this amplifier is the
manner in which various output impedances are made available. As you
can see from the diagram, the impedance of the complete secondary of the
output transformer is 500 ohms. Taps
make it possible to have 8 ohms, 4
ohms, 2.7 ohms, or 2ohms impedance.
These taps on the secondary are
brought out to a 5-position speaker
selector switch that can be rotated
to furnish the desired impedance at

Courtesy Thordarscm

The 20-watt Thordarson T-31W20A-X mobile
amplifier. It can be used on either 110-volt a.c.
or 6-volt d.c.

The phono input signal, like the
microphone input signals, is applied
to the master volume control. Thus,
if signals are fed in simultaneously
from 2 or 3 channels, the master
control can raise or lower the level of
all the signals by the same amount,
but cannot change the level of one
signal with respect to that of another.
Changes in the relative levels of the
signals are controlled by the volume
controls in the individual channels.
After passing through the master
volume control, the signals are applied to a 6SQ7 voltage amplifier
stage. Succeeding stages in the amplifier consist of another 6SQ7 voltage amplifier stage, a 6F6G driver
stage, and an output stage containing two 807's in push-pull.

the output terminals of the amplifier.
At the 500-ohm position of the switch,
the ends of the secondary are connected to a terminal board mounted
on the rear of the amplifier. Other
positions of the switch, marked 1,
2, 3, and 4 on a dial plate, connect
the taps on the secondary to paralleled
receptacles that are also mounted on
the rear of the amplifier.
These receptacles are used when
loudspeakers having 8-ohm voice coils
are to be connected to the amplifier.
When one such loudspeaker is to be
used, leads from its voice coil should
be plugged into one of these receptacles, and the speaker selector switch
should be turned to position 1, thus
connecting the 8-ohm tap to the receptacles. If two loudspeakers are to
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FIG. 12.

Schematic diagram of the Airline
30-watt mobile amplifier.

be used, each should be plugged into
a receptacle and the switch set to
position 2, thus connecting the 4ohm tap to the receptacles. Similarly,
if three loudspeakers are to be connected, the switch should be turned
to position 3, connecting the 2.7-ohm
tap to the receptacles; and, with four
loudspeakers plugged in, the switch
should be turned to position 4, connecting the 2-ohm tap to the receptacles.
Of course, this system can be used
only with loudspeakers having 8-ohm
voice coils, and then only when they
are to be not more than 75 feet
from the amplifier. If loudspeakers
having other impedances are to be
used, or if they are to be some distance
away from the amplifier, the 500-ohm
impedance of the amplifier should be

selected by turning the selector switch
to the position marked "500 Ohm."
Then the loudspeakers should be connected to the 500-ohm terminal on
the back cd the amplifier, using suitable matching transformers. In soundtruck use, where the lines are very
short, it is quite practical to use the
loudspeaker receptacles with 8-ohm
loudspeakers.
Incidentally, notice that this selector switch does not permit loudspeakers to be cut in and out of the
circuit. Turning the switch to any
position furnishes a particular output
impedance to all the receptacles, but
does not cut off the power supplied
to any of them. If you wish to cut
out one loudspeaker, you must unplug it from the amplifier and change
the setting of the selector switch to

Courtesy Wholesale Radio Service Co., Inc.

A passenger car can be temporarily converted to a sound truck, as this was, by mounting
cone loudspeakers encased in projector housings in the rear window openings. These loudspeakers
are not weather proof, so they are not suitable for permanent outdoor use, but they are often
satisfactory on atemporary basis. The amplifier can be in either the rear or the front seat, depending
mostly on whether the driver or apassenger is to operate it. For safety, it is preferable not to have
the driver do so.
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Courtesy Maryland Amplifier Co.

This commercial sound truck is unusually well equipped with loudspeakers. The six loudspeakers
mounted at the sides of the truck, three on either side, are used on most jobs. The large loudspeakers mounted fore and aft are used when extreme power is wanted.

the next lower number.
If such a
change is to be made, be sure the amplifier is turned off when you unplug
the loudspeaker; otherwise the output stage might be damaged.
The amplifier is equipped with a
standby switch for use when the
amplifier is operated from a storage
battery. Throwing this switch to the
OFF position applies power to the
filaments of the tubes, but cuts it off
from the vibrator. The amplifier is
then in the standby condition; when
the standby switch is snapped to the
ON position, power is applied to the
vibrator and the amplifier is ready
to operate. This arrangement permits
the amplifier to be ready for instant
use without drawing much power when
it is not in use.
When this amplifier is operating
from batteries, it draws 30 amperes.
Therefore, it is a good idea to use
two storage batteries to operate it
to be sure of having plenty of reserve
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power. It would also be wise to install an extra generator on the truck
engine to take care of charging these
batteries.
This amplifier is supplied in two
models. One is equipped with a 2blade record changer installed in the
top panel, the other has asingle-play
record player similarly located.
Loudspeakers. As we said earlier,
reflex trumpets are the logical choice
for use with asound truck. Some sound
trucks are equipped with only 2loudspeakers—one pointing dead ahead
and the other directly back. Since reflex trumpets have sound dispersion
angles of only about 90° at most,
arranging loudspeakers in this fashion
will mean that no sound is projected
to either side of the truck. If you
want the sound to be audible on all
sides of the truck, and, in most cases,
you probably will, it is better to use
4 loudspeakers and mount them on
the corners of the roof.

The loudspeakers may be mounted
directly on the roof of the truck with
machine screws passing through the
mounting brackets. If you prefer not
to cut holes in the truck roof, you can
get a rubber-footed mounting platform resembling the luggage racks
and ski racks that are used on passenger cars. These are held to the
roof by suction cups and by mounting straps that hook under the rain
ledge or window edge. If you mount
the loudspeakers directly on the roof,
make sure that the mounting holes are
near some strong part of the roof,
such as a roof bow. If you mount
them in a part of the roof that is remote from supporting members, their
weight may be enough to distort the
roof metal when the truck starts or
stops. Be sure to weatherproof the
holes with sealing compound after
the loudspeakers are installed.
If possible, the loudspeakers should
be mounted so that they do not extend beyond the sides of the truck.
This means that a loudspeaker
mounted at one corner actually has
its mounting point near the center
of the truck, since reflex trumpets
range from sixteen inches to twentynine inches in length.
Some sound truck owners find it
desirable to have one trumpet pointing straight ahead.
This lets the
truck project a strong signal straight
forward, thus attracting attention to
the fact that it is coming. You may
wish to do this yourself.
Reflex loudspeakers are usually
equipped with 25-watt driver units.
If we drive four of these units with
a 30-watt amplifier, the individual
.loudspeakers will be supplied with
only 71/
2 watts apiece. This, of course,
decreases the amount of sound that
can be projected in any given direction, although it does provide uni-

form sound coverage in all directions.
If you wish, you can use only 2
trumpets, feeding them with 15 watts
each.
The loudspeakers will then
project the sound further, but, since
you are using only two, you can cover
only about 180° around the truck
compared to the 360° you can cover
using 4 loudspeakers. Of course, you
can get both increased distance and
complete angular coverage by using a
more powerful amplifier. Your choice
will depend mostly on what you expect to use the sound truck for. If
its chief use is to be cruising the
streets making announcements, it is
probably best to use the 4 speakers
and have the complete 360° coverage.
Installation. Fig. 13 shows one way
you could arrange the inside of the
truck to accommodate thé equipment.
The shelves shown are deep in the
truck, right against the back of the
driver's compartment. These shelves
should be heavy wooden planks about
2 feet wide. They should be covered
with heavy felt or rubber to dampen
mechanical vibration. This is a convenient arrangement, but not the only
possible one; you can use any arrangement you feel is best for you.
Be careful to get ,the wiring from
the amplifier to the loudspeakers out
of the way as much as possible. Run
it directly up to the roof, then over
to the loudspeakers—don't let it hang
free in the space inside the truck, because it may get ripped loose accidentally.
Be sure to waterproof
the holes through which the loudspeaker cables are led inside the truck.
Remember that the inside of a
closed truck can get extremely hot
if the truck has been in the sun for
a while.
For the comfort of the
operator of the equipment, and to protect the equipment from excessive
heat, you must provide some means
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of ventilating the truck interior if
it has no windows. An electric fan
or air scoops cut in the sides of the
truck may be needed. Remember that
any form of air intake or air circulator (such as a fan) must not create
any noise within the truck, since such
noise might be picked up by the microphone.
HIGH POWER MOBILE INSTALLATION

The equipment we have just described is what is used in the usual
sound truck. It is entirely adequate
for a truck that is going to be used
mostly to cruise streets making announcements, but it does not have the

power to be heard for long distances
nor to be used in addressing a large
group of people.
Some sound trucks that are used
for such purposes are in existence.
These have a great deal more power
—200 or 300 watts, in some cases—
and they cannot, of course, be operated from a regular storage battery.
When powers of this sort are required,
it is necessary to use some form of
motor-generator set as apower supply.
Often these high-power installations are made in a trailer, rather
than in atruck. One reason for doing
so is that these high-power mobile
units are sometimes used in one lo-
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FIG. 13. Suggested arrangement of equipment in asound truck. Placing the equipment against
the back of the cab in this manner uses up only about two feet of the depth of the truck body, so
it will still be possible to use the truck for making deliveries.
35

cation for days or even weeks at a
time, acting as temporary p.a. installations rather than truly mobile
equipment. Such high power is seldom
necessary for street-cruising work.
When several hundred watts of
power are available, avariety of loudspeaker arrangements are possible.
There is •even one installation in
which the entire front of atrailer has
been converted to form a huge exponential horn. In other installations,
portable loudspeakers are used that
are set up on temporary masts around
the truck or trailer when it is parked
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at the place of its use. Such mobile
systems are also sometimes provided
with two sets of loudspeakers, one
for use when high power and great
coverage is desired, and the other, of
medium power, for use when intense
sound is not needed.
We shall not attempt to describe
a typical high-power installation, because there are too few of them for
any to be considered typical. The
facts that you have learned about any
high-power installation will help to
guide you in designing such equipment if you should want to.
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Here is another quotation which is a favorite of
mine. Ibelieve you will agree that it contains much
good, sound advice.
"Business is a game of skill, which every man
cannot play, which few men play well.

The right

businessman is one who has the just average of
faculties we call commonsense; a man of strong
affinity for facts, who makes up his decision on
what he has seen. He is thoroughly persuaded of the
truths of arithmetic. There is always a reason, in
the man, for his good or bad fortune; and so, in
making money. Some men talk as if there were
some magic about this, and they believe in magic,
in all parts of life. The businessman knows that
all goes on the old road, pound for pound, cent for
cent—for every effect there is a perfect cause—and
that good luck is another name for tenacity of
purpose."
Ralph Waldo Emerson wrote this many years ago.
But the points he makes are just as true today as
they were the day they were written.

ESTABLISHED 1914

sure, gasoline, and water temperature
gauges. In some installations, it is
even necessary to bypass the electric
clock. Always use the location suggested in the service notes for the bypass condenser, as sometimes it is
better to nut the condenser at the end
of the cable which comes to the instrument panel, while in other instances it is better to bypass the other
end of the cable. Condensers with
mounting brackets specially designed
for specific cars are available; using
them will make installation much
simpler. Several typical examples of
such condensers are shown in Fig. 25.
BONDING
An important secondary step necessary in agreat number of installations
is bonding—making good electrical
connections between various parts of
the car. In most cars, for example,
the engine is mounted on rubber
blocks so its vibration will not be
transmitted to the frame. This means
that the only electrical contacts between the engine and the frame are
those obtained through the wiring and
through such grounds as the car manufacturer ma
elt—necesse
se are rarely sufficient—so one
the most common bonds needed is between the cylinder head and the

FIG. 25.
Several examples of condenser installations for noise suppression.
Diagrams
like these come with receivers or are obtainable from auto dealers or from manufacturers of suppressors, showing the proper
installations for the particular make and
model receiver and car.

You should first make the bonds directed in the installation data, then, if
interference still persists, check to see
if further bonding is necessary. For
test purposes, use a length of copper
bonding or shielding braid (Fig. 26)
about two feet long, with large battery clips soldered to each end. The
braid should be the wide, heavy type,
like that used to ground the car battery. In fact, these grounding straps
can be purchased and used for bonding. Make tests by starting the car
and turning on the radio, then clipping together various metal parts of

the car with the braid to see if interference can be reduced. Check particularly between the car body and
the chassis, instrument panel and
body, chrome trim (decorative grills)
and body, transmission housing and
chassis, steel floor boards and chassis,
brake rods and chassis.
When you find points where your
bond helps, either clean away paint
and grease from under the bolts hold19
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rr HERE are many specialized forms because researches have indicated
of public address systems that pro- that, in some kinds of work, doing so
vide opportunities for men engaged in will increase the output of the workers.
selling and servicing sound equipment. Many plants, hitherto equipped with
For example, sound systems have be- voice sound systems only, are expericome common in industrial plants. menting with musical programs and
Many of the earliest installations were consequently need systems having betintended only for paging (locating ter fidelity. As ap.a. man, you may
someone in the plant) and for making be called on to modernize and improve
general announcements (talks, alarms, the response of an existing system that
general messages, etc.). Systems of has proved inadequate for musical rethis sort, intended to reproduce voice production. Thus, the fact that afaconly, are deliberately made to have tory already has asound system does
poor low-frequency response. This not mean that it is impossible for you
effect is produced by using loud- to get business there.
Another large field for sound equipspeakers having short horns and amplifiers with deficient low-frequency ment is in hotels. Here, there are
response. As a result, such systems several uses for p.a. systems; paging
reproduce the human voice clearly but systems are used to locate guests;
are not suitable for the reproduction installations are used for voice and
of music.
music in the dining room and in the
Today, however, more and more in- ball room; and, in an increasing numdustries are using their sound systems ber of hotels, p.a. systems are used to
to entertain their workers. Sometimes provide radio programs in the guest
this entertainment is given only at the rooms. In these last installations,
lunch hour or for gatherings. There is, master receivers are tuned to the de-,
however, a growing tendency to play sired stations and their outputs are fed
music continually throughout the day, through p.a. amplifiers to the rooms.

This arrangement is used in preference
to installing individual receivers in the
rooms because it is usually simpler
than putting up a complex antenna
system and eliminating interference.
A somewhat similar system is installed
in some of the more modern hospitals.
These major installations can be
very profitable to a p.a. man, but, of
course, they are not everyday occurrences. At the other end of the scale
in complexity is the intercommunicator (usually called intercom), which
is a low-cost device that is usually
very simple to install. Although the
profit from the sale and installation
of a pair of intercoms is not great,
many a p.a. specialist finds these devices are an important source of income because of their wide usefulness
and consequent ready sale.
The typical intercom is a unit in
which the speaker may be used as a
microphone by throwing a switch.
This "microphone" is connected to the
input of an amplifier of low power,
which is used to operate another
speaker or several other speakers a
fairly short distance away.
Most
intercom systems are intended for
person-to-person communication over

others, the remote stations can answer; in fact, in the most flexible systems, any station can talk with any
other station and sometimes with a
group of other stations.
The
coin-operated
phonographs
(juke boxes) that are found in many
restaurants and drug stores can also
be considered to be specialized forms
of p.a. systems. Essentially, these are
just record players that operate automatically through asmall p.a. system.
In localities where the servicing of
these units is not handled by the
dealer renting or selling them, the p.a.
man may get not only service contracts but also installation and remodeling contracts as well.
Band instruments like the electric
guitar are specialized p.a. applications
that sound specialists are often called

distances of not much more than 100
or 200 feet. Some intercoms work
only one way—one station, called the
master station, can talk to several
others, but they cannot talk back. In

used as asmall p.a. system. This, too,
is something a sound expert may be
called upon to service.
Now let's take up these specialized
applications in more detail.

on to service. The electric guitar is
essentially astringed instrument with
an electrical pickup through which
the vibrations of the strings are converted into electrical energy that is
fed through a small amplifier to a
speaker.
Finally, the home recorder—a device with which anyone can make his
own records—can also generally be
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Industrial Sound Systems
Let's see what problems are involved in furnishing high-power sound

Let's take amoment to consider the
problem of noise level. As you know,

to a number of points on a large production line where the noise of ma-

sound levels are rated in db.

chinery, tools, and shouting men must

level at which no sound can be heard.
The soft rustle of leaves on a quiet

be overcome. We shall assume we are

The

threshold of audibility (0 db) is the

dealing with a conveyor-line factory

spring day may be 10 db. Quiet con-

for heavy units such as automobiles,

versation in an average office may be

refrigerators, washing machines,
stoves.

25 db.

4

or

Ordinary street traffic may be

75 db, heavy traffic may be 90 db, and

300 FT
PRODUCTION AREA
E

E AUDIO LINES--e
PRODUCTION AREA
X

OFFICE AMPLIFIER
ID-1
-4-----1------MICRAONPDH ON E
FIG. 1.

'

Sketch showing p.a. installation in a factory.

As you know, the first step is to
make an inspection of the plant, draw
asketch of the layout, and make preliminary acoustical and electrical estimates as you learned to do in earlier
Lessons.

><Pkedis

Fig. 1 shows the kind of

sketch you would make.

the level of noise in a plant like the
one we are considering may range
from 70 to 85 db at various points.
This is a very high noise level to
overcome with a sound system. As a
matter of fact, if the noise level were

Let's sup-

somewhat higher—say over 100 db—

pose that the area is 300 X 125 --

it would be impractical to use asound

37,500 square feet. We'll assume you
have decided that an audio output of
200 watts is necessary for the job.

system at all, because the sound out-

This is, of course, a very high power
for the space involved, but it is made
necessary by the very high noise level

put would have to be so high that it
would be distressing.
(Sound actually becomes painful at about the
120-db level.)
You can see, then, that a high-

of the plant.

output sound system is needed in a
3

The schematic of this amplifier is
shown in Fig. 2. Let's discuss its details.

plant of the sort we are discussing.
200 watts is not too much, even though
the area of the factory is not very
great.

BOGEN H0125

A 200-watt amplifier can be secured
on special order, but the installation
can be made considerably less expensive by using smaller standard units.
In this case, you can use two booster
amplifiers rated at 125 watts each.
The combined power of the amplifiers
will then be 250 watts, giving you a
margin of 50 watts to take care of line
losses and to provide extra power that
will be useful if some change in the
factory makes it necessary to have
more output.
The Bogen H0125 booster amplifier is suitable for use in this system.
6SL7GT

The output stage in this amplifier
consists of two 807 tubes connected in
push-pull. This stage operates in
class B. Driving power for the grids
of the 807's is furnished by a pair of
6SN7GT tubes. These latter tubes
are normally dual triodes, but in this
use, the plates, grids, and cathodes in
each tube are connected in parallel so
that the tubes act as single triodes.
This arrangement permits the tubes to
handle twice the power that a single
section can. A 6SL7GT, also a dual
triode, performs a double function in

6SN7GT

807
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FIG. 2.

Schematic diagram of Bogen H0125 amplifier.
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this circuit. One half of the tube acts
Notice that the grids of the tube are
as a voltage amplifier, the other as a connected to a voltage divider made
phase inverter. Plate power for the
up of a47,000-ohm and a470,000-ohm
807's is provided by a 5R4GY. A resistor. One end of this divider is
5Y3GT provides the power needed for connected to B+, and the other to the
the other tubes and for the screen negative end of a source of bias voltgrids of the 807's.
age V,. The bias applied to the grids
This amplifier has several unusual of the voltage regulator tube at any
features. One is the use of a third time is equal to V, minus the drop V,
6SN7GT as aregulator of the screensupply voltage. Its regulating action
keeps the screen voltage at the proper
value to produce correct plate dissipation in the 807 output tubes at all
times, whether the signal input is
large or small.
As you know, the screen current of
any tetrode tube decreases when the
signal applied to the control grid decreases. If the voltage applied to the
screen grids of the 807 tubes were not
FIG. 3. Voltage regulator section of
regulated, it would increase when the
Bogen H0125.
voltage applied to the control grids
decreased. This would occur because across the 47,000-ohm resistor. The
the regulation of the power supply latter drop is equal to one-eleventh of
is not perfect: its output voltage the total voltage across the voltage
increases when the current drained divider. If B+ increases, the total
from it decreases, and vice versa. voltage across the divider will also inTherefore, any decrease in the screen crease; consequently, V will also ingrid current would cause an increase crease. Since the bias applied to the
in the power supply output voltage.
grids of the 6SN7GT is equal to V1
The screen voltage would then inminus V„ an increase in V, means
crease as the grid voltage decreased,
that the bias will decrease. This will
an effect that would tend to maintain
allow the plate current of the tube to
the plate current relatively steady in rise, creating a greater drain on the
spite of the control grid variations.
power supply and therefore lowering
This, of course, would cause distor- the B+ voltage it can furnish. Thus,
tion.
the action of the regulator tube is to
The 6SN7GT voltage regulator tube maintain a fairly constant current
is connected, as Fig. 2 shows, across drain on the power supply regardless
the screen supply (since it is con- of variations in the signal. The connected between B+ of the 5Y3GT stant current drain keeps the output
power supply and ground). The volt- voltage of the power supply constant,
age regulator ,circuit, redrawn for and therefore maintains the screen
greater clarity, is shown in Fig. 3.
grid voltage at afixed value.
2

5

Another unusual feature of this
amplifier is the coupling between the
driver tubes and the output stage.
Notice that the plates of the two
6SN7GT driver tubes are connected
directly to the B voltage supply. The
loads for these tubes consist in each
case of aresistor in the cathode circuit
plus one-half of the coil connected to
the control grids of the 807 tubes.
(To see this, trace the cathode circuits; each is completed to ground for
a.c. through the center tap of the coil.)
The signal voltage output of each
6SN7GT driver tube is developed
across the cathode load, and the part
of the signal voltage that is developed
across the halves of the coil is applied
to the grids of the 807's.
The arrangement just described
(called a cathode-follower coupling)
is used because it provides direct, lowimpedance coupling to the output
stage, which, since it operates in class
B, has a very low input impedance.
Generally a stepdown transformer is
used to couple to a class B stage.
This method of coupling eliminates
the need for such atransformer, which
would be very expensive.
Another feature of this amplifier is
that the application of high voltage
to the plates can be controlled remotely if desired. This is made possible by arelay assembly incorporated
in the power supply. When this relay
is plugged into the relay socket shown
in the schematic diagram, high voltage will not be applied to the tubes
until the relay is actuated, which will
not occur until a connection is made
between two terminals on the relay
box. A remote switch can be used to
connect these terminals. If this remote switch is left open, the filaments

of the tubes in the amplifier will be
heated; thus, the amplifier will be
ready to go into operation as soon
as the switch is closed. This is a
completely optional feature; the relay
can be disconnected entirely, and a
shorting plug can be plugged into the
relay socket, in which case high voltage is applied to the amplifier tubes
whenever the master power switch is
closed.
The output transformer of this amplifier has four connections. One is
ground, the other three are marked, respectively, "70V," "90n," and "140V."
The 70V and 140V taps are called
"constant-voltage" taps, so named because when the amplifier is delivering
no more than its rated output, voltages between these taps and ground
are essentially constant if the proper
matching transformers are used to
connect the loudspeakers to the taps.
The 9011 tap is used when the amplifier is connected to a high-output,
multi-driver loudspeaker. Most such
loudspeakers have input impedances
of 90 ohms.
Loudspeakers may be connected in
parallel to either of the constant voltage taps. With either tap, the correct
impedance of the matching transformer is equal to E2
P, where E
is the square of the tap voltage (which
is approximately 20,000 for the 140volt tap and approximately 5000 for
the 70-volt tap), and P is the power
2

to be applied to the loudspeaker. For
example, if we want to drive a25-watt
loudspeaker driver from the 140V tap,
the matching transformer must have
a primary impedance of E
P
20,000
25 = 800 ohms. In other
words, the primary impedance of the
matching transformer used to couple
2
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a25-watt loudspeaker to the 140V tap
must be 800 ohms. If two 25-Watt
loudspeakers are to be fully excited,
and are connected to this output tap,
the primary impedance of each matching transformer must be 800 ohms.
If we wish to connect a 25-watt
loudspeaker to the 70V tap, the necessary primary impedance of the matching transformer must be E2
P
5000 ÷ 25 = 200 ohms. Again, transformers having this same primary impedance should be used when several
loudspeakers of the same power are to
be connected to the 70V tap.
Whether you should choose the
140V tap or the 70V tap depends upon
which permits the more readily available matching transformers to be
used. In general, you should use the
70V tap when low power is to be
taken, and the 140V tap when you are
going to draw high power.
Notice that this amplifier is not provided with a tone control. The reason is that it is intended for use only
as a booster amplifier driven by another amplifier; control of the tone
takes place in the other amplifier.
This amplifier may be secured with
either a low- or high-impedance input. Which you use depends on the
driver amplifier you are going to use;
with the high-impedance model, a
driver amplifier having a100,000-ohm
output impedance is required; with
the low-impedance model, the driver
amplifier should have a500-ohm output impedance. The schematic diagram in Fig. 2shows the high-impedance type. The box at the lower left
of the diagram shows the input section of the low-impedance model.
Fig. 4 shows the input circuit that
should be used to couple a 500-ohm
7

driver amplifier to this booster amplifier. The 500-ohm resistor shown in
this diagram must be able to dissipate
the full output of the driver amplifier.
Resistors R. and Rb must have aratio
such that opproximately 5 volts will
be developed across Rb when the
driver amplifier is delivering about
two-thirds of its rated output across
the 500-ohm load. The combined
value of R. and Rb must be great
enough so that no more than 1/
4 watt
APAPUFER
OUTPUT
STRtP

HG. 4.

Courteay David Bogen Co., Inc.

Coupling between driver and Bogen
H0125 booster amplifier.

will be dissipated in either R. or Rb
when the driver amplifier is delivering
its full rated output to the load. Under these conditions, 1/
2-watt resistors
may be used for R. and Rb.
Values of 12,000 ohms for R. and
1000 ohms for Rb are recommended by
the manufacturer when a Bogen El0
amplifier is used as a driver. Let's
see what this driver amplifier is like.
BOGEN El 0
A schematic diagram of the Bogen
El0 amplifier is shown in Fig. 5. This
amplifier has two input channels, one
for ahigh-impedance microphone and
the other for a phonograph. The
microphone channel feeds into one
half of a 6SC7 dual triode. The output signal of this half of the tube is
then fed to the other half of the tube.
The output of this section is then fed
to a combination voltage amplifier
and phase inverter stage, also using a
6SC7, the output of which is fed to a
pair of 6V6GT output tubes connected
in push-pull.

The phono input feeds into the grid
of the second section of the first 6SC7,
•
so the two input signals can be mixed
in this tube. The volume level of each
channel is controlled by a 1
2 -megohm
/
potentiometer. The two input signals
can be mixed in any desired proportion by adjusting the potentiometers.
When only the microphone is to be
used, the volume control in the phono
channel should be set at zero; conversely, when only the phono is to be
used, the volume control of the microphone channel should be set at zero.
The amplifier has asimple tone control, consisting of a .006-mfd. condenser in series with a 1
/ -megohm
2
variable resistor across the plate load
of the amplifier section of the second
6SC7 stage.
The output of this amplifier is developed across two speaker sockets.
A 5-hole impedance-selector socket is
connected to taps on the output transformer of the amplifier. You can
select any one of 4 output impedances-4 ohms, 8 ohms, 15 ohms, and
500 ohms—by inserting aconnector in
the proper socket. The diagram shows
how this should be done.
When you are using the El0 ampli -

fier as adriver for the 110125 amplifier, you should plug the connector
into socket hole 5, thus connecting the
500-ohm tap across the speaker
sockets. Insert pins in the speaker
socket to make connections to the
110125 amplifier, using the connecting
circuit shown in Fig. 4.
INSTALLATION
It is perfectly possible to connect
the inputs and outputs of the two
booster amplifiers in parallel, producing, in effect, a250-watt amplifier. In
one important respect, however, it is
better to use parallel inputs and separate outputs for this installation. By
doing so, you will have two sound systems, each consisting of one booster
amplifier and its associated loudspeakers. Then, if either booster amplifier becomes defective, you can find
out which one is at fault by determining which group of speakers does not
operate.
A block diagram of the installation
using this arrangement is shown in
Fig. 6.
Eight loudspeakers, each with a25watt driver, are shown in this sketch.
If desired, one more speaker could be
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FIG. 6.

Block diagram of factory p.a. installation.
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ing these parts together or install a
piece of the bonding braid between
these points. Be careful to make good
contacts and use short bonds, but
leave enough slack so vibration does
not break the braid.
Fig. 27 shows several examples of
bonding. To make the cylinder-headto-fire-wall connection, remove one of
the bolts in the cylinder head and
carefully clean around the bolt hole.
Punch a hole in the braid, then slip
a washer and the braid on the bolt,
reinstall the bolt, and tighten it.
Fasten the other end of the braid
similarly to some convenient point on
the frame or fire-wall of the car. Be
sure enough slack is allowed for engine vibration, but don't use excessively long pieces of braid—they may
get in the way of controls or have

Courtesy Lenz Electric Mfg. Co.

FIG. 26.

A copper braid, useful for bonding or for shielding wires.

sufficient resistance to be ineffective.
I> Fig. 27 also shows how to bond
control cables with flexible braid. You
should fasten one end of the braid
to the fire-wall by drilling a hole in
the wall and passing a self-tapping
screw through the braid into the hole.
Solder the other end of the flexible
braid to the control cable. Be careful
to allow enough slack so that the control cable can be moved throughout
its range without interference.
It is frequently necessary to bond
the hood of the car. The hood is
separated from the frame of the car
by a strip of felt or fabric to prevent
the rattling that a metal-to-metal
contact would cause. Therefore, the
only grounding of the hood is that obtained through the catch holding the
hood closed and through its hinges.
Usually, a great amount of interfer20

ence can be eliminated by using little
spring contactors to improve the hood
grounding. These contactors are flat
strips of spring brass, made with a
roughened, jagged surface which will
make a good contact through grease,
oil, and paint. To install one, loosen
one of the screws holding the felt in
place, and insert the metal strip under
the felt so the strip is in contact with
the cowl of the car. Put the screw
back through the felt and through the
metal strip to hold them in place,
then bend the metal strip back over
the top of the felt, so that the roughened metal surface is outermost.
Now, when you close the hood, it will
be firmly grounded to the car cowl
and frame through the U-shaped strip.
You should install one of these on
each side of the cowl.
SHIELDING
Ordinarily, you should avoid installing shielding on the car electrical
system unless you are sure that it will
not affect the operation of the car,
and unless the manufacturer recommends it. Usually, it will be all right
to shield low-voltage wiring, but
shielding on the ignition circuit is to
be avoided unless absolutely necessary. It is true that many modern
automobiles are now manufactured
with shielding over the ignition wiring,
but this' has been carefully placed by
the manufacturer; it will not cause
trouble by reducing the efficiency of
the ignition system, nor will it trap
heat and result in the ignition wiring
being destroyed. This is an important
consideration, as it becomes quite hot
in the engine compartment of acar.
110- It may be necessary to shield water
hoses going to heaters. Remember
that signal noise energy will flow over
any path that is even semi-conductive. Some cars have heaters under
the front seat with long hose connections from the engine
These water

chosen and it should be enclosed in
conduit or BX. Most likely, the local

added to each line. Since high efficiency of reproduction is needed to
overcome the high noise level in this
plant, reflex trumpets should be used
for the loudspeakers. You are already
familiar with the use and installation
of these trumpets from earlier Lessons.
In a factory of this sort, it will probably be possible to mount the trumpets on girders used to support the
roof.
Because of the relatively long runs,
and the high power to be used, heavy
wire should be used in the line. No.
14 or even No. 12 wire should be

safety regulations will make it necessary to have the wiring installed by
a licensed electrician, who may be a
plant employee.
The Bogen El0 driver amplifier we
have described is designed for use
with a high-impedance microphone.
Either acrystal microphone or ahighimpedance dynamic microphone can
be used.

With either type, the micro-

phone cable should be kept as short as
possible and should be well shielded.

Wired Hotel Systems
The ordinary sound systems used in
hotel dining rooms and ball rooms are
basically the same as those systems
that you have already studied. Intercommunicators are covered later in
this Lesson. Right now, let's take up
sound systems that carry entertainment to the guest rooms.
A block diagram of atypical system
of this kind is shown in Fig. 7. Most
generally three or four programs are
made available to each guest room.
A speaker, a volume control, and a
selector are located in the guest room,
making it possible for the guest to
select the desired program and regulate the volume.
Because different programs are
available, there must be a separate
channel and a separate amplifier for
each. These programs are fed into
the amplifiers by radio tuners. Each
tuner is normally adjusted to receive
alocal station and then remains fixed
in its tuning.
10

As shown in Fig. 7, it is standard
practice to provide an extra tuner and
an extra amplifier for emergency use
to replace any unit that happens to
fail. Sometimes one or two channels
are fed from a phonograph instead of
a radio tuner. Sometimes, also, provision is made for plugging in amicrophone so that announcements can be
made over the system.
Let's see what problems we would
meet in setting up such a hotel sound
system.
The amplifier in each channel must,
of course, be capable of supplying the
power needed to operate all of the
speakers that can be connected to it.
In other words, each channel amplifier must have enough power to
operate every speaker in the guest
rooms, even though it is unlikely that
every one will be connected to the
same channel at the same time.
To take atypical example, let's suppose that the hotel is a fairly small

one having 90 rooms that are to be
supplied with sound. Allowing one
watt per room, 90 watts is needed for
each channel. This is aminimum; to
allow for the usual decrease in output
caused by aging of the amplifier components, we should use a100-watt amplifier for each channel.
Once the problem of how big an
amplifier is needed is settled, designing the system becomes quite simple
as far as the input and amplification
TO ALL
ROOMSç

MASTER ANTENNA

COUPLER

plifiers and the wires going to the
rooms.
So far, as you can see, there is
nothing particularly unusual about
the installation. We meet anew problem, however, when we come to plan
the connections to the loudspeakers in
the room. The problem is that we
have no way of knowing how many
loudspeakers are going to be connected to any channel at any time.
This means that we cannot simply
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FIG. 7.

Block diagram of typical hotel p.a. system.

sections of it are concerned. We select
a suitable tuner and amplifier and
make provisions for coupling each
tuner to amaster antenna system and
each amplifier to one of the channels
going to the rooms. To make the system flexible and to make it possible to
substitute the stand-by equipment on
any channel, we provide jacks at the
outputs of the tuners and at the inputs of the amplifiers so that patch
cords may be used to make the connection quickly between any tuner
and any desired amplifier. A somewhat similar arrangement may be
used between the outputs of the am-

provide a switch for connecting each
loudspeaker to a channel. If we did,
the impedance of each channel would
vary each time a loudspeaker was
connected to it or disconnected from
it, with the result that the volume
would be constantly varying in level
and the tone quality would be adversely affected. If it happened that
only a few loudspeakers were connected to one channel, they would be
heavily overloaded and probably
damaged.
Instead, we must use a switching
arrangement that provides a constant
load for each channel. Such aswitch-

ing system must connect a load resistor to the channel whenever the loudspeaker is disconnected from it, thus
keeping each channel fully loaded at
all times.
The basic principle of the switching
system is shown in Fig. 8. When
switch S is thrown to position 1, the
primary of line-coupling transformer
T is connected to the line, and the signal is fed through the transformer and
S

FIG. 8.

Basic design of aconstant-Impedance
switching system.

through the volume-control pad to the
loudspeaker. The dummy load resistor R is not used when the switch is in
this position.
When we wish to disconnect the
loudspeaker from this particular line,
switch S is thrown to position 2. Resistor R is then connected to the line
in place of the transformer primary.
Resistor R has a resistance equal to
the impedance offered by the primary
of transformer T, so the line is not
affected by the switch-over and for
practical purposes is feeding into a
constant impedance.
The transformer impedance, which
determines the value of resistor R, is
in turn determined by the number of
loudspeakers on each line and by the
impedance of the line. Usually the
wattage rating of resistor R is somewhat above the value calculated for
the loudspeaker so that it can safely
handle the necessary power.
The switching system shown in Fig.
8is all right for a single channel, but
a more elaborate system is necessary

where there are more channels. For
example, if there are four channels, it
is necessary for the selector to have
an off position in which resistances
are connected to all four lines and the
loudspeaker coupling transformer is
disconnected from all of them. Then,
at the position for line No. 1, the first
resistor must be cut out of the circuit
and the transformer put in its place.
At position 2, the resistor on line 2
must be removed, the transformer put
in its place, and the resistor on line 1
must be reconnected to that line.
Similarly, at positions 3 and 4, the
transformer must be substituted for
the resistances on those lines and the
switching system must reconnect the
resistors to the other lines.
There are several different switches
made specifically for this purpose.
The exact manner of operation will
depend upon the switch used, so you
should get from the manufacturer of
the selector you install, a schematic
showing the proper connections.
Some of the selectors are 2-pole
switches having a very elaborate
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band-type switch arrangement for the
second pole.
Others, like the one
shown in Fig. 9, have a pole for each
line. This switch is a 4-pole, 5-position switch. At position 0 (the off
position) the resistances R1,R2,R 3 ,
and R4 are connected across lines A,
B, C, and D respectively.
(Notice
that the shielding on the line is used
as a return circuit for these resistors
and for the loudspeaker matching
transformer.)
When the switches are moved to position 1, the transformer T is connected by S, between line A and the
shield, but all other lines are still connected through their matching re-

sion too many of the guest-room loudspeakers, it is common practice to
split up the distribution systems. In
other words, each of the channels A,
B, C, and D is broken into sections.
For each channel, asmall group of the
rooms are wired in parallel to one line,
which is then run to the amplifier.
At the amplifier, this line is paralleled
with other similar lines, each of which
is connected to agroup of rooms. The
parallel combination of these lines
then constitutes one channel.

TO OTHER
ROOMS
,
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In our example, assuming 90 rooms,
a logical arrangement would be to
split the rooms into 9 or 10 groups,
RI
SI
whatever works out more satisfactorily for impedance-matching purposes. The simplest possible manner
J_
of dividing the rooms should be followed. If the hotel has 9or 10 floors,
A B
lines could be run straight down, conFIG. 9. Multi-channel constant-impedance
necting to one room on each floor. In
switching system.
some cases, it may be preferable to
sistors. Similarly, at positions 2, 3,
connect all the rooms on one floor to
and 4, the transformer is connected by a single line. The exact arrangement
switches S2,S3,and S, to B, C, and will depend upon the layout of the
D in turn.
hotel. You should choose the one that
To keep the line loss at aminimum, will use the least cable and will inand to minimize the possibility of a volve you in the fewest difficulties in
line defect knocking out of commis- installation.
O

Intercommunicators
All the p.a. systems you have
studied so far have been primarily
designed to communicate with large
groups of people. However, there is a
large and rapidly growing field in
person-to-person communication systems. Strictly speaking, that is not
public address—it is more like an amplified telephone system. However,
13

the p.a. man logically gets the job of
installing and servicing such equipment, because, except for size and
power, an int er com is basically
the same microphone-amplifier-loudspeaker combination found in any
p.a. system.
Intercoms sell readily because they
are extremely useful in many applica-

FIG. 10.

Courtesy RCA

Typical master intercom unit.

tions and are initially low in cost and
relatively easy to install. Fig. 10
shows atypical intercom, and Fig. 11
shows anumber of interoffice uses for
such equipment. In these, the execu-

tive at the master station can get in
touch with any department of his
business at the flick of a finger—he
doesn't have to wait for telephone
connections to be made or undergo
the annoyance of tied-up lines.
As shown in Figs. 11B and 11C, it
is also possible for other sections of
the same office to communicate with
each other. Communications between
the stock room and the purchasing office or accounting office are frequently
of importance. Intercoms here permit astock clerk to move about among
the shelves and search for the required items or call out the inventory,

ral

e,
EXECUTIVE

STOCK

ACCOUNTING

PURCHASING

FIG. 11.

Typical arrangements of intercom systems.
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into two basic kinds—the direct-wire
type and the wireless type. The direct-wire type utilizes audio lines
between the units, and is completely
an audio system. In the wireless kind,
the sound modulates a local oscillator. The signal then goes out as an
r.f. wave over the power lines to the
receiving unit, where it is detected
and amplified to operate a loud-

KITCHEN

MASTER

UNIT

o
o
STOOLS

FIG. 12.

o
o
o
o

REMOTE
UNIT

Intercom arrangement in arestaurant

without having to go back to a fixed
position, as he would if a telephone
were used instead. The ability of
intercoms to pick up sounds over distances of 10 or 20 feet is very helpful
in applications of this sort.
Other typical uses are shown in
Figs. 12 and 13. In a small lunchroom, an intercom enables the counter
man to give orders to the cook without
having to yell, and the cook can hear
instructions anywhere in the kitchen.
The installation shown in Fig. 13 lets
a repair man at a remote location
communicate easily with the store
counter.
These are only a few basic uses—
many more similar applications can
be found. The literature of the manufacturers is full of suggestions.
Intercom systems can be divided

speaker.
In either system, sound is picked
up and must be reproduced through a
loudspeaker. Intercoms are inexpensive devices because it was discovered
that small p.m. loudspeakers will also
serve as satisfactory microphones.
You will recall that the dynamic
microphone contains a diaphragm
that, when subjected to sound pressure, drives a voice coil that is in a
magnetic field. A loudspeaker contains the same items, except that the
diaphragm is in the form of a cone.
Therefore, a small p.m. loudspeaker
that is used for voice reproduction
can be used as a microphone if a
switching system is provided to connect the loudspeaker to the input of

FIG. 13.
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Intercom arrangement in a service
sh9o,

the amplifier for use as amicrophone,
and to the output for listening.
This change-over is accomplished
by means of a "talk-listen" switch.
On most intercoms, this switch is held
in the "listen" position by a spring
so that the station can hear any other
station that may be calling it. When
the operator at a station wishes to
talk, he presses and holds down the
talk-listen switch, thus connecting his
loudspeaker for use as a microphone.
To learn more about this switching

a.c.-d.c.

power

supply

is

As you learned earlier, the signal
for such instruments travels over the
power line. The intercom can pick
up a signal on the same frequency
that is used for transmitting. Let us
suppose that the carrier frequency is
100 kc. If any such signal comes
over the power line, it will pass
through coupling condenser C„ and
through the volume control R 9 to one
section of the r.f. transformer T1.
From here, the signal is fed to the
oscillator-detector tube.
'When the
switches are in the listen position, this
circuit will not oscillate, because the
plate voltage is cut off—instead the
control grid and cathode of the tube
act as adiode rectifier. The resulting
audio signal developed across detector
load resistor R8 is then passed through
from point 2 to point 3 on the talklisten switch assembly, and sent
through coupling condenser C, to the
grid of the first audio stage, which
uses a 75 tube. This stage is resistance-coupled to a43 power output
tube, from which the signal goes to
the loudspeaker.

Courtesy RCA

FIG. 14.

standard
used.

Typical wireless intercom.

system, let's now study the basic
intercoms.
WIRELESS TYPES
Fig. 14 shows a typical wireless

If the operator desires to talk, he
depresses the operating switch to the
talk position. This disconnects the
loudspeaker from transformer To and
connects it to the primary of transformer T,. This transformer is now
connected to the grid of the 75 tube
through condenser C1, because the
talk-listen switch now connects terminals 3 and 4 together. The sounds
are amplified by the 75 and passed on

intercom. This is a simple type used
for communication with one or more
remote stations that operate on the
proper frequency. The controls on
the front panel are a volume control
and a talk-listen switch. As we said,
the talk-listen switch remains in the
listen position until the operator desires to speak. In this particular instrument, this switch is a 5-pole, 2position switch.
The schematic diagram of this instrument is shown in Fig. 15.
A

to the 43 tube, which now acts as a
modulator on the oscillator.
The
other 43 tube now oscillates because
it has plate voltage, and because clos16

the same power line as the receiving
unit.
There are no wires to run
around in the building, and, if you
should want to move the unit, all you
have to do is to pick it up, move it,
and plug it again into a power outlet.
These units would appear to be the
ideal type, but they do have their
limitations. To begin with, trouble
is sometimes experienced if the transmitting and receiving unit are not on
the same power-line branch. Sometimes it is not possible to get sufficient
signal through the electrical wiring
of the building. In addition, defects
in the electrical wiring may cause excessive noise or cross modulation. This
latter effect will produce mixing of
signals having different carrier frequencies.
A further limitation is that atransmitter can be heard by all receivers

mg positions 1 and 2 of the talklisten switch has changed the grid
resistance and thus produced a bias
that will permit oscillation.
Plate voltage is applied to the oscillator through L1 and through the
primary of transformer T 2 . Any audio
voltage appearing across the primary
of transformer T 2 as aresult of someone's speaking into the microphone is
in series with the plate supply voltage,
and hence modulates the oscillator.
The signal is transferred through
transformer T1 from the oscillator to
the power line. It can now be picked
up by any similar receiving unit that
is tuned to the same frequency and
has its switch at this moment in the
listening position.
These instruments are quite easy to
install—all you need to do is to plug
them into a power outlet that is on
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Schematic diagram
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a wireless

intercom.

tuned to its frequency. If there is
only one receiver, everything is all
right. If there are several, however,
all the receivers hear all messages,
even those not intended for them.
The only way out of this is to use
different carrier frequencies. Doing
so permits a setup like that shown in
Fig. 16, in which three different systems are used in one office without excessive interference among them.
However, this system is limited in its
usefulness; the executive cannot call
the bookkeeper, for example, unless
some means is provided for changing
the frequency of his unit. If the system must be flexible enough to permit
the master station to call just one
station if desired and also to call all
or several stations, awireless intercom
cannot usually be used. Instead, a
wired system must be set up.
We'll discuss wired intercoms in just
a moment. First, however, there is
another type of wireless intercom that
should be mentioned. This intercom
uses separate transmitters and receivers.
These are single purpose
units: the transmitter can be used
only for transmission, and the receiver only for reception. Obviously,
such an intercom can be used only in
applications in which one-way conversation is all that is needed. The
schematic diagrams of atypical transmitter and a typical receiver are
shown in Fig. 17.
WIRED SYSTEMS
In wired systems, audio lines are
used between the intercom stations.
Each station consists of an audio amplifier with its accompanying power
supply and a loudspeaker that can be
connected by a talk-listen switch
18
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FIG. 16. How three wireless intercom systems
can be used at one location.

either to the output of the amplifier
for use as aloudspeaker or to the input
of the amplifier through an appropriate coupling transformer for use as
a microphone.
A unit of this kind that has a selector system for picking out the station to which one wishes to talk is
known as a "master" unit. If it does
not have a selector, it is known as a
"remote" or "slave" unit. A remote
unit need not have an amplifier if it is
at a reasonable distance from the
master unit and is to communicate
only with the master. In other words,
if a remote unit is to communicate
with the master station but not with
any other remote unit, it can be just
a loudspeaker feeding through a lowimpedance cable to the master unit.
An example of awiring of a system
of this kind is shown in Fig. 18. Here,
the talk-listen switch on the master
and on each of the remotes is normally
held in the listen position. The wiring arrangement is such that the
master station can at all times hear
any or all of the remote stations that
may call it. The selector switch of
the master station can be set to let the
master talk to one particular remote
or to all of them.
You can call the master station

normal listen position, it can receive a
call from the master when the selector
switch at the master is turned to the
proper position.
If it is desired to have the remote

from any of the remotes by holchng
the talk-listen switch to the talk position. You cannot, however, call any
of the other remotes. When the talklisten switch from a remote is in the
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Schematic diagrams of wireless intercom receiver and transmitter units.
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paths carry ignition interference inside the car. A shield may be necessary (see Fig. 28) over such water
hoses.
10- Sometimes screen wire must be installed over the flooring of the car between the front seat and the fire-wall.
Put this screen under the floor mat,
cutting it to fit around the brake and

Ground Wee

and readjust the brakes. Sometimes
bonding the brake control rods will
prevent this interference from being
carried to other parts of the car.
10- Wheel and tire static are interesting examples of conditions which can
arise when poor contacts develop between metal parts. The sounds produced may be an intermittent rasping
or clicking noise, with the time intervals varying with the speed of the
car, or may be a steady hissing developed after the car reaches a certain speed. The trouble will occur
only when the auto is in motion and
will usually be worse when going over
asphalt or cement pavement, although it may be noticed in some
cases on brick pavements or on dry
gravel roads. It will frequently disappear during periods of high humidity or when the pavement or wheels
are wet but will reappear as the road
or wheels dry out. Driving off the
O
o
SUPPORT

FIG. 27.

Examples of bonding.

BRACKET ON
6 CYL. CAR
ONLY

HOSE

clutch pedals, etc. It must be bonded
to the fire-wall and fastened to the
car body at the sides.

.o—SHIELOS

FIG. 28. Shields must sometimes be placed
over the hose going to heaters located under
the seat.

STATIC DISCHARGES

pavement onto the dirt shoulder or on
to dirt side roads will usually stop the
noise.
Apparently this noise is produced
by friction between dry pavement and
the rubber tires, which generates
static electricity. This electricity collects on isolated conductive substances
in the tires or on the metal wheels
(which may be insulated from the
body of the auto by grease or oil).
The charge builds up, then discharges
to the car body or road bed from time
to time. If the application of brakes

Annoying amounts of interference
can be caused by discharges of static
electricity developed in the brake
system and about the wheels.
Brake static is commonly caused by
metallic particles in the brake lining
touching the revolving drum connected to the wheel, by dragging
brakes (where the brake lining is
partially in contact with the brake
drum), or by improper adjustment of
the brakes.
Usually, brake static can be cleared
up by having a mechanic check over
21
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Schematic diagram of typical master wired intercom.

stations be able to communicate with
each other without having to call the
master, each must have its own amplifier and its own selector switch. In
other words, a system in which each
station can call any other station must
be essentially acollection of independent master units.

system is a combination of master
and remote units. In an arrangement
of this sort, each master can call each
other master, but each remote can call
only the master to which it is connected.
You can see that the wired units
offer more flexible arrangements than
the wireless type—of course, at the
additional expense of installing audio
lines. In addition, the wired types
are more free from power line noises
and hum troubles, which are frequently encountered with the wireless type.

An all-master system must also be
used if the stations are at very considerable distances from one another.
In this case, it is necessary to use
master units to have enough amplification to get the signals through.
A third possibility in an intercom
20

Specialized Sound Systems
There are three specialized uses for
p.a. equipment that do not fall into
any of the categories you have studied
so far. One of these is in the amplification of individual solo instruments
in bands; another is in the familiar
coin-operated phonographs or juke
boxes; and the third is in the home
recorder.
The electric guitar is an example of
the first of these specialized p.a. systems. The original model of this instrument consisted of a standard
guitar with a microphone attached to
the sounding board. More recently,
two electronic types have been developed; these are without sounding
boxes and depend entirely on electrical pickup for sound output. Let's
study both.

ELECTRIC GUITAR

There are several different makes
of electric guitar amplifiers on the
market. Each of them uses a circuit
resembling the one shown in Fig. 19,
which is a schematic diagram of the
Gibson EH-150 guitar amplifier. The
differences between this and other amplifiers are principally in the arrangement of parts in the chassis, cabinet
construction, and other minor details.
This amplifier has two input channels, one marked "Instruments" and
the other marked "Microphone" on
the diagram. The Instruments input
channel, into the jacks of which either
one or two electric guitar pickups can
be plugged, goes to the grid of a 6SQ7
voltage amplifier. The output signal
of this stage is fed to a 6N7 voltage
/Ade
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FIG. 19.

Schematic diagram of Gibson EH-150 guitar amplifier.
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amplifier and phase inverter stage,
which drives the grids of the power
output stage. This latter stage contains apair of 6L6's in push-pull.
The Microphone channel is provided
for use in making announcements and
so forth. A signal fed into the microphone through this channel is applied
to a 6SQ7 pre-amplifier stage that is
used to bring the microphone output
up to the same level as the signal from
the guitar pickup. It is fed from this
stage to another 6SQ7 voltage ampli ORCHESTR A

AMPLIFIER
AND,
SPEAKER

PLATFORM

0 MICROPHONE
GUITAR()

/ ;> /
.:44*'•
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FIG. 20. Typical setup using one amplifier
for both guitar and microphone.
fier stage that is in parallel with the
similar 6SQ7 stage used in the Instruments channel. The outputs of these
two parallel 6SQ7 tubes are mixed by
being applied to a common load.

sult that the tone of the amplifier
deepens.
Each channel has a volume control
consisting of a 500,000-ohm potentiometer, the variable arm of which is
connected to the grid of one of the
two paralleled 6SQ7 stages.
Since a microphone channel is provided in this equipment, it may be
used as a small public address amplifier in small dance halls, night
clubs, and similar places where great
volume is not necessary. A typical
set-up is shown in Fig. 20. To reduce
acoustical feedback and prevent howling, the cardioid microphone is placed
somewhat behind the front edge of
the speaker.
The sketch in Fig. 20 shows the
amplifier and loudspeaker in one unit.
For ease in transportation, they are
usually built into one luggage-style
case. However, usually the case can
be split into two parts when the equipment is set up for use, one part then
housing the amplifier and power supply and the other part housing the
loudspeaker. This is a desirable arrangement; if the amplifier and loudspeaker are in one case, the sound
waves caused by the vibration of the
speaker cone may cause physical vi-

The tone control of the amplifier is
located in the grid circuit of the 6N7
stage. It consists of a.0075-mfd. condenser shunting a series combination
of a .1-mfd. condenser and a 1megohm resistor. When the 1-megohm
resistor is set at its maximum resistance, most of the signal current is
passed through the .0075-mfd. con-

bration of the tubes of the amplifier,
producing howling, noise, or distortion.
Usually the loudspeaker used in this
equipment is placed nearer one side
or the other of the stage, not in the
exact center. This is done to allow
room in the center of the stage, which
is usually the place occupied by the
vocalist or other entertainer. If the

denser; as a result, the response is
high-pitched.
Reducing the resistance of the variable resistor allows
more signal current to pass through
the .1-mfd. condenser, with the re-

room is reasonably small, the amplifier will drive the loudspeaker with
sufficient power to produce adequate
22

in arestaurant. The mechanical system causes the proper record to be
selected and the pickup to swing in
tion of the speaker to determine the place, and turns on the amplifier. In
direction in which it should be aimed some types, the amplifier warm-up
period is eliminated by running the
to give the best results in tone qualfilaments of the tubes continually and
ity and intelligibility of the sound outmerely switching on the plate supply.
put of the equipment.
In others, the warm-up is shortened
THE JUKE BOX
by momentarily applying a higherthan-normal filament voltage, then
Juke boxes (coin-operated phonographs) are a familiar sight all over switching over to normal working filament voltage.
the country. Like all electronic deThere are a number of different
vices, they require servicing at least
occasionally, so it is worth our while types of amplifiers available. In Fig.
to spend a few minutes now to learn 21, asimple class B amplifier is shown.
The signal voltage provided by a
something about what is inside them.
We shall confine our attention to the crystal pickup is applied directly to
juke box amplifiers, which are usually the grid of the 6J5. This tube funcsimple and straight-forward in design tions as a standard class A voltage
amplifier and is coupled through a
and construction. The mechanical sysstep-down
transformer to the grid cirtems of these record players are too
cuits
of
a
6N7
duplex triode connected
varied and intricate to permit our
for
push-pull
operation.
This tube is
studying them here. Fortunately, the
designed
to
work
with
zero
grid bias
mechanical systems do not often get
for
no
signal
input
conditions.
When
out of order. If one does, you may
grid
excitation
is
furnished,
the
grids
find the information you need to fix
go
positive
on
alternate
half-cycles.
it in the special service manual put
out by the company that made the The power sensitivity and power outjuke box. If you are working for a put are good, but the distortion is
higher than for class A operation.
company that owns a string of boxes,
The circuit of a class A amplifier
it will undoubtedly have such manuals
is
shown in Fig. 22. A crystal pickup
for all the types it owns. If you are
supplies
signal voltage to the grid of
an independent serviceman, you may
a
6C5
through
a tone-compensating
be able to secure these manuals from
network
and
a
volume
control.
the manufacturers—or the person
The
6C5
supplies
signal
voltage to
owning the box may have one.
the
tapped
choke
through
a
.02-mfd.
In a typical juke box, a coin decondenser.
The
choke
permits
pushposited in an electro-mechanical pushpull
operation
of
the
output
stage
button selector system permits selection of one or more records. The without the necessity of using aphase
pushbuttons may be on the front of the inverter. Direct-coupled 6B5 output
juke box or on remote control boxes tubes are used. The tubes operate
distributed through a room, at each without external bias, but the grid of
table along a wall, or in each booth the input triode does not draw cur-

distribution of the sound waves all
over the room. It is usually necessary
to experiment somewhat with the posi-
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FIG. 21.

Schematic diagram of typical class Bjuke-box amplifier.

rent because a bias voltage for this
grid is set up within the tube.
In Fig. 23, amore modern juke box
amplifier is shown. The crystal pickup
works into a 6J5G voltage amplifier
through a special constant-impedance
volume control. A tone control of the
series type is part of the plate circuit
of this stage. Choke-impedance cou-

As you can see from the diagrams,
both this and the preceding amplifier
have provision for plugging in an auxiliary p.m. loudspeaker. These are
sometimes used when the juke box is
installed in avery large room.
The equipment we have described so
far uses crystal pickups. In many
juke boxes, such as the Wurlitzer 750

pling is used to permit push-pull operation of the 6L6G tubes in class A.

shown in Fig. 24, magnetic pickups
are used. The magnetic pickup is

Courtesy Rock -Ola

FIG. 22.

Schematic diagram of typical class A juke-box amplifier.
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coupled through a tone-compensating voltage of 9.8 volts is applied to the
network to the two-section volume amplifier filaments at first. With this
control, which feeds into a6J5 voltage above-normal voltage applied, the
amplifier. This tube works into a tubes warm up rapidly. When the
tone-control system, from which the filament current rises to the normal
signal goes to a6SC7 functioning as a working level, arelay is energized and
low-resistance triode, both triode sec- operates; its armature then acts as a
tions of the tube working together in transfer switch, disconnecting the 9.8parallel. The 6SC7 supplies signal volt winding from the filament supply
power through a choke-impedance circuit and connecting the normal 6.3coupling to the power output stage, volt winding in its place.
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FIG. 23.

Schematic diagram of Rock-Ola Model H juke-box amplifier.

which contains two 6L6G's connected
in push-pull. This power output stage
is considered to operate in class AB;
actually the operation is class A at
low and moderate volume levels, approaching class B only at high volume
levels.
This amplifier contains an arrangement that cuts the warm-up time appreciably. With the amplifier off and
the primary circuit of the power transformer opened by apower switch, the
9.8-volt winding on the power transformer is connected to the amplifier
tube filaments. No voltage is applied,
of course, since the primary is open.
When the equipment is turned on, a
25

HOME RECORDERS

The home recorder is another form
of special p.a. system that the radio
serviceman is sometimes called upon
to repair. Such a recorder can be
used both to make records and to play
them. The recording section consists
of a microphone, an amplifier, a cutting head, and a phonograph turntable. The playback section consists
of the same phonograph turntable, a
pickup head, the same audio amplifier,
and aloudspeaker.
The general arrangement of these
components in a recorder is shown in
Fig. 25. As you can see from this
block diagram, microphone signals are

fed through the amplifier and applied
to the recording head, which is more or
less the reverse of an ordinary phonograph pickup. In other words, electrical signals applied to the recording
head cause it to move aspecial kind of
needle, called a stylus, that cuts a
groove in ablank record that is turned
by the turntable. Once made, the
record can be played back in the conventional manner through a phono
pickup.
We shall not discuss the techniques
of recordings and the types of recording heads in this Lesson. Here
we are interested in the audio amplifiers used in home recorders. Such
amplifiers are rather simple, but, since
you may be called upon to repair one
of them, it is worth while to discuss a
typical example.
One feature of the recorder amplifier that is not usually found in other
types of audio amplifiers is the volume
level indicator. These indicators are
used in recorders because it is necessary to keep the level of the signal
applied to the cutting head below a
certain maximum value and above a
minimum level. The value differs for
different types of equipment, but, for
each type, there is a particular level
that must not be exceeded; if it is,
overloading and distortion, and perhaps even actual mechanical damage
to the record, may occur. The minimum level is set by the noise level of
the equipment; if the signal is too
weak, you can hear nothing but noise.
Some of the more elaborate professional systems use a dual indicator;
one must record loudly enough to stay
above the minimum, but not so loud
as to exceed the maximum. However,
on most home recorders only the

Courtesy Rudolph Wurlitzer Co.

FIG. 24.

e

Schematic diagram
Wurlitzer
750 juke-box amplifier.
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maximum is indicated; it is expected
that the performer will speak loudly
enough to stay above the noise level.
In professional recording equipment, a meter is used to indicate the
level of the signal applied to the cutting head. A home recorder is not
usually equipped with such an elaborate indicator; instead, it usually has
a magic-eye tube that indicates the
output signal level.
The schematic diagram of atypical
home recorder is shown in Fig. 26.
This device can be used as arecorder,
as arecord player, and as asmall p.a.
system. In this last use, the mircophone, amplifier, and speaker are the
only components that are used.
As you can see from the diagram,
the microphone input is fed to the
grid of a 6J7 voltage amplifier. The
signal then goes to the triode section
of a6Q7 dual-diode, single-triode tube
and from there to a6K6 output tube.
The output of this tube is applied
through a transformer either to the
driving mechanism of the cutting head
or to the loudspeaker, depending upon
the position to which a three-way
switch in the output circuit is thrown.
The diode section of the 6Q7 fur-

nishes a varying d.c. voltage that is
used to operate the 6U5/6G5 magiceye indicator tube. When the switch
in the output circuit of the recorder
is thrown to the cutting position (position 1), signal voltage is applied to
this diode section from a voltage divider that is across the cutting head.
Thus, the value of the voltage applied
to the diode at any instant depends
on the output voltage of the amplifier
at that instant. The half-wave rectifying action of this diode produces a
pulsating d.c. voltage across the diode
load, which is essentially R/3 and R/4
in parallel. The d.c. portion of this
voltage is applied through the a.c.
filter R18 and C12 to the control grid
circuit of the 6U5/6G5 magic-eye
tube. The average d.c. value depends
on the average audio level, so condenser C12 is thus charged to a d.c.
voltage, the amount of which at any
time depends upon the value of the
a.c. output voltage of the amplifier.
This voltage across C12 acts as a
changing bias for the magic eye tube,
closing or opening the shadow on the
tube as the output voltage increases
and decreases. If the audio input is
properly controlled, the eye indication

RECORDING SYSTEM

FEED
MECHANISM,,t

AUDIO AMPLIFIER
RECORDING
HEAD
MOTOR-DRIVEN7"
TURNTABLE
PHONO PICKUP
RECORD

PLAYBACK SYSTEM
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1

.11110
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TURNTABLE

FIG. 25.

Block diagram of home recorder system.
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RECORD

4

Courtesy Wilcox-Gay Corp

FIG. 26.

Schematic diagram of Wilcox-Gay Model A72 Recordio home recorder.

can be brought to a predetermined
level that indicates full recording but
not overloading. Any excessive peaks
will over-close the eye, indicating a
need for reduced input. Below-normal
levels will not close the eye sufficiently,
so the minimum level is also indicated.
As you can see from the diagram,
switches SW, and SW 4, which are
ganged, control the use to which the
recorder can be put. When they are
thrown to position 1, both the microphone and the cutting head are connected to the amplifier; this is, therefore, the switch position that permits
records to be made. When the switches
are thrown to position 2, the pickup
head and loudspeaker are connected
to the amplifier; this is the playback
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position.
When the switches are
thrown to position 3, the microphone
and the loudspeaker are connected to
the amplifier. In this last position,
the recorder can be used as a small
public address system.
The tone control for the equipment
consists of a fixed condenser in series
with a variable resistor connected
from the plate of the 6Q7 triode section to ground.
We have seen how typical amplifier
systems are constructed, planned, and
installed. We have also learned something about the functioning of various
special forms of p.a. equipment. In
a succeeding Lesson, we shall learn
how these amplifiers are maintained
and serviced.
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causes the noise to disappear, we attribute the noise to wheel static; otherwise, it is tire static.
Since wheel static means metal
portions of the wheel are insulated
from the car body by grease and oil,
the obvious solution is to apply some
contacting means. Special static collectors, which are installed under the
decorative hub caps, are made for this
purpose. There are several types, and
the recommended type for the particular car wheels should be used.
Typical installations are shown in
Fig. 29.
It> Tire static is harder to explain.
Apparently it is sometimes caused by
metallic paint spots inside the tires.
(Some manufacturers use such paint
inside tires to balance them.) In such
cases, cleaning the inside of the casing
with awire brush and then wiping the
casing thoroughly with benzine and a
cloth to remove this paint will clear
up the trouble. Sometimes a special
paint available from the maker of the
tire can be used to coat the inside
wall of the tire.
The difficulty may also be caused
by vulcanized patches if a metallicbase glue has been used on the tube or
casing.
Often (particularly if the wheel has
wooden spokes) the trouble can be
minimized by running abonding wire
between the metal rim and the hub of
the wheel to make better contact. We
refer, of course, to the removable
metal rim, which paint and rust may
have insulated from the rest of the
wheel.

terrific amount of interference. Also,
dirty and worn spark plugs, cracked
spark plugs, leaky ignition wiring, and
loosened body bolts will all raise the
interference level.
The services of
a good mechanic may be required to
put the ignition system in first-class
order.
110- Frequently excessive noise will be
produced if the rotor arm of the distributor is spaced too far from its
contacts. Because it turns at high
speed, this rotor arm must not strike
any of the contacts, but it should be
equally spaced from all of them and
should just barely miss them as it
rotates. A good mechanic, if he finds
the spacing too great between the end
of the rotor arm and the contacts, can
take out the rotor and (with a peening hammer) flatten out the contacting
tip to make it somewhat longer. Then,
he will reshape it and make a check
to be sure it does not actually strike
any of the contacts.
If the spacing between the contacts
and arm is erratic, a new distributor
head should be obtained for the car.
DETERMINING THE SOURCE OF
INTERFERING NOISES

It is usually rather easy to determine whether noise originates within
the receiver or is caused by ignition
interference. Here are some logical
step-by-step procedures which will
identify the source by the sound of
the noise and the conditions of operation.
Case 1. First try the receiver with
the car standing still and with the engine not running.
This condition
SPECIAL TROUBLES
eliminates mechanical vibration from
With older cars, you can expect de- the engine, the ignition circuits are
terioration to raise the interference not working, the generator is not
level higher than normal. A crack on working, and brake or tire static is
the spark coil or on the distributor not a problem. Any noises heard
head will provide a leakage path must be caused by defects within the
which will affect the operation of the receiver, by a loose connection or
engine somewhat and will create a partial ground in the antenna circuit
22
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SUCCESS
The word "SUCCESS" means different things to
different people. But the definition of "SUCCESS"
which appeals to me most, is this one, written by
Mrs. A. J. Stanley:
"He has achieved success who has lived well,
laughed often and loved much; who has gained the
respect of intelligent men and the love of little
children; who has filled his niche and accomplished
his task; who has left the world better than he
found it, whether by an improved poppy, a perfect
poem, or a rescued soul; who has never lacked appreciation of earth's beauty or failed to express it;
who has looked for the best in others and given the
best he had; whose life was an inspiration; whose
memory is a benediction."
Those of us who can even come close to achieving
success of this kind will truly be contented, happy
men.
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REVIOUS Lessons have shown
you how sound systems are
planned and installed. Now we are
going to discuss keeping sound systems
in good condition.
This Lesson is divided into three
sections. First, we shall discuss the
renovation of existing equipment to
improve its performance; next, we
shall study preventive maintenance
procedures that should be followed to
keep a system from developing complete breakdowns; and finally, we
shall learn how to service defective
systems.
The need for renovation usually
arises when new demands are made
of the system. For example, it may
be desired to play music over a p.a.
system that was originally intended
to carry only voice. In almost every
such case, you will have to improve
the frequency response of the system
before it will be able to reproduce
Photo above Courtesy Jensen Mfg. (Yo.

music with good fidelity.
Natural aging may make equipment deteriorate to such an extent
that it no longer gives satisfactory
service even though it is not actually
defective. Many consider the restoration of such systems to be a renovation, although it may also be classed
as servicing if the final results are
not better than the original response.
Preventive maintenance involves
making frequent tests and inspections
of a system as a matter of routine
with the object of anticipating possible part failures and thereby preventing them from happening. The
procedures followed in preventive
maintenance often seem to be unimportant actions, since they consist
mostly of inspecting components,
shaking wires, removing dust, and so
forth. Their value is proved, however,
by the fact that a system stays in
operating condition longer when these
procedures are carefully followed.
1

Repairing defects in a p.a. system
is much like repairing the audio sys-

put devices, and each joint is a possible source of trouble.
We shall consider both true p.a.
systems and office intercoms in this
Lesson. Although the office intercom
is really just one form of public address system, the fact that it is low
powered and is intended to carry only
voice makes the general procedure of
maintaining it somewhat different
from that usually followed for a p.a.
system.
Now, let's discuss the renovation of
inadequate p.a. systems.

tem of a radio. As you will learn,
however,

there

are

certain

defects

that are more apt to occur in p.a. systems than in radios, mostly because
a p.a. system is worked more nearly
at

its

maximum

level,

so

slight

changes in tube characteristics or in
operating potentials show up readily
in reduced and distorted output. Also
there are more connections between
the amplifier and the input and out-

Renovating

P. A.

Systems

discussed these kinds of distortion in
earlier Lessons, but, to refresh your
memory, we shall describe briefly
what each consists of.
Amplitude distortion is present if
the shape of the output signal differs

A p.a. system may distort, hum, be
noisy, oscillate, or have insufficient
volume without being defective in the
sense that some part or parts have
failed. Any one of these conditions
may be bad enough (because of lower
original design requirements) to require correction, particularly if greater demands are placed on the system
than were originally made. Let's see
why these conditions may arise, and
what can be done about them.

AMPLIFIER

AMPLIFIER
2

DISTORTION

The output of a p.a. system is distorted when it differs from the original input in any way except in a
AMPLIFIER
3
uniform change in volume. There are
four kinds of distortion—amplitude,
Amplitude distortion is present when the output
frequency, intermodulation, and signal of an amplifier does not have the same
shape as the input signal. Here, for example, a
phase. Phase distortion is not imporsine wave is applied to three different amplifiers.
Amplifier 1 clips the negative half of the input
tant in practical sound work, but any
signal, amplifier 2 clips the positive half, and
one of the other three may be present amplifier 3 clips both halves. In each case, the
output of the amplifier is distorted.
to an objectionable extent. We have
2

from that of the input signal. In
other words, if we feed a sine wave
into a p.a. system and do not get a
sine wave out, the system exhibits
amplitude distortion. Amplitude distortion usually results in a flattening
out of one or both half-cycles of the
sine wave. This means, as you have
learned, that higher frequencies have
been added to the original signal. If
only one half-cycle is distorted, even
harmonics have been added; if both
are distorted, odd harmonics have
been added.

and difference of the two audio frequencies. It is similar to amplitude
distortion in that extra frequencies
are added; these added frequencies
are not harmonics of the original frequencies, however. For example, if
an audio frequency of 300 cycles and
another of 700 cycles are applied to
some non-linear device—such as a
saturated transformer—beat frequencies of 400 cycles and 1000 cycles will
be produced, as well as frequencies
resulting from the interaction of these
beat frequencies with one another and

1,
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FREQUENCY IN CYCLES PER SECOND

This is the frequency-response curve of atypical
amplifier of fairly good characteristics.

Frequency distortion is present
when some frequencies are amplified
more or less than the other frequencies in the input signal. An amplifier
that is deficient in high-frequency or
low-frequency response, or which has
a peak in its response, exhibits frequency distortion.
Intermodulation distortion might
also be called audio-frequency superheterodyning. It occurs when two
audio frequencies are fed into a nonlinear device. The result is the same
as that achieved when a radio signal
and an oscillator signal are fed into
the first detector of a superheterodyne; that is, beat frequencies are
produced that are equal to the sum

with the original frequencies. These
beat frequencies are not usually of
great amplitude, but there are enough
of them, when intermodulation distortion is pronounced, to cause fuzziness in the sound output. Intermodulation distortion is seldom measured
for any amplifier, since there is no
very easy way to measure it; in general, you can assume that a system
having low amplitude distortion will
also have low intermodulation distortion, although this is not true in
every case.
A p.a. system exhibiting any one or
any combination of these distortions
may be satisfactory for some limited
use, such as reproducing spoken words
3

only. However, such a system will
almost invariably need renovating if
it is to be used for music, since in that
case the distortion will be far more
noticeable.
Amplitude Distortion. Amplitude
distortion may originate in the pickup device, the amplifier, or in the
loudspeaker, but its most usual source
is in the amplifier. In fact, any amplifier has acertain amount of amplitude distortion. Therefore, the problem is not to eliminate amplitude

In fact, whenever new demands
make the amplifier of asound system
inadequate, about the only thing you
can do is replace it with a better
amplifier. We are assuming, of course,
that the old amplifier is in good condition but is simply incapable of furnishing all the power needed.
Amplitude distortion may also be
caused by a speaker cone that has
become relatively inflexible. An old
cone, or one that has been exposed
to dry heat for some time, may have
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The frequency-response curve of atypical loudspeaker. Notice how much less flat it is than that
of the amplifier shown earlier.

distortion altogether, but to reduce
it so much that it is unobjectionable.
A commercial amplifier of reasonably
good quality usually has relatively
low amplitude distortion if it is operated conservatively—that is, if its
rated output is 20% or 30% more
than the power actually drawn from
it.
If you are renovating asystem that
exhibits excessive amplitude distortion, check first to make sure that the
amplifier is not being asked to supply
more output than it is designed to
furnish. If it is, the only remedy is
to install an amplifier that is easily
capable of handling the load placed
upon it.

this defect. The only cure is replacement of the cone or of the speaker.
Frequency Distortion. Frequency
distortion may be caused by the pickup device, by an audio line, by an
amplifier, or by the loudspeaker.
Each of these devices passes some
frequencies better than others, even
when it is in perfect condition, so the
sound system may have marked frequency distortion without having any
defective part.
You must always keep in mind the
fact that the amplifier frequency response does not necessarily determine
the fidelity of the sound system. Even
if an amplifier has a perfectly flat
frequency response throughout the
4

audio range, the sound system in
which it is used may have severe frequency distortion if any of the other
elements in the system has peaks or
valleys in its response. Therefore, to
secure high fidelity in asound system,
you must match the components so
that the overall frequency characteristic has the desired shape. Usually it
is best to design the system so that it
is flat in response within reasonable
limits for the desired range, but in
some special cases it may be preferable to accentuate the lows or highs.
When you are attempting to improve a system that already exists,
you do not usually have the freedom
that the original designer had. The
customer will generally expect you
to make as few changes as possible
to give the system the performance
he desires. This means that, when a
system exhibits frequency distortion,
your efforts will be directed toward
raising the valleys or lowering the
peaks in the response as economically
as possible. Very often this will mean
that you will change a component of
the system rather than attempt to improve its response, because the time
cost of your work in making such an
improvement would be more than a
new component having the desired
characteristic would cost.
Curves are very often used in discussions of the fidelity of sound systems. Such acurve usually shows how
much db variation there is in the output of a sound system at different
frequencies. To the p.a. man, however, these curves have only theoretical interest. As apractical matter, it
is impossible to plot such a response
curve for a complete installation. It

is possible to do so under laboratory
conditions, using very elaborate equipment, but it is never done in practice.
These curves do have some valuable information to give you, however. For example, if a frequency
response curve furnished by the manufacturer shows that the microphone
to be used has a deficient low-frequency response, you know at once
that the low-frequency response of
the amplifier will probably need to be•
boosted to give a reasonably flat output. Similarly, if the manufacturer's
information on the loudspeaker to be
used indicates that it is deficient in
response at one end or the other of
the frequency range, you know approximately what change you should
make in the amplifier output to correct for this condition.
However, curves that apply to general types of microphones or loudspeakers do not necessarily apply to
specific microphones or loudspeakers
that you may have. These curves are
usually plotted for average values,
and the equipment you have may not
follow the average exactly. For that
matter, even if the manufacturer used
the particular microphone or loudspeaker you are concerned with in
gathering the data for these curves,
you have no guarantee that the characteristics of the device have not
changed appreciably since the curve
was drawn.
Therefore, the only practical use of
such curves is to give the man who is
designing the system some idea of
how well the various components will
match. If it appears from the manufacturer's information that the equipment to be used will give areasonably
5

flat frequency response in combination, the chances are that only small
adjustments will be needed to get the
desired frequency response after the
installation is made.
Fortunately, it is not necessary to
make measurements of frequency response when you are renovating a
sound system. The object of the system, is, after all, to produce an amplified sound that will be agreeable, or
at least acceptable, to the ear. Therefore,. you can check the performance
of the system adequately simply by
listening to it. If it sounds good, it
is good—regardless of whether or not
a measurement of the frequency response would show it to be perfectly
flat. As a matter of fact, a system
that has a certain amount of frequency distortion may sound better
than does one that is theoretically
perfect.
There is one major difficulty you
will meet, however, in testing a system by listening to it. This difficulty
arises from the fact that people differ
in their hearing ability and preferences. Many prefer accentuation of
the low frequencies in music, for example. Consequently, you may find
that acustomer doesn't like the reproduction a sound system gives even
though you consider it excellent.
As amatter of fact, it is just about
impossible to set up a sound system
having a fidelity that everyone will
consider satisfactory. Of course, extremely high fidelity is seldom required of a sound system unless it is
to be used to amplify fine music for
critical listeners. Installations of this
sort are relatively rare, and usually
highly trained sound engineers make

them. We can, therefore, forget the
problems of extremely high fidelity
and instead consider only the sufficiently large problems of producing
acceptable frequency response.
The process of compensating for
lack of uniformity in the frequency
response of a sound system is called
"equalization." Usually equalization
involves increasing the low-frequency
and high-frequency response of the
amplifier to compensate for poor response in the microphone and loudspeaker at the ends of the audio
range. Sometimes this can be done
satisfactorily by adjusting the tone
controls of the amplifier. This is possible, however, only if the system is
well designed in the first place so that
the components of it are reasonably
well matched. If there are serious deficiencies in response in the microphone or the loudspeaker, or if the
audio line connecting the various
components discriminates excessively
between frequencies, more elaborate
correction is usually necessary.
A microphone may have weak lowfrequency or high-frequency response
or may have a peak at some frequency because of mechanical resonance. When this last defect is
present, sound waves of the frequency
at which the microphone is resonant
will cause abnormally large mechanical motions within the microphone,
producing an output with arelatively
sharp, high peak. This defect is characteristic of low-priced microphones;
the better grades contain damping
arrangements that largely eliminate
mechanical resonance. The only cure
for a microphone that does exhibit
excessive peaking from this cause is
6

to replace it with a better one. In
some cases it is worth while to try a
similar microphone in place of the one
that is causing trouble, since there
may be a considerable difference in
their responses.
If a high-impedance microphone is
used with a long microphone cable,
there will be a very noticeable decrease in the high frequencies by the
time the signal reaches the amplifier,

IS

izers are made by several companies.
Almost invariably, however, these are
"losser" networks—that is, they compensate for a loss in high frequencies
by reducing the low frequencies proportionately, or vice versa, with the
result that the signal applied to the
amplifier has the right proportion of
highs and lows but is considerably
weaker than the original output of
the microphone. Such losser equal-
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The frequency-response curve of atypical microphone. Like the loudspeaker, this microphone is
far less flat in its response than is the amplifier.
Remember that the overall frequency response of
ap.a. system depends upon the responses of the
individual components, not simply on the
response of the amplifier alone. As amatter of
fact, as you can see by examining the examples
of amplifier, loudspeaker, and microphone
responses given in this Lesson, the loudspeaker
and the microphone vary so widely that it
is they, rather than the amplifier, that determine
the overall response.

because of the shunting effect of the
distributed capacity of the microphone cable. For this reason, you
should always use a low-impedance
microphone and alow-impedance line
when the microphone must be over
20 or 25 feet from the amplifier.
Weak low-frequency or high-frequency response, if it is not excessive,
can usually be equalized by adjusting
the tone controls of the amplifier. If
not, you can insert an equalizer network in the line between the microphone and the amplifier. Such equal-

izers can be used only when the gain
of the amplifier is great enough to
overcome the attenuation they cause.
Obviously, if the amplifier is working
at its peak output, it cannot have sufficient reserve power to make up for
the extra loss.
If the amplifier does not have
enough gain to permit you to use an
equalizer, probably the best way out
is to use a better microphone—unless
you intend to install anew amplifier
anyway, in which case you may be
able to get one having sufficient gain
7

or by a poor connection to the lowvoltage circuit in the car.
If the set is noisy, or striking the
set sharply with your hand causes
noise, you can be sure the noise source
is within the receiver. (We will go
into internal receiver noises later.)
Wiggling the antenna lead will show
if the antenna circuit is faulty.
Listen carefully to see if the noise
actually comes from the speaker.
Often the speaker will be vibrating a
loose plate, ashtray, or some control
cable from the instrument panel.
110- While the car is standing still, try
operating the brakes. You may hear
a loud click when the stop-light (at
the rear of the car) turns on as the
brakes are applied. A condenser between the stop-light lead and the car
chassis will eliminate this.
If you find a noise is not present
under these conditions, go on to
Case 2.
Case 2. Turn on the engine and
let it idle or run slowly. The car
should remain standing still. You will
now get electrical interference from
the ignition system and also a certain
amount of mechanical jarring from
the engine. Frying or crackling noises
are very likely ignition noises. Presuming you have already carried out
the basic elimination procedure (or
you find this has been done if someone else installed the receiver), check
to see that all the manufacturer's recommendations have been carried out.
It is quite possible that the basic
procedures were sufficient when the
automobile and the receiver were new,
but that aging has increased the interference level.
Po- Next, disconnect the antenna leadin from the receiver. If the noises
cease, the antenna or its lead-in is
picking them up. Be certain the antenna lead-in is thoroughly shielded
and that the shield has agood ground
where it first enters the car.
23

In some instances it is advisable
to try other aerials at different locations, to see if the position of the
aerial is poorly chosen. For example,
an under-car aerial is always subject
to more interference than one on top
of the car.
On the other hand, if the noise
continues with the antenna lead-in
disconnected, the noise is coming in
over the A battery lead to the set, or
the set is picking the noise up directly,
or the mechanical jarring of the engine is producing the noise in the
radio.
Usually, in the last case, jarring the
set with your hand will change the
noise level.

FIG. 29.

Wheel static collectors.

Interference coming in over the A
battery lead sometimes indicates that
a bypass condenser was not used
where the A battery connects to the
car ammeter. Sometimes it is necessary to run the A battery lead directly to the storage battery to help
clear up this interference.
In other instances the noise will
enter the radio set directly, probably
because some control rod or cable
going to the instrument panel of the
car happens to run close to some opening on the radio container. Ventilating holes are necessary on the radio,
and, when the speaker is built in, holes
must be provided to eliminate back
pressure on the speaker. If control
leads run close to these holes, interference may feed through them. Try
moving such cables about to see if

to make the use of an equalizer
possible.
Frequency distortion may also
occur in the output system of the
amplifier. Any one or more of these
causes for frequency distortion may
exist:

when the total range of the amplifying system is restricted. For example,
if the amplifier system is capable of
handling a range of 70 to 8000 cycles,
aloudspeaker system that will reproduce from about 60 to about 10,000
cycles will give the system the utmost
fidelity of which it is capable. There
would be no point in using a loudspeaker system that had a more extended coverage than this.

1. The loudspeaker may not be
linear in its reproduction.
2. The baffle system used with the
loudspeaker may cause a loss of the
low frequencies.
3. The line-coupling transformer
may cause losses at the high and low
ends of the audio range and may possibly cause resonant peaks in the
middle.
4. There may be loss of high frequencies in the line from the amplifier
to the loudspeaker because of the distributed capacity of the line.
Frequency distortion caused by
non-linearity of the loudspeakers can
be minimized by using loudspeakers
of good quality and efficient design
instead of inexpensive and inefficient
units. If fidelity is particularly important, separate loudspeakers may
be used for the high frequencies and
for the low frequencies. As you know,
a combination of two speakers used
in. this manner is called a tweeterwoofer corn bination. Modern coaxial
loudspeakers, in which the high-frequency tweeter is mounted within the
cone opening of the low-frequency
woofer, will give very extended coverage; the best will reproduce frequencies from as low as 30 cycles up
to about 15,000 cycles with a minimum of frequency distortion.

When a tweeter-woofer combination is installed in this system, it is
necessary to use a cross-over network
with it to separate the highs from the
lows and feed each to its proper loudspeaker.
Most high-fidelity loudspeaker systems have such cross-over
networks built into them; if not, the
manufacturer almost always offers a
suitable network separately.
It is practical to install better loudspeakers if the original ones are cone
loudspeakers. If the original loudspeakers
are
exponential
horns
equipped with driver units, replacing
them with cone-type loudspeakers is
possible only if the consequent loss in
sound power output is not objectionable.
There is usually a distinct loss in
the frequencies below 250 cycles when
horn loudspeakers are used. This
makes them unsuitable for reproducing music when good fidelity is
wanted. Folded auditorium horns will
provide a greater frequency range
but are not used very often, because
they are large and expensive. Cone
loudspeakers enclosed in suitable baffles offer awider frequency range than
any other kind of reproducer fur-

Of course, it is useless to use an
extended-range loudspeaker system

nishes, and are therefore preferred for
8

faithful reproduction of music. They
have several faults, however, mainly
that they are limited in their powerhandling capabilities and have low
conversion efficiency. The fact that a
cone loudspeaker has low conversion

Courtesy Jen.E.0 Mfg

all sides except the front, in which
there are two holes. A loudspeaker is
mounted in one of these holes; the
other is a port from which emerges
the sound waves caused by the movement of the back surface of the
speaker cone. The baffle is designed
so that the sound coming out of this
port reinforces the bass.
Several manufacturers supply dual
loudspeakers with matching cabinet
baffles for use when high-fidelity
sound output is desired. These are,
of course, considerably more expensive than an ordinary wall loudspeaker. If it is necessary to use reflex
trumpets because high efficiency of
sound conversion is needed, it may be
possible to get better low-frequency
response by installing larger trumpets,
which have longer air columns and

Co

FIG. 1. This is atypical bass reflex loudspeaker
baffle. These come in three sizes to accommodate 8", 12", or 15" loudspeakers. The finished
appearance of this baffle makes it suitable for
installation almost anywhere without need for
concealing it.

efficiency means that it must be fed
considerably more power than must
be applied to a horn loudspeaker to
produce the same sound output. Since
asingle cone loudspeaker cannot handle much power, a great many of
them must be used to get ahigh-level
output.
There are various kinds of box baffles available for use with cone
loudspeakers. Of these, the bass reflex
baffle is the one most commonly used.
A picture of one of these baffles is
shown in Fig. 1. It consists of a
wooden or fiber box that is closed on

Courtesy RCA

This is another type of bass reflex baffle. Two
loudspeaker units are used in it, one for high
frequencies and one for low. The frequency
range the assembly can reproduce in from 75 to
12,000 cycles, and its power-handling capacity
is 20 watts. The unit can be stood on the floor, or
the feet can be removed to permit wall mounting.

9

correspondingly lower cut-off frequencies. It is possible to get a reflex
trumpet that has an air column of
61
/ feet and a low-frequency cut-off
2
of 85 cycles. A trumnet having acutoff frequency this low is adequate for
all but the most demanding installations.
An important cause of frequency
distortion in the output section of a
sound system is the coupling transformer used in the loudspeaker circuit.

from the microphone to the amplifier
does. If the amplifier has sufficient
reserve power, some form of losser
equalization can be used that will
attenuate the low and middle frequencies as much as the high frequencies
are attenuated by the line, giving, as
a result, a final output that is nearly
flat. Such a method is particularly
useful if the amplifier uses negative
feedback in the output stage, and it
is therefore not particularly critical
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FIG. 2. An example of aloudspeaker system in which one line is equalized but the others are not.
This is sometimes necessary, as the text points out, when one line is considerably longer than the
others. They are all drawn the same length here because it is not customary to indicate actual line
lengths on a schematic diagram of this sort ; however, the presence of the equalizer in one line
indicates that it is different from the others.

Unless it is of very good quality, this
transformer may introduce losses at
the high and low end of the audio
band and may cause excessive peaking in the middle of the band. If an
undesirable amount of frequency distortion is caused by the matching
transformer, you must replace the
transformer with a better one unless
the adjustment of a tone control
somewhere in the system makes it
possible to remedy the distortion.
The output audio line going to the
loudspeakers may also cause frequency distortion, just as the line

with respect to changes in the output
circuit impedance.
When a parallel arrangement of
loudspeakers is used, it is sometimes
necessary to equalize the response of
one but not of the others. This may
occur, for example, if one loudspeaker
is some distance from the others and
therefore has a long audio line running to it (Fig. 2). The equalizer used
will have very little effect on the amplifier load in such acase; its presence
merely means that the impedance of
one of the parallel branches is increased somewhat, and this, of course,
10

an increase in hum. If it becomes objectionably noticeable, it may be
necessary to improve the filter system of the amplifier, replace the
power pack, or even install a new
amplifier with a lower hum level.
Hum may also be produced during
renovation if some unshielded part
of the system is brought near asource
of hum, such as an a.c. power line
carrying heavy currents. Check over
the installation to make sure this has
not happened if the hum level is
higher after a circuit change.
Noise in a system usually occurs
only because there is some defect in
the system. It is possible, however,
that a change in microphones or in
the conditions at the point where the
microphones are may cause more
noise to be picked up and reproduced
than formerly. This may happen, for
example, if you replace asharply unidirectional microphone in a noisy
location with one that has a more
widespread pickup pattern. Choosing
HUM AND NOISE
amicrophone with amore nearly uniAny high-power amplifier has a directional pattern, or selecting some
certain amount of hum. Since this relatively noise-free location for the
hum is low in frequency (120 cycles microphone, will clear up the diffiif the amplifier uses full-wave recculty.
tification), it may not be audible if
OSCILLATION
the amplifier is used with loudspeakers that have poor low-frequency
Oscillation may be caused in ap.a.
response. Installing loudspeakers with
system either by a defect in the ambetter fidelity characteristics during plifier or by acoustic feedback from
renovation of such asystem may aca loudspeaker to a microphone. When
tually make the system sound worse you have had a little experience, you
by making the hum more audible.
will usually be able to tell easily
(Also, changing speakers may result
which kind of oscillation is occurring.
in more acoustic feedback, thus causAcoustical howling caused by sounds
ing a howl.) Whenever you improve
from the loudspeaker feeding back to
the low-frequency response of a sysamicrophone is usually in the middle
tem, therefore, be on the lookout for -register—around 2000 or 3000 cycles.
affects the net impedance of the parallel combination only slightly.
If equalization must be introduced
in one of the lines of the parallel
arrangement, however, it may be that
attenuation will have to be introduced
in the other lines to keep the outputs
of all the loudspeakers at the same
relative level. This may become necessary because of the power loss in the
equalizer used in the line to the loudspeaker. The necessary attenuation
can be secured by installing T pads
in the lines of the other loudspeakers.
These pads can be purchased commercially if you specify the db loss
needed and the source and load
impedances.
It is also possible that you may
want to run the equalized speaker at
a lower level than the others under
some conditions. If the equalizer in
the line does not reduce the output
sufficiently, it may be necessary to
use a T pad in the line also.
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Oscillation caused by a defect in the
amplifier is usually either very low
or very high in frequency. If you can
reduce the microphone input to the
amplifier to zero and still hear the
oscillation, and the loudspeaker is
not so near the amplifier that it is

Courtesy RCA

This is another type of bass reflex baffle. Two
loudspeaker units are used in it, one for high
frequencies and one for lo w .The frequency
range the assembly can reproduce is from 75 to
12,000 cycles, and its power-handling capacity
is 20 watts. The unit can be stood on the floor, or
the feet can be removed to permit wall mounting.
This is adual loudspeaker having an unusually
wide frequency response-50 to 13,000 cycles.
It is used chiefly in locations where extremely
high fidelity is wanted.

likely to be causing actual physical
movement of a tube within the amplifier, you can be reasonably certain
that the defect is in the amplifier
circuits. This is covered elsewhere
under repair of defects. However,
acoustic feedback and the resulting
howling may be such that renovation
of the system is desirable.

There is almost always a certain
amount of acoustical feedback in any
p.a. system. Oscillation occurs when
so much sound energy is fed back to
the microphone that the production
of sound by the p.a. system becomes
self-sustaining. Suppose, for example,
that a person speaks into a microphone over a public address system.
A certain part of the amplified reproduction of the voice will be reflected back to the microphone. If
the reflection is so strong that the
volume level at the microphone of
this reflected sound is as great as the
volume level of the original sound,
the amplifier will produce an output
equal to the original output, and the
process will be repeated over and over
again. The result is that the p.a. system will produce a steady tone or
howl, probably with a frequency between 2000 and 3000 cycles, because
the overall amplification and feedback tend to "peak" in this range.
As you can see, this is similar to the
production of oscillation in an electrical circuit except that here the feedback is caused by the reflection of
sound waves from the output to the
input.
You can readily see that both the
amplification of the system and the
amount of acoustical feedback determine whether such howling will occur.
If the amplification is high, even a
small acoustical feedback can cause
oscillation; or, if the amount of feedback is large, oscillation can occur at
relatively low amplifications.
To control this kind of oscillation,
therefore, either the amount of feedback or the amplification of the system must be reduced. It is easier, but
12
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less desirable, to reduce the amplificaof preventing oscillation is less desirtion—easier because doing so merely
able than is reducing the feedback,
involves turning down the volume since it reduces the flexibility of the
control, undesirable because doing so system. Hence, a correction of the
frequency response may be the renoputs an upper limit on the output of
vation step required.
the system. In renovating a system,
Reducing Feedback.
Assuming
you should reduce the feedback to
that the system does not have any
such an extent that oscillations will
loudspeaker pointing directly at the
not occur even when the system is
microphone, the ways to reduce
operating at full volume. We shall
acoustical feedback other than using
discuss means of reducing feedback
different microphones or speakers are:
in amoment.
1. Move the speakers to a differHowling can sometimes also be
stopped by adjusting the tone conent location.
2.
Move
the microphones so that
trol of the amplifier. It is quite posthey
pick
up less feedback.
sible that a p.a. system will have
peaks at one or more points in the
3. Reduce reflections in the room.
frequency range—that is, some freMost usually the latter is done by
quencies will be amplified more than installing sound-absorbing material
others. It is also possible that some on the walls, floor; or ceiling. You
frequencies will be fed back to the
learned in an earlier Lesson how
input more than others; high frequenacoustical material was used to recies are more directional than low
duce reflection in the room. Although
frequencies, for example, and may we dealt with the matter there from
therefore be concentrated toward a the standpoint of the initial installawall from which they are reflected
tion of p.a. systems, the principles
very readily, with the result that the apply just as well to a system that
sound reflected to the microphone is already in existence.
contains more high frequencies than
Finally, the use of speakers having
low frequencies. As we said, oscilla- better back baffling and the use of
tions may occur if either the feedback modern microphones having controllor the amplification is too high. If
able pickup patterns may both help
the amplifier response is greater for to reduce the feedback.
some frequencies than for others, or
INTERCOM SYSTEMS
if the feedback is greater for some
Fidelity, hum, and noise are not
frequencies than for others, those freusually matters of concern in an interquencies may cause howling even
com system as long as speech can be
though all other frequencies do not.
understood easily over it. In fact,
If the frequencies causing oscillation
about the only difficulties in an intercan be reduced by adjustment of the
com network that require system cortone control, it will not be necessary
rection rather than servicing are lack
to reduce the volume of the whole
of volume and inflexibility of arrangesystem to prevent oscillation. Like
ment.
the reduction of volume, this method
13

Both these difficulties occur only in
systems that have been poorly designed from the start, or that have
been modified after the initial installation in the hope of extending
their usefulness.
The usual reason for a complaint
of low volume in an intercom system
is that a remote station having no
built-in amplifier is placed too far
from the master. In this case, signals
from the remote station may be so
attenuated that they are at or below
the noise level by the time they reach
the master, and therefore cannot be
amplified sufficiently to be intelligible
above the noise level. Signals from
the master will still be audible at the
remote location, however, unless the
line is extremely long.
The only cure is to install amaster
or a remote having a built-in amplifier in place of the original remote
station.
In a wireless intercom system, a
station may no longer receive or
transmit signals when it is plugged
into a different power outlet. If this

happens, you can be reasonably sure
that the new power output is not connected to the same branch as the
other outlets used for the rest of the
system. It is always possible that
two outlets in the same room are not
both on the same power branch, particularly in a large office building
that has several main power lines.
This complaint can be remedied
rather simply by plugging the intercom into an outlet that is connected
to the other outlets used for the
system.
A part of a wireless system may
transmit or receive poorly, or even
fail to do so altogether, if it gets out
of alignment. We will discuss the realignment of wireless intercoms later,
in the section devoted to servicing.
If the system no longer provides
the number of intercom stations that
are desired, the renovation consists
of adding the required units and using
master units having the required
number of switch positions.
Now, let's study the preventive
maintenance procedures.

Preventive Maintenance
Preventive maintenance is a procedure carried on for the purpose of
preventing trouble by anticipating it.
In p.a. work, it consists of regular,
frequent inspection and testing of the
equipment and the installation. Such
work is generally done under a service contract, under the terms of which
a serviceman agrees for an annual fee
to make periodic inspections and to
service whatever defects he finds. This

fee may or may not include the cost
of replacement parts — usually not,
since the fee would have to be prohibitively high to take into account
such possibilities as the failure of a
large and expensive loudspeaker.
Preventive maintenance, if it is
properly carried out, is extremely
good insurance against breakdowns.
To carry it out properly, however,
you will have to develop an ability
14
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Training in anew and specialized field like Electronic Control is
peculiar in that it prepares you to be abetter man in your chosen
profession rather than for a new job in a new field. Later, when
Electronic Control assumes its rightful position of importance
alongside the other professions, you will be ready. Study and experience will gradually make you an expert, and asteadily increasing reputation for ability can very easily build up your business to
the point where you will be able to devote full time to Electronic
Control jobs, should you so desire.
This reference book and the preceding books dealing with electronic subjects together give you a thorough knowledge of the
basic ideas—the fundamental principles of practical electronic
control equipment. In the near future you will recognize these
books as among the most important you have ever studied—that
you will refer to them continually, regardless of what your field of
endeavor may be.
In the years to come, the electronic control systems which today
appear as miracles to the uninitiated public will form the very
backbone of our civilization—of an electronic civilization in which
man's ingenuity will bring about greater happiness, better health,
more comfort and more leisure to mankind.
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Practical Electronic Control Equipment
OPPORTUNITIES IN A NEW FIELD

J"electric eye" gradually replacing the human eye in industry, the "elecUST as electrical power has largely replaced human muscles ,so

is

the

tric feeler" replacing the human sense of touch, the "electric taster" replacing the human sense of taste, and the "electric nose" replacing the human
nose. Since electronic tubes play an important part in making these electrical senses carry out desired control operations, we call the entire field
electronic control.
Electronic control is anew and fast-growing field, and pioneering will be
in order for many years yet. Because of your thorough training in radio,
you are now in aposition to take aleading part in the development of this
field and in the application of the already-available electronic devices to
industrial needs. There will be only a few precedents to guide you in individual electronic applications (most of these being given in this book),
but with an understanding of the standard circuits and setups, you can
become an electronic control specialist—if you want to.
Opportunities for the application of practical electronic control equipment exist in almost every industry. If you are now working for an organization which has aneed for improved machine controls, you can make
your knowledge of electronic control serve as a key to promotions and
salary boosts.
Like the field of public address systems, electronic control can be at first
simply aside-line for an active, progressive Radio-Trician; eventually it
may become even more important than your servicing business. In order
to gain the attention of those who need electronic control equipment, make
your store or shop "the showroom of moderri industrial magic"; install
electronic devices which will arouse the interest of your regular customers,
who in turn will tell their friends, giving you free advertising. Study the
needs of store owners and others in your neighborhood, sell them electronic
controls and gradually your ability will attract the attention of factory
owners and industrial agents in your town. Remember, though, that while
merchants may want only trick devices to attract customers, industry accepts new devices only when they can profitably perform adefinite, desired
task accurately and dependably.
As the electronic control industry expands, manufacturers of electronic
equipment and the agencies which specialize in selling, installing and maintaining the equipment will need more men; those trained in both radio and
electronics, as you are, will get first chance at these jobs and will command
the highest salaries.
1
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this affects the noise level. If so,
move them to a position of minimum
interference which does not interfere
with their normal operation.
Case 3. After the preceding two
tests have been made, speed up the
engine but leave the car standing still.
Run the engine fast enough to show a
charge on the ammeter. You will now
get an increased amount of vibration,
generator noises will be more common,
and some ignition conditions may
show up which were not apparent at
lower engine speeds.
I> A whining noise, increasing as the
speed of the engine increases and decreasing as the engine is slowed down,
usually indicates that the generator
condenser is improperly installed or
ineffective, or that the commutator
needs cleaning. The commutator on
the generator can be cleaned by holding against it astrip of sandpaper or a
lint-free rag moistened with carbon
tetrachloride. Sparking, with consequent interference, may also be present if the commutator or the brushes
are badly worn or if the springs holding the brushes in contact with the
armature have lost their springiness.
It is usually best to have these conditions corrected by an experienced
mechanic.
1110.. A rattling noise usually indicates
something loose inside the car or
about the radio. First determine if
the sound is coming from the speaker
or seems to come from somewhere
else. You may frequently find control
heads or rods which vibrate. If the
noise stops when you touch the vibrating part, the part must be anchored so that it cannot vibrate.
lie Again, abuzzing or crackling noise
may indicate ignition noise, which is
worse at high speeds.
I> On some automobiles, the coil is
mounted behind the instrument panel
instead of in the engine compartment.
You may find interference in such cars
>

until the high-tension wire from the
coil to the distributor is shielded.
Sometimes it is even necessary to
shield the entire coil. Use a piece of
shielding braid for covering the wire.
The vibration produced by the engine at higher speeds may also cause
noises by shaking some defective contact.
Case 4. If the noise complained of
does not show up with the car standing still, drive the car or have it
driven, so you can determine the effects of motion. Any noises which
develop with the car in motion, but
which are not heard with the car
standing still, are usually caused by
frictional electricity generated in the
brakes or wheels. To prove this condition exists, coast down a hill with
the engine turned off. When the engine is not running, the ignition circuits are obviously not functioning
and there is no engine vibration, so
noises must almost certainly be caused
by brake or wheel static.
Complete cures for wheel and brake
static have been given earlier in this
lesson.
SUMMARY
We have given here the general procedures applicable to any car and
radio installation. As we have repeatedly mentioned, the manufacturer's instructions accompanying the receiver should be read carefully. If
you intend to go into auto radio work,
make a habit of collecting tips on
various installations. Very good information is frequently available from
the automobile distributors. These
tips will always save a great amount
of time by leading you directly into
the proper first steps. You will have
trouble only in those older automobiles where the interference level is
high and where little information is
available. For these, you may have
to spend a great amount of time test24

ADVANTAGES OF ELECTRONIC CONTROLS
A few of the more common advantages and reasons for installing electronic control equipment are listed below, to give you some idea of the
great variety of projects covered by this new field.
1. Reduction in the cost of producing a product.
2. Reduction in equipment maintenance costs.
3. Insuring more uniform quality of manufactured products.
4. Safeguarding and protecting life and property.
5. Speeding up industrial operations.
6. Counting objects accurately.
7. Inspecting and adjusting manufactured products with greater accuracy and
speed than is possible even with the best workers.
8. Acting as a constant attendant in supervising actions which occur at irregular
intervals or when least expected.
9. Attracting and holding the attention of prospective customers.
10. Controlling things which cannot be detected by the human senses.
II. Controlling objects too fragile for mechanical controls.
12. Improving the efficiency of human workers.

ANALYZING THE JOB
No matter what application of electronic control equipment you may be
considering, first study and analyze the job. Be absolutely fair; will a
simple mechanical or electrical control work as efficiently and be less expensive? If it will, suggest it even though this may mean less profit to you.
If asimple push-button set into a door frame will set off an alarm when
the door is opened, it is unwise to recommend alight beam and photocell
control device for this purpose. If an overflow of liquid can be detected by
a floating ball on a hinged arm, it is folly to recommend a photoelectric
control here. The customer will eventually discover the least expensive
way, and if you have erred, intentionally or not, you will lose prestige. Be
fair and you will go far in this field.
If the request for acontrol originates with some one else, be sure to get a
clear statement of what is to be accomplished; if the control is to be apart
of an existing machine or process, study the machine or process. You must
not upset the existing conditions. If the job originates with you, then you
should already have all necessary data. Place your ideas and plans on
paper, work out the design, study the results, and when you are convinced
that your project will prove valuable, prepare a written report, giving:
1, the purpose of the control; 2, the advantages; 3, the design; 4, the estimated cost; 5, savings to be gained by its use; 6, estimated time required
to make the installation. This report constitutes your bid for the job; always secure the written approval of the customer on the entire job and on
your price, and secure an advance payment when you think it necessary.
When the job is finished and in operation, call back periodically to inspect
its operation. Purchase commercially available equipment made by
reliable concerns, making full use of their engineering consultation service;
construct only those parts which are not standard or readily obtained.
2

BASIC PARTS OF A CONTROL SYSTEM
In every electronic control system you will find some or all of the following important parts:
1. The detector, which converts the physical change being controlled into a desired electrical change, either directly or by means of mechanically actuated
contacti. With photoelectric controls the electric eye is the detector; with
temperature controls, a thermostat, mercury column thermometer, or some
other device which responds to changes in temperature serves as detector;
with humidity controls a special indicator using one or more pieces of blonde
human hair may be the detector.
2. The introductory system, which brings before the detector the object or agent
to be analyzed. For example, the introductory system may be aconveyer belt
which makes the packages being counted pass in front of the electric eye; it
may be the railing on each side of the approach to a door, which compels a
person to walk through the light beam; it may be aspecial pipe or wire which
makes the liquids, gases or the electric current being supervised pass in front
of or through the detecting device. We must include in the introductory
system all of the devices which insure proper operation of the detector; for
example, with the electric eye the entire optical arrangement is a part of the
introductory system.
3. Amplifying and power relay devices are often essential components of an
electronic control system. In one sense the amplifier is the "automatic brain"
of the 8j/stem, building up the weak current changes produced by the detector
to give sufficient energy for a positive control, and at the same time selecting
and handling in an orderly, prescribed manner the controlling impulses.
Vacuum and gas amplifier tubes, relays of all kinds, circuits with unique
characteristics, and electromechanical "gear switching" systems play vital
parts in the final control operation.
4. The device being controlled is naturally the most important part of an electronic control system, for it must perform the desired action. The operation
of this device is of far more importance to its owner than the means of controlling the device. If the device is to open and close a door automatically,
we must consider the electric motor, the worm and drive gears, the reversing
switch, the limit-of-travel switches and the door itself.

PHOTOELECTRIC CONTROL SYSTEMS
Photoelectric control holds an important position in the field of electronic control; commercial apparatus for all standard photoelectric jobs
has been on the market for many years, and is available at reasonable
prices in awide range of models. Existing equipment is easily modified
by electronic engineers to meet special requirements of individual applications, when necessary. For these reasons we will pay special attention
to the photoelectric branch of electronic control.
In analyzing the average light-sensitive control circuit, you will find
the following basic units: 1, the light-sensitive cell; 2, the light source with
its associated optical system; S, the amplifier and sensitive relay (or supersensitive relay with sensitive relay) ;4, the power relay; 5, the device being
controlled. Before going into specific photoelectric applications, ageneral
discussion of these essential units will be helpful.
The Light-Sensitive Cell. This is the detector in aphotoelectric system,
changing its electrical characteristics in response to changes in the quantity and quality (color) of light. The three basic types of cells are the
photoemissive, photoconductive, and photovoltaic cells. When the light
3

beam is to be invisible to the human eye, infra-red light is generally utilized; photoconductive (selenium) cells and photoemissive cells are generally used with "invisible" beams, for they have high infra-red response.
Light Source and Optical System. A source of artificial light and an
optical system for directing the greatest possible amount of this light on
the light-sensitive cell are necessary in all photoelectric control systems
except those which are designed especially to respond to general illumination.
The 6-8 volt, 32 candlepower automobile headlight bulb has become
more or less standardized as aphotoelectric light source, but in some units
a 110 volt home movie projector type of lamp is used in order to permit
operation of the bulb on either 110 volts A.C. or D.C. With the low voltage
lamp a step-down transformer is needed, the secondary having several
taps. The lamp should always be operated at the lowest voltage which
gives sufficient illumination, to secure long lamp life. Twin filament lamps
are generally used; when one filament burns out, the position of the lamp
in its bayonet type socket is merely reversed. These lamps have a high
infra-red output and can, therefore, be used with an infra-red filter to
produce an invisible beam.
Either parabolic mirrors or convex spherical lenses can be used to concentrate light from the source into anarrow beam. Lenses are more widely
used than reflectors for this purpose, since lenses are lower in cost, simpler
to adjust, and permit focusing of the beam to any desired position.
Photoelectric light sources must be rugged in construction, for they are
often subjected to considerable abuse. In some cases, as in door-opening
installations, persons or trucks may bump the unit or its support; inquisitive persons will seek to discover what is inside that "cute little box," and
in outdoor installations snow, rain, ice and sleet will batter the unit.
Representative commercial light sources are shown in Figs. 1A, 1B, 1C
and 1D; in each, astep-down transformer is built into the lamp housing,
and aspherical lens is placed in front of the lamp. The position of either
the lamp socket or the lens is adjustable; the lamp is set at the focal point
of the lens when an approximately parallel beam is wanted, and back of
the focal point (but at less than twice the focal distance) when the converging beam is to be focused on the light-sensitive cell. In general, the
beam of light is adjusted to have agreater diameter (at the light-sensitive
cell) than the cell cathode; this prevents vibration in any part of the
optical system from throwing the beam off the cell and causing improper
operation of the control system.
The average photoelectric control unit requires an illumination of about
5-foot candles on the light-sensitive cell; the maximum distances at which
this intensity can be obtained for the light sources shown in Figs. 1B and
11), and for two sizes of ordinary incandescent lights without lenses or
reflectors are given on the graph in Fig. 2. With ordinary 110-volt lamps
the illumination varies inversely as the square of the distance, and therefore drops off rapidly as the light-sensitive cell is moved away from the
lamp. Ordinary lamps are unsuited for producing powerful beams, principally because their filaments have too large an area.
4

The photograph in Fig. 3illustrates apractical photoelectric application,
where abeam of light directed across the punch press prevents the press
from operating until the operator's hands are out of danger. The lightsensitive cell, placed in the dust-proof metal housing at the right, has a
tubular visor to keep out all light except that reaching it from the light
source at the left. When the distances involved are as short as this, no

Flo. 1A. This light source, a Western Electrtc
product, has a light filter (two panes of colored
glass) held in place between the lamp and the
lens barrel by a spring clip. Careful design of
the castings used for the housing gives a sturdy,
weather-proof unit.
Fic. 1B. Westinghouse type F general purpose
light source, designed for indoor use. The transformer is housed in the lower casting; the adjusting screw on the lens barrel is loosened
while focusing, then tightened to hold the lens
in the desired position. Provisions are made for
attaching metal conduit at the base, through
which the wires to the transformer can be run.

Fin. IC. Another simple light source with trans
former, in a weather-proof cast iron housing.
Adjusting screw clamps lens tube in desired
position.
Fm. I.D. View of interior of Westinghouse type 11
long range light source, designed for either indoor or outdoor use. Light-concentrating lens is
rigidly mounted in cover, but lamp socket can be
moved backward or forward for focusing. Unit in
designed to deliver a parallel beam which is
about 5 inches in diameter at a point 10 feet away
from lens. Note that in each of these four lighi
sources, a step-down transformer is mounted
below the lamp, and no reflectors are used.

light-collecting lens is needed, and even the light-concentrating lens on
the source can often be dispensed with if asimple reflector is used back of
the lamp. When protecting the operators of machines against their own
carelessness in this way, electromagnetic devices are usually attached to
the operating lever of the machine to prevent release of the lever when
the operator's hands are in the danger zone; acareful study of each installation is necessary, for the machine must not be slowed up unless the
operator actually is in danger.
A photoelectric control unit utilizing alight-collecting lens is shown in
Fig. 4; this lens concentrates a large-diameter beam on the photocell
cathode.' Light-collecting lenses like this are generally required where tire
5

light beam is transmitted for distances greater than 15 to 40 feet (depending upon the type of light source used).
Mirrors can be placed in the path of alight beam to change its direction, but each reflection from an ordinary mirror results in aloss of about
40% of the light reaching the mirror. This loss can be compensated for
by using a stronger light source and better optical system. The mirror
used must be large enough to reflect all of the light beam.
Some light is also lost (through reflection) when a beam is directed
through aplate glass window or apane of glass; the loss is about 5% for
zero angle of incidence (at right angles to the glass), and increases to 25%
for a45 degree angle of incidence.
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This graph gives maximum intensities of illumination at different distances
from the type F Westinghouse light source (pictured at B in Fig. 1), from the
type E Westinghouse unit (pictured at D in Fig. 1) and from two sizes of
ordinary incandescent lamps.

The light-sensitive cell may either be housed in the amplifier and relay box, as shown in Fig. 4, or may be placed in aspecial housing similar
to the housing used for light sources. A separately mounted photocell is
pictured in Fig. 5, connections being made between cell and amplifier by
wires running through agrounded BX cable; since the photocell is essentially a high impedance device, these precautions must be taken to reduce undesirable pickup in the connecting leads. Manufacturers supply
special cable for making connections to photocells like this.
Visors of the forms shown in Figs. 4and 5are essential where abeam of
light is directed on aphotocell, for these visors exclude light from other
sources and thus prevent improper operation of the equipment.
Amplifier and Relay Unit. This is the "brain" of the control system,
interpreting what the light-sensitive cell sees; it can be made to act on
impulses of light, on gradual changes, or on differences in the color of light;
it can be made to ignore anything but slow permanent changes; it can
be made selective in its action. All the peculiarities of radio and electrical
circuits can be put to use to get actions which appear nothing short of
magical to the general public.
6

It is customary to place the amplifier stages and sensitive relays in a
single housing; the photocell is often placed in this housing too, as it is in
Fig. 4. The power pack, the special circuits and the circuit-adjusting controls are housed in the same box, giving a compact, easily serviced unit.
Heavy-duty relays are usually placed in aseparate housing mounted close
to the device being controlled. Bear in mind that when photovoltaic cells
are used, only relays are needed; the cell feeds directly into a supersensitive relay which may control motor-operated switches or relays.

FIG. 3 (upper left). A beam of light may here
save a worker's hand some day. The powerful
punch press cannot operate while the beam of
light is interrupted, for the photoelectric amplifier and relays are interlocked with the press
controls.
FIG. 4 (upper center and right). Two views of
General Electric CR7505-541 outdoor photoelectric relay with self-contained photocell and
light-collecting lens. Light intensities as low an
3 foot-candles will cause relay to pull up; light
beam should be completely intercepted for relay

to drop out. Note metal visor over lens to keep
out slanting rays of sun.
FIG. 5 (lower left). General Electric CR7505-A5
indoor type photoelectric relay with covers removed. Photocell is in separate housing, connected to relay unit by BX armored cable.
FIG. 6 (lower right). Typical electromagnetic
counter (made by Production Instrument Co.)
with cover removed to show the six number
wheels. The maximum operating speed is here
25,000 counts per hour.

The Device Being Controlled. Photoelectric equipment is essentially
designed to control electrical apparatus, the largest relay in the system being connected to start and stop the electrical device which is to be controlled. Where the desired operation is of amechanical nature, additional
devices are sometimes needed; for example, when the flow of gas or water
to a device is to be controlled, the final relay would be connected to an
electromagnetic valve. In some cases, as in automatic door openers, motors
are used to give the required mechanical motion.
Basic Considerations. In applying photoelectric controls to industrial
or commercial jobs, the manner in which the optical system will react
7

should be given full consideration. In fact, the types of light-sensitive controls can be grouped according to whether: 1, the light beam is cut off or
on; 2, the light beam merely varies in intensity; 3, the color content of the
light beam varies. A better understanding of photoelectric control systems will be obtained if typical systems are studied according to these
classifications.
CONTROLS WHERE LIGHT IS CUT OFF OR ON
The commonest type of photoelectric control is that which involves interruption or turning on of a beam of light which is directed on a lightsensitive cell. Standard photoelectric units are available from various
manufacturers; with the correct unit at hand, there remains only the installation and connection of the various components to give the desired
results. A few examples will be taken up to show how simple this is in
most cases.
Counters (Slow Speed). The movement of an object through the light
beam of a photoelectric system produces an electrical impulse which, if
amplified and fed to an electromagnetic counter of the type shown in Fig. 6,
will cause the counter to read one number higher. The speed of the control equipment (number of objects it can count per minute) is governed
essentially by the speed of the counter; 600 "counts" per minute is an
average top speed. Electromagnetic counters require about 5 watts of
power and can be obtained for use with either A.C. or D.C. power of any
practical voltage and frequency. Standard counters will count up to 9,999
or 999,999, but special counters can be obtained which will count up to
any desired amount, automatically reset themselves to zero and in the reset
process trip a switch.
When objects on a moving conveyer belt are to be counted, the light
beam is directed across the belt; each object interrupts the beam once,
and the photoelectric amplifier sends one impulse to the counter. The
conveyer here places the objects in the proper position for counting, and
no other introductory devices are needed. On the other hand, when persons are being counted, it is necessary to design the introductory system
so that only one person can pass through the beam at atime. This is done
by constructing a passageway or entrance just wide enough for a single
person.
Another interctsting photoelectric counter application is that where
definite quantities of some small object are to be placed in containers. The
reset type of counter can be used here, the final switch action being used
to control a conveyer which will bring an empty container into position
ready for anew count.
One-Way Counter. When objects pass through the beam in both directions, as in the case of automobiles going over ahighway or bridge, aspecial counting circuit can be used to count only the cars moving in one
direction. This circuit, given in Fig. 7, uses either selenium cells or photocells. With the cells connected as shown, illumination on acell lowers the
cell resistance, makes the amplifier tube grid more negative and thus
8

lowers the plate current; interruption of alight beam therefore increases
the plate current of the associated amplifier tube.
With a circuit like that shown in Fig. 7, only objects moving upward
will be counted. When light is on both cells, the plate currents of the two
tubes are aminimum and all three relays are in their drop-out positions
as shown; an object moving upward first interrupts the beam on PB,causing relay R. to pull up. The contacts of RA and RB are both closed now,
but Rc cannot pull up for the simple reason that plate current in VTA is
still a minimum and is insufficient to operate both RA and Re,now in
parallel with each other. The object moves farther up, to apoS'ition where
it interrupts both beams; the plate current of VTA increases, but—and here
is the secret of this circuit—the coil of Re has so much lower aresistance
than the coil of RA that only Re pulls up. In other words, relay RA cannot
get sufficient current for its operation when Re is in parallel with it. The
pulling up of Re closes the contacts which control the electromagnetic
counter, and one count is registered. As the object moves on, the beam of
TO ELECTRO—
MAGNETIC COUNTER

FIG. 7.
One form of selective
circuit for a one-way photoelectric
counter. Objects moving upward
over the shaded path are counted;
those moving down do riot give a
count. In some installations the
electromagnetic counter can be
connected in place of R., eliminating one relay, provided that
the operating coil of the counter
has the same electrical char«•
teristics as the coil of R..

PBis restored first, causing RB and Re to drop out; with Re no longer
"stealing" current from RA,the latter relay pulls up, but nothing else can
happen. When the object leaves the last beam, restoring light to PA,
RA drops out, closing its contacts, and the system is ready for another
count.
Now let us see why no count is made for an object moving in adownward
direction. The beam of PA is interrupted first, and RA pulls up. Nothing
else happens until the object moves into the lower beam, cutting off light
to PB;relay RB now closes, but since the contacts of RA are open, Re is not
energized and there is no count. When light is restored to PA,the contacts
of RA close; Re cannot pull up now because VTA has minimum current and
the electromagnetic counter does not operate. Finally, when light is restored to PB,the contacts of RB open, and the system is restored to its
original condition.
Objects shorter than the separation between the two beams are not
counted, since both beams must be interrupted at some instant, and in the
proper order. Special counting systems like this are usually built to order
9

by electronic equipment manufacturers, since they are required only for
specialized applications.
High-Speed Counters. In industries where small products such as
cigarettes, nuts, bolts, etc., are produced at speeds far in excess of the
counting ability of an ordinary electromagnetic counter, special circuits
have been developed which will "memorize" impulses and operate the
counter once for adefinite number of impulses.
One type of high speed counting arrangement, shown in Fig. 8, uses one
small size gas triode for each impulse which is to be "memorized"; the
multiplying factor for the registered count is therefore four when four
tubes are used. The grids of all tubes are fed simultaneously by impulses
from the light-sensitive cell amplifier, through coupling condensers C, but
the cathode bias resistances and connections are such that only one tube
is "fired" (passes current) at any time, and this "firing" primes the following tube so it can be "fired" by the next impulse. The plates of the tubes
are connected to aD.C. source; you will remember that once agas triode in
aD.C. circuit fires, the grid loses control and plate current can be stopped
only by interrupting the plate current or removing the plate voltage.
Let us trace through the operation of the circuit from the time it is turned
on. The D.C. voltages applied to the plates and the grid bias batteries are
of such values that no tube can fire when voltage is first applied, even when
signal impulses come through. The circuit must therefore be initially
primed (one tube made to fire) by throwing switch SW momentarily to
position 1, placing zero bias on tube VTA and causing it to fire; the switch
is then thrown to position 2permanently, applying the bias voltage of battery BD to tube VT,,. With tube VT,, passing current, the voltage drop in
the lower part of potentiometer RA opposes the bias voltage of battery
BA (applied to the grid to VTB)and the net bias on VTB is made less negative. The first signal impulse to come from the photocell circuit will fire
tube VTB now, but will not affect tubes VTc and VTD,which are still biased
highly negative, or tube VTA,which is passing current. The firing of tube
VT '
,causes condenser CA to act momentarily as a short circuit, drawing
alarge current through RA.The voltage drop across RA momentarily becomes so great that the voltage between plate and cathode of VTA is insufficient to maintain ionization. Current flow in VTA stops, and its grid
regains control.
The first signal impulse has thus fired tube VTB,extinguished VT. and
"primed" the grid circuit of VTc;the next impulse will fire VTc,extinguish
VT B and prime VTD ;the third impulse will fire VTD,making the electromagnetic counter read one digit higher, and will extinguish VTc and prime
VTA,completing the cycle. Since the first impulse was created artificially
by manipulating SW, the total number of actual impulses will be (in this
circuit) one less than four times the counter reading (provided VTD is firing
when the reading is taken).
Photoelectric Alarms. It has often been suggested that photoelectric
controls be used as burglar alarms or for announcing the arrival of aperson or car, the interruption of either avisible or invisible light beam causing the alarm to sound; in the majority of such cases, however, it is cheaper
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and more practical to use simple mechanical switches for the purpose.
These switches might be simple make-and-break affairs mounted on all
doors and windows which must be opened to enter aroom or, in the case
of filling stations, might be metal plate switches in the driveway or a
pneumatic switch which operates when a car drives over a rubber hose.
Capacity controls utilizing feedback-controlled oscillators, to be described

TO PHOTOELECTRIC AMPLIFIER

shortly, should be considered.
Where open passageways or definite areas in aroom are to be guarded,
and where mechanical systems are impractical, undesirable or too costly,
photoelectric controls can be used to advantage. Standard photoelectric
amplifier units can be used, with an ordinary power relay if the alarm is
to operate only when the beam is interrupted, or with a latch-in type
relay if the alarm is to operate until the relay is reset manually.
Many unique photoelectric alarm systems have been devised. In one
case the interruption of the light beam opened and closed the shutter of a
camera and set off aphotoflash bulb, taking apicture of the intruder; an
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Fla. 8. High speed photoelectric counter circuit, which "memorizes" impulses fed to it by a photocell and amplifier, and operates the electromagnetic counter once for every four impulses.

alarm gong was also set into operation, scaring off the intruder before he
could locate and wreck the camera.
Effortless Action Switches. Where an action is desired with no effort
on the part of the operator and no mechanical pressure on the product or
object being controlled, the photoelectric control fills an important need.
Standard photoelectric control equipment can generally be used, the introductory system being designed to meet the requirements of each particular application.
An automatic sanitary drinking fountain is agood example of an effortless action switch. It is a simple matter to arrange the light source and
light-sensitive cell so that aperson bending over the fountain interrupts
the light beam. The regular fountain valve is replaced by an electromagnetic valve which is controlled by the contacts of the power relay in
the photocell amplifier circuit. The light beam can be made invisible when
amystery effect is desired.
The general appearance of an electromagnetic water valve is shown in
Fig. 9; the mechanism is usually quite simple, consisting of a soft steel
plunger with a conical bronze point which is normally held against the
11

ing interference elimination procedures before you hit upon the combination which does the most good.
Remember also, you can't get rid of

all the noise heard between stations.
Try to eliminate as much as you can,
checking the level when tuned to local
stations.

Servicing Auto Radios
Fundamentally, servicing auto receivers is no different from servicing
any other kind of radio; exactly the
same principles of effect-to-cause reasoning and localization can be applied
as can be used on an a.c. home radio
having a power transformer. Except
for its extreme compactness, it presents only the special problems of the
vibrator power supply.
Before .taking up the service procedures, let's see what equipment is
required and review vibrator systems.

will draw anywhere from 4to 10 amperes, depending on its type and size.
When defective it will draw even
more.
1111- To operate an auto set in your
shop, connect one lead of your battery
or A power pack to the case of the
receiver and the other to the A battery
lead. Polarity is of no importance
unless the set has a synchronous or
self-rectifying vibrator, in which case
you must use the same polarity of
connections as were used in the car
from which the receiver was obtained.
WORKBENCH EQUIPMENT
Many servicemen forget that an
There are afew items you will have
auto set is extremely sensitive, and
to provide at your workbench if you make the mistake of connecting a
intend to do auto radio servicing. One rather long piece of wire or a regular
will be a source of power to operate aerial to the set on the workbench.
the set. The best device for this Even an auto set which has lost most
purpose is an auto storage battery.
of its sensitivity will operate wonderIf you intend to do any large fully from this long aerial, but may
amount of auto radio servicing, get a
be absolutely dead when installed in
good battery and keep it in good con- the car, where it must operate from a
dition at all times. It must be kept small antenna. Use avery short piece
filled to the proper level with distilled of wire or a standard auto aerial
water and must be kept charged. mounted on the workbench to try out
Therefore, you should have a charger auto sets properly.
in your shop.
Because of the trouble of taking
VIBRATOR POWER SUPPLIES
care of a battery, some service shops
Practically all modern auto sets
use special eliminators designed for operate from a vibrator type power
auto radio work. They are available supply. Police receivers and a few
from wholesale supply houses and can of the older types may use motor genfurnish 6to 8volts at currents of from
erator sets, but these are not often
12 to 25 amperes, depending on encountered in regular service work.
whether you get a light-duty or a
Since the vibrator and its power
heavy-duty type.
supply systems are common sources of
This high current capacity is neces- trouble, let's review the basic vibrator
sary. An auto radio in good condition types briefly.
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orifice (water outlet) by aspring. When the solenoid or coil surrounding
the plunger is energized, the plunger is pulled away, allowing water to
flow through the valve.
Effortless controls find many uses in manufacturing plants. Where strips
of cloth, cellophane and similar materials which are subject to shrinkage have woven patterns or printed designs whose positions are critical,
shrinkage causes errors in cutting and considerable waste when automatic
cutting machinery is used. Errors due to shrinkage accumulate rapidly,
especially in high-speed machinery, with the result that the machine must
be stopped and reset at frequent intervals. Photoelectric control of the
position of the printed pattern with relation to the cutting knife completely
eliminates these troubles. A dot or other mark woven or printed in the
margin of the sheet at each point where acut is to be made is all that the
electric eye needs to do its work. Light source and electric eye are mounted
close to each other in amanner similar to that shown in Fig. 10, so that the

FIG. 9.

A typical electromagnetic
water valve.

Pic.

10.

The "detecting" section of s photoelectric
register control.

light-sensitive cell can detect the changes in light reflected from the moving sheet of material.
Photoelectric register controls like this are now being used extensively
in connection with package wrapping machinery like that shown in Fig.
//; here afriction brake is used to correct the speed of the moving paper
at the command of the photoelectric control system, to insure correct
register.
Automatic Door Openers. The opening of doors automatically as aperson or vehicle approaches is becoming avery popular job for photoelectric
controls. Doors in garages, stores, hospitals, restaurants, factories and
public buildings are today controlled by interruption of beams of light.
Door opening mechanisms are available for the opening and closing of
three general types of doors: I, doors which open inwardly or outwardly,
or swing in both directions; 2, sliding doors; 3, overhead doors. The door
opening mechanisms can be divided into two general groups: 1, those
using electric motors operating worm gear drives, cables running over
pulleys, or a link motion mechanism; 2, pneumatically operated openers,
in which the motion of one or more pistons under the action of compressed
air is transferred into motion of the door by link mechanisms.
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Each door opening installation requires acomplete photoelectric control
at the approach, to cause the door to open when some one enters the introductory system, and generally another complete photoelectric control
to close the door after the person or vehicle has passed through and interrupted alight beam on the other side. In many installations, of course,
it is more feasible to arrange a manual control for closing the door; in
private garages this especially holds true, for here the door must remain
open as long as the engine of the car is running, to prevent an accumulation
of deadly carbon monoxide gas. In this particular case the driver must
get out of his car anyway, so it is no hardship for him to turn aswitch on
the wall to close the doors.

Courtesy Package Machinery Co.
FIG. 11 A (above). Simplified sketch of photoelectric registry control mechanism.
FIG. 11 B (tight). View of modern packing machine;
cellophane rolls containing printed designs are accurately cut to required size sheets by means of
photoelectric registry control, insuring that the
pattern is perfectly centered on each sheet.

When very long objects, such as atruck and trailer or along string of
trailers, may pass through adoor, the truck may intercept the closing light
beam before the last car has cleared the door; in cases like this it is necessary to use an additional light beam or some other means of indicating to
the "brain" of the photoelectric system that the doorway is being blocked.
One solution to this problem, alight beam directed diagonally through the
doorway, is shown in Fig. 12.
In Fig. 13 is shown atypical photoelectric door opening installation; a
photoelectric cell and light souitce are mounted inside the railings placed on
either side of the entrance, while the pneumatic door opening mechanism is
mounted above the door. A motor driven air compressor and storage tank,
located in aremote place, provide air pressure at the correct value. Interrupting one beam opens the doors and interrupting the beam on the other
side of the door closes the doors.
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The advantage of apneumatic door opener lies in its ability to open and
close doors almost instantly, with aminimum of noise. Where slower acting
doors are permissible, as in garages and in industrial plants, motor driven
mechanisms can be employed; typical examples of these are shown in Figs.
14A, 14B, 14C and 14D. A reversible motor is generally used; note that in
Fig. 14A the cable actuates alink mechanism; in Fig. 14B an endless cable
running over two pulleys moves the sliding doors in and out; in Fig. 14C a
gear box operates levers connected to the two swinging doors; in Fig. 14D
an endless cable pulls the door up overhead. Worm and screw mechanisms
driven by electric motors are also widely used for these types of doors. The
possibility of power failure must always be considered in a door opening

Rm. 12 (above). Arrangement of light beams
for fool-proof photoelectric door-opening system.
Three photovoltaic cells connected in
series feed into one super-sensitive relay
whose contacts in turn control a rotary switch,
power relays and finally the door-operating
mechanism. Cell 3 is shorted out by switch S
when the doors are closed.
Interruption of
either cross-beam increases the resistance of a
cell about five times, low?ring circuit current
enough to cause relay operation and make the
doors open. Relays and a rotary switch are
so interconnected that interruption of the other
eross-beam closes the doors only if nothing
is blocking the diagonal beam.

FIG. 13 (right). Installation of Stanley automatic door opener in kitchen of modern home.

mechanism; it should be possible to open and close the doors manually
when power is off. Detailed information on door opening mechanisms
can best be obtained from the literature supplied by the various manufacturers.
Automatic Inspection. Photoelectric controls can be applied to practically any automatic inspection application, but as a rule considerable
ingenuity is required to design and install the system. A description of a
typical application will give some idea of the problems involved. In the
automobile manufacturing industry it is necessary to test alarge number
of steel parts for hardness. The instrument ordinarily used for testing
hardness contains adiamond pointed weight which is dropped on the object
from a fixed height, the hardness of the object being determined by the
14

height of rebound of the weight. The higher the rebound, the harder is the
material. The weight (often called the hammer) moves inside avertical
glass tube alongside which is a scale indicating the height; the hammer
is drawn to the top of the tube by suction, then allowed to drop. Objects
which do not give arebound to acertain definite height are rejected. To
make the hardness inspection automatic, a light beam is focused so its
cross-over point is inside the glass tube; if this beam is intercepted by the
hammer on the rebound, the object is considered okay and is moved along
by the conveyer system; if the hammer does not reach the light beam, a
rejecting mechanism kicks the object into a basket for further treatment
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Fla. 14.
Types of electric door-operating mechanisms. A—top and side views of motor-driven
worm gear mechanism for opening outward-swinging double doors; B—motor-driven endless cable
for opening single-section sliding door; C—motor-driven crank and link mechanism for opening
inward-swinging double doors; D—motor-driven endless cable type opener for overhead doors

or scrapping. A second light beam directed through the glass tube below
the first beam is so connected to the amplifiers and relays that the descending hammer resets the latch-in relays in readiness fèr another monitoring
operation as the hammer ascends. Naturally the rejecting mechanism must
be carefully designed to give the desired results and make the entire testing
procedure automatic.
CONTROLS FOR VARIABLE LIGHT INTENSITIES
Variations in the amount of light reaching the light-sensitive cell (rather
than complete cut-off of the light beam) cause relay operation in anumber
of photoelectric control systems. Controls like these are possible because
relays can be made to pull up or drop out at definite values of coil current
corresponding to definite values of illumination on the cell; general illumi15

nation in aroom or outdoors, which is gradually changed by movement of
clouds or the sun, can be utilized to actuate the photoelectric control system. The passage of dust, smoke or fog through alight beam, the change
in opacity of aliquid through which the light beam is directed, or the partial blocking of alight beam by amoving object are afew other examples
of variable illumination. Some practical applications where variable light
intensity is used will now be taken up.
Spark Plug Gap Adjustments. As automotive spark plugs are now manufactured and assembled, it is necessary to adjust the gap between the
points to the correct value by aseparate operation after assembly. Previously an accurate thickness gauge was held in the gap and avibrating
hammer used to bend the outer electrode against this gauge; unless the
operator was very careful in stopping the hammer, afew extra blows would
be delivered, cracking the porcelain insulator. At least one spark plug
manufacturing plant has now replaced the steel thickness gauge with a
light beam gauge, so arranged that when the outer electrode blocks off the
light by an amount corresponding to the correct gap, the photoelectric control system automatically stops the vibrating hammer. Naturally avery
small diameter but high intensity light beam is needed; this is obtained by
focusing light to acone having aminimum diameter at the gap. All light
passing through the gap is collected by alight-sensitive cell, which is connected to an amplifier in such away that adefinite decrease in light intensity actuates the relay.
Smoke Detectors. Many towns and cities now have laws limiting the
amount of smoke which factories, apartment buildings and other large
users of coal and other fuels can release from chimneys and smoke stacks.
Aside from the fact that smoke is anuisance to the public, its presence indicates incomplete combustion and wastage of fuel, the amount of smoke
being a direct indication of the inefficiency of combustion. If a beam of
light is directed through the chimney or smoke stack to aphotoelectric cell,
as shown in Fig. 15A, increases in smoke will reduce the light reaching the
photoelectric cell. If this cell is connected to an amplifier, the plate current
of the amplifier tube will change in value according to the amount of smoke.
A relay can be inserted in the circuit and adjusted to close its contacts and
sound an alarm when the amount of smoke exceeds acertain definite value.
A meter can be inserted in the plate circuit of the amplifier stage to indicate the relative amount of smoke present at all times, or arecording instrument can be connected to the amplifier to give acontinuous record of
the amount of smoke passing up the chimney. Various combinations of
relays can be used for special indicating purposes; in one system, shown
in Fig. 15B, ared light is made to flash on to indicate improper combustion,
and agreen light is illuminated when combustion efficiency is satisfactory.
Relays can also be connected to correct the excessive smoke condition automatically; this is usually done by having the relay start a blower which
feeds more air to the furnace and improves fuel combustion.
In most cases, the light beam intensity and the amplifier circuit must be
adjusted, after the equipment is first installed, by making an analysis of
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the gases going up the chimney, and computing the percentage of efficiency
of combustion for various amplifier settings. Special measuring instruments are available for this purpose. In general, combustion efficiency is
at amaximum when ahaze appears at the top of the chimney. Since the
correct installation of a photoelectric smoke detector requires considerable knowledge of steam engineering, these systems are generally installed
by firms which specialize in this one field. While some manufacturers of
smoke detectors prefer to carry out the entire installation themselves,
others will cooperate with you and your customer in working out asatisfactory system for aparticular location.

I" G. 15A (above). Simp lied diagram
o
a representative
photoelectric
combustion
efficiency
recorder and
smoke alarm.

Courtesy Its. Instrument Co.
Fin. 1513 (right). All parts of the
Ess Model LIGL-4 Combustion Indicator system appear here, mounted
on a "breadboard" for display purposes. Hazeguge with signal fights is
ordinarily mounted in boiler room.

In some photoelectric smoke detectors, the panes of glass which protect
the light source and the photoelectric cell are kept clean continually by a
motor driven wiping mechanism, while in others some provision is made
for adjusting the voltage of the light source to compensate for dust and
smoke on the glass. In the latter case it is generally necessary to clean the
glass windows about once aweek.
Turbidity and Opacity Measuring Devices. The turbidity of asolution
(the amount of foreign material in the liquid) is easily estimated by measuring the reduction in the intensity of abeam of light which is directed
through asample of the solution, the emerging light beam being directed
on alight-sensitive cell which is connected to asuitable amplifier and indicating meter. Where acontinuous indication or record of the turbidity of
asolution is required, as in chemical processes, or where pure water is required for drinking purposes or for manufacturing processes, it is customary
to by-pass a small portion of the main water supply, allowing this water
to run through ashort length of glass tubing through which the light beam
can be directed. One light beam is directed through this glass tube which
carries water to be analyzed, and another light beam is directed through a
similar tube carrying pure distilled water. The two light-sensitive cells are
connected to aspecial linear amplifier circuit known as adifferential circuit, which responds to the difference in the outputs of the two cells and
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causes an indicating meter to register the amount of turbidity in the solution being analyzed. Recording instruments and alarm devices may also
be connected to the amplifier if desired. Colored liquids or dyes can be
continually monitored in this way; sometimes color filters are used in the
optical system to make the photocell respond to changes in the most important color present in the liquid under test.
Opacity, the ability of amaterial to block light, and transparency, the
ability of amaterial to transmit light, can both be measured in amanner
similar to that used for checking turbidity. The material to be inspected
is either placed in the light beam or drawn slowly through it; the associated
amplifier is connected to ameter which reads from zero to 100 per cent, the
system being adjusted to give full-scale percentage transparency directly.
Films of soot or dust can be measured if deposited on aclear pane of glass;

FIG.
16.
Westinghouse
Trans-0
Meter, a simple portable device foe
measuring the percentage of transparency of paper, filme, fabrics or
any other thin fiat material. Housing
of photovoltaic cell raises so materiel
can be slipped ender it.

the meter is adjusted to read 100 per cent with only the glass in the light
beam, to counteract losses of light in the glass itself.
A representative transparency measuring instrument is shown in Fig.
16; this can also be used to measure opacity and turbidity by following the
directions supplied with the instrument. The photovoltaic cell used here
is corrected with filters to have the same color response as the human eye.
Photoelectric egg candling systems operate on much the same principle
as the transparency measuring instrument. The eggs are first sorted by
operators for size and color of the shell, and are then placed on aconveyer
system which carries them through the egg candling machine. A rejecting
mechanism controlled by an electromagnetic lever pushes eggs of inferior
quality off the conveyer belt.
Illumination Controls. The importance of adequate illumination in
securing maximum efficiency of workers is rapidly becoming recognized.
Today we want light when it is needed, and not necessarily when it is
time for the sun to set or when some one suddenly notices "it is getting
pretty dark." If sunlight returns after artificial lights have been on for a
while, the effects of the sun so greatly overshadow the effects of the artificial sources that no one realizes lights are on and power is wasted. Ad18

vertising signs, highway lights, window display lights and school room
lighting systems are just a few examples where automatic control of
illumination is today being used to great advantage. It is generally recognized that for working purposes, between fifteen and thirty foot-candles
of illumination are ordinarily required; for street illumination between 3
and 2foot-candles are sufficient, while about 6foot-candles are needed for
proper illumination of adveitising signs. It is the light-sensitive cell with
its discriminating control apparatus which makes automatic control of
illumination at different levels possible. Various types of commercial illumination controls are now on the market, these being adjustable to turn
lights on at a certain minimum level of illumination, and to turn the
lights off again when illumination exceeds a prescribed maximum value.
Illumination controls are, as a rule, quite easy to install. The control
box containing the light-sensitive cell is, of course, placed in the room
ivhose illumination is to be controlled, it being so located that the cell sees
the average light coming from the area being monitored. The contacts of
the illumination control relay are connected into the circuit containing the
lights being controlled.
There are many différent types of illumination control circuits, each
manufacturer generally showing apreference for aparticular circuit. That
shown in Fig. 17 is agood example, however, and will therefore be studied
in detail. In this circuit, P is aphotocell connected between cathode and
grid of vacuum tube VT, while potentiometers R2 and R3 control the negative grid bias of VT. Although the plate of this tube receives A.C. power,
the circuit is in operation only for that half of each cycle when the plate
is positive (when transformer polarity is 'as indicated) .Since the photocell anode and the plate are positive at the same time, the photocell passes
current and acts like avariable resistance during the active half-cycle.
The operation of this circuit is as follows: When the photocell is dark
(insufficient illumination), the resistance of the cell is high and the grid
bias (determined by the ratio of the resistances R1
R to the cell resistance) is highly negative. Plate current of VT is therefore a minimum,
and relay A is in the drop-out position, as shown. Contacts aare closed;
relay B is getting power directly from the A.C. line, and is therefore in
the pull-up position shown. Contacts 3, controlling the load, are closed,
and artificial lights are on. Note that under these conditions R8 is out of
the circuit; R2 therefore determines the level, as natural illumination increases, at which plate current is sufficient to actuate relay A.
When natural illumination increases to the level at which the customer
decides artificial lights are no longer needed, the increasing illumination
on P has lowered its resistance making the grid of VT less negative
(closer to the cathode in potentià), and thus increasing the plate current
of VT to avalue which causes relay A to pull up. Armature K now moves
to contact band relay B now receives its current through time delay button (or time delay relay) M, whose contacts were closed. Current passing
through the heater resistance in M causes its contacts to open in adefinite
time interval. With relay armature K pulled up and the contacts at M
open, relay B drops out; contacts 3open, turning off the artificial lights .
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contacts 2open, and time delay button N is now in series with the coil of
relay B; contacts 1close, connecting potentiometer R3 in the circuit. The
moving arms of R3 and R2 are thus connected together through resistor R,
which has a sufficiently high ohmic value to prevent overloading of the
transformer, and the grid bias will be determined solely by the setting
of R3.
The lights are now off; when natural illumination drops below the level
determined by the position of R3, the resistance of the photocell increases,
plate current of VT decreases to the drop-out value for relay A, and
armature K drops out to make contact with a. Remember that relay B is
still in the drop-out position; the coil of B now gets its power through the
heater resistor of time delay button N (whose contacts are open when
cold), but this heater resistance keeps the current through B below its pullup value. In adefinite time interval the contacts of N close, allowing relay
B to pull up. Now contacts 3 turn on the lights; contacts 2close, shorting
out N and allowing it to cool in readiness for the next cycle of operation,
contacts 1open, cutting out R3 and allowing R2 to take control again.
This system provides separate adjustments for low and high values of
illumination, eliminating any need for adjusting the relays to certain pullup and drop-out values. The two time delay buttons act to prevent flashing of lights on and off where changes in illumination are temporary, such
as changes caused by passing clouds in the daytime, flashes of lightning at
night, or persons walking directly in front of the light-sensitive cell.
Sorting According to Size. Objects having adefinite geometrical shape
but different sizes can be accurately sorted according to size if passed
through abeam of light which is apart of aphotoelectric control system.
In some cases the light is beamed through a tunnel whose cross-section
corresponds to the shape of the largest object being inspected, the inside
of the tunnel being painted black to prevent reflections of light. The objects being inspected are carried through this light-tunnel by a conveyer
system, and the amount of light passing around the object is condensed
onto aphotoelectric cell by a collecting lens. The smaller the object, the
more light will reach the photocell; the amplifier and a rejecting circuit
can be adjusted to reject all objects under acertain size. One form of rejecting mechanism, which can be used to "kick" objects off amoving belt, is
shown in Fig. 18.
When more than two sizes of objects are to be sorted, one photoelectric
analyzer is usually required for each size. The objects are passed through
each analyzing position in turn, aseparation into two sizes being made at
each position. Even tape, ribbon or wire can be monitored for size in this
way; the material is made to pass through the analyzing beam, and when
its width exceeds certain dimensions, an alarm or signal system either
warns the operator or stops the machine. Thousands of other photoelectric sorting and inspection applications are possible, but in general, standard photoelectric amplifier circuits can be used. Your job is to choose the
correct relays and the optical system.
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CONTROLS WHERE COLOR OF LIGHT VARIES
Photoelectric cells, as you know, have varying responses to light of different colors, each type of cell having its own peculiar color response characteristic. It is therefore possible to use photoelectric controls in sorting
objects like beans, eggs, sliced pineapple, cigars and sheets of paper as to
shades of whiteness or color; similar photoelectric controls can be used
to supervise the roasting of coffee, the baking of cake and bread, the preheating of steel before treatment for tempering, and the control of any
other products whose final quality is determined by the color of light which
it reflects or emits.
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LEVER
ARM
ELECTROMAGNETIC
/COIL
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IRON P

TO AMPLIFIER
CONTROLLED
BY PHOTOCELL

(00001

RELAY¿A.C.
0+-

no.
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(left). Photoelectric
control circuit.

illumination

Flo. 18 (above). One type of mechanism
which kicks objects off a conveyer belt in
response to impulses from a light-sensitive
cell.
A special mechanism must be developed for each installation.

Sorting Closely-Related Colors. Sorting of light and dark objects is
comparatively simple, for here the difference in the amount of light reflected from the object is quite appreciable; ordinary photoelectric control milts are generally quite satisfactory for sorting objects which differ
greatly in color. When there are only slight variations in the color of a
certain product, and the variations in the amount of white light reflected
are not sufficient for accurate photoelectric sorting, an expert sorter first
separates alarge number of samples of the product into the desired number of groups according to shades of color; in other words, this expert sets
an example which the photoelectric color sorter must follow. The products
in each group are now put through aspecial color-analyzing process which
determines the average percentages of the primary colors, red, blue and
green, in that group. The controlling color for all groups (that color
which varies greatest in amount in all objects sorted) is then determined,
and afilter is selected which will allow only the one particular color to pass.
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Non-Synchronous Vibrator. The
circuit of atypical vibrator system is
shown in Fig. 30. When switch S is
closed, the circuit is completed from
the storage battery to the tube filaments through choke L2. (Tubes having 6.3-volt filaments are used, with
the filaments in parallel.)
The vibrator supply and rectifier tube filament current flows through L3.
The vibrator contains a flexible
reed R which can be made to touch
contacts A and B alternately. When
the switch Sis turned on, current flows
through L1,L3,P2 and Lg. This energizes the electromagnet L6, which

FIG. 30.

transformer T which are relatively
sharp and square, with a great many
harmonics—shaped like noise pulses,
in fact. Of course, the voltage induced in the secondary is similar in
shape and would have extremely high,
sharp peaks except for the buffer condenser C5. This condenser tends to
smooth out the pulses and prevent
very high peaks.
Even so, the output of the rectifier
tube has considerable "hash" in it.
An r.f. filter is normally used in the
cathode lead of the rectifier, before
the power is fed to the filter, to eliminate some of this "hash" (which

A typical non-synchronous vibrator type power supply.

R.F.
pulls the reed down, making contact would cause interference).
to A. This permits full current to flow .choke L4,condenser C4 and the electhrough P2 and also shorts L6,causing trolytic Cg make up this filter.
Similarly, coil L3,condenser C3 and
it to release the reed. The reed then
flies back, striking contact B and the C1-C 2 combination form a filter
completing the circuit through P1. in the low-voltage circuit to prevent
Then, coil Lg again attracts the reed, vibrator interference from feeding
back into the filament supply, which
repeating the cycle.
The pulsing current flow first is further filtered by L2.
Coil L1 and condensers C1 and C2
through P2 and then P1 induces an
a.c. voltage in the secondary of trans- act as a filter to prevent interference
former T. This voltage is then rec- from coming in over the "A" battery
tified by VT and passed on to the lead; so do Lie -C3 and L2.
It would seem that when the switch
filter.
10- The rapid circuit openings and is closed, a single condenser would do
closings caused by the vibrator pro- in place of C1 and C2. However, the
duce current pulses in the primary of long leads to the switch are inductive,
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Since one photoelectric color sorter can ordinarily separate objects into
only two groups (corresponding to relay pull-up and relay drop-out positions), an extra sorter is needed for each extra group (above two) into
which aproduct is to be sorted; afilter of the selected color is inserted in
each of the light beams, so that the different shades of color produce the
greatest possible differences in light-sensitive cell response. Each sorting
unit is then adjusted to "pick out" objects belonging in one of the groups
originally set up by the expert sorter.
Only asingle photoelectric color analyzing system is needed when controlling aprocess where the color of the object changes gradually, such as
in the roasting of coffee. When the electric eye "sees" the correct color, it
causes relays to cut off the heat and sound an alarm.
Color Analyzing. In many manufacturing processes where the color of
a product is important, the sensitivity of the human eye to shades of a
color is not sufficiently accurate for production purposes. Photoelectric
color analyzers have been designed to replace the human eye for this purpose; although many different types of analyzers are on the market, the
basic principles of these can be secured by studying the simplified diagram shown in Fig. 19. Here aphotovoltaic cell whose color response hae3
been corrected with filters to approximate that of the human eye is arranged to "see" light which is reflected from the object being analyzed by
alamp which is filtered to make it approximate sunlight. The meter connected across the photovoltaic cell gives a minimum deflection when a
pure white surface is being analyzed, and for other colors gives readings
which are proportional to the amount of light reflected. By inserting red,
blue and green filters in the path of the light beam in turn, the amounts of
each primary color reflected from the product can be determined.
Photoelectric Installation Questionnaire. To be certain that you are
ordering the proper equipment for aparticular photoelectric job, it is wise
to check over the following list of questions, making sure that each factor
has been properly considered:
LIGHT

BEAM

1. Can visible light be used, or must the
light be practically invisible?
2. Will the light beam be horizontal or at
an angle?
3. How many mirrors, if any, are required
for the beam?
4. What is the total length of the light
beam ?
5. What is the size of the intercepting
object ?
6. How far will the intercepting object be
from the light source?
LIGHT-SENSITIVE CELL
I. Will the cell be in the relay housing?
2. If the cell is mounted separately, how
far is it from the relay?
3. Will direct or reflected sunlight or
strong artificial light enter the cell
housing
4. What is the temperature range at the
location of the installation?
5. Is the equipment subject to excessive
dampness?
6. Will any housings be subject to direct
heat of the sun?
7. If equipment is used outdoors, in what
direction will light be sent from source
to ..DP

22

RELAYS
1. What is the maximum number of relay
operations per minute?
2. What is the voltage, current and frequency of the circuit to be controlled P
3. What is the nature of the load? (Is it
highly inductive?)
4. Will relay be in pull-up or drop-out
position when light is on cell?
5. What is minimum duration of complete
light change •
,
vhich is to actuate relay?
INSTALLATION
I. Are there any limits on size of housings ?
2. Are cell and light source housings
readily accessible for cleaning?
3. Are units to be mounted on floor, walls
or ceilings?
4. What are maximum and minimum values
of line voltage?
S. What is the power line frequency?
6. If unit is to be used at night, what is
the night voltage range?
7. Is one side of the power line solidly
grounded P
8. How many hours a day, days a week
and weeks a year la unit te be k bee

OTHER TYPES OF DETECTORS
It has already been pointed out that many of the other human senseE
besides that of sight can be replaced by man-made devices which produce
a change in electrical or mechanical characteristics, corresponding to a
change in the effect being supervised. These detectors can be used with
all of the circuits just described, where they replace only the light-sensitive cell. Each type of dector will be considered in turn, and afew of the
practical applications taken up in each case.
ANTENNA OR
FEELER WIRE

C7
1-16 MFD.

RELAY
F
0-20MA

PHOTOVOLTAI
C CELL

I
MICROAMMETER
BULB
SLIT FOR
COLOR
FILTER

FILTER
SUNLIGHT
APPROXIMATING
FILTER

OBJECT BEING
ANALYZED

FIG. 19. Simplified sketch of one
form of photoelectric color analyzer.
Photovoltaic cell has filter which
gives it color response of human eye.
R adjusts meter sensitivity,

FIG. 20.
Schematic circuit diagram of capacity control
circuit. Condenser CI is needed only for A.C. operation,
to prevent relay chatter; the indicated polarity must be
observed if an electrolytic condenser is used. Any external
capacity between antenna wire and ground has the same
effect as would s condenser at Cl.

Feeler (Capacity) Controls. It is often desirable to have an alarm system which will operate when aperson or object approaches within adefinite
distance of the object or area being protected. Photoelectric alarm systems
are impractical for protecting areas of irregular size, since the light beam
can travel only in a straight path, and reflection by mirrors introduces
heavy losses in light. The solution to the problem lies in afeeler or capacity
control, which consists essentially of a feed-back oscillator in which the
degree of oscillation is controlled by the feed-back capacity introduced by
the feeler or antenna circuit. The feeler may be a single wire stretched
around the area being protected, at a height of about three feet above
ground; it may be ametal plate located underneath adisplay table containing valuable jewelry or other articles, or it may be a metal object
such as asafe.
A simple and practical feeler control circuit, designed by F. H. Shepard,
Jr., of R. C. A. Mfg. Co., is shown in Fig. 20; the triode section of a6Q7
duo-diode triode tube forms an oscillating circuit with coil L and condenser CS, the feed-back voltage of which is controlled by variable condenser C2 and the capacity existing between the feeler wire and ground
(represented by Cl in Fig. 20). The antenna is simply an insulated wire
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acting alone or connected to the metal object being guarded. Condenser 04
is inserted in series with the antenna lead to prevent adirect connection to
the power supply, since no transformer is used. The diode sections of the
6Q7 tube, connected in parallel, rectify the oscillator current; the resulting
D.C. output, which is proportional to the strength of the oscillations, is
ted to the grid of the 25A6 amplifier tube. Potentiometer RS varies the
screen voltage applied to the amplifier tube.
The circuit is initially adjusted to give maximum oscillator output when
nothing is near the antenna. The output of the diodes is therefore amaximum, the bias on the amplifier tube is highly negative, plate current
through the relay is low and the relay armature is in its drop-out position.
When aperson or vehicle approaches the antenna, increasing the antennato-ground capacitance (Cl), the intensity of oscillation is reduced and the
diodes feed a less negative bias to the amplifier; the amplifier plate current goes up, operating the relay. When first adjusting the circuit, potentiometer RS is adjusted until the relay just drops out when nothing is near
the antenna; the next step is to adjust condenser C2, with aperson in the
position at which operation of the control is desired, until the relay pulls up.
Temperature Controls. Millions of temperature control devices of various types are in use today, opening and closing contacts in response to
changes in temperature. Some of these devices actuate the contacts either
directly or through mechanical levers, while others require amplifiers
followed by relays. Let us study afew typical detectors.
The bi-metallic strip type of temperature control, in which two dissimilar
strips of metal (welded together) curl and uncurl, causing a lever arm
to move from one contact to another in response to changes in temperature,
is pictured in Fig. 21A. This detector is extensively used in room heating
control systems and in other applications where alarge movement but only
arelatively small force is required.
Another temperature detector, one which depends upon the expansion
and contraction of aliquid with changes in temperature, is shown in Fig.
21B; here considerable force is exerted by the expanding liquid. The
liquid is placed in a specially constructed metal bellows which readily
changes its shape as the liquid changes in volume. One side of the bellows
is fixed, while the other presses against alever arm which is held down by
a small spring. Contacts mounted on this arm may move between fixed
contacts, or the arm can be made to tilt amercury type switch.
The change in the resistance of awire with temperature is the operating
principle of the temperature detector shown in Fig. 21C. The resistor here
forms one arm of a Wheatstone bridge, the circuit being balanced for a
definite temperature. Deviations from this temperature produce an unbalanced circuit; the resultant voltage and current are used as a means
of controlling the heat-producing device or for operating an alarm or
indicating system.
The thermocouple shown in Fig. 21D must be connected either to asupersensitive relay or to an amplifier circuit. The temperature range of the
thermocouple can be changed by adjusting the pull-up current value of the
relay or by changing the bias on the grid of the amplifier tube.
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When the temperature being controlled varies between definite known
limits, mercury column thermometers having wire contacts imbedded in
the glass walls can be used as temperature controls; the arrangeraent is
shown in Fig. 21E. The rise and fall of the column of mercury makes and
breaks the circuit between the two contact wires.
When the temperature being controlled is subject to change from time
to time, the photoelectric scheme shown in Fig. 21F is sometimes used.
Here the rising column of mercury intercepts the coned beam of light at
its cross-over point.
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Seven different methods of converting changes in temperature into electrical changes.

An alternative adjustable thermometer method is pictured in Fig. 21G.
The column of mercury varies the capacity between two metal rings
slipped over the thermometer, this change in capacity changing the intensity of oscillation of acapacity control like that shown in Fig. 20, and
thus causing arelay to pull up.
Humidity Controls. All practical humidity controls operate upon the
principle that aporous detecting material, such as paper or human hair,
will stretch more when damp than when dry. A humidity control depending upon the expansion of paper when damp is shown in Fig. 22A; a
thin layer of the paper is cemented carefully to avery thin coiled strip of
hard brass. The paper keeps the coil spring under tension (wound up)
when dry, but when humidity rises the paper becomes damp and offers
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lees resistance to the uncoiling of the spring, thus closing the contacts. Naturally, in asystem like this, high contact pressures are difficult to obtain;
this scheme is used extensively, however, in direct indicating humidity
meters.
A more reliable humidity control, which in one case is used to tilt a
heavy-duty mercury switch, is pictured in Fig. B. Human hairs arranged
in bundles are here kept under tension by a spring; as the hairs become
damp with rising humidity, the spring stretches the hairs to a greater
length, moving the lever arm and tilting the mercury switch. By adjusting
the position of the switch pivot, the control can be set for any desired
humidity value within its range, and by changing the position of the
pivot on the lever arm the sensitivity of the control can be adjusted.
FIXED SUPPORT

HUMAN
HAIRS

PIVOT

MERCURY SWITCH

LEVER
PIVOT
(HEIGHT tS
ADJUST—
ABLE).

Fro.
22A.
Humidity
detector
using special moisture.absorbing
paper cemented to spring brass
strip,

Pm. 22B. Humidity detector for heavy duty opera ion, »hog
stretched human hairs whose lengths vary with the amount of
moisture in the air.

Sound Controls. An ordinary radio microphone serves as adetector in
system where asound is to start or stop acertain device or machine. The
output of the microphone must be amplified and then passed to avacuum
tube stage whose output is practically independent of the frequency of the
sound, but is dependent upon the signal intensity.
A self-rectifying A.C.-D.C. audio amplifier circuit for a sound control
system is given in Fig. 23; the type 38 output tube is here highly negatively
biased by variable resistor R6. The relay is of the latch-in type, so any
sound whose duration is greater than the pull-up speed of the relay will
operate the relay and give the desired control. This sound control system
can be used, for example, to make garage doors open when an automobile
horn is blown. A directional microphone is in this case placed above the
doors, and directed outward toward the driveway. Potentiometer R5 is
adjusted to give relay operation with the lowest horn noise which will be
encountered. With this adjustment completed, extraneous noise from the
street or shouting will have no effect upon the system.
Taste Testers. At present it may be stretching the imagination a little
too far to say that a simple detecting device can tell you whether one
chocolate bar has more of the chocolate taste than another bar, but it is
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perfectly possible to tell whether one food product is more sour than another. For example, we can tell whether one lemon, apple, grapefruit, pineapple, or even aglass of vinegar is more sour than another, since all these
products contain acids. A taste detecting device consists simply of two
probes, one of copper and the other of zinc, which are inserted in the product to be tasted. In an acid fruit or solution these two probes generate an
e.m.f., and amicroammeter connected across the probes indicates acurrent
flow which is proportional to the acid concentration. By fixing the separation of the probes and the depth of immersion, citrus fruits can be accurately compared as to taste. The sensitivity of the taster can be increased by using aD.C. amplifier.
MICROPHONE

LATCH—IN
RELAY

110V. Ac.

OR D.C.

FIG. 23. Two stage audio frequency amplifier for sound control circuit. Circuit
constants are: RI-75 ohms, 2 watts; R2-500 ohms, 5 watts; R3-500
ohms, 5 watts; R4-325 ohms Cordohm; R5—.5 megohm potentiometer;
R6—.5 megohm variable resistor.

The water content of any product can be checked in much the same manner, if the microammeter is replaced with amegohm meter (an ohmmeter
capable of measuring resistance up to about 50 megohms, sometimes called
amegger). The moisture content of wood is readily checked in this way by
driving steel needles into the wood a short distance apart and measuring
the resistance between the needles.
Automatic control of the taste of a product can be secured simply by
connecting suitable amplifiers and relays to the taste detecting device.
Gas Detectors. It is awell-known fact that gases like carbon monoxide,
illuminating gas and hydrogen can cause wires or discs made of platinum
black (spongy platinum) to become very hot. This is due to an action called
adsorption or surface combustion of gas. Flameless cigarette and gas stove
lighters operate on this principle. Naturally the resistance of the material
increases with its temperature; this change in resistance can be utilized in
a Wheatstone bridge circuit to give any desired control or to operate an
alarm when gas is present. A thermocouple placed in contact with the
spongy platinum to measure its temperature can also be used as ameans
of detecting gas.
A wire made with aplatinum-iridium alloy exhibits slight surface combustion effects in the presence of varicius gases (becomes warm) ,but is not
sufficiently sensitive by itself for gas detection purposes. If the wire is
primed, however, by sending asteady heating current through it, combustion of the gas increases and temperature changes in the wire become suffi27

ciently great for detection. Platinum is the essential element here; iridium
is included only to harden the platinum and make it more resistant to the
high temperatures involved.
Unfortunately, spongy platinum makes no distinction between various
kinds of gas; this gas detector is therefore limited in its use to conditions
where only one kind of gas exists. If hydrogen is acomponent of the gas in
question and the detector is to be operated cold (without apriming current), a mixture of palladium and platinum gives considerably greater
sensitivity to gas. Practical applications include searching for leaks in gas
pipes and monitoring the amount of hydrogen escaping from alkaline
(Edison) storage batteries. Where a selective device is required, such as
for detecting the presence of deadly carbon monoxide gm in airplanes,
automobiles and garages, a chemical converter type of detector must be
used. The chemist sets up asystem which causes the carbon monoxide gas
to change from one form to another, this action producing achange in heat
which can be detected by athermocouple.
Radio Off-On Controls. Many different schemes have been devised for
operating small devices or even airplanes and battleships by radio from
distant points. The principle of remote controlled radio operation is quite
simple; a low-power, high frequency (about 50 megacycles) oscillator is
used at the control station, and a simple tuned input detector receiver
whose output feeds a relay is located at the receiving end of the system.
The starting of the oscillator causes the plate current in the receiver to rise
or fall, depending upon how connections are made, thus actuating the relay
which starts or stops the device being controlled. In more complicated systems the oscillator sends out different code signals, and a selective relay
connected into the output of the receiver responds to these various codes
and performs the desired switching operation. If the codes are kept secret,
only the correct transmitter can actuate the selective relay.
Conclusion. Although no attempt has been made in this book to analyze
all possible forms of detectors, sufficient information to stimulate your
imagination has been given. Radio and mechanical experience, together
with an inventive mind, are the requirements for developing electronic controls to replace man's natural senses of seeing, hearing, feeling, tasting and
talking.
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SINCERITY
We are often told that aman must rely on himself
for success. In one way this is true—but it is not
true that a man can become successful in any line of
work without the cooperation of others. Were it not
for the fact that we are all living together in associations of various kinds, there would be no point in
striving for success, or in being successful.
For this reason, men who desire to become successful can not ignore other people; they can not
ride rough-shod over die feelings of others; they
must be considerate, courteous, fair, honorable.
Possibly we can sum up all this in two words—be
sincere. If you are really sincere, you will be honest,
fair, kind and considerate.
All truly successful men are sincere. Success built
on insincerity is not success; it can not last, nor is it
complete and satisfying. Only merited success is
complete and satisfying. Be sincere—if you want the
kind of success that brings happiness.
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to notice little defects in performance
or operation that are advance indications of future part failures. Much of
this ability will come with experience.
It is easy enough for any one to tell
whether aresistor is hot, for example,
but you must have had considerable
experience in maintenance work before you can decide whether it is so
hot that it will burn out quickly or
is just operating at a high but safe
temperature that it can maintain for
a long time without damage.

to spot any possible causes of trouble.
Next, turn on the equipment and
listen to it carefully. Listen to each
of the loudspeakers to make sure that
none of them is excessively noisy and
that the hum level is not abnormal.
If you find no such defects, run the
volume and tone controls quickly up
and down several times to see if doing
so causes an excessive amount of
noise. A noisy control should be re-

MAINTENANCE PROCEDURE
The most important step in preventive maintenance is to set up a
good maintenance procedure. The
procedure will depend to some extent in its details upon the specific
installation, but the main features of
it should be about the same for all
installations. We shall, therefore, discuss the basic principles you should
follow in any preventive maintenance
work.
There are three things you should
do on each of your periodic visits to
an installation you are maintaining:
You should listen to it, inspect it
carefully, and make various instrument tests on it. Let's see what you
can find out from each of these
actions.
Listening Tests. Naturally, the
first thing you should do when you
make aservice call is to ask the user
of the equipment if there is any complaint. If he feels that the system
has been performing poorly in any
way, keep his remarks in mind as you
go through your maintenance procedure. Whether or not he has any complaints, you should be on the alert

Courtesy RCA

This loudspeaker-baffle combination is designed
for installations in which both high power and
high fidelity are required. The unit has a frequency range of 50 to 11,000 cycles and is
capable of handling powers up to 40 watts. As
you can see, two coaxial loudspeaker units are
used. These are powered by diaphragm-driven
units.

placed, since it will usually get worse
very soon.
Having tested the system for background noise and hum, your next step
should be to try it out in operation.
Have an assistant speak into each
microphone and operate each record
player while you listen carefully to
the output of each loudspeaker. After
you have had some experience, you
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so the pair of condensers is required
for adequate filtering.
As you can see, a vibrator source
requires far more filtering than do
other power sources, because the interference effects of the vibrator itself must be eliminated. The vibrator
must be• well shielded; it is often encased in a special compartment with

FIG. 31.

at the plate, the circuit continueb.
The reason for this peculiar connection is shown in Fig. 32.
Ordinarily we would expect a bypass condenser to be connected as
shown in Fig. 3211. Actually, however, there will be a certain amount
of inductance in the wire going into
the condenser (Fig. 32B). This inductance is therefore between the circuit and the condenser, and limits the
effectiveness of the condenser. By
bringing the circuit wire up to the
condenser and continuing on as in
Figs. 31 and 32C, there is no common

How a "spark-plate" condenser is
made.

the transformer, rectifier tube and the
r.f. filter to isolate them from the remainder of the radio and so reduce the
amount of noise further.
II> Condensers C1 and C2 are called
"spark plate" condensers and deserve
some special mention. The particular
symbol used indicates that one plate
of each of these condensers is the receiver chassis. As Fig. 31 shows, the
other plate P is insulated from the

FIG.

33.
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synchronous
supply.

vibrator

power

lead to the condenser, so whatever inductance exists is that already in the
circuit.
Using the chassis as the
ground plate of the condenser similarly eliminates the lead to ground,
making the condenser far more effective at high frequencies.
Synchronous Vibrators.
Some
auto sets use synchronous vibrators to
eliminate the rectifier tube filament
current drain. In these, the vibrator
both interrupts the current flow to
make the pulses in the primary and
mechanically rectifies the output of
the secondary. The operation of the
vibrator and primary circuit (see Fig.

FIG. 32. The inductance of the wire lead is
eliminated by the double-wire construction.

chassis by a sheet of mica. It may
be held in position by insulated
clamps or insulated rivets.
I> Watch for connections like that in
Fig. 31, where wire A ends at the condenser plate and wire B completes the
circuit to the succeeding parts. In
other words, although wire A ends
27

can detect increases in distortion or
loss in output that indicate the possibility of major defects in the future.
Inspection. While you are making
your listening tests, you should also
inspect the installation carefully.

Courtesy Untverstty Loudspeakers, Inc.

This is the University type MM-1 loudspeaker,
a splash-proof marine unit that is unusually
small. It has acontinuous operating capacity of
8 watts. Its sealed construction makes it suitable
for use in either wet or dusty locations.

Look over each loudspeaker while you
are listening to it and make certain
that it is firmly secured and that the
cables going to it are in good condition. If aplug connection is made to
the loudspeaker, make sure the plug
is firmly seated. See that the shields
in the loudspeaker cables make agood
connection to ground.
Inspect the shielding on all other

cables also. Make sure that the connections at both ends of each cable
are firmly made. See that the knobs
of all controls fit tightly on their
shafts and that pointer knobs do not
rub on their dial plates.
To make the instrument tests described a little later, you will have to
open up the amplifier to some extent.
When you do so, inspect all visible
parts of it carefully.
See that the tubes are firmly seated
in their sockets, that all shields are
in place, that all soldered connections
are good, and that all components
appear to be in good condition. Dust
out the amplifier case. Make sure all
grid-cap connections are tight. In
brief, use your eyes intelligently and
carefully to spot any possible cause
of trouble.
Instrument Tests. The most important single test on the system for
you to make with instruments is a
check of the tubes. This should be
done each time the system is inspected.
You should discard any tube that appears to be questionable. Tubes are
one of the most common causes of
trouble in an amplifier, so it will pay
you to make a careful check.
You should also make certain voltage measurements as a matter of
routine. On each service call, you
should measure the output of the
power supply and compare it with
the reading secured on the last call.
If there is a significant difference in
the readings, you should discover the
cause. Every now and then, also, you
should make readings of the plate
voltages of all tubes. How frequently
you should make these voltage readings depends on the amount of use the

16

p.a. system gets. If it is in fairly constant use, plate voltage readings
should be made every three months
or less; if it is used relatively infrequently, six-month or even one-year
intervals may be frequent enough.
Plate voltage readings will be helpful,
of course, only if you have other readings with which to compare them.
Therefore, you should record all such
•readings and compare them with those
taken previously to see if you can
observe any marked change that indicates the possibility of future trouble.
While you have the amplifier
opened up, you should, as we said
earlier, make a visual inspection of
all parts that you can see.

testing them with a condenser tester,
if you have one, or, if not, by temporarily connecting a filter condenser
you know to be good in place of the
one you suspect. These, of course, are
servicing techniques, which we shall

SERVICE PROCEDURES
The discussion we have just given
of preventive maintenance procedures
makes no mention of the possibility
of your finding defects. Naturally,
when you find a condition that indicates the possibility of a defect, you
must check back through the circuit
or part involved to see what might
be causing the condition. If you find
the hum level has increased, for example, the most probable causes are
that cathode-to-heater leakage has
developed in atube or that the filter
condensers are losing capacity. Cathode-to-heater leakage should show up
when you test the tubes, but may not
if the leakage is slight or your tube
tester is not well designed for the
test. You can check the filter condensers by disconnecting them and

Courtesy RCA

This illustrates one way of suspending a microphone so that it can be raised or lowered easily.
Suspensions of this sort are frequently used in
boxing and wrestling areas to hold amicrophone
over the ring. When you inspect an installation
of this sort, make sure that the microphone is
supported only by the ropes and not by the
microphone cable.

discuss in the next section of this
Lesson.
As a matter of fact, preventive
maintenance becomes servicing as
soon as you find any indication of an
actual or possible future defect in the
system. Now, let's see what techniques are particularly useful for
servicing p.a. systems.
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Servicing

P. A .Systems

A public address amplifier is essentially the same thing as the audio
amplifier of a radio, except that it
usually has much higher power, and
the servicing techniques used for the
one are not much different from those
used for the other. In our discussion
of p.a. servicing, therefore, we shall
make use of the knowledge you've
already gained about the servicing of
radios.
The most common defects of p.a.
systems are oscillation or motorboating, hum, noise, low volume, no output, distortion, and intermittent operation.
(These are not necessarily
arranged in this list in order of relative frequency of occurrence.) Naturally, to service ap.a. system exhibiting any of these defects, you should
isolate the defective stage, circuit,
and part with the aid of the servicing
techniques you have already learned.
To assist you to do so, we shall now
discuss each of the defects a p.a.
system may be expected to exhibit
and point out the most common
causes for each.

to be overloaded and damaged. By
the same token, you should never turn
on an amplifier without making certain that the output stage is properly
loaded.
In addition, don't try to operate a
system with the speaker driver unit.
out of the horn or baffle. The lack of
proper loading on the cone or diaphragms permits overdriving, which
results in aruined cone or diaphragm.
OSCILLATION AND
MOTORBOATING
Oscillation in a p.a. system can be
caused either by acoustical feedback
of sound from the loudspeaker to the
microphone or by a defect within the
amplifier. We discussed acoustical
feedback in the first part of this Lesson, since it is not really a service
defect.
Correcting oscillation caused by a
defect within the amplifier is done
with the aid of the same methods
you'd use to correct a similar defect
in an ordinary radio.

Oscillation in

an audio amplifier usually takes the

Before we go any farther, we want
to give you a word of caution. Never
disconnect a loudspeaker from an
amplifier while it is in operation. If
there is only one loudspeaker in the
system, disconnecting it while the
amplifier is operating may ruin the
output tubes because the removal of
the load will cause a very high peak
voltage to appear across them. If
several loudspeakers are used, disconnecting one may cause the others

form of motorboating (oscillation at
a very low

frequency).

Its

most

usual cause is a defect in a filter or
by-pass condenser that causes an increase in gain or permits greater feedback. A condenser that is open or has
lost capacity or has an increased
power factor may cause oscillation.
Any defect that changes bias, screen,
or plate voltages so as to increase the
gain of the stage may also cause
18

oscillation, but is not as apt to do so
as is acondenser defect.
HUM
Hum in ap.a. system is most usually caused by a defective filter condenser or by cathode-to-heater leakage in atube. In some amplifiers, hum
may also become evident if the output stage becomes unbalanced because of differences in the characteristics of the tubes. This can happen,
of course, only in an amplifier in
which the balanced characteristic of

ing is a poor, high-resistance contact between the amplifier and the
plug at the end of the shielded cable.
Hum may also be picked up directly by amicrophone that is near some
device that hums. Even an electric
clock has been known to cause enough
hum to be picked up and amplified
by a microphone located near it.
NOISE
Noise is another condition that may
be caused by something completely
separate from the p.a. system. For

Courtesy The Aeolic Corp.

In a microphone factory, the leads of crystal
microphones are spliced by spot welding. This
procedure, which is very quick, does not heat
up the crystal enough to damage it. It is easy to
get acrystal hot enough to ruin it, however, if
you attempt to solder the leads, because the
soldering iron must be held against the leads for
an appreciable time.

the output stage is depended upon to
remove some hum.
Hum in the output of a p.a. system
may also be caused by pickup from
external sources. Microphone and
loudspeaker cables are supposed to
be completely shielded; if apoor connection develops between the shield
and the amplifier chassis, however,
hum may be picked up. Perhaps the
most common cause of faulty shield-

example, a customer may complain
that there is a great deal of noise in
the system when one of his favorite
records is played over it. You can
almost be sure when you hear acomplaint of this sort that the record has
simply been played too often and is
noisy. The system itself, of course, is
not to blame, unless noise is present
all the time.
The customer may also complain that
19

the system is noisy when the noise
is actually picked up by the microphone. This, too, is a condition that
cannot be blamed upon the system.
You yourself would not be likely
to make amistake in diagnosis of the
difficulty in either of these cases.
Remember, however, that the owners
and users of p.a. systems are not
necessarily technical men, and they
often have a marked tendency to
blame every difficulty upon the system instead of looking for possible
outside causes.

stage or by an open input circuit.
Noise results from a defect of this
sort because the grid of the amplifier
stage is then able to "float"—that is,
it develops a very high impedance to
ground. Even very small noise currents developed through this impedance will produce an appreciable grid
signal. This trouble may be caused
by a poor connection at a microphone cable plug such that the cable
shield does not ground satisfactorily
to the amplifier chassis.
Noisy operation is often caused by

Courtesy The .1 static Corp.

At the factory, skilled technicians inspect damaged microphones minutely, using special equipment like the microscope shown here. A microphone is too delicate a piece of equipment to
be pryed into by someone who does not know
exactly what he is doing.

There are many defects that can
cause noise in a p.a. system. A defective tube is a frequent offender,
particularly one that has loose elements that may intermittently shortcircuit if the tube is vibrated. A noise
resulting from this cause usually consists of a loud crashing sound that
occurs only at intervals.
A more or less steady, roaring
sound may be caused by an open
grid circuit in a voltage amplifier

defective faders or variable attenuators. You can determine whether a
control is defective by adjusting it
throughout its range at varying rates
of speed. If you hear acrashing noise
when you do so, the control is at
fault.
If you hear a rattling noise from
the cone loudspeaker, the chances are
that the cemented edge of the cone
has come loose. It is, of course, easy
to determine whether or not this has
20

happened

by

inspecting

the

loud-

speaker. If you are within the range
of two loudspeakers, however, it is
often rather difficult to tell from
which the sound is coming. The easiest way to do so is to reduce the
volume until you can hear a loudspeaker only when you are very close
to it; unfortunately, doing so may
mean that the loudspeaker will be
driven so little that it does not rattle
appreciably even though it is loose.
In this case, disconnect one of the
two loudspeakers from the amplifier.
(Of course, the amplifier should be
turned off before you do so.) Operate the system then at a fairly high
volume level to be sure that rattling
will occur if the cone is loose. Do
not, however, allow the volume level
to become so high that the loudspeaker will be overloaded; remember
that there is now more power available because the other loudspeaker is
disconnected.
With the loudspeaker removed,
there will be an impedance mismatch
at the output of the amplifier that
may cause distortion. Pay no attention to the distortion, since it will be
removed when the proper impedance
match is made again.

LOW OUTPUT
Low output in a p.a. system may
be caused by any of the defects that
cause the audio amplifier section of
aradio to be weak. In addition, there
are some defects that may be found
in a p.a. system that you would not
ordinarily find in a radio. For example, many of the more complicated
p.a. systems have terminal boards to
which the leads from the loudspeakers

are brought. It is always possible
that one of the connections in this
terminal board has become poor,
either through corrosion or through
someone's accidentally having loosened it. There may also have been
some mechanical injury to one of the
loudspeaker cables that broke some of
the strands of wire in the cable and
so increased its resistance considerably. The loudspeaker itself or the
input device may also be to blame.
Later on, in asection on microphones,
we shall discuss some of the defects
that may cause the microphone output to be reduced.
Remember, also, to look for some
very obvious cause of reduced volume, such as a failure by the user to
adjust the volume control correctly.
In an installation in which multiple
speakers are used, adefect that causes
a short circuit or partial short circuit
across the line to one loudspeaker
reduces the overall volume output of
the system for two reasons: first, because the output from the shorted
loudspeaker is lost, and second, because the impedance of the speaker
combination is changed, causing a
mismatch that wastes power. You can
locate a defect of this kind by listening carefully to each loudspeaker to
determine which has the lower output.
If a great many loudspeakers are
used, it is sometimes helpful to disconnect them all from the amplifier
and feed a signal from some other
source, such as a signal generator,
into each line individually to determine which one is at fault.

DEAD SYSTEM
When you receive a complaint that
21

a p.a. system is dead, your first step
should be to make sure that the amplifier is plugged in and that the
power is turned on. It is surprising
how often such a simple and obvious
cause for a dead system is overlooked by the owner.
Next, if the system has multiple
inputs, check each of them. Some-

Courte,v The .4,1attr Corp.

Precision and care are required to reassemble a
microphone after it has been repaired. The man
who does so must be experienced if he is to do
agood job.

times the user of a p.a. system will
assume that the whole system is dead
when he gets no response from one input. If all inputs are dead, the trouble
is in the amplifier or in some common
connection to the loudspeaker system.
If only one input circuit is dead, the
defect must be in the preamplifier
channel employed for this input device, in the input device itself, or in
the cables connecting it to the amplifier. The easiest way to tell which is
to blame is to try another input device
(microphone or phono pickup) on
the input terminals of the defective
channel. If the test device works,
then the original device or its cables
22

is to blame. In this case, apply atest
signal to the cable with the input
device removed; if the system then
operates properly, the original input
device must be defective. Incidentally, it would be a good idea for you
to include with your servicing equipment a test microphone that you
know is in good condition, a record
player, and perhaps an audio oscillator, for use when you want a test
signal source.
If all the input circuits are dead,
check the connections between the
amplifier and the loudspeaker. If the
loudspeakers appear to be connected
properly to the amplifier, very likely
the amplifier itself is defective. You
can then follow the usual service procedure to locate the defective part.
If the amplifier has a fuse, check it
first before looking for other components that may be defective. If you
do find that a fuse is blown, install
another and then operate the amplifier for a reasonable length of time
to make sure the fuse does not blow
again. If it does, there is some other
defect in the amplifier that you must
locate. If, however, a replacement
fuse does not blow within about five
minutes, check the leakage of the
filter condensers and the plate voltages of all tubes. If the filter condensers are not excessively leaky, and
the plate voltages are not above normal, it is unlikely that there has been
any long-time overload that has
càused the fuse to blow. In this case,
you can assume that some defect of
a temporary nature, such as a power
surge on the line, caused the original
trouble.
If the fuses in a given place
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distortion, we shall deal here only
with the internal defects that may
cause asystem to distort.
Distortion may be caused in a p.a.
amplifier by any of the defects that
will cause distortion in the audio amplifier of a radio. In addition, an
unbalanced output stage, which would
usually cause relatively little distortion in a radio, will produce very
appreciable distortion in ap.a. amplifier because of the high power levels
in such equipment.
Fig. 3 shows atypical output stage
in a p.a. system. Any defect that
could cause an unbalance in this stage
could cause distortion. If condenser
Cs were to open, thus reducing the
signal fed to one of the output tubes,
the output of the amplifier would be
very much distorted because of the
loss of push-pull action. There would
also be aloss in volume, although this
would not be noticeable until the volume control was turned well up; at
low volume levels, either output tube
could supply sufficient signal.
A vacuum tube voltmeter can be
used to determine how well the out-

blow rather frequently, you should
check the line voltage to make sure
that it is not excessively high. If the
line voltage is above 130 volts, report
the fact at once to the power company, because there is very possibly
some defect in the power line itself.
If the line voltage is slightly under
130 volts, the chances are that the
amplifier is a little too sensitive to
supply voltage variations, although it
would work perfectly well in the usual
supply voltage range of 110 to 115
volts. In such acase, you should consider installing a voltage-dropping
resistor in the supply line to the amplifier if it appears that the high line
voltage is to be present constantly.
If you do use such a voltage-dropping resistor, be sure that its dissipating ability is sufficient for the power
it must handle.
DISTORTION
We mentioned distortion earlier in
the section on system renovation.
Since we described there the defects
outside the amplifier that might cause
23

Loose connections, frequently the
cause of intermittent defects, are more
common in p.a. systems than in radio
receivers. One reason is that there
are usually many more connections
of the sort that are frequently made
and broken in a p.a. system—connections to loudspeakers or microphones,
for example. Such connections are
naturally much more likely to become
defective.
Most intermittent defects have only
one symptom: That is, asystem hums
intermittently, or goes dead intermittently, but does not do both. Occasionally, however, a system will have
dual defects—for example, an intermittent loss of output accompanied
by distortion. This is usually caused
by a voice coil circuit that opens
intermittently. If the voice coil is
slightly off-center, it may rub against
the pole piece enough to wear off the
enamel insulation from the coil wire;
the coil may then short circuit intermittently to the pole piece and,
through it, to the voice coil terminal
that is grounded to the frame of the
loudspeaker. This is much the same
thing as putting a short across the
secondary of the coupling trans-

put stage is balanced. While a test
signal is applied to the input of the
amplifier from a sine-wave audio
generator, measure the voltages between the circuit components and
ground at the points marked E„ E,,
E., and E, on the diagram. If the
stage is well balanced, E, should
equal E,, and E4 should equal E,.
An oscilloscope is also a useful instrument when you are trying to locate the source of distortion. The
method of using the oscilloscope for
this purpose was described earlier in
your Course.
Again, the use of multiple pickups
and loudspeakers gives a p.a. system
possible sources of distortion that do
not exist in aradio.
If a p.a. system uses two or more
pickup devices and two or more loudspeakers, you will be able to localize
the source of the distortion rather
easily. If the distortion is heard when
one microphone or record player is
used but not when the other is used,
then almost certainly the source of
the distortion is in the first device.
Similarly, if the distortion is heard
on one loudspeaker and not on others,
then the one on which it is heard
must be defective. If the distortion is
the same regardless of which pickup
device or which loudspeaker is used,
the amplifier is probably to blame.

former feeding the voice coil.

As a

result, the output from the defective
loudspeaker is reduced or killed completely.

The changed impedance of

this loudspeaker will also destroy the

INTERMITTENT DEFECTS

impedance match between the ampli-

A p.a. system is subject to all the
intermittent defects that the audio
system of a radio has. Going dead
intermittently is probably the most
common defect, but any of the others
we have described can also occur
intermittently.

fier and the loudspeaker system, and
will therefore probably reduce the
output of all the loudspeakers to some
extent.
Even though the output of each
loudspeaker will be reduced by such
24

an occurrence, the output of the dematching transformer is removed
from the circuit.
fective loudspeaker will be affected
by far the most. Therefore, you can
Alternatively, you can open the
locate the defective loudspeaker by voice-coil circuit and place the ohmmeter in series with the voice-coil
listening to each of them and detertransformer and the voice-coil. In this
mining which is the worst. This may,
case, the resistance you measure will
of course, be difficult if the intermittent operation occurs for only a be slightly higher than that of the
voice-coil.
Whatever method you
short period of time.
If you have a sensitive ohmmeter,
choose, the indication of voice-coil
you can check the suspected loud- trouble is a change in resistance as
the voice-coil is moved.
speaker rather easily. All you need

Courtesy The Anew Corp.

Highly specialized equipment is needed to calibrate amicrophone after it has been repaired.
This picture shows acalibration run being made
on amicrophone at the Astatic factory. Don't
attempt microphone repairs yourself—send the
microphone back to the manufacturer.

do is measure the resistance of the
voice coil circuit and see whether it
changes when the voice coil is moved
in and out. You will need a good

ALIGNING A WIRELESS
INTERCOM
As you recall, a wireless intercom
uses the power line as a means of
propagating a modulated carrier signal. The carrier frequency on most
is around 100 kc. This frequency can
be changed up or down by a factor
of 25% so that as many as three systems can be used near one another
without interfering with each other.
For example, the units in one system
may be tuned to 120 kc., the units
in the second system to 100 kc., and

ohmmeter to do this, since the resistances involved may be of the order
of 1 ohm. If the ohmmeter is not
quite this sensitive, you can disconnect the voice coil from the output
transformer and measure the voice
coil resistance alone. Doing so lets
you measure a somewhat higher resistance, since then the very low resistance of the secondary of the line25

33) is similar to that described for
Fig. 30. Current flows through choke
through primary winding P2, and
through coil L3. Coil L3 attracts the
vibrating reed R. When the moving
reed touches the contact going to 4,
coil L3 is short-circuited and the reed
flies back to the other side.
In moving back and forth, the reed
first touches the contacts going to
terminals 4 and 5, and then those
going to terminals 2and 1. Touching
the contacts going to 2 or 4 completes
the primary circuit, while touching
those going to I or 5 completes the
secondary
circuit,
through
the
grounded reed connection.
I> If the wires from the primary and
secondary to the vibrator are correctly
connected, the B supply will always
deliver voltage with the proper polarity, as marked. On the other hand, if
the connections are incorrect, the B
supply polarity will be reversed and
the set will not operate, as the tube
plates will be negative instead of positive. If this circuit is operated for
any length of time with the reversed
polarity, the electrolytic filter condensers will be ruined.
For this reason, you must watch
polarity when you connect a receiver
with a synchronous vibrator to a car
battery. If the vibrator circuit is
wired to work properly in a car in
which the negative terminal of the car
battery is grounded, it will deliver the
wrong polarity in a car in which the
positive battery terminal is grounded
—and vice versa. Therefore, if the
circuit is wired to be used with the
negative side of the battery grounded,
but you want to put it in a car in
which the positive side of the battery
is grounded (or vice versa), it will be
necessary to reverse either the leads
to the primary or the leads to the
secondary of the power supply transformer.
It makes no difference
whether you reverse the primary leads

or the secondary leads, but you must
be sure to get a pair from the same
winding—not one lead from each
winding. For example, you can take
the leads A and B from the secondary
of transformer T and interchange
them at the vibrator, so that A goes
to 5 and B to I, or you can reverse
the primary by interchanging the
leads so as to connect P1 to 4and P2
to 2.
Don't make the mistake of reversing both pairs, as this leaves
things the same as before.
Often this change can be made
merely by unplugging the synchronous
vibrator unit, turning it half arevolution (180°), and plugging it back in
again. This can be done if the socket
contacts are arranged as in Fig. 34, so
that reversing the vibrator this way
automatically reverses the connections
to one set of the terminals. (This arrangement is found only on some of
the 5- and 6-prong synchronous vibrators. The non-synchronous vibrator and other synchronous types will
plug in their sockets in only one way.)
Some sets have terminal boards
with leads which either plug in or can
be easily unsoldered for making this
reversal.
I> Always connect your bench power
supply or battery to the set with the
same "grounded" battery terminal
connected to the chassis as. will be
connected to it in the car the radio is
to work in. (You may not know this
polarity in all cases.) As a check to
see that the proper connections are
made, connect a d.c. voltmeter between B+ and the chassis so the
meter ± goes to B+ and the meter —
to the chassis. Turn the set on and
watch the meter. If it reads up-scale,
the proper battery polarity connections have been made.
If the meter deflects down-scale,
turn the set off quickly to protect the
filter condensers. If the set was working in a car and is to go back in the
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units on that system until they are a
quarter of a turn from being all the
way out and repeat the tuning procedure. Finally, if you wish to add
a third system, set the trimmers of
the two units half-way between the
full-in and full-out position and again
repeat the tuning procedure. In each
case, be sure that you make only
small adjustments during the alignment procedure so that you will stay
fairly close to the point at which you
initially set the condensers.

those in the third to 80 kc. Since all
three carrier signals will be present in
one power line, it is necessary for
each unit to accept abandwidth considerably less than 20 kc. to make
sure it will not pick up a carrier that
is not intended for it.
It is easy enough to align a wireless intercom to a specified frequency
if you have asignal generator. Simply
connect the signal generator to the
input of the intercom, set the generator to the desired frequency, and turn
the tuning trimmer condenser until
you get a maximum response. (Most
wireless intercoms use trimmer condensers to tune their input circuits.)
Tune the other unit of the pair in
exactly the same manner. Then,
check your work by transmitting from
one unit to the other and back from
the second unit to the first. While one
unit is operating, make small adjustments of the trimmer on the other to
make sure that you have the point of
maximum response. Do not adjust
both units, however, since doing so
may get you too far away from the
frequency you want.

MICROPHONES
Microphones are extremely delicate
devices and must be handled with
great care. In fact, it is almost impossible for you to service one successfully unless you have had some
special training in this delicate work.
It is not even possible to test them
successfully without special equipment. Therefore, never open amicrophone on the assumption that you can
poke around in it, find out how it
works, and fix it. If the microphone
is dead, return it to the manufacturer
for repairs.
As amatter of fact, it is impossible
to make adirect test of amicrophone
without special equipment normally
used only in factories. About the only
practical test that a serviceman can
make is to install a microphone he
knows to be good in place of one that
he suspects of being defective. If the
response of the system improves when
the good microphone is installed, then
either the original microphone is defective or its matching transformer
and connecting cable are defective.
Of course, the test microphone you
install should be of the same type as

If you do not have a signal generator when you are attempting to align
awireless intercom, you can probably
do a satisfactory job by turning the
trimmers on both units all the way in,
backing both off a quarter of a turn,
and then adjusting one unit for maximum response while someone talks
steadily into the other unit. When
you have peaked one unit in this
manner, reverse the procedure and
peak the other while someone is talking into the one you have already
adjusted. If you wish to add another
system, turn the trimmers on both
26

This is the service shop of an NRI graduate who does p.a. work as asideline. Notice the trumpets
and microphone at the right of the picture.

the one of which you are suspicious.
It is possible to test the microphone
cable for continuity, but the microphone should be disconnected from
the. cable before you make such atest.
An ohmmeter must never be connected to amicrophone, because even
the relatively small d.c. voltage of an
ohmmeter can damage certain types
of microphones severely or even ruin
them.
Substitution of a good microphone
is the only way you can tell whether
or not asuspected microphone is deficient in its frequency response or in
its output. These qualities of amicrophone are tested by the manufacturer,
but the method used is not practical
for aserviceman. At the factory, the
microphone under test and a standard test microphone are placed in a
room that has had special acoustic
treatment. Pre-determined amounts
of sound power at various frequencies
are then fed into both microphones,
and the outputs of the two are corn27

pared as to amplitude and frequency
response. No method that is less elaborate has been discovered for checking microphones accurately.
As you can see, amicrophone that
is bad is not something you can service. There are, however, certain practices that you can follow that will
extend the useful life of microphones.
We shall tell you what they are, and
you can pass along the information
to the owner of a p.a. system so that
he can make his microphones last
longer.
Microphone Precautions. Every
velocity or dynamic microphone has
a powerful magnet built into it. For
this reason, none of these microphones
should be placed on a workbench or
any other place where it might pick
up iron filings. The housing contains
ametal screen around the diaphragm
of such a microphone to prevent bits
of metal from entering it, but iron
dust or very small filings can work
their way in if given a chance.

Care should be taken to keep any
velocity or dynamic microphone away
from alternating current fields, because such fields can partially demagnetize the magnet, thereby causing reduction in output and narrowing
of the frequency range. For this reason, keep such microphones well away
from power transformers and power
lines, particularly lines carrying heavy
current.
Velocity microphones of the ribbon
type, which are normally used only
when extremely high fidelity of pickup is required, are very delicate. They
must be handled with great care. For
example, they should always be carried or moved in a normal operating
position—that is, held upright so that
the ribbon is in a vertical plane.
Carrying such a microphone horizontally lets the ribbon sag and stretch.
Any jarring or rough handling may
cause the ribbon to move so far that
it will be stretched out of shape or
stick to one of the magnets between
which it is suspended.
The magnets of a velocity microphone may themselves shift in posi-

bon is very important to the proper
operation of the microphone, so even
a very slight shift in position of one
or more of the magnets may destroy
the fidelity of the microphone or even
prevent it from operating altogether.
A strong blast of air on a ribbon
microphone is certain to damage the
ribbon and perhaps ruin it. Such a
microphone must, therefore, be well
protected from the wind if it is used
outdoors. No one should be allowed
to speak into it from very close range.
In particular, you should never whistle directly into a ribbon microphone
to test its operation.
The crystal unit in a crystal microphone can be damaged by heat, excessive humidity, or mechanical jarring. Therefore, such microphones
should be kept away from extreme
heat and dampness and should be
kept out of direct sunlight as much
as possible. They should be protected,
also, from excessive shock and vibration.
Let us repeat one important warning. Do not try to repair a microphone; return it to the manufacturer
for repairs. It is almost invariably
less expensive to have a microphone
repaired than to buy a new one.

tion if the microphone is jarred or
roughly handled. The location of
these magnets with respect to the rib-
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THOUGHT
Many years ago, Carlyle wrote this tribute to thought—
rr.e

to men who think—to institutions which help men think:
"How noiseless is thought!

it^

No rolling of drums, no

tramp of squadrons or immeasurable tumult of baggage.
wagons, attends its movements.

In what obscure and

sequestered places may the head be meditating, which is
one day to be crowned with more than imperial authority.

It will rule not over, but in, all heads, and with its

combinations of ideas, as with magic formulas, bend the
ese

world to its will!

The time may come when the victory

of Waterloo prove less momentous than the opening of
the first Mechanics' Institute."
How true Carlyle's observations have proved to be!
Waterloo is still famous in history—but of much less
importance to the world's progress, than are hundreds
of modern developments made possible by men trained
to think!
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same car, reverse the connections to
your battery or supply (since the polarity of the set is obviously correct
for the car). On the other hand, if the
set is just being installed, connect it
to your battery according to the
known polarity of the car and if necessary, reverse the connections of the
vibrator for this polarity.
It is important to remember that
this polarity question does not come
up at all for a non-synchronous vibrator using a tube rectifier, as the
tube will automatically pass current
from whichever plate happens to be
positive at any moment and therefore
is always correctly connected.

The size of the buffer condenser is
rather important. The vibrator has
a definite rate of operation (which is
today around 115 cycles per second),
and the vibrator, transformer, and
buffer condenser are designed as a
unit to suit this rate. However, different vibrator rates—and correspondingly different condensers—have been
used. Should you have to replace a
buffer condenser, be sure to get one
with a similar or higher voltage rating than the original and with the
same capacity as the original.

VIBRATOR CIRCUIT DEFECTS

8

As we have shown, the vibrator is
a noise source and requires considerable shielding and filtering, even when
working normally. When it becomes
erratic in performance, the amount of
interference can assume terrific proportions. Furthermore, like any other
mechanical device, a vibrator will
eventually wear out. Arcing makes
the contacts worn and pitted, and the
reed loses its springiness. Thus, the
vibrator has adefinite life period just
like atube and must be replaced from
time to time.
In addition, any short or leakage in
the B supply circuits will draw excessive current through the vibrator, producing increased sparking and greater
contact wear. For longest vibrator
life, the receiver must be kept in tiptop condition.
In particular, the buffer condenser
should always be checked whenever
the vibrator is found defective. The
buffer condenser must withstand highvoltage surges; even though they are
usually rated at 1200 to 2000 volts,
they still break down from time to
time. Of course, a defect here would
short-circuit the secondary and thus
overload the vibrator heavily.

FIG. 34. The prong arrangement for a reversible synchronous vibrator is shown at A,
while the socket connections are shown at B.
When plugged in one way, the contacts 1, 2,
3, 4 and 5 make contact to socket terminals
A, B, C, D and E.
When the vibrator is
removed, turned through a half circle and
plugged in again, the vibrator contacts 1 to
5 inclusive now make contact to socket
terminals A, B, C, F and G.
This automatically reverses the connections to one of
the windings on the transformer. The vibrator will fit the socket in only one of these
two ways, because prongs 2 and 3 are considerably larger than the others, so no other
plug-in arrangement is possible.

Some sets use acold cathode rectifier, which depends on gas ionization
for conduction. The advantage of this
tube is that it eliminates the filament
current drain of the normal rectifier
tube, so that the radio draws slightly
less current from the storage battery.
However, circuits using cold cathode
tubes are subject to oscillation, which
in turn produces noise.
If you find such a tube is causing
interference, and if the automobile
battery is not too heavily loaded by
gadgets, substitute a regular heater
29

type rectifier.
Usually the only
change necessary is to wire the filament circuit (and even this may already have been done by the 'set
manufacturer) .
Testing Vibrators.
How can we
determine if the vibrator is defective?
At one time, vibrator testers were
available. These were similar to tube
testers in their operation. The vibrator was plugged into the proper socket,
and its worth was determined. However, it is so easy to try a replacement that there was no real demand
for these testers, so they have practically disappeared. Hence, the serviceman first relies on an indication of
efficiency; the vibrator should deliver
its rated voltage with a minimum of
current drain. The output of an aging
vibrator will drop off slowly but the
current consumed will increase rapidly. Therefore, the first indication of
a defective vibrator is a higher-thannormal current drain.
If the receiver draws an abnormally
high current, which may be shown by
the car ammeter or by blowing fuses
repeatedly, suspect the vibrator, but
remember it may just be overloaded
by some fault within the set. Hence,
if you find a radio is drawing excessive current and you do not have avibrator tester, you should first check
the B supply circuit with an ohmmeter to be sure there are no leaky
condensers or shorts. If there are
none, try another vibrator to note the
performance of the receiver. Improvement indicates the original vibrator was faulty.
110- Suspect the vibrator if it makes an
erratic sound and the B voltage is
lower than normal.
(The vibrator
should produce a steady buzzing
sound which does not vary in pitch
after the set has warmed up.) Also,
defective vibrators frequently will not

start operation until the set is kicked
or jarred or the ON-OFF switch is
snapped off and on several times.
I> Defective vibrators should normally be replaced. In emergencies, it
may be possible to get a few more
weeks of operation by cleaning and
filing the contacts and bending the
vibrator reed. The contacts can be
cleaned by using a thin, flat ignition
or jeweler's file. After filing, the gap
between the contacts should be adjusted to about .003 to .006 inch
(about the thickness of this page).
Then, try the vibrator and make further bending adjustments, if necessary, to obtain steady, smooth operation with a minimum of sparking.
Even at best, it will be impossible
to approach the accuracy of the factory adjustment. Once contact arcing
and spring fatigue have beguri, no adjustment will hold for more than a
few weeks at most. It is far better
to make a replacement if at all possible.
CHECKING THE SET IN THE CAR
Because of the trouble involved in
taking the radio out of the car, it is
best to make as many tests as possible with the set installed. Usually,
taking off a cover will let you remove
the tubes for testing. Most modern
vibrators are of the plug-in type, so
they can easily be removed for checking or to try another one.
Should the owner complain of unusually short tube and vibrator life,
be sure to check the voltage coming
from the low-voltage supply with the
car engine running. In many such
cases, a poor connection exists at the
car storage battery terminals or the
battery is over-discharged so it has a
high internal resistance. This extra
resistance in series with the battery
prevents the battery from "pulling
down" the generator voltage, because
the battery does not draw the normal
30

charging current. This means the generator may deliver as much as 8 or 9
volts to the low-voltage circuit. This
increased voltage is applied to the
tube filaments, and also will be
stepped up in proportion, producing as
much as a 100-volt rise in B voltage.
Both conditions produce an excessive
tube current and shorten tube life.
Oscillation, or a remarkable sensitivity rise when the generator is
charging, is aclue to this voltage rise.
If you find the voltage between the
radio A lead and chassis is above normal when the generator is charging,
check the battery and its connections.
In some cases it is best to connect
the radio A lead directly to the battery and to run another lead from the
grounded battery terminal to the radio
chassis. The voltage then can never
rise above the battery voltage as long
as the battery is in good condition.
10- If the set is dead, check the fuse
in the A lead. Auto radios should use
fuses rated at no more than 15 amperes. If this fuse blows, you can be
fairly certain that the vibrator contacts were stuck together at least momentarily. This may occur once in a
great while without there being any
real trouble, but it usually means that
the vibrator contacts are quite worn,
or that the vibrator has been overloaded. If a new fuse blows out at
once, there is definitely something
wrong in the power supply of the
radio. Of course, you should check
the set rather than just replace the vibrator, as there may be an overload.
lb- When the complaint is weak reception or adead set, try ashort piece of
wire as an aerial in place of the car
antenna. If the wire used as an aerial
restores reception to normal, be sure
to check (with an ohmmeter) for possible shorts between the lead-in and
its shielding, and between the antenna
and the car body. Remember—the
car body is the ground system, and

the antenna must be insulated from it.
Pm- If your initial check shows that
the trouble is within the radio, not
caused by the installation or by interference, it will be necessary to take
the radio out.
I> Be very careful to notice where all
control cables and leads fasten to the
receiver when you take it out. Make
a sketch of the cables and their location. This is particularly important if
you do not have the installation instructions for the particular radio at
hand, as of course you will leave the
control head and antenna on the car
and must connect the controls and
cables properly when the set is reinstalled.
It is a good idea to keep installation instructions on any set you install, so you will have them available
for your service work later, on similar
models or the same set.
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WORKING ON THE SET AT THE
WORKBENCH
The equipment needed at the workbench has already been described.
With such equipment available, you
can connect the set on your bench and
work on it exactly as you would on
any other radio having asimilar complaint. You can use the same test
methods and the same test equipment
as you would use on an a.c. receiver
having a power transformer.
The extreme compactness of an
auto set will make it slightly more
difficult to trace circuits and locate
parts than in the standard receiver.
Unless you have a layout diagram of
the set, you will have to use the tube
socket terminals and an ohmmeter for
identifying connections and parts.
When using an ohmmeter to check
the B supply circuit of a set using a
synchronous vibrator, remember you
may get false readings to chassis
through the vibrator. Unplug the vibrator, if possible, or disconnect it
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from the power transformer when
making these tests.
I> The metal case about an auto set
acts as a shield for the receiver to
keep down some of the interference.
There will be an unusual number of
screws holding lids to the case, and
usually spring wiping contactors will
be employed between the lids and the
case to assure electrical continuity
and a tight fit, thus providing an effective shield. After removing the
necessary screws, you will frequently
have to pry the lid off to get inside.
Be sure to replace all these screws
when you have finished the servicing,
to prevent the possibility of an increased amount of interference.
As has been mentioned, most auto
sets have a removable lid over the
tubes and the above-chassis parts.
After opening this lid, a careful examination of the case will show what
is necessary to get underneath the
chassis of the receiver. In some instances, the opposite side of the case
is a lid which is held on by screws
and can be removed. In other in-

stances, the receiver chassis itself
comes out of the box.
On some of the older models, you
may find that the receiver chassis
comes out of the box or case, but some
of the filtering equipment in the A
battery leads and in the antenna leads
remains in the case. In other words, a
plug-in arrangement will be used between this filter equipment and the
receiver chassis itself.
Service information on slid' receivers is very
desirable so the proper terminals in
the receiver can all be identified when
it is taken from the case.
110- A typical auto set diagram is
shown in Fig. 35, and the parts layout
is shown in Fig. 36. This particular
receiver does not use an r.f. stage at
the input of the receiver, but does
have regeneration introduced in the
i.f. stage to increase the sensitivity.
The screen grid lead is coupled by a
small coil to transformer T2 in such
amanner that regeneration occurs.
Condenser C7 is worthy of note.
This condenser is actually three condensers in asingle unit, as it composes
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the trimmer for the secondary of T2,
a by-pass condenser between the secondary return of this transformer and
chassis, as well as another by-pass
condenser from the end of R 5 to set
chasssis. The condenser is made up
of alternate layers of metal plates
and mica insulating strips, and appears to be just apart of the trimmer
condenser for the i.f. winding. When
you open a transformer of this kind,
you will find that this trimmer condenser apparently has four terminals
instead of the usual two, but the extra
terminals actually go to the other condenser sections which are underneath
the actual trimmer.
The resistor R 3, connected across
the primary of the power transformer,
helps to keep down the high-voltage
surges common in vibrator operation.
Notice that this set does not use an
r.f. filter in the B supply lead from
the cathode of the rectifier tube. This
is rather unusual—most auto sets
have this feature.

lb- In addition to having the same
troubles as a standard a.c. receiver,
auto sets have a few extra troubles
caused by the nature of the installation. Better-grade tube sockets must
be used, having tight gripping contacts, to prevent the tubes from working loose. Even so, apoor contact can
develop at a tube prong due to the
excessive vibration to which the set
is subjected. This same vibration can
jar loose parts which are not firmly
mounted and may pull terminals loose
if the mounting leads have been pulled
too tightly in the original installation
of the part in the set.
SERVICE HINTS
Here are a few additional facts
about auto receivers which will prove
helpful in servicing these receivers.
I
I> Poor connections must be avoided
at all costs. It is extremely important
that good soldering be done in auto
receivers to prevent terminals from
breaking loose or working loose.

LOCATION OF PARTS UNDER
POWER SUPPLY 101.665

FIG. 36. Parts layout for the set shown in Fig. 35. These layouts are helpful on auto
sets, where the crowded layout makes parts identification somewhat more difficult.
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SP- Don't be afraid to jar an auto set
cure the trouble, or it may be neceswhen noise is the complaint. Lift it sary to adjust the position of the
up an inch or so and drop it on your feedback coil if such an adjustment is
workbench. It will get shocks at least possible.
this severe in normal operation in the I> Hum in an auto set will not be 60car, and frequently you will have to cycle hum. The frequency of the viduplicate road conditions to localize brator is usually around 115 cycles
the trouble.
per second (although some vibrators
The normal vibrator noise, which have frequencies of from.__85_:to 165
should be audible directly from the cycles per second).'— Therefore, vibrator, is asteady hum or buzz. If wave -operation will give a hum frethis changes in pitch or stops and , quency of 230 cycles. This hum frestarts, the vibrator is not running quf_iley is easier-to lter-than one"Of
steadily and may be either defective —1wer jqney, so you will freor overloaded.
-quñt15 find aresistor used instead of
A hissing noise, particularly if re- aetnke--emil--in-the- filter-circuit.
ception is weak, usually indicates a dentally, practically all speaker fields \
defect in the r.f. stage or antenna.
on auto sets are 6-volt fields, and
The noise is the usual first-detector operate in parallel with the tube filatube noise. Be sure to check the conments from the storage battery. This
tacting device to which the antenna
type of field cannot be used as a
cable connects. It may be corroded
choke coil__
or the springs may be weakened so
From this, the hum will be 115
that it is not making good contact.
cycles if caused by afaulty rectifier or
Sb- Oscillation in auto sets is due to
by grid pick-up, or will be 230 cycles
the usual causes.
However, since
these receivers are highly sensitive, if caused by defective filter convery slight defects may cause trouble. densers.
The positioning of leads may be quite '--Cathode-to-heater leakage in the
audio tubes will not normally cause ,
critical and the alignment will have to
hum
unless there is so
unueue
be checked carefully. A poor contray-field
con
ion.
e
filament
nection somewhere can easily cause
TiFis d.c., not.a.c., so leakage will
oscillation. In those models having supi
regenerative circuits, changes in the cause bias voltage upsets and thus
distortion rather than hum in auto
tube characteristics may cause exces
sets.
_
sive regeneration. Another tube ma

Farm Radio Receivers
Farm radio receivers are not only
sources of entertainment—they are a
means of getting up-to-the-minute
knowledge about weather and crop
information and prices, which are
vital to the farmer. A simple, reliable
radio is desired for this service, so the
average farm receiver is relatively
straightforward in its design. Some
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have short-wave bands, although
most are just standard broadcast band
receivers.
Of course, the receiver must be sensitive, as the farm may be quite some
distance from broadcast stati,Nns. It
must also have reasonably good selectivity, because there will probably be
no strong local stations to over-ride

interference from more distant stations.
110. As the average farm is at some
distance from broadcast stations, you
will usually find a good aerial is
needed. A standard antenna of the
inverted L type, or one of the modern
noise-reducing varieties, should be
used—erected as high as possible.
Since the aerial is relatively in the
open, it must be rugged enough to
withstand storms and high winds.
Springs, or a weight and pulley arrangement, should be employed if the
antenna is to be supported by trees,
for trees sway a great deal in bad
weather and might easily snap a rigidly-connected aerial. If a windcharger is used, keep it and the antenna as far apart as possible to minimize interfering noises.
A good lightning arrester is necessary on a farm radio. A heavy wire
should be run from the lightning arrestor to an earth ground. This wire
should run in a straight line to earth
if possible, and the arrester should be
installed at the point where the antenna lead-in enters the home. Not
only is this good practice—it is a
requirement in many communities for
fire insurance.
lob- These farm radio receivers are
serviced in the same manner as are
other receivers, but their rural location will make some differences in
your working practices. For example,
you will find it necessary to carry
more equipment with you, as it is not
economical to go long distances, pick
up aradio, bring it back to your shop
for some simple repair, and then return it. Ordinary repairs should be
made on the spot.
A serviceman working on farm receivers will usually carry with him a
multimeter, signal generator, and tube
tester. If the receiver requires use of
signal-tracing equipment, it is more
economical to bring the set to your

shop. To handle such work, servicemen frequently travel over a route,
picking up the set one week and delivering it another when they come
back over the same territory.
Since power lines will not always be
available, your test equipment should
be battery-operated, or your service
truck must furnish power for its
operation. Tube testers represent the
greatest problem, as there are few
battery-operated
types
available.
However, some 110-volt a.c. tube
testers can be converted to use, or
are furnished with, a vibrator type
converter which operates from a 6volt storage battery and furnishes 110
volts a.c. for operation of the tube
tester.
Many farms have power lines and
will use standard a.c. receivers. However, others must depend on batteryoperated sets. Many of these will be
vibrator powered. Let's consider these
types briefly.
110- Vibrator-powered farm radios may
operate from 32-volt farm lighting
sytems or from a 6-volt storage battery. The 32-volt systems include
agasoline-engine-driven generator for
charging the 32-volt battery, but the
6-volt storage battery must be
charged by some other means. Wind
chargers have been developed which
work reasonably well in most sections
of the country. These consist of a
wind-mill system driving a generator
which is used to charge the 6-volt
battery.
The erratic nature of such a charging system means that the farm radio
must be rather economical in its power
consumption so as not to run down the
battery too rapidly. Synchronous vibrators are commonly used, as shown
in Fig. 37, to save the filament current required by a rectifier tube. As
this figure also shows, economical
low-voltage tubes, with filaments in
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A typical 6-volt vibrator-powered farm radio.

series, are frequently used to reduce
filament power requirements.
10- Now for afew service hints:
In a receiver like the one shown in
Fig. 37, some of the tube filaments
are arranged in series, so you cannot
pull out any of the series tubes for
circuit-disturbance testing. The set
is much like an a.c.-d.c. receiver in
this respect. Sets which operate on
32-volt systems also usually have
some series-parallel arrangement of
tubes. In fact, about the only farm
radios which do not have some seriesconnected tubes are 6-volt sets which
use 6-volt tubes throughout. For this
reason, these receivers usually require

circuit-disturbance tests very similar
to those given a.c.-d.c. receivers.
In using an ohmmeter to check the
B supply of any kind of receiver
equipped with asynchronous vibrator,
you may get puzzling readings caused
by connections made through the vibrator. Unplug the vibra
--1
—
orerif
—rros---x„
sible, or disconnect it from the power
transformer when you make ohm- j •
meter measurements on the B supply
ciLcuiLin_sueh—a—rereivur:—
The use of a synchronous vibrator
means the storage battery must be
connected with the correct polarity,
so be sure to follow the markings on
the leads.
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Lesson Questions
Be sure to number your Answer Sheet 44R1I-1.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you
the greatest possible benefit from our speedy personal grading service.
1. What three things are always done to eliminate electrical interference
when installing an auto receiver?
2. How would you bond the engine to the fire-wall?
3. What could you do to eliminate a click, heard only when the brakes are
applied, even when the car is standing still?
4. Suppose you have to connect an auto set using a synchronous vibrator to
a storage battery on your work bench. What test can you make with a
voltmeter to determine that the connections are made with the proper
polarity?
5. What frequency would you expect hum in an auto set to be: 60 cycles;
115 cycles; 120 cycles; or 230 cycles?
6. Would cathode-to-heater leakage in an audio tube be likely to cause
hum in an auto set?
7. Which of the following fuse sizes can be used for an auto set: 1-amp.;
5-amp.; 10-amp.; 15-amp.; 20-amp.; 25-amp.?
8. When ordering a replacement buffer condenser (like C. in Fige 30), what
must be specified in order to get the proper replacement?
9. Is the field coil of an electrodynamic auto-set speaker used as a choke
coil in the B supply?
10. What precaution is necessary when taking an ohmmeter reading in the
plate circuit of a farm receiver using a synchronous vibrator?
Be sure to fill out a Lesson Label and send it along with your answers.
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We have all heard the old proverb, "If wishes
were horses, beggars would ride."
This is just
another way of saying that if wishing could bring
success, all men would be successful.
You need only to look around you to see that
wishing is not enough. The world is full of failures.
But our common sense tells us that these men are
not failures because they did not wish to
So what is the secret of success?
It is what we do about our wishes that makes all
the difference. The secret is ACTION. Take two
men with equal ability and the one who works harder
will get ahead faster than the other man.
If one of the two men has less ability than the
other, less education, fewer opportunities—but is
energetic, active—does something about his problems—he will be more successful than the man who
does nothing but wish for success. The men who
get to the top and stay there are men of ACTION.
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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.
LI 1. Revitalization and Radio Measurements

Pages 1-3

The meaning of revitalization and the need for certain measurements for most
accurate results are the subjects of this section.

D 2. Sensitivity Measurements

Pages 3-12

The most used revitalization steps are those to restore sensitivity. Here are
the methods of checking sensitivity to determine what it is, and to determine
how much improvement has been made. Laboratory procedures and methods
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Both laboratory and service methods of measurement are covered.
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Pages 22-27

The methods of overhauling a radio, with particular attention to the steps
which pep up receivers.
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Pages 28-36

This section covers the practical types of testers developed for servicemen.
The methods of testing for tube quality, the variations permitted, special tests,
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RECEIVER REVITALIZATION
TUBE TESTERS

Revitalization and Radio Measurements
REVITALIZATION is the process
of bringing a receiver back as
nearly as possible to the condition it
was in when new. Strictly speaking,
any repair procedure could be called
a revitalization, but the term has
come to mean the process of overhauling aradio receiver.
If a receiver is normal except for
some one particular defect (excessive
hum, oscillation, etc.), you would of
course concentrate on finding and
remedying the cause of the defective
operation. In most cases, troubles of
this kind will be easily localized by
the normal servicing procedures given
elsewhere in your Course. Then, at
some time during the service job, you
usually will carry out two steps which
are revitalization procedures, in that
the receiver_ operation L
I being _improved. -These steps are: 1, test the
tubes and recommend the replacement of weak ones; and 2, check the
__
alignment and realign if necessary.
These revitalizing steps are so much
a part of the service job that most
servicemen do not look upon them as
revitalization. Instead, they consider
revitalization as the procedure followed when servicing a radio which
is generally run down and insensitive,
but which exhibits no specific defect
in its operation.
Using this meaning of revitalization, there are two methods of approach to the problem.
One is a
brute force method of repairing or
replacing every suspected part. While

this will usually improve the over-all
receiver performance and will probably result in the replacement of any
defective parts, it is generally a
lengthy and expensive process, and it
is not certain to give the results you
want. A more scientific approach is
to take measurements to determine
just what the receiver characteristics
actually are. Comparing the results
of these measurements with the ratings
of the receiver will give you a fairly
good idea of the actual condition of
the set and indicate what you must do
to improve it. Then, after making
each repair or adjustment, you can
check your progress by repeating the
measurements to see how much improvement has been made.
Obviously, you'll be more certain
of results if you follow this second
method which we are going to study
in detail in this lesson. But before
we take up the actual procedures of
revitalization, let's learn something
about the measurements which can
be made on radio receivers.
THE IMPORTANCE OF
RADIO MEASUREMENTS
Measurements of radio characteristics were at one time limited entirely to laboratories. The expensive
equipment and the exact, time-consuming, scientific methods needed
caused radio servicemen to "steer
clear." Today, however, the more
widespread use of vacuum tube volt-
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meters, the cathode ray oscilloscope,
signal tracers, etc., has placed the
necessary equipment in the larger
service shops. Further, set manufacturers have begun to release measurement data made with such service
equipment, so the problem of getting
a useful measure of sensitivity, selectivity, fidelity, etc., has been greatly
simplified. As aresult, many servicemen are using these measurements as
a means of determining radio characteristics more exactly.
Ordinarily, the only guides a
serviceman has to the performance a
particular radio receiver should exhibit are data which may be apart of
the service information on the set
and the statements of the set owner.
Of course, it is possible to judge the
performance of some particular model
after having worked on several identical receivers. However, this experience may not be too helpful when you
meet a different model, for different
types of radios vary considerably in
their characteristics.
Contrary to popular opinion, the
number of tubes in a receiver shows
little about its performance. It is
quite possible, for example, for a 6or 7-tube receiver to have far greater
sensitivity than a receiver with 12 or
15 tubes. Even receivers with the
same number of tubes may be of different design and therefore have far
different performances. Thus, a5-tube
a.c. operated receiver with a power
transformer may have a far greater
output than a 5-tube a.c.-d.c. or a
5-tube battery operated set, while
these receivers may have better selectivity or better sensitivity characteristics than the a.c. receiver.
Today, it is possible for the radio
engineer to build into the receiver any
desired amount of selectivity, sensitivity, and fidelity, within the limits
of cost and the necessary compromises
between these factors. The engineer,

in designing a set, takes into consideration the use to which the receiver
is to be put and the sales features
desired. A communications set, for
instance, must have a high sensitivity
and must be extremely selective, but
it does not need much in the way of
fidelity.
(Frequencies above 3500
cycles are not needed for voice or code
transmission, and cutting them off
gives less noise and better selectivity.)
On the other hand, a high-fidelity
receiver is usually made relatively insensitive, with rather poor selectivity,
but with very good fidelity or tone
quality. The average broadcast set
is some compromise in between these
two extremes.
The fact that such wide variations
exist in the designed performances of
radios make it desirable to use fairly
accurate measurements if you are going to revitalize receivers which have
lost their pep. You must have some
clear way of comparing the actual
performance of a set with the performance it was designed to have—
otherwise, you may waste agreat deal
of time attempting to give a receiver
characteristics which were never built
into it and which it cannot have without extensive modifications.
Only
actual measurements of performance
will let you make such a comparison.
Comparison of actual performance
with the rated value by means of
measurements will be of particular
help to you when a set owner complains about the lack of selectivity,
fidelity, or sensitivity in his radio.
Measurements will show you if the
complaint is really justified and if the
condition can be corrected at reasonable expense—or if it would be better
(and cheaper) for the set owner to
buy anew radio. And, finally, measurements are extremely useful as
checks on your work, since they will
show definitely how successful you
have been in your attempts to bring
2

the set back to "good as new" condition.
Naturally, as a serviceman, you
are not going to have the equipment
or the time to make laboratory-type
measurements. In recognition of this
fact, the modern practice is for the
set manufacturer to take laboratory
measurements in a standardized manner so as to compare receiver characteristics, then to give service data
measurements taken with service-type
instruments. However, even though
you may never make laboratory-type
measurements yourself, it is desirable
for you to know how they are made,
what they mean, and how close service-type measurements are to them in
results. Then you will be able to
interpret more clearly the results you
get from measurements made with
service instruments.
In this lesson we shall give abrief
description of the manner in which
the set manufacturers make their
measurements, so you can understand
the exact meaning of the ratings you
may find in radio service data. Then,

we shall show how simplified measurements can be made with service
equipment, which will permit an approximation of these results and give
you some means of comparison.
Of course, these measurements will
not be needed so very often in your
service work, as by far the greatest
number of troubles will be straightforward cases, easily and directly
solvable by the professional servicing techniques you have already
studied. Furthermore, as your experience grows, you will develop the
knack of judging receiver response, so
you will need to make measurements
only in those comparatively rare
cases where ordinary methods fall
down.
Among the measurable response
characteristics of a receiver are: sensitivity; selectivity; fidelity; hum
level; noise level; frequency shifts;
image rejection; dead spots; and receiver power consumption. Let's see
just how the measurements of these
characteristics can be made.

Sensitivity Measurements
The receiver sensitivity is a measure of its ability to pick up and
properly reproduce weak signals from
low powered or distant stations. A
loss of sensitivity first shows up as an
inability to pick up weak distant stations, and then progresses to weak
reception even from locals.
We could measure the sensitivity of
areceiver by determining the weakest
possible signal which would give even
the slightest output from the receiver,
if we wished to do so. However, a
more useful value is found by measuring the input signal which will give
some definite rated output. This lat-

ter measurement is far more valuable because it gives some idea of how
weak a signal can be and still be
amplified enough by the set to give
enjoyable reception.
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LABORATORY SENSITIVITY
MEASUREMENTS
Let us first consider receivers designed to operate from regular antennas (not loop aerials). To measure
the sensitivity of the receiver, we
must be able to measure both the
signal voltage fed into it and the output voltage of the receiver.
It is not practical to radiate a sig-

nal and depend on an antenna for
pickup, as there is apossibility of the
set picking up the signal directly.
Just feeding from the signal generator
directly into the antenna-ground terminals will upset the input circuit of
the receiver, due to the signal generator loading effects. The usual way of
solving this problem is to feed ameasured signal voltage into the radio receiver through what is called a
dummy antenna. This dummy antenna is a combination of parts which
SI
GNAL
SENERATOR

t

DUMMY ^
ANTENNA —

'
RADIO
RECEIVER

VACUUM TUBE
VOLTMETER
FIG. 1. The connections for making a sensitivity check.

simulates the inductance, capacity,
and resistance of an ordinary receiving antenna. When the measured signal is fed through this device, the receiver "feels" an antenna at its input
and will react as if it were connected
to an average antenna.
The input signal must be measured
with accuracy if the sensitivity measurement is to mean anything. One
method of making this measurement
is to use asensitive vacuum tube volt
meter, as shown in Fig. I. However,
modern standard * signal generators
having a controlled output are used
in most laboratories.
In these, a
built-in vacuum tube voltmeter is
used to adjust the signal level fed
into an attenuating network. The
controls of the attenuator are marked
directly in microvolts output.
(A
microvolt is one-millionth of a volt.)
*Signal generators of the "standard" type
are so named because they are made to
laboratory specifications and have extremely
accurate and reliable output signals.

Usually, there will be two controls,
one reading from zero to 10, while
the other is a switch type control
varying the output in steps of ten. (It
reads 1, 10, 100, 1000, and 10,000, and
the output is found by multiplying the
two dial readings.) This permits the
output to be varied from afraction of
1 microvolt up to 100,000 microvolts
on most standard signal generators.
Fig. 2 shows the connections for a
standard signal generator, and also
shows the components of a standard
dummy antenna. As we said, this
particular arrangement of parts has
been chosen to simulate the effects of
an antenna on the receiver input, so
the measurement will be in terms of
signal strength fed into an average
antenna.
The Dummy Load. To measure
the output, the loudspeaker voice coil
is disconnected and a resistor is used
in its place, as shown in Fig. 2. The
resistor R is called adummy load, and
is chosen to have the same ohmic
1
200

DUMMY
ANT EN NA

MMF

400 MME

400

fL
..

OUTPUT
INDICATOR

STANDARD
SIGNAL
GENERATOR

FIG. 2. Standard signal generators have built-in
level indicators, so they do not need an external
v.t.v.m. For measuring the receiver input. The
parts values for adummy antenna are given here.

value as the voice coil impedance.
The voltage across this resistor is
measured with an accurate a.c. voltmeter. Once we know the voltage and
the resistance, we can determine the
power output. (P = E2 R)
An equally acceptable way to
measure the output is to place a
4

Courten Supreme Inst. Corp.

A standard signal generator intended for the serviceman. Frequency ranges are selected by
push-buttons at the upper right. When the carrier level control is adjusted to give an indication
at the point marked on the meter, the output in microvolts will be indicated by the output control
setting. The r.f. attenuator reading is multiplied by the r.f. multiplier push-button being used.
There is abuilt-in variable frequency audio oscillator, and the percentage of modulation is indicated
on the meter.

resistance in the plate circuit of the
output tube or tubes, as shown in Fig.
S. Leaving the secondary winding of
the output transformer open makes
the primary impedance become practically infinite, so the dummy load
resistor R is chosen to give the proper
load impedance for the tube used.
The advantage of using the circuit
shown in Fig. S lies in the fact that
the voltmeter need not be so sensitive.
The resistance value of R in Fig. S is
much higher than that of R in Fig. 2,
and a higher voltage is developed
across it for the same power output.
The Standard Output. The standard output powg,-_useIcfe sensitivity
-- --measurements -is .05 watt (50 minim , watts)
for a set which has an unv ,distorted output power of 1 watt or
5

less, and is .5 watt for areceiver with
an undistorted output power of 1watt
or more.
_
--.--Th-usrure-powered set, we adjust the input signal until the output
indicator used with the set shows .05
watt output; similarly, with a highpowered set, we adjust the input until
an output of .5 watt is indicated. We
can then tell from the amount of input necessary to produce this standard
output just how sensitive the set is.
Assuming we are using the 50 milliwatt output level, which is the one
most often used, you can see that the
voltage across a low resistance will
be small. (This voltage is found from
the formula, E
VP xR.)
Thus,
if the resistance has avalue of 5ohms
and the power is .05 watt, the voltage

is only .5 volt. If the resistance is
higher, the voltage will be higher, so
the method illustrated in Fig. .5 is
somewhat more desirable.
Voltages equivalent to standard
output (.05 watt) for various load resistance values are given in Fig. 4.
Sensitivity Variations. When we
make measurements with the standard set-up of Fig. 2, what frequency
should we use? You probably know
from tuning your radio receiver that

Courtesy General Radio Co.

A standard laboratory type signal generator.
The output is calibrated in microvolts and the
percentage of modulation is variable and indicated on the meter.

programs from different stations on
the dial do not all come in with exactly the same volume and power.
Partly this is caused by differences
in the distances between the stations
and the receiver and differences in the
powers of the stations, but another
important cause is the fact that the
sensitivity of a receiver is not the
same at all frequencies. Therefore,
as we take measurements over aband
of frequencies, we will find that different amounts of input will produce
the standard output.
For this reason, we cannot say that
a receiver has a certain sensitivity
without specifying the frequency at
which the sensitivity was measured.
A typical curve showing the variation

in sensitivity over the broadcast band
is given in Fig. 5.
Thus, to make a really complete
study of the sensitivity of a receiver,
it is necessary to start at one end of
the band, tune the receiver and generator to the same frequency, and note
the microvolts input necessary to produce the standard output. The measurement must then be repeated at
other points throughout the frequency
range of the set.
Of course, for comparison purposes, we do not need to measure the
sensitivity over the entire band as
long as we know what the sensitivity
should be at some particular frequency and make our measurements
at that same frequency.
Signal Generator Modulation. As
the output voltage is an audio voltage, the signal generator must be
modulated a certain exact amount at
a certain frequency for the output
measurements to be reliable. Standard measurements are made with the
signal generator modulated 30% by a

Courtesy Weston

Another service-type signal generator. The
output controls are calibrated in microvolts, and
the output level is held constant by a built-in
automatic level control circuit. The audio
modulation is a 400-cycle signal, and the percentage of modulation is Axed at 50%. This
is above the 30% value used in standard sensitivity measurements. Radios would have an
apparent sensitivity better than they actually
have if this signal generator is used. Otherwise, this is an excellent general purpose
signal generator.

age introduced into the loop circuitis calculated.
SENSITIVITY TESTS WITH
SERVICE EQUIPMENT

8§818881§§1§
=in Cin
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The serviceman with a great
amount of practical experience rarely
needs to make sensitivity measurements. He may put aset on the test
bench and simply try tuning in a
number of stations on the band. From
experience, he knows what other sets
of various types will do in his particular location on the same antenna,
FIG. 3. These connections are used when the
dummy load resistor is connected in the plate and he judges the performance of the
circuit of single-ended (A) and push-pull (B) radio on which he is working by the
output stages.
way it acts. If he knows that certain distant stations can be tuned
400-cycle audio signal. The modula- in only by a receiver having good
tion percentage must be accurately sensitivity, and finds he can pick up
adjusted.
Most
laboratory-type these stations on the set being checked,
standard signal generators have a he knows that the sensitivity of the
means of varying modulation per- radio he is testing is pretty good.
centage and use a meter to indicate
He may also judge the sensitivity
the exact percentage used.
by the action obtained when he tunes
Loop Aerials. When the receiver
off resonance. Normally, he would
has a loop aerial, it is not possible to
substitute a dummy antenna for the
loop. When measurements are made
VOLTAGES FOR STANDARD
on such a receiver, one method is to
OUTPUT OF .05 WATT
use a carefully designed radiating
loop antenna, connected to the sigDummy
Dummy
nal generator and then arranged a
Load
Volta
Load
Volta
certain distance from the receiver
loop, as shown in Fig. 6A. From the
1
.22
7.1
dimensions of the two loop antennas
2
.32
8.7
3
.39
and their distance apart, it is pos10.0
4
.45
11.2
sible to calculate the energy fed into
5
.50
12.3
the receiver loop and, from this, the
6
.55
13.2
7
.59
14.1
input to the receiver.
8
.63
15.0
Another way. of accomplishing the
9
.67
15.8
same result is shown in Fig. 6B. A
10
.70 .
16.6
11
.74
17.3
small resistor is inserted in series
12
.78
18.0
with the receiver loop aerial, and the
13
.81
18.7
14
.84
19.4
signal generator output is applied
15
.87
20.0
across it. The current flow through
the resistor is measured by the meter
M. From this, the voltage drop across FIG. 4. Th's table gives the voltages that
indicate a .05-watt output across various load
the resistor-that is, the signal voltresistance values.

expect the noise level to increase
greatly as the set is tuned away from
a station signal and the a.v.c. action increases the set sensitivity to
maximum. If he finds that he doesn't
get much of a "roar" as he tunes off
resonance, he knows the set does not
have very much sensitivity. If the
receiver is a type which should be
reasonably sensitive, he would then
go to work to discover the reasons
for the lack of sensitivity.
A serviceman with less experience
is unable to judge radio receivers
this way, and even an expert can
be fooled occasionally, so a more exact procedure is desirable.
Better and better equipment is beI
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CHARACTERISTIC
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FIG. 5. The sensitivity varies over the tuning
band, as shown here. The maximum sensitivity
is indicated by the least input which will give
the standard output, so this particular set is
most sensitive near 1400 kc. Sometimes the
readings near the center of the tuning range are
given as the average over-all sensitivity value.

ing made available to servicemen, so
today many have standard signal
generators which they use in their
service shops for alignment purposes.
If you have such a standard signal
generator (with an output accurately calibrated in microvolts), you
can measure receiver sensitivity by
the same method used by the set
manufacturer.
SENSITIVITY TESTS WITH
SIGNAL TRACERS
Checking the set sensitivity in the
manner just described will give the
actual over-all sensitivity of the receiver.
Comparing this with the
manufacturer's ratings gives valu-

able information about the overall gain of the receiver. If there is
any wide difference between the measured sensitivity of the receiver and
its proper value, trouble in the radio
is indicated. Unfortunately this indication does not tell which stage the
trouble is in, so the entire receiver
must be carefully checked, using the
methods given elsewhere.
The develii—
nmt of signal tracing
equipment has, to a great extent,
permitted quick localization of the
defective stage. A signal tracer cannot be depended on to indicate accurately the number of microvolts of
signal at any point in the radio.
However, it can be used to measure the
ratio of the output to the input of any
desired stage. The ratio of the output
to the input is a measure of the gain
or amplification of the stage and is
accurately determined by the signal
tracer, for any errors caused by the
tracer will be in both measurements
and will cancel each other.
Since
the receiver sensitivity depends on
the amplification obtained in each
stage, this measurement of stage
gain is an indirect measure of sensitivity. Even more important, if you
know the gain which should exist in
each stage, you can localize the defective stage (or stages) by making
stage-by-stage measurements with
the signal tracer.
As acheck of the over-all gain only
indicates that adefect exists but does
not localize the trouble, you can see
that the signal tracer, with its ability
to localize the defective stage, is more
valuable in service work.
Manufacturers' Gain Values. Before stage gain readings can mean
much, we must know what to expect
from each particular stage. In recent
years, receiver manufacturers have
cooperated in furnishing this data to
servicemen. Some give the gain data
directly on the diagram, while others
8

show it in a table apart from the
diagram.
Fig. 7is an example of the diagram
system. Notice the gain values given
above the schematic. As you can see,
the input gain is figured at 600 kc.
At that frequency, the gain from the
antenna to the first tube grid is 2.
If we have, for example, a 30-microvolt 600 kilocycle signal between the
antenna and ground (chassis ground)
the circuit should give us two times
this signal level (a 60-microvolt sig-

i.f. signal between the plate of this
tube and ground.
> -Notice, however, that the gain of
this tube will vary with the grid bias,
which is controlled by the a.v.c. circuit. If we allow the normal a.v.c. action to occur, strong signals will increase the bias and hence reduce the
gain. For the gain measurement to
mean anything, we must block the
a.v.c. action.
Therefore, when any measurements
are made in the r.f. and i.f. sections
of areceiver, it is necessary to disconnect the a.v.c. circuit from the source
RECEIVER
eLOOP of a.v.c. voltage and substitute in its
SIGNAL
GENERATOR
place a certain value of fixed bias.
The fixed bias value must be that
recommended by the set manufacturer—usually 3 volts.
To make
measurements on the receiver shown
in Fig. 7, you should disconnect reRECEIVER LOOP
sistor R2 (either end) and place a 3volt bias from a battery between the
grid return lead and chassis as shown
by the dotted lines in Fig. 7. Of
course, you must observe the proper
FIG. 6. Two ways of feeding a signal into a polarity in connecting this battery.
loop antenna. The practical serviceman would
Continuing with our example, the
use the first method, winding aloop of 5 or 10
next gain measurement is taken from
turns to connect to his signal generator. He
won't know what the induced voltagit is, so
the plate of the 12SA7 tube to the
cannot determine the Q of the loop, but using
grid of the 12SK7 tube. This measa signal tracer will permit measurements from
the loop onward.
ures the gain of the i.f. transformer,
which is even as .5 (the same as 1
/
2).
nal) between the first tube grid and Th
is means that the signal in the secchassis ground, if everything is normal. ondary of the transformer is only half
With the 600-kilocycle signal still as strong as that in the primary; in
tuned in, there is a conversion gain other words, we actually get a loss in
of 60 in the first detector-oscillator this transformer. Thus, if we have
tube. This means that if we measure 3600 microvolts between the plate of
the 600-kilocycle signal fed to the grid the 12SA7 and the chassis, we can get
of the 12SA7 tube, then measure the only one-half this, or 1800 microvolts,
455 kc. i.f. signal developed between at the grid of the 12SK7 tube.
this tube plate and the chassis ground,
In the next stage, there is a gain
we should have an increase of about of 100 between the grid and the plate
60. Thus, if we continue with our ex- of the i.f. amplifier, then aloss of oneample and use a60-microvolt signal as half in the second i.f. transformer.
the input to the 12SA7 tube, we should
There is a loss (not shown on the
have 60 times 60 or 3600 microvolts of diagram) in the second detector too.
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The audio output of the detector depends on the percentage of modulation of the input signal.
Following the audio signal further,
we find again of 40 in the triode section of the 12SQ7 tube. (Notice that
in making the measurement on the
audio tube stage we are comparing the
signal levels found at its grid and
plate terminals, and are measuring
the 400-cycle audio modulation signal from the signal generator.)
Finally, there is an audio gain of 10
between the grid and plate of the
50L6 output tube.
Using Signal Tracers. In making
gain measurements with a signal
tracer, you do not worry about the
actual amount of microvolts. Instead,
you are interested in the ratio between the two points where you make
your measurement. You can make
your measurements either with a signal tracer which gives a meter reading or with one which uses a magiceye indicator.
If you use the second type of tracer,
you will determine the gain ratio
from the control settings. First, connect the signal tracer probe to the input side of the stage, feed in a signal,
and adjust the controls until the eye
closes. Make a note of the control
settings which close the eye. Then,
move the probe to the output side
of the stage and adjust the controls
until the eye is again closed. Dividing the second gain control reading by
the first will give the relative increase
in gain.
If your signal tracer indicates the
signal input level on ameter, measure
the level at both the input and output
of the stage, keeping the tracer gain
control at the same point. Dividing
the second meter reading by the first
will give the gain of the stage.
A vacuum tube voltmeter could be
used in the same manner, but there is
considerable chance of the vacuum

tube voltmeter reading stray voltages
instead of the signal. For this reason, a tuned signal tracer, which can
be made to select the proper signal, is
the more desirable instrument.
With either signal tracer, a signal
generator is used as the signal source.
It does not have to have a calibrated
output voltage control as you depend
on the signal tracer for the signal
ratios. A dummy antenna should be
used, however, when checking the
gain of the preselector. If the set
uses aloop antenna, just wind afouror five-turn loop of wire and connect
it to the output of the signal generator. Bring this loop near the set loop.
You can't measure the preselector
gain, but all other gain values can be
obtained.
Gain Variations.
The readings
given by the manufacturer in his service information are average readings
for the particular set type. These
readings will not necessarily apply to
any other receiver put out by the
same manufacturer. When the gain
data is given on the diagram, you can
expect variations of as much as 20%
in either direction.
Variation in
parts values can easily cause this
much change.
If readings vary by more than 20%,
then there is probably some defect in
the set. If all readings are below normal, the set may be completely out
of alignment, or the over-all sensitivity may be low.
More generally, a defect in a single
circuit will be the cause of belownormal gain. In this case, you can
expect most of the readings to be normal except in the one affected stage,
where the reading will be very low.
Don't be surprised at readings
somewhat above normal, for betterthan-average tubes, or coils with exceptionally high Q factors, will give
increased gain. On the other hand,
if the gain is very high and the re10
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ceiver has atendency to go into oscillation, look for circuit faults causing
regeneration.
GAIN DATA,
AVERAGE VALUES
R. F. SECTIONS

Gain
Min. Max.

Ant. to 1st grid

2

10

Ant. to 1st grid, auto sets_

10

50

R. F. Amp., supers, broadcast_

10

40

R. F. Amp., t. r. f., broadcast

40

100

R. F. Amp., supers, shortwave

5

25

MIXER SECTION
Converter grid to 1st i. f.
grid (single i. f. stage)__
Converter grid to 1st i. f.
grid (2-stage i. f. amp.)

30
5

60
30

I. F. AMPLIFIER SECTION
I. F. stage (single i.
I. F. stage (2-stage i. f.)
(per stage)

40

180

5

30

Biased det., 57, 6J7, 6C6,
etc. (depends on % modulation)

5

40

Grid leak det., square law_

5

50

Diode detectors (a loss)
(depends upon % modulation)

2

.5

DETECTOR SECTION

AUDIO AMPLIFIERS
Triodes (low gain)

5

14

Triodes (high gain)

22

50

Pentodes

50

150

POWER OUTPUT TUBES
Triodes

2

Pentodes and beam

6

3
20

FIG. 8. Average amounts of gain found In
radio receivers.

Average Gain Values. When gain
data on the receiver on which you are
working is not available, you must
use tables of average gain values.
The gain to be expected from any
stage depends on the type of receiver
and on the number of stages.
The table in Fig. 8 gives the maximum and minimum values found by
analyzing the information furnished
by a number of manufacturers. It is
quite possible that some receivers
may have gain values above or below
these averages, but in general you
can expect most receivers to fall
within these limits.
The possible variations here are
quite wide. For example, the gain in
the r.f. section from the antenna to
the first grid in auto sets may be
anywhere from 10 to 50. If you get
a reading near the minimum value,
you won't know whether this is natural for the receiver or whether the
gain for this particular section should
be near the maximum and is actually far below normal. You will
have to be guided in cases like this
by the results you obtain in the rest
of your gain measurements and by
the performance of the receiver.
If the receiver has less sensitivity
than you would expect, yet all the.
readings are within the average limite,,
probably the loss of sensitivity is an
over-all condition and the stage gains
throughout are below normal.
On
the other hand, if the gain of some
one stage is low but the other stages
all give gain near the maximum, it
would be logical to suspect the stage
where the readings are low.
In general, allow a wider variation
in the readings of the gain for the
r.f., mixer, and detector stages than
for the other stages.
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Selectivity and Fidelity Measurements
We will treat selectivity and fidelity
together, since the selectivity of a
receiver has a bearing on its over-all
fidelity.
Selectivity is a measure of the
ability of aradio to select the desired
signal and to reject others on adjacent
channels. If the set is not selective,
interference is certain to exist between
stations on adjacent channels if the
stations are powerful enough. On the
other hand, if the set is too sharply
selective, the higher side band frequencies of the desired channel will be
cut out, and the fidelity of the receiver
will be affected.
LABORATORY SELECTIVITY
MEASUREMENTS
It is possible to indicate selectivity by plotting resonance curves
which show the amount of amplification or gain at the resonant frequency
and the gain at frequencies off resonance. However, since the gain of different receivers is not the same, it is
difficult to compare receivers by using
curves of this sort. As we are interested in how much better the response
is at resonance compared with the
response off resonance, it is standard
practice to draw curves showing this
ratio.
Direct comparisons between
receivers can be made from such
curves.
To find the data needed to plot the
curve, laboratory engineers use the
saine set-up used for sensitivity measurements in Fig. 2. Of course, the
manner of using the equipment is
somewhat different. The receiver dial
and the signal generator are tuned to
some frequency (say 600 kc.), and
the microvolts input needed to give
the standard output is determined.
Let us suppose this input is 10 microvolts.

Then, the receiver dial is left at
the same setting but the signal generator dial is rotated 10 kc. away
from resonance. The signal generator output is turned up until the receiver output meter indicates the same
output power as before. Since the
receiver is not tuned to the same
frequency as the generator, a greater
input is necessary to force the signal
through the radio.
Suppose it now takes 5000 microvolts input to give the standard output. Dividing the microvolts input
for the off-resonance frequency by
the microvolts input at the resonant
frequency gives us a ratio number
(called the "signal ratio") that is a
measure of selectivity. (5000
10
500 in this case.) For comparison, engineers consider a set to have
good selectivity if it takes 1000 times
as much voltage to force a signal 10
kc. off-resonance through the radio as
it does a signal to which the radio is
tuned. Signal ratios of 100 to 1000
are considered fair, while a ratio of
10,000 represents excellent selectivity.
To complete his data, the engineer continues in 10-kc. steps on each
side of resonance, carrying out the
readings over a range of 30 to 50 kc.
on each side of resonance, and computing the signal ratio for each frequency. The ratio at each frequency
is then plotted to form what is called
a selectivity curve.
Fig. 9 shows several typical selectivity curves.
The curve marked
A-A shows fair selectivity. The broad
dotted curve B-B is an example of
poor selectivity, as the signal ratio
for signals 10 kc. off resonance is less
than 10. The curve C-C represents
excellent selectivity.
However, the
extreme sharpness of this curve near
the resonant frequency-setting indi-
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cates that the fidelity of the receiver
will be poor.
I> The ideal curve for both good
selectivity and good fidelity is shaped
like the shaded area of Fig. 9. It
has the selectivity of the curve C-C
at the off-resonant frequencies, but
has a broad flat "nose" around the
resonant frequency, so that approximately equal amplification will be
given the resonant frequency and its
adjacent side-bands. Comparing this
area with the other curves, you can
see that the curve B-B indicates reasonably good fidelity, as the discrimination shown by this curve against
frequencies 5 or 6 kilocycles away
from resonance is not great. However, as you just learned, curve B-B
also indicates very poor selectivity.
Thus, selectivity and high fidelity are
not apt to be found in the same receiver, unless the receiver uses some
form of band-pass tuning to give a
response like the relatively squareshaped ideal.
Usually, selectivity curves are
taken at several frequencies over the
band.
Like sensitivity, selectivity
varies at different frequencies.
A
typical curve showing the selectivity
at 600 kilocycles compared to that at
1400 kilocycles is shown in Fig. /O.
SERVICE TESTS
OF SELECTIVITY
As far as the serviceman is concerned, the only way in which selectivity measurements actually can be
taken is by the laboratory method
just described. Hence, only servicemen with standard type signal generators are able to check selectivity
accurately.
However, extremely accurate selectivity measurements are rarely necessary.
Anything which affects the
selectivity of a receiver greatly will
also affect the sensitivity and other

characteristics at the same time, and
the trouble can be run down by investigating these other effects. If the
receiver is badly out of alignment,
the selectivity is reduced and the sensitivity will be very low.
If the
receiver is too sharply aligned, the
fidelity will suffer and the sensitivity
will be above normal.
(The selectivity may also go up because of
regeneration.)
Of course, after you
have quite a bit of practical experience, you will become adept at judging the selectivity.
The practical
serviceman tunes in some medium
distant station, and then tunes away
from the resonant point to determine
how many dial degrees can be tuned
through before the signal fades out.
The "spread" on the dial is a rough
indication of the selectivity of the
set. If the station is tuned out by a
small dial movement, the selectivity
is usually good.
LABORATORY FIDELITY
MEASUREMENTS
The fidelity of areceiver is ameasure of its ability to reproduce exactly
the modulation transmitted by the
broadcast station. The ideal receiver
would amplify all desired frequencies
equally and would not introduce
wave-distorting harmonics.
The audio amplifier is primarily
responsible for the receiver fidelity
characteristics, although the tuned
circuits in the r.f. and i.f. stages may
affect the high-frequency response.
Theoretically, we need equal amplification of all frequencies from 30
cycles to perhaps 15,000 cycles to
reproduce music with high fidelity.
The response range of the average
receiver is far more limited than this
—a reasonably fiat response from 150
cycles to 4000 or 5000 cycles is about
all we will usually find.
To measure the over-all fidelity re-
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FIG. 9. Typical selectivity curves, showing
excellent, fair, and poor selectivity. The
shaded area shows the ideal, representing excellent selectivity without sideband cutting. The
signal ratio is the ratio of the input off resonance
to that at resonance, both giving the standard
output.
sponse of the receiver, the same basic
set-up as that shown in Fig. 2is used.
The only additional equipment needed
is a variable audio oscillator, which
is used to modulate the standard
signal generator.
To get the response characteristic,
the audio oscillator is first adjusted
to produce a signal of 400 cycles, and
the modulation percentage is adjusted
to 30%. Then, with the receiver dial
and the signal generator tuned to,
say, 600 kilocycles, the signal generator output is adjusted to give some
convenient output indicator reading.
(This need not be the standard output value—just some
convenient
reading.)
This reading, obtained with a
modulation frequency of 400 cycles, is
our reference value.
The audio
signal generator is now varied to other
audio frequencies, such as 30, 40, 50,
100, 1000, 3000, 5000, 7000, 10,000,
12,000 and 15,000 cycles. The exact
frequencies at which the readings are
taken do not greatly matter, as long
as pointe over the complete range of
the receiver are used.
At each of the new audio modula-

tion frequencies, the percentage of
modulation is adjusted to 30%, but
the signal generator output controls
are left alone, as the same r.f. frequency is being used. The new output
meter reading is noted at each of these
frequencies; then the ratio between
the actual output voltage at this new
frequency and the output at 400 cycles
is computed. A curve similar to Fig.
// then is made up by plotting frequencies against the ratio of output
at each frequency to the output at 400
cycles.
As shown by Fig. 11, the high frequency response depends on the selectivity. Another set of readings may
be taken with the receiver and signal
generator tuned to, say, 1400 kc. (Of
course, the r.f. output must be adjusted to the same value as was used
at 600 kc.)
The curves in Fig. 11 show the
over-all fidelity of the receiver, excluding the loudspeaker and its response. Naturally, the loudspeaker
and baffle assembly are going to
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FIG. 10. How the selectivity varies at different
points in the tuning band.

introduced as a result of amplitude
distortion in the amplifier.
The maximum undistorted power
output can be determined by starting with a low input which is gradually increased until distortion is
shown by the distortion meter or wave
analyzer. An output meter is used
with the distortion indicator, so that
the power output level at which distortion first occurs can be measured.
Audio Amplifier Response. It is
frequently desirable to check the
characteristics of the audio amplifier
alone. This is particularly true if

Courtesy Hewlett-Packard Co.

This distortion analyzer checks distortion at
two frequencies, 400 cycles and 5000 cycles.
It contains a tuned filter and an attenuator, so
arranged that either one may be switched into
use. A c.r.o. is used as an output indicator.
The operating steps are: first, the tuned filter
eliminates the fundamental frequency voltage,
which leaves only the amplitude of the harmonic
voltages indicated on the c.r.o. screen. Then
the filter is switched out and the attenuator is
used to reduce the c.r.o. indication to the same
value as that obtained with the filter. The
attenuator calibration then gives the harmonic
distortion in db below the fundamental level.
It is necessary that the audio source produce
fundamentals of 400 cycles and 5000 cycles
without any distortion.

affect the fidelity of the output to a
great degree. However, we are now
interested in getting the response of
the receiver itself, and these curves
give it.
Distortion Measurements. After
plotting
the
frequency
response
curves, measurements are made to
determine the harmonic distortion.
Any of several laboratory procedures
may be used for this. For example,
the set-up shown in Fig. 12 has a distortion meter or wave analyzer at the
output instead of an output meter.
With this equipment, it is possible to
determine the percentage of harmonics
o
O

o•

1.0
0.8
0.6

1,400 —
Kc

0.4

o

o
1.7

0.2

FIDELÇTY CHARACTERISTICS
600 Kc. ,
100
1000
AUDIO FREQUENCY

FIG. 11. Over-all fidelity curves.

10,000

Courtesy Jackson

A typical audio signal generator designed for
servicemen.

you are working on a public address
or an electric phono system, either of
which normally contains nothing but
an audio amplifier.
The set-up is shown in Fig. 13. A
variable audio signal generator is connected to the input of the audio amplifier and an output indicator is used
across the dummy load resistance.
Using a test frequency of either 400
or 1000 cycles, some reasonable output indication is obtained. Then, the
audio signal generator is varied in
steps over the range of audio frequencies, and output readings are
made for each setting. The amplifier
input must be adjusted (by the signal
generator output controls) at each
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4

test frequency so that it is the same
as it was at 400 cycles. Unless the
audio signal generator has an output
indicator, a vacuum tube voltmeter
is needed to check this.
We can again take the ratio between the output at other frequencies
to that at the standard frequency, and
plot another curve similar to that for
the over-all response. The difference,
of course, is that the response characteristic is that of the audio amplifier
alone, and hence may vary widely
from the over-all response, particularly at the higher frequencies.
As an alternative method, a power
output meter calibrated in decibels

STANDARD
SIGNAL
GENERATOR

DUMMY
ANTENNA

DISTORTION
METER
OR WAVE
ANALYZER

RADIO
—

+AAAAI—
DUMMY
LOAD
RESISTOR

FIG. 12. Connections for determining distortion.

can be connected across the dummy
load resistor and the output in db.
can be read directly on the meter.
If the output at, say, 1200 cycles is
10 db. and the output at 400 cycles is
8db., we say the output at 1200 cycles
is up 2 db. The curve prepared from
such readings may be similar to that
shown in Fig. 14A or 14B.
If we get a fiat curve like that
shown in Fig. 14A, the amplifier is
definitely a high fidelity type. This
curve shows excellent response over
the entire useful audio spectrum.
However, it is quite likely that the
amplifier response will be more like
that shown in Fig. 14B, where the low
frequencies drop off rapidly and there
is some peak response around 4000 or
5000 cycles.
Theoretically, the ideal amplifier
17

FIG. 13. How to get the response of an audio
amplifier.

is one with an absolutely flat response.
However, it may be necessary to
"doctor" the response of the audio
amplifier to compensate for deficiencies in the remainder of the receiver.
A rising response characteristic or
even a peak in the response may be
desirable at the high frequencies to
compensate for the side-band cutting
which occurs in the r.f. stages. Thus,
by over-emphasizing the high frequencies, we can make up for some of
the loss in the r.f. amplifier and can
improve the over-all response.
Similarly, a rise in response at the
low frequency end of the band may
be desired to compensate for a dropoff caused by the speaker or baffle
characteristics.
The relatively smooth curve normally obtained when checking an
amplifier response may be utterly different if speaker responses are included.
A typical curve in which
speaker response is included is shown
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FIG. 14. Typical fidelity curves.
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put of the radio. Only an acoustical
output response curve like that in
Fig. 14C will give the actual sound
output characteristics. Such a curve
can be obtained only in laboratories
equipped with the proper acoustical
rooms and proper measuring equipment.

FIDELITY MEASUREMENTS
WITH SERVICE EQUIPMENT

Courtesy General Radio Co.

A wave analyzer. A beat frequency is formed
between the complex input wave and abuilt-in
oscillator. This changes each audio frequency
to a different i.f., as each frequency will form
adifferent beat with the fixed oscillator. Thus
the complex wave is spread over an r.f. band,
and tuning circuits can be used to select each
frequency component. An r.f. type v.t.v.m.
then indicates the output at each frequency
contained in the audio wave. Hence, the number and strength of each harmonic can be found.

in Fig. 14C. To make measurements
for this kind of curve, a microphone
and an amplifier are used, which have
acombined response that is essentially
flat. The microphone is mounted in
front of the loudspeaker in a room
with special acoustic properties.
The resonant characteristics of the
loudspeaker cone-spider-voice coil assembly will cause numerous peaks
and valleys in the characteristic
curve. Hence, checking the over-all
receiver response and the amplifier
response merely gives us something
with which we can make comparisons
between similar amplifiers or receivers—it does not show the actual out-

The measurements which can be
made in the service shop will depend
greatly on the equipment available.
If the shop has astandard signal generator and variable audio oscillator,
over-all response curves can be made
in the manner just described. Similarly, with a variable audio oscillator, it is possible to obtain the response curve of an audio amplifier.
po. As always, the serviceman is usually looking for some particular defect and will use short cuts. Rather
than plot the audio amplifier response, it may be possible to just vary
the audio signal generator over the
band and watch for any sharp peaks
or sudden dips in the signal voltage
measured across the dummy load resistor.
• If the serviceman has a "musical
ear", he can make a test by playing
arecord of known characteristics, and
listening to the output of the audio
amplifier.
However, great care is
necessary here: few people hear exactly alike, so the customer may object to a response which sounds good
to the serviceman.
▪ As far as distortion is concerned,
the methods of checking for distortion
by using a c.r.o., given elsewhere in
the Course, can be followed.
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Miscellaneous Measurements
It is of course possible to measure
any receiver characteristic one might
imagine. There are a few of these
which are of some interest, although
servicemen rarely measure them.
Let's run through some of these.
HUM MEASUREMENTS
In the laboratory, the residual hum
level is measured by setting the radio
volume control at maximum and
short-circuiting the r.f. input so that
no signals are picked up. The output
voltage across the dummy load resistor is the fundamental hum frequency,

FIG. 15. A filter is necessary when measuring
hum to eliminate noise components and to
determine the amount of hum at each frequency.
In practice, a serviceman would depend upon
alistening test.

plus any harmonics of this frequency,
plus any noise voltages which may
be present. To eliminate noise, and
also to make it possible to measure
the frequency of the hum, a tuned
filter may be used as shown in Fig.
15. This circuit is first tuned to 60
cycles and the amount of 60-cycle
hum measured. Then the hum level
is checked at 120, 180, and 240 cycles.
If the hum is modulation hum, an
unmodulated signal generator is connected to the input of the receiver
and the hum output resulting is measured in a similar manner. Usually
a high-sensitivity voltmeter must be
used, as the hum voltage may be quite
small even though it produces an objectionable amount of hum sound output.

As a general rule, the serviceman
just listens to the output of the receiver.
If the hum is excessively
loud, the serviceman is usually led
right to the trouble by the frequency
of the hum, which he can determine
most easily by means of a c.r.o. or
by having learned hum frequencies
from listening to 60- and 120-cycle
hum voltages. Modulation hum can
be run down by moving the signal
generator back through the r.f.-i.f.
amplifier in the manner described in
another lesson of your Course.
POWER CONSUMPTION
The manufacturer usually checks
the power consumed by a radio receiver, since he generally gives this
figure on the receiver nameplate. He
probably will use a wattmeter in the
manner shown in Fig. 16A.
If the serviceman has a wattmeter,
he should make similar connections.
›A..)

®

• •
.
WATTMETER
METHOD

VOLT' AMMETER
' METHOD

WALL
OUTLET

0-2 AMPS.
AC
WALL
OUTLET

FIG. 16. Two methods of measuring the power
consumed by a radio. The wattmeter is the
more accurate.

If not, it is possible to use avoltmeter
and ammeter by making the connections shown in Fig. 16B. The voltmeter-ammeter method does not indicate true power—multiplying their
product by .8 will give a close approximation for the average a.c. radio
using apower transformer.
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Before using either method, it is a
good idea to make sure the receiver is
not in such a defective condition that
it will damage the wattmeter or ammeter.
Of course, any defects in the radio
which cause a higher than normal
current flow will be indicated by an
increased power consumption. Thus,
a leaky filter condenser or a shortcircuited bypass condenser would result in an increased wattage consumption. However, the wattage test
only indicates that trouble exists,
without pointing out its location.

abnormal frequency shift: If you
want to measure this, you can connect a signal generator to the input
of the receiver, tune them to resonance with each other, and allow both
to operate for aperiod of time. Then,
retune the signal generator for amaximum output indication. The difference in frequency between the original setting and the new setting indicates the amount of drift in the receiver for that particular period of
time, provided the signal generator is
itself free from drift.

FREQUENCY SHIFT TESTS

The laboratory and service tests
for dead spots are identical. The receiver dial and signal generator dial
are rotated in step over the entire
frequency range of the receiver. For
example, if we wish to check the
broadcast band, both the generator
and the receiver dial should first be
set to 550 kilocycles, then to 560 kilocycles, and so on at 10 or 20 kilocycle intervals up to 1500 kilocycles.
At each setting we should listen to
make sure the output is normal. A
skillful operator can turn the generator dial with his left hand and the
receiver dial with his right, keeping
the two in step, and get a continuous
check throughout the band.
Naturally, a dead spot would be
indicated by alack of reception or by
asharp drop in output over some portion of the tuning range of the receiver.

DEAD SPOTS
Once in a while the oscillator frequency of a superheterodyne receiver
will shift progressively as some component in the oscillator circuit is affected by the receiver heat. This will
be indicated by the program becoming
more and more distorted, with the
distortion clearing up if the receiver
is retuned. The oscillator drift causes
the production of an incorrect i.f. frequency, so the wave is distorted because of side-band cutting. Usually
the drift will be in a single direction,
so that the receiver must be continually tuned to higher and higher
frequencies, or to lower and lower
frequencies, depending on the particular part causing the trouble and its
temperature characteristics.
Of course, many receiver oscillators
drift slightly during their warm-up
period, but they settle down within a
few minutes. This is the reason the
receiver should be allowed to warm up
for half an hour or so before it is
aligned. For the same reason, the
signal generator should be allowed to
warm up if it is a.c. operated.
The fact that retuning is necessary
from time to time to obtain maximum response or to clear up distortion indicates clearly that there is an
20

IMAGE REJECTION
Suppose a receiver dial is set to
receive a 1500-kc. signal and that the
i.f. of the set is 460 kc. This means
the receiver oscillator will be working at a frequency of 1500 plus 460
or 1960 kc. Now, if a signal from a
station at 2420 kilocycles is strong
enough to get through the preselector,
it also will produce the right i.f. value,

since 2420 minus 1960 is 460 kc.
Thus, it is possible for the proper i.f.
value to be produced by signals either
above or below the oscillator frequency. The interfering signal (from
the station the receiver is not tuned
to) is called an image, and is twice
the i.f, value above the desired signal
frequency.
The ability of the receiver to reject
image interference is determined by
the following procedure. First, the
signal generator is set to the frequency
to which the receiver is tuned, and the
input necessary to give standed output is determined. Then, with the receiver dial left at this point, the signal
generator is tuned to the image frequency. The output from the signal
generator is adjusted again to produce standard output. Dividing the
signal input at the image setting by
the signal input at the receiver dial
setting gives the image rejection ratio.
A ratio of 100 to 1 or greater is desired. A ratio below this value indicates poor receiver design or a receiver badly out of alignment. However, it is possible for image interference to exist even with a satisfactory
image ratio if a very powerful station happens to be at the image frequency of a desired station. In this
case, a change in the i.f. value of the
receiver, or the use of a wave trap
tuned to the interfering station would
be an effective cure.

TESTING FOR NOISE
In the laboratory, the receiver is
tested for noise output by a method
similar to that used for the hum voltage check. The receiver is placed
in ashielded room and the power lines
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leading into the room are thoroughly
filtered, so that whatever noise is
heard must come from the radio itself.
To distinguish between noise and
hum, tuned filters may be used between the receiver and output indicator, tuned to reject the hum frequencies of 60, 120, and 240 cycles.
Any remaining output from the receiver must then consist of noise components.
In the service shop, a shielded
cage to prevent direct noise pick-up
by the receiver is seldom available.
Usually, the serviceman depends on
apower line filter to remove any noise
that may be coming in this way, and
then compares the noise level heard
on a suspected radio with that normally heard in the shop on other similar receivers. It is well to be cautious about judging the noise when
no signals are tuned in, however, as
the more sensitive the receiver, the
greater the amount of noise pick-up
by the circuit wiring, and also the
greater the tube noise level. In fact,
you probably will have to explain to
many customers why their large sensitive receiver is so much more noisy
than some inexpensive midget set they
may have or may have heard.
Actually, of course, the amount of
noise heard between the stations is no
criterion of the performance of the
receiver when it is tuned to astation.
It is quite possible that the reduction
in sensitivity brought about by the
normal action of the a.v.c. circuit may
cut out all the background noise. The
important factor is the amount of
noise heard when tuned to a station
giving normal reception in your locality.

Receiver and Part Revitalization
Although revitalization is concerned
with any of the receiver characteristics which may be below normal,
most ordinary radio troubles can be
located and cured by the usual servicing methods.
Then, replacing any
defective tubes, cleaning the chassis,
and perhaps realigning the receiver
will complete the service job.
However, there will be cases where
the receiver has "lost its pep," so it
has below-normal sensitivity, or has
hum, noise or distortion levels somewhat above normal, but not high
enough to present areal defect. These
conditions may or may not exist together. The causes and cures of most
of these have been given elsewhere
in your Course, so now let's concentrate on those troubles causing belownormal sensitivity.
> As you know, radio parts do wear
out through normal use. Tubes age,
lose emission, and therefore reduce
the stage gain.
Paper condensers
develop leakage because of dielectric
fatigue and manufacturing imperfections.
Electrolytic condensers dry
out, develop high power factors, or become leaky. Speaker cones dry out,
voice coil forms warp, and speakers
using permanent magnets lose their
magnetism.
In addition, misuse or accidents will
cause trouble. For example, a receiver may be left near an open window during a rain-storm and the r.f.
coils may absorb moisture, resulting
in a decrease in the Q factor.
>Receivers designed for use in the
tropics are thoroughly moistureproofed. However, the average set
is not so treated, and if it is used at
the seashore or is left in adamp basement or damp recreation room, moisture is likely to get into the coils,
transformers, and wire insulation,
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lowering the over-all sensitivity. In
addition, acid fumes from coal burning furnaces or from industrial plants
can set up corrosion and cause leakage paths between wires. A heavy
coating of grease (which is sometimes
conductive) will be found on exposed
parts and chassis of receivers used in
kitchens. And, of course, a receiver
which has been through aflood or has
been drenched by a fire hose will be
well water-soaked.
DISASTER DAMAGE
Let us first see what to do to a
receiver which has been damaged by
a fire or a flood, as certain steps are
necessary even to restore such a receiver to the point where ordinary
procedures will be effective.
When a receiver is brought to you
and obviously shows signs of disaster
damage, the first thing to do is to
remove the chassis and speaker from
the cabinet. Remove the tubes and
clean off the accumulation of mud or
other debris. Some servicemen figure
that since the receiver has already
been water saturated, a little more
water won't hurt, so they use astream
of warm water from ahose to clean the
chassis. However, if possible, clean
the chassis by using a dry cloth. If
there is oil or grease on the chassis,
carbon tetrachloride or Varsol, both
good solvents and non-inflammable,
may be used for cleaning. A rag or
brush dipped in the solvent can be
used to remove grease and other
chassis dirt. (This work is best done
outside, or in a well ventilated room,
since the fumes from the cleaning solvent make some people ill.)
When the chassis has been cleaned,
you must find a way of removing the
accumulated moisture. A damp chassis put in a warm, dry place will not

become completely dry. Excess water ture is sufficient to vaporize moisture
will evaporate, but the moisture-laden but will not damage the receiver parts
air will be trapped_in. parts and_ under or cause undue melting of the wax or
pitch used in sealed parts. Two or
,shield cans. To remove moisture from
•the chassis completely, a stream of three hours in the oven should be
dry, heated air should flow over the long enough to dry out the average
chassis and around and through mois- chassis.
Once the chassis is perfectly dry,
ture-laden parts. The moisture will
be carried away by this stream of blow out all dirt and dust with a
small hand bellows, a bicycle pump
air.
For occasional jobs, a small electrict fan and an electric heater can
be directed against the chassis as
shown in Fig. 17. The heater vaporizes the moisture and the fan drives
the moisture-laden air away from the
chassis. It is necessary to change
the chassis position several times so
that all parts will be dried equally. —
1> In larger shops, where work of
this sort may be done more often, an
outfit like the one shown in Fig. 18
FIG. 18. A drying oven.
may be used. The asbestos-lined box
or a vacuum cleaner blower attachmay be constructed from wood or
ment. Clean all surfaces with a dry
cloth. Use pipe cleaners (available
at any tobacco store) to remove all
dirt and dust from between the plates
of the variable condensers.
Operating Precautions.
Before
trying the receiver out, first check for
leakage within the power supply, by
measuring across the B supply terminals with an ohmmeter. Place the
ohmmeter test probes across either the
input or output filter condenser leads
FIG. 17. How to use a Fan and an electric
—whichever are more accessible. The
heater to dry out aradio chassis.
diagram will show if ableeder resistor
sheet metal, or might be a portable is used. If there is no bleeder, the
cooking oven. After placing achassis leakage resistance should be that of
on the grid shelf, close the box tightly, the filter condensers, provided you oband start the heater. After a few serve proper ohmmeter polarity. If
minutes, turn on the fan so it will the resistance is abnormally low, disdrive the moisture-laden air up the connect the condensers and check
Make replacestove-pipe exhaust away from the them individually.
radio. Watch the temperature with ments if you find the condensers are at
a thermometer which has its bulb in fault; otherwise, run the trouble down
the oven and its reading stem exposed to the defective part.
If the B supply resistance is norto the outside. Keep the temperature at about 130° F. This tempera- mal, replace all the tubes except the
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rectifier, and turn the set on. The tube
filaments will place a partial load on
the power transformer.
(You cannot make this check on a.c.-d.c. receivers, since removing the rectifier
tube breaks the filament circuit.
However, there is no power transformer to worry about in such sets, so
you can plug in the receiver directly.)
If the transformer shows no signs
of overheating after half an hour,
put the rectifier tube in its socket.
This will supply tube electrode voltages throughout the chassis. You can
now treat the receiver as if it were in
for an ordinary repair job. Of course,
the speaker cone will have been
ruined, and will have to be replaced,
and you will probably find other
parts similarly damaged.
After the receiver is restored to
operating condition, very likely you
will find it desirable to improve its
performance with the regular revitalization procedures we will now give.
ORDINARY REVITALIZATION
The following procedures will apply
equally to receivers which have been
damaged (by flood or fire) and to
those receivers which have lost sensitivity with age. Normally, even if
nothing else happens to a receiver,
its performance will drop off gradually over a period of years. The distortion a:nd hum levels will increase,
the sensitivity will decrease, and the
set will not separate stations as well
as it did when new. Many a set
owner, when he finally becomes aware
that his radio has reached such acondition, thinks nothing can be done
for it and buys another. Yet it is
often possible to restore such a receiver nearly to its original condition.
Let us see, first, what can be done
to improve its sensitivity.
A loss of sensitivity is caused by
lose of stage gain. The gain may be

reduced by improper alignment, tube
defects, changes in the value of the
load into which the tube works, open
bypass condensers, or changes in operating voltage. In addition, various defects may have reduced the Q or
step-up obtained in the resonant circuits; in fact, this last is the most
common reason for loss of sensitivity.
The first step in revitalization is
to clean the receiver thoroughly.
DON'T USE WATER!
Wipe the
receiver carefully with a dry cloth,
blowing out the dust with ahand bellows or bicycle pump (or use compressed air). Clean the tuning condenser gang carefully with a pipe
cleaner. If there is a heavy coating
of grease or oil on the receiver, remove it with asolvent such as carbon
tetrachloride or Varsol (not water).
Then, try realigning the receiver.
Notice the action of the trimmers,
particularly if the receiver sensitivity
is not restored to normal. Frequently,
you will be led to a defective tuned
circuit directly by a sluggish, broadtuning trimmer action, or even alack
of a resonance peak.
Tuned Circuit Overhaul. The next
step is to eliminate resistance from
the tuned circuits to improve their Q.
Apply a hot soldering iron to each
soldered joint in each tuned circuit,
heating the joints until the solder
runs. Any corrosion which has formed,
or any cold-soldered joints, will be
eliminated and the resistance in the
tuned circuits lowered. Use a solvent such as carbon tetrachloride to
clean the spring wipers which connect
the rotors of the condenser gang to the
frame. Also, bend the wipers to give
a better wiping contact.
be.. If the stators of a condenser gang
section are held in place by bolts on
each end (they are soldered in place
in recent receivers), the connection
to• each stator is made through these
bolts.
Sometimes corrosion on the
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bolts increases the resistance of the
circuit. Simply loosening and tightening these bolts, one at a time, will
remove the corrosive deposit and reduce the connection resistance to its
normal level.
Besides the series resistance, leakage across the coil forms or across
the tuning condenser gang also will
lower the tuned circuit Q. Carefully
clean the dust from between the plates
of the tuning condenser gang. In addition, clean all of the insulating strips
used in the condenser assembly.
Lowered coil Q is often caused by
moisture absorbed in the coil form.
You should wipe the coil form carefully to remove any surface moisture,
then bake out the receiver by one of
the methods shown in Figs. 17 and
18 to drive off absorbed moisture.
(Incidentally, the speaker cone should
not be baked out, for excessive drying
of the cone will make it brittle. If
anything is the matter with the
speaker cone, it is best to replace it.)
Circuit Troubles. After you have
improved operation of the tuned circuits, check over the operating conditions. The load into which an r.f.
tube works is very frequently governed by a tuned circuit Q, so clearing up tuned circuit defects may cause
normal operation.
Of course, you
should realign the radio after having
worked over the tuned circuits.
Should the sensitivity still be below
normal, check the operating voltages
and correct any defects so that proper
voltages will be obtained.
A loss of speaker magnetism will
lower the output of the receiver considerably, so if p.m. or magnetic
speakers are used, it may be desirable to have them overhauled by the
factory and remagnetized, or else replace the speaker.
After you have followed all these
procedures, you may be able to get a
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little more sensitivity by "selecting"
the tubes. Many servicemen overlook the fact that tubes of the same
type do not all have the same gain.
This is caused by small differences in
the mutual conductance of the tubes,
which will not show up on most tube
testers. To select the tubes which
will produce the maximum performance from a particular receiver, feed
a signal from a signal generator into
the set and connect an output meter
so that it will measure the set output.
Tune the set to resonance, and adjust
the input to a value which produces
some easily remembered output meter
reading. Now try several different
tubes of the proper type in each
socket, and make a note of the output reading each tube produces.
(Don't change the tuning or the
volume control settings.)
Leave in
the tubes giving the highest output.
Further Overhaul Steps. If the
receiver is being completely overhauled, check all fixed condensers for
leakage and for capacity with a condenser analyzer. In addition, check
the resistors with an ohmmeter and
replace any that are more than 20%
off from their rated values.
Check all controls. If the dial
cord is frayed, install a new one.
Work powdered rosin into the cord
if it slips. Should the receiver be
noisy when you pull or push on the
tuning knob, apply Grafoline (a mixture of vaseline and graphite) to all
metal parts in the dial tuning mechanism. (Don't get any on the dial
cord.) Clean the wave band switch
contacts, and replace the volume control if it has a tendency to be noisy.
MOISTURE-PROOFING
RECEIVERS
When a receiver from a seashore
cottage or pleasure boat has been re-

vitalized, the improvement will only
be temporary unless steps are taken
to prevent recurrence of the trouble.
The procedure necessary for moisture
proofing takes some time, so the process is rather costly. Be sure to explain this to the customer and get his
O.K. before considering these steps.
Here is what can be done about the
parts most frequently affected.
R.F. Coils. The r.f. and i.f. transformers and coils in many receivers
are untreated. Such coils and their
coil forms are bound to collect moisture sooner or later, and their exposed
terminal lugs are subject to corrosion.
It is frequently possible to buy a
treated set of coils for the receiver.
These coils will have been wax-dipped
by the manufacturer in such a manner that they are less likely to absorb
moisture.
If it is impossible to obtain treated
replacement coils, the original coils
can be thoroughly baked out, then
treated by dipping them in melted
"ceresin" wax, or by "painting" the
windings, terminal leads, and connections with a thin coat of a moistureproof insulating coil "dope." Preferably use a dope compound having a
Polystyrene base, such as Amphenol
912 or Carron HQ-711. The coils
must be thoroughly dried before being
given such a treatment; if necessary,
they can be removed and baked individually. Individual baking is best
if the coil is covered by a shield can,
since all the moisture may not be
driven out by heat treating the entire
chassis.
The coil dope just mentioned is a
clear, transparent liquid which dries
rapidly in air to form a hard, permanent surface. Ordinary insulating
varnishes are not suitable for treating
r.f. coils because the varnishes themselves have losses.
Very frequently, the r.f. leads between the tuning coils and condensers
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are ordinary cotton-covered wire. Replacing these leads with solid bare
wire where possible, or with wire covered by varnished insulation or rubber, will frequently help to reduce
trouble caused by moisture collecting
in the tuned circuit.
Similarly, any shielded r.f. leads
quite likely will have developed leakage between the wire and the shield.
Replacing defective leads will pep
up a receiver a great amount.
Many of these steps, individually,
will not seem to make any difference
in the operation of the receiver. Collectively, however, they will prove
effective.
Most servicemen stop after carrying out the steps just given, since
treating the tuned circuit coils and
leads will be sufficient in most cases.
However, several additional steps
may be taken if the set requires them.
Some suggestions follow.
Variable Condensers. Trouble with
the wiping contacts between the shaft
and frame is liable to occur again.
The only way of eliminating this
trouble permanently is to use pigtail
leads. These leads are flexible wire,
one end of which is soldered to the
rotor shaft while the other end is soldered to the condenser frame or chassis. There should be a separate pigtail lead at each rotor element of the
condenser; that is, a three-section
condenser should have three pigtails.
It is sometimes impossible to solder
pigtails to the rotor shaft. In such
cases, the shaft may be drilled, a
screw run through it, and the lead
connected to the shaft under the screw
head. Be sure the pigtail lead is long
enough for the condenser to be rotated
throughout its range without breaking the lead.
Any trimmer or padder condensers
associated with the tuning condenser
gang must be carefully cleaned and
should be checked for leakage.

Cracked mica means the trimmer
must be replaced.
Fixed Condensers. Mica condensers molded in bakelite are usually
moisture proof. However, the bakelite may crack, permitting some moisture trouble. If you find a cracked
condenser, replace it with a new one,
and treat the new condenser with
coil dope to seal any cracks which
may be in it.
Dry electrolytic condensers are
preferable to the wet types where
moisture trouble exists. The kinds
sealed in metal containers should be
used.
(To prevent corrosion of the
container itself, many high-grade dry
electrolytic condensers are sealed in
a metal container, which is itself encased in a wax-covered cardboard
tube or box.)
Paper condensers should be of the
type sealed in a moisture-proof wax
cylinder.
Fixed Resistors. Resistance wire
is very apt to be corroded by moist,
salt air.
Corrosion is particularly
likely to develop where the resistance
wire of a resistor joins the terminals.
For this reason, resistors wound with
bare resistance wire, or which have
a portion of the winding left exposed
for adjustment of resistance value by
a slider, should never be used. It is
best to use an adjustable resistor
temporarily to find the right value,
then replace it with a vitreous enameled resistor which has the correct
value. If the original resistor was
used as avoltage divider, then two resistors can be used to replace it.
A.F. Transformers. An a.f. transformer which is mounted in a metal
case filled with sealing compound

will usually be relatively free from
moisture trouble. However, any open
transformer (or cased unit which does
not contain asealing compound) may
easily be affected by moisture. Replace any defective units of this type
(using a sealed transformer if possible). An open transformer can be
coated with,coil dope, but this is not
always successful in preventing moisture troubles.
Tube and Socket Contacts. Tube
sockets frequently fail, usually breaking down between the plate contacts
and adjacent terminals. Such breakdowns are particularly common in
wafer-type sockets, especially those
used for rectifier or power output
tubes. A defective socket should be
replaced with one of a better type,
such as a molded unit.
Corrosion is practically certain to
cause poor contact between the tube
prongs and the socket contacts from
time to time.
Cleaning the tube
prongs with sandpaper and working
the tube in and out of the socket a
few times will usually clear up this
trouble.
Dry Batteries. A modern dry battery is housed in a waxed container
which usually does not cause much
trouble as long as it can be kept
relatively dry. However, sometimes
leakage will develop through this case
if it is placed where moisture can
collect. Batteries should be given a
thin coat of paraffin or beeswax, preferably the latter, to prevent this
leakage. Don't try to separate batteries by pieces of ordinary cardboard
or paper; such material absorbs moisture readily and will make matters
even worse.
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Tube Testers
Tubes are responsible for a great abnormal performance. We may list
many radio troubles. As aresult, it is these reasons as follows:
necessary to have some means of
1. Open element (usually the filachecking the condition of tubes.
ment).
Tube manufacturers have very
2. Incorrect emission.
elaborate testing apparatus.
They
3. Incorrect mutual conductance.
can measure the mutual conductance,
4. Gas.
amplification factor, plate resistance,
5. Loose elements.
tube element capacity, and any other
6. Shorted elements.
tube characteristic at will. Such test7. Leakage between elements.
ing apparatus might well fill a good
8. Incorrect power output.
Of these, mutual conductance,
sized room and cost thousands of dollars
power output and emission are the
Naturally, any such equipment is "quality" factors, so tube testers
out of the question for servicemen. check one of these. In addition, most
Therefore, simplified, portable testers tube testers will check for shorts and
were developed. These testers give an leakages, and a few will check for
indication of the tube value or qual- other defects. Tube testers thus proity by checking one or two important vide a means of quickly weeding out
characteristics of the tube, instead the tubes with major defects, leaving
of all its characteristics.
others to be found by their symptoms.
Before we can determine whether Of course, it is always possible to
or not atube is good by measuring one try another tube in place of a susof its characteristics, we must decide pected one, and this is often the only
what variations in that characteristic test which can be relied on completely.
are acceptable. As you already know,
tube charts give average tube values. MUTUAL CONDUCTANCE TESTERS
Manufacturers permit variations in
The mutual conductance is recogmany of these characteristics of 20
nized as a"figure of merit" of atube.
to 30% and frequently congratulate
A measurement of the mutual conthemselves upon getting even this
ductance determines the ability of
close to the average. Thus, the fact
that tubes have the same type number does not mean that they have
exactly identical characteristics even
when new.
Of course, radio circuits are designed for tubes with average characteristics. An exceptionally "peppy"
tube will increase the sensitivity of
a stage and may even cause oscillation if the circuit is relatively unCourtesy Weston
stable. On the other hand, a tube
One of the early tube testers designed for
with lower-than-normal characteris- checking for shorts, amplification factor, plate
tics may reduce the sensitivity.
resistance, mutual conductance and gas. This
A tube may be considered unsatis- tester was too elaborate for servicemen, but was
aforerunner of the types used by tube manufactory for any reason which causes
facturers.
Z8

the grid to control the plate current of
a tube and takes into consideration
the amplification factor and plate
resistance of that tube. It was natural, therefore, for the earlier tube
testers to measure mutual conductance.
The circuit of a basic tester of this
type is shown in Fig. 19. To use this
tester, we first apply the proper filament voltage, set switch S to position
1so that battery E1 furnishes the correct grid bias, apply the proper plate
Courtesy Weston

One of the first grid shift or mutual conductance
testers designed for servicemen.

(1517V5

FIG. 19. The basic diagram of a grid shift or
mutual conductance tester.

voltage, and read the resulting plate
current.
We then throw switch S to position
2, which provides a different bias
This results in a new plate current.
By dividing the difference in the plate
current readings by the difference in
grid bias voltage, we get ameasure of
mutual conductance. (In other words,
for a constant plate voltage, dividing
the change in plate current by the
change in grid bias gives us the
mutual conductance.)
If the plate
current change is in milliamperes,
multiplying the result by 1000 will
give the mutual conductance in
micromhos.
This tester was called a grid shift
tester because of the method of changing the bias. It was rather inconvenient to use, since two readings
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and some figuring were necessary
before the mutual conductance could
be found. As a result, tube testers
were soon developed which eliminated much of this inconvenience;
they had elaborate circuits to balance
out the first meter reading, and had
the meter arranged so that it indicated
the difference in current directly with
its second reading. This arrangement
allowed the meter dial to be calibrated in mutual conductance, so that
no figuring was required.
However, using a d.c. voltage

Courtesy Weston

Many of the early set analyzers had abuilt-in
grid shift test. Readings were only relative, as
the analyzer depended on the radio for voltages, but tubes could be compared this way.

change on the grid does not indicate
the dynamic or operating characteristics of the tube. For this reason, as soon as a.c. power supplies became common, a dynamic mutual
conductance tester was developed in
which an a.c. voltage was applied to
the grid as shown in Fig. O.
This circuit has the advantage that,
when the a.c. grid voltage is adjusted
to exactly 1volt, the mutual conductance (in micromhos) of the tube is
equal to the resulting plate current
reading in milliamperes, multiplied by
1000. Because the plate current wave
is distorted, it is desirable to have a
meter which will indicate the effective or r.m.s. value of an a.c. wave, so
a dynamometer is used. In Fig. 20,
one coil of the dynamometer is connected to the transformer. This makes
the meter read only the a.c. plate current, ignoring the initial d.c. current
altogether, as only a.c. will produce
an adding field and give a deflection.
Advantages and Disadvantages.
Mutual conductance testers were fine
in the early days of radio, when there
were but a few tube types. The first
models all required that normal operating voltages be applied to the
tubes. As new tube types came out,
an increasingly wide variety of fila
ment, grid, and plate voltages had to
be supplied. Then, screen grid, pentode, and other multi-element tubes
came out, which hopelessly complicated the power supply situation.
At this time, manufacturers decided that it was unnecessary to determine the actual mutual conductance, as long as some comparative
reading could be obtained. To get a
basis for such readings, arbitrarily
determined voltages were applied to
the grid and plate elements of tubes
known to be in good condition, and
the mutual conductance of each was
measured under these conditions.
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The resulting readings were compiled
into a chart which then became a
standard for tubes measured under
the same conditions. In other words,
all one had to do to determine whether
any particular tube was satisfactory
was to compare the readings with
those on the chart for that particular
tube tester. If the readings obtained
came within normal tolerance limits
of those given on the chart for that
type of tube, then the tube being
tested was good.
The chart values, of course, were
not true mutual conductance values,
but they were just as useful for tube
testing. Further, this method of using

Courtesy flteltok Elec. Inst. Co.

A modern dynamic mutual conductance tube
tester. Through the use of an elaborate switching arrangement, mutual conductance values
may be read, or by switching, the results may
be read on an "English" scale.

arbitrary voltages on tube elements
allowed some elements to be connected together.
In a screen grid
tube, for example, the screen grid
could be tied directly to the plate as
long as the applied voltage was kept
within safe limits. This vastly simplified the power pack requirements.
Finally, since the chart readings
were not the true mutual conductance
values, it was possible to go a step

chief difference between it and the
mutual conductance tester lies in the
fact that the tube operates into its
rated load, which is adjusted by
varying RL. The mutual conductance
can be found under conditions more
closely resembling actual operation,
and the output power can be determined.
(The power output equals

further. The chart itself could be
eliminated by proper selection of voltages, so that the so-called "English
reading" dial scale could be used on
the tube tester. This scale was divided into sections marked BAD—
QUESTIONABLE — GOOD. When
the controls were properly set, the
tube plate current would cause an
indication in one of these sections and
so show the condition of the tube at
once. Such a scale is far easier to
read; it can be marked to take care
of toleitnce limits; and—most important of all—the customer can understand the readings. In fact, this
scale has so many advantages that it
is now standard on practically all
tube testers.
The first testers of this improved
type had several sockets, each of
which was wired to make the correct
connections to a particular group of
tube types. However, the great number of tubes developed soon made
this method unsatisfactory because
too many sockets were required. Finally, adesign was evolved which had
one socket for each type of tube base.
Connections between the tube elements and to the power supply were
made by a rather elaborate switching
arrangement. Even at best, this was
complicated type of tube tester.
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FIG. 20. A dynamic mutual conductance tester,
using an a.c. voltage on the grid.

POWER OUTPUT TESTER

the load resistance value multiplied
by the square of the a.c. plate current.)
Instead of calculating these
values, the voltages are arranged so
the meter reads on an English scale.
The power output tester gives a
more accurate test under reduced
voltage conditions than does the mutual conductance tester.
Several
testers of this basic type are now
being made.

While more modern equipment has
largely superseded the mutual conductance tester, some models of it are
still being sold and used. The tester
is entirely satisfactory for tubes intended for voltage amplification. It
falls down somewhat on testing power
tubes, however, and does not duplicate operating conditions for the ordinary amplifier tube, because it has no
load in the plate circuit.
The tester shown in Fig. 2/ is
known as apower output tester. The

Both the mutual conductance and
power output testers run into trouble
in testing diode tubes. Since a diode
has no grid, it has no mutual conductance. Therefore, an emission test
is the only one which these testers
can make on a diode tube. This test
is made by applying a chosen voltage
to the tube and measuring the resulting plate current. This will give some
idea of the ability of the cathode to

EMISSION TUBE TESTERS
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function under normal conditions and
deliver normal emission.
b. Since emission tests are all that
could be made on diodes, it is natural to consider checking just the emission of all tubes, assuming that if the
cathode emission is normal, the mutual conductance and other factors
are probably acceptable. This led to
the development of the emission type
tester, in which all tubes are converted to diodes and the plate current is measured. The basic circuit
for a tester of this type is shown in
Fig. 22.
As you can see, the grid elements
are all tied to the plate of the tube,
and afixed voltage is applied between
the cathode and the elements which
are tied together. The fixed low voltage reduces the danger of excessive
current flow. However, since apower

Courtesy Triplett Elec. Inst. Co

A late type emission tester. Toggle switches
are used to make the "shorts" tests, and to
select the proper elements tfor the emission
test. There is a built-in roll chart that is set to
give alisting of the switch settings for the tube
type. This model is also a multimeter.

tube will naturally pass far more
current than avoltage amplifier, some
means of changing the meter range
must be used.
In this particular
model, resistor R2 acts as a shunt on
the meter and resistor Ri acts as a
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Another modern emission tester. This is the
NRI Professional model. The lid is detached
when the instrument is used on the workbench.
The chart containing operating instructions is
carried in the lid when the instrument is used
as aportable tube tester.

series resistance. These two resistor
units are usually ganged together and
operated by a single control. When
the resistors are adjusted by the control to the proper value for the type
of tube being tested, the plate current
reading on the meter M will indicate
the worth of the tube on the BAD—
QUESTIONABLE—GOOD scale.
Advantages and Disadvantages.
Today, the emission tester is the most
common of the tube tester types. It
is the simplest to construct, the easiest to operate, and the lowest in
cost. The circuit arrangement makes
it easy to test new tube types as they
are brought out.
Admittedly, it is not the best tube
tester, for atube may test good on it
and then prove faulty when installed
in a radio circuit. However, in general, any tube rejected by this tester
is definitely bad.
Since only the emission is measured, not the ability of the tube grid
to control the plate current, the mu-

tuai conductance of the tube may be , Shorts and Leakages. Practically
below normal without this fact being Iall modern tube testers can check a
disclosed by the emission tester. tube for short circuits. Most of them
However, this tester will pick out also test for leakage between the elemost of the defective tubes, and a ments as well. In fact, it is necestrial in the receiver will quickly de- sary to test a tube for shorts and
termine whether a tube which tests leakage before making a quality test;
GOOD is actually in the best operat- if such testi_areJaQt made, the
tester-may be damaged by excessive
ing condition.
While there are many different current flow.
A basic short checker is shown in
makes of emission testers, all of them
have much the same features. Any Fig. 23. In the positions shown, the
switches tie all of the elements toone you buy will have a tapped filament winding, so that the proper filament voltage can be supplied to any
tube type. It will have a series of
toggle switches, push buttons, or a
selector switch to connect all elements except the cathode (and filament) to the plate, and will have
some means of varying the resistors
and R2 together. Incidentally, the
latter control is commonly marked the
FIG. 22. The basic emission tester circuit.
"load" control.
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OTHER TUBE TESTS
Today, service-type tube testers
fall into one of the foregoing basic

FIG. 21. The power output tester measures the
power fed into the rated tube load.

types, testing quality by measuring
the mutual conductance, the power
output, or the emission. In addition
to the foregoing "quality" tests, many
of these tube testers can make additional tests. Let's see what some of
these tests are.

gether. One side of the filament circuit is then connected to the power
line, while the other side of the power
line is connected through aneon lamp
and resistor to additional switch contacts.
After the filament voltage is adjusted to the normal value, the
switches are thrown one at a time.
Each switch is returned to the position shown in Fig. 25 before the next
is thrown. Each throw of aswitch to
the left connects one individual element to the resistor-neon lamp assembly, and thus forms a circuit in which
the power line voltage is connected
between this one element and all
others through the lamp and resistor.
If there is any short or leakage between this element and any of the
others, the lamp will glow. The condenser C prevents rectified current
flow, so the neon lamp will not be
lighted by currents resulting from
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ger of burning it out. A somewhat
simpler test device, like the one shown
in Fig. 24, is now used on some testers.
To make the gas test, the push button switch S is first left in its normal
closed position so the resistor R is
shorted out of the circuit. The C bias
and other voltages are adjusted to
normal values, and the plate current,
indicated by meter M, is noted. Then
switch S is pressed; this opens the
switch and places the resistor R in
the grid circuit. Any grid current
caused by gas now develops a bucking bias voltage across R, which, if
it is appreciable, will cause a change
in the plate current. This gives a
very simple test for gas in a tube; if
the tube has no gas content, depressing switch S will not cause a change
in the plate current; if it has, pressing the switch will cause a large plate
current change.
Not all tube testers have this gas
test feature. (Emission testers do not
have this feature.) If yours does not,
you can check a tube you suspect of

Courtesy Weston

This modern emission tester checks batteries as
well as tubes, the meter being used as a voltmeter for this purpose. You will find that many
tube testers are "combination" testers like this.

emission and the rectifying action of
the tube. The charging of the condenser may result in a momentary
flash (but no steady glow) as the
switches are closed.
The switches can be individual
switches, thrown one at a time, or
they can be steps on aselector switch
that is rotated through the shorttesting positions. This test always
precedes the regular tube test.
The most important leakage to
check is that between the cathode and
filament, which is shown up by this
test. It is important to operate the
tube filament at its normal temperature, for some leakages will show up
only when the filament is heated.
Gas Tests. The fact that gas causes
a grid current flow makes it possible
to check for gas by measuring this
current. Some of the earliest tube
testers used a micro-ammeter in the
grid circuit. Such a meter, however,
is rather expensive, and there is dan-

115 V.
AC

NEON

LAMP

FIG. 23. One form of "shorts" tester.

being gassy by making measurements
within the radio itself. As you will
recall, a gassy tube causes trouble if
there is a high resistance in the grid
circuit, as in the ordinary resistancecapacitance coupled amplifier. Measuring for a voltage drop across the
grid resistor when the set is turned
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on (but with no signal tuned in) will
quickly show whether the tube is
gassy or not. If a voltage is across
this resistor, then either the coupling
condenser is leaky or the tube is
gassy. Withdrawing the tube or disconnecting the coupling condenser will
let you determine just which defect
has caused the voltage drop.
Miscellaneous Tests. Tubes may
also be tested for unusual defects by
special procedures.
You can very
easily check to see whether vibration

If the tube is good, arelatively steady
meter reading should be obtained.
Don't worry about a small variation
or movement of the meter pointer;
this is probably the result of poor
filtering in the power supply or
fluctuations in line voltage.
Consider only changes which cause relatively large variations in the meter
reading.
TUBE TESTING PROCEDURE

The exact procedure for operating
a tube tester will vary with the type
of tester. Similarly, the setting of the
controls will depend on the tester
type. Always be sure you follow the
manufacturer's instructions exactly.
However, in general, the following
procedure will be used with most
types of tube testers:
FIG. 24. A typical gas test circuit.
/. Turn on the tube tester, then
rotate the line voltage adjustment
can cause tube elements to touch:
control knob until a pointer comes to
while you are testing for leakage berest behind an illuminated shadowtween the elements, just tap the tube
graph scale (or, in other types of testand watch the neon lamp or short cirers, until the meter needle comes up
cuit indicator for signs of leakage.
to a mark on the scale). The voltOr, you can tap on the tube while it
ages applied to the filament and tube
is in the radio. If the radio makes a
elements depend on this procedure.
noise when you do so, then the tube
2. Look up the tube type on the
is sensitive to vibration.
tester instruction chart, and set the
If an earphone is connected in
filament control for the proper filaseries with the plate of the tube, any
ment voltage. Set the circuit selector
variation in current caused by an
switch to the "short test" position
intermittent short or loose element
will result in noise in the headphone. Plug in the tube. After the tube hail
Some tube testers have a phone jack warmed up, check the line voltage ad.
justment and, if necessary, reset the
to make this test possible.
In some cases, you will find that control.
3. Now test for shorts or leakage.
when you check atube in atester the
Depending
on the tester, this may be
meter pointer will swing up and then
gradually swing down—or it may done by rotating a selector switch
vary, first going one way and then the through various positions; by movother. This indicates avarying emis- ing toggle switches according to the
sion which may cause fading recep- tester instructions; or by depressing
tion. When you test a tube, leave push-buttons one at a time. Watch
your finger on the test button for a the neon lamp for a glow, indicating
few seconds so that you can observe leakage or ashort circuit. As you go
the steadiness of the meter reading. through each of the short-testing
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positions, tap the tube lightly with a
lead pencil, or thump it by flicking
your finger against it, to see if vibra.7- tion will cause shorts or leakage.
If
there are shorts, the tube is bad and
no further tests should be made.
4. If the tube successfully passes
the short test, check its quality. Set
the load control to the position given
in the manufacturer's instructions,
then throw the circuit selector (or
toggle or push-button) switch to the
proper position. The tester may now
automatically indicate the tube quality on the meter scale, or it may be
necessary to depress a button to get
the reading.
5. If the tube gives an indication
in the GOOD region of the meter
scale, make any special tests the tester
provides (such as a check for gas or
for noise).

Sometimes adapters were made
available to prolong the useful life
of the tester. These adapters were
plugged into one of the sockets on the
tube tester, and the new tube was
plugged into the adapter. The wiring in the adapter was arranged to
make it possible to test the tube.
However, soon so many adapters were
necessary that it became impractical
to continue this system.
Today, tube testers have switching arrangements designed to minimize the possibility of new tube arrangements making the tester out of
date. Of all the testers, the emission
type is the easiest to arrange in this
manner, which is one of the very important reasons why such testers are
more popular than more elaborate
ones.
Today, most tester manufacturers
release data on each new tube to purchasers of their equipment, giving the
OBSOLESCENCE
control settings for testing the tube.
Tube testers are subject to rapid
When you buy atube tester, make
obsolescence. When new tubes are
sure that it is the latest model availbrought out which have a different able and that it is a type which will
base arrangement, it is necessary to not go out of date quickly. Even
adapt the tube tester to accommodate so, you can expect to replace tube
them. The early tube testers were testers from time to time with later
frequently out of date within just a models. Bear this item of service exfew months, because of the complex pense in mind, and set aside funds
nature of their switching arrange- from service earnings so you can rements and the rapid introduction of place such test equipment when necesnew tubes.
sary.
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Lesson Questions
Be sure to number your Answer Sheet 45R1I-1.
Place your Student number on every Answer Sheet.
Send in your set of answers for this lesson immediately after you finish
them, as instructed in the Study Schedule. This will give you the greatest
possible benefit from our speedy personal grading service.
1. What two revitalization steps are usually made during each service job?
2. What are the two standard output levels used for sensitivity measurements?
3. What advantage does aserviceman find in using a signal tracer for sensitivity measurements rather than the standard input-output measurements?
4. If the manufacturer lists gain values for an r.f. stage at 600 kc., would
you expect measurements at 1400 kc. to give the same values?
5. Why must the a.v.c. be disconnected and afixed bias be used when making
gain measurements?
6. Suppose you make a signal voltage measurement across the primary of a
double-tuned if. transformer. Would you expect the secondary voltage
to be: 1, greater than; 2, the same as; or 3, less than the primary voltage?
7. When drying out a chassis, what is the purpose of the fan?
8. What are the three basic types of tube testers?
9. What test must always be made in the tube-testing procedure before the
quality test is made?
10. Why should tubes be jarred while making a test for "shorts"?

Be sure to fill out aLesson Label and send it along with your answers.
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WASTED TIME
A minute seems such alittle thing—something most
of us thoughtlessly throw away.

But, just as pennies

make dollars, so do minutes make hours.

Few peo-

ple realize that ten minutes wasted daily make over
sixty hours—more than a work-week—in a years
l
ime.
Study the habits of most successful men and you
will find that they made use of odd moments, reading ar writing, or thinking.

Those precious minutes

gave them the extra weeks, months, and years of
time necessary to prepare and to advance themselves.
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.
the things you do.

Make a list of

You'll be surprised at the number

of five- or ten-minute intervals you can put to better
use, in studying or planning for the future.
for your opportunity when it comes!

Be ready
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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.

Fin-

ish with one quick reading to fix the important facts firmly
in your mind.

Study each other step in this same way.

[1] 1. Introduction

Pages 1-4

Noise not due to receiver defects; origin and nature of noise signals.

II] 2. Reducing Man -made Interference

Pages 5-12

Noise-reducing antennas; suppressing noise at the source; determining the
most effective filter.

El 3. The Noise Detective

Pages 12 -28

Tracing the origin of interference; common interference conditions; securing
interference-elimination business; building line filters.

El 4. Answer Lesson Questions and Mail Your Answers to NRI for Grading.

El 5. Start Studying the Next Lesson.
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How To Eliminate Man-Made
Interference
A GROWING PROBLEM
HE radio public is today being supplied with receivers of greater
Tsensitivity
than ever before; short-wave reception of foreign as
well as local programs is an accepted feature of the modern home
receiver, and listeners are gradually becoming conscious of the superior
performance of high fidelity receivers. These three important factors
make the problem of man-made interference more and more important as new receivers reach the hands of the public.
Radio receiver manufacturers are now capable of building receivers which create only a negligible amount of interference within
themselves; older receivers which develop internal noise can readily
be repaired by the Radio-Trician, but still program-spoiling interference increases.
Oil burners, electric power-generating systems, refrigerators, motor-driven appliances, medical equipment, electric signs and scores of
other new electrical appliances are man's contributions to radio receiver interference. Thus man creates more interfenence at the same
time that he builds radio receivers which are more sensitive to interference; profitable work for the serviceman trained in interference
elimination is the result. Remember that no radio installation is complete and satisfactory until it is as free from interference as is humanly
possible. The man who can render this interference elimination service efficiently and intelligently will "cash in" on an opportunity for
profit and prestige which grows bigger every day.
NOISE NOT DUE TO RECEIVER DEFECTS
We know that when noise is heard in a receiver, the first step is
to eliminate receiver defects as possible causes of the trouble. A line
filter is inserted in the power line of the receiver, the antenna and
ground leads are disconnected from the receiver, and antenna and
ground binding posts are shorted together; if, when this is done, the
noise disappears or is reduced an appreciable amount, the trouble is
definitely not a receiver defect. It is, therefore, an external disturbance which can or cannot be eliminated, depending upon its nature.
External noise disturbances which cannot be eliminated may be
1

divided into two groups: (1), those due to local electrical storms or
lightning; (2), those due to the accumulated effects of distant electrical storms, sun disturbances and disturbances created by distant
industrial or electro-medical equipment.
The new frequency modulation system of broadcasting almost
completely eliminates atmospheric interference, but both broadcasting
systems (f.m. and a.m.) have serious man-made interference problems.
The accumulated noise disturbance is often referred to as background noise; *this has a definite level (microvolts per meter) which
will vary with the antenna location. Industrial towns and cities will
usually have a high noise level, this being exceptionally high near
factories and shopping centers. The only remedy in such cases is to
cut down the sensitivity of the receiver or confine tuning to broadcasts
whose intensities are much greater than the noise level. In localities
of high noise level the customer should be taught to listen only to local
or high-powered stati
(--GVhen receivers having automatic volume control are tuned off a
broadcast signal, the AVC acts to boost the gain, and background
noise becomes disturbingly prominent. This has led to the developent and use of inter-carrier noise suppressors, found on anumbe

Man-made static, usually of local origin and having an intensity
comparable with that of the normal received signal, is often so annoying that the usefulness of areceiver is destroyed. It is the purpose of
this text to show the origin of such disturbances and suggest ways and
means of eliminating or at least greatly reducing such interference.
The "cure" is generally applied in two steps: first, by seeking to keep
the noise signal out of the receiver; and second, by "killing" the interference at its source.
ORIGIN AND NATURE OF NOISE SIGNALS
Wherever there is an electric spark or arc, there you will find a
source of possible noise interference. The spark need not be large or
even visible to create a disturbing effect. Contrary to general belief,
the spark itself does not radiate interference, nor is it generally true
that the spark creates a broadcast band radiation.
*This background noise should not be confused with noise originating within
the receiver due to thermal agitation of the electrons in the conductors and to
the impact or shot effect of electrons as they hit the plates of vacuum tubes.
It is this noise which is heard when antenna and ground terminals of a high
quality receiver are shorted and the gain turned up.

2

A

A spark is accompanied by asudden current change in the circuit
where it originates, the change being transmitted to all parts of the
circuit. This sharp current change gives rise to a fundamental audio
frequency noise signal whose frequency depends upon the duration of
a single disturbance, and a large number of audio and super-audio
frequency harmonics of this fundamental. These noise signals may
reach the receiver by conductive, magnetic or capacitive coupling, and
may either affect the audio stages directly or, more likely, enter a
resonant R.F. circuit. The latter is more troublesome, for through
shock-excitation it results in the formation of an R.F. current which
is modulated with the original noise signal. Because the original noise
signal wave form is not destroyed or altered, the expert is usually able
to judge, after listening to the noise emitted from the loudspeaker,
what the probable source of interference may be.
When a spark occurs in an electric circuit, the current surge is
transmitted through the connecting wires, away from the origin of the
spark, in both directions "and out of phase. In a power transmission
circuit this means that a large area—several blocks—will be affected.
This disturbance will continue to travel until it is dissipated by the
system. If the circuit contains transformers or other circuit-changing
components, part of the disturbance will be reflected back to the
origin at the first of these points, be reflected again at the disturbance
source, and continue to travel back and forth until the losses in the
circuit wipe out the disturbance. The remainder of the surge passes
through the first obstacle and out over the line to the next, where it in
turn is partially reflected, partially transmitted.
Whenever the surge of current meets an electrical obstacle in the
line, be it a transformer, a change in wiring construction, or even a
noise-eliminating filter introduced into the line improperly by an untrained radio man, the surge moves back and forth between its origin
and this point, creating astanding wave or ultra high frequency oscillation whose frequency is determined by the line length. This wave
is radiated through space in much the same way that R.F. currents
are radiated by a transmitter antenna.
Sparks in auto ignition systems are typical examples; because the
ignition wires are short, the natural wavelength of the radiation is
somewhere between 1and 10 meters. This explains why 5to 10 meter
ultra short-wave reception is so greatly affected by auto ignition disturbance.
*If you were to drop a stone in a long trough filled with water, the disturbance would likewise travel away from the source to both ends of the trough, and
then would be reflected back to the origin of the disturbance.
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Bear in mind that a spark or arc produces a current surge or
impulse which is fundamentally of an A.F. or super-audio frequency.
Because the circuit in which this impulse is created has reflecting
points ultra high frequency radiations are produced. The original
A.F. impulse currents, flowing along the transmission lines, also produce strong magnetic and electrostatic lines of force which may travel
an appreciable distance through space. Magnetic and electrostatic
interference fields of this nature get into the radio receiver through
the aerial and ground, over the power supply lines or directly through
the chassis. As these impulse fields induce strong impulse voltages
in the R.F. or I.F. oscillatory circuits, forced oscillations modulated
by the original noise currents are produced.
A study of Fig. 1, which shows atypical "man-made static" problem, will bring out many of the facts just discussed. An electric
motor, located in ahouse, is sparking at S, one of the brushes. Impulse
current, therefore, passes out of the feeder line to points marked 1,
where a part divides to flow to points 2 and 4, and the _remainder is
reflected back to the motor to produce a radiation whose wavelength
is determined by the distance between S and I. At point 2the impulse
current will again divide, apart going to house B before being reflected
back. The radio antenna on house B picks up noise radiation from all
electric wires in the house and from the power line system, and the
radio receiver itself receives the impulse current directly through the
power line. A radio in house B, therefore, picks up more interference
than aradio in house C, which is unwired and therefore receives noise
signals only through space.
It would appear that because of the parallel power leads in this
system, out-of-phase impulse currents in the two wires would produce
canceling fields. This is not true, because spark S is rarely produced
in the electrical center of the disturbing device. In this example,
where sparking is occurring at one brush, one impulse passes directly
into the line while the other passes through the armature and the other
brush first. The inductance of the armature thus reduces the strength
of one of the impulse current signals and prevents cancellation of the
currents. It is safe to say that any line which is connected electrically
to aspark source will send out an interfering induction field.
Reflection of the current.impulses at points I, 2, 3, and 4produces
standing waves on the line; radio waves modulated with noise signals
are, therefore, radiated by the line to create troublesome interference
in all-wave receivers.
4

REDUCING MAN-MADE INTERFERENCE
In tackling any interference-elimination job, the practical aspects
of the problem must be carefully considered, and even human nature
itself must not be overlooked. Broadly speaking, however, the interference-eliminating procedure may be divided as follows: 1, eliminate
or reduce the sparking, if possible; 2, prevent the interfering current
impulses from leaving the disturbing device; 3, prevent the various
interfering signals from reaching and affecting the radio receiver. It
is generally conceded that elimination of interference at its source is
the best procedure, but in cases where this is impractical, filters and
other devices which will keep the signal out of the radio receiver must
be used.
Reducing the interference at its source is not always the simplest

+—ANTENNA

ANTENNA

HOUSE C

HOUSE B 13

FIG. 1. Diagram illustrating how interference created by sparking
brush S on motor in house A can reach radio sets in vicinity.

procedure, nor is it always permitted by. the owner of the disturbing
device. If a customer calls you on an interference job and you can
directly trace the trouble to some device in the customer's home, the
logical procedure is to kill the interference at its source. On the other
hand, where your tests show that the interference is being created outside of the customer's home, you must decide whether to search for the
location of the interfering device or prevent the interference from
affecting your customer's receiver; remember that once a disturbing
device is located you must convince its owner that there is aneed for
interference-eliminating work, and that this work will make his own
receiver more free from interference.
After proving to yourself that the chassis of the receiver in question is not picking up noise directly (which of course includes trying a
line filter to prove that the interference is ;lot coming in over the
5

power line), your next important move is to install a noise-reducing
antenna. You cannot, of course, guarantee that this will entirely
eliminate noise interference troubles in the receiver, but you can be
sure that it will improve radio reception as well as give aworth-while
reduction in interference pick-up. Always make this perfectly clear
to a customer who is ordering anoise-reducing antenna. Then, if the
antenna fails in its primary purpose, you will not be blamed by the
customer for something which is beyond your control, and you will be
allowed to tackle the more difficult procedure of locating and eliminating the source of interference.
NOI SE-REDUCING ANTENNAS
You are already sufficiently familiar with noise-reducing antennas,
so they will not be discussed in detail in this lesson. The type of
antenna which you select for ajob depends upon the type of receiver
encountered, the antenna location, and to some extent upon your personal preferences gained through experience with the products of different manufacturers. An all-wave receiver calls for an all-wave antenna, while a broadcast band antenna should be put up where only
American broadcast band stations are to be received. The length of
the antenna and lead-in wires will vary according to the space available.
The effectiveness of any noise-reducing antenna depends upon
your ability to locate this antenna in a position where it will pick up
a minimum of noise interference. You can determine the ideal position with a battery receiver, using a loop or pole antenna and moving
the set about until you locate azone where the least noise is heard, but
these three general rules for locating noise-reducing antennas will often
allow yotrf rsi3
oiT'
--a good location at a glance :
— T,-I'rEtïe---Che antenna as high as is reasonably possible, keeping all unshielded vertical wires
short; 2, keep the horizontal or straightaway portion of the antenna
at a maximum distance from known sources of interference; 3, place
the horizontal portion at right angles to nearby trolley lines, main
power lines or transmission lines. The antenna on house C in Fig. I,
for example, is at right angles to the main power line running from
points 2 to 4; the antenna on house B is not at right angles to this
line, and is, according to the general rule, incorrectly placed. This
antenna may actually give better results than an antenna which is
perpendicular to the power line, for oftentimes interference radiated
from various points will cancel itself in certain regions. If an antenna
erected according to general rules fails to reduce the noise sufficiently,
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try it in various directions. An antenna located in a noise-free zone,
with the shielded or twisted leads correctly balanced and grounded,
may be expected to prevent pick-up of noise signals.
In a few instances it may be necessary to locate the exposed
portion of the antenna at distances as great as 1,000 feet from the
receiver, in order to get the antenna into anoise-free zone. Very little
signal strength is lost by a long lead-in such as this, provided that
both the antenna and the receiver are correctly impedance-matched to
the lead-in, using shielded R.F. transformers for this purpose. Quite
often, as in locations near railroad tracks along which run high tension
power lines, or in locations near high power cross-country transmission
lines, the placing of the antenna at aremote point is the only practical
solution to the problem of interference elimination.
SUPPRESSING NOISE AT THE SOURCE
Assuming for the moment that the disturbing device has been
located, you will invariably find it to be a spark, an arc or a rubbing
condition. (All conductors such as pipes in homes acquire electrical
charges; rubbing together of two of these pipes results in current impulses which cause interference.) If the spark or arc is not essential
to the operation of the device, it should be eliminated or reduced in
intensity. Rubbing parts should either be completely insulated from
each other or bonded together with flexible metallic braid or stranded
wire.
When the sparking can neither be eliminated nor reduced, the
logical procedure is to prevent the current impulses from flowing any
distance away from the device. For this purpose filters consisting of
condensers alone, or combinations of condensers with choke coils, are
available and in general use. The correct sizes for these condensers
and choke coils are usually quite difficult to determine in advance: it
is necessary to try different values and use the smallest electrical sizes
which satisfactorily stop the interference.
The most commonly used coil-and-condenser combinations for
filtering or blocking impulse currents are shown in Fig. 2. That shown
at A, consisting simply of acondenser connected across the power line
as close as possible to the noise source, is often quite effective as a
filter. The shunt capacity provides alow impedance path back to the
noise source for the high frequency component of the impulse current,
lessening the tendency for this current to flow out over the power line.
When this condenser is installed on avacuum cleaner, for example, it
should preferably be connected to the terminals of the motor and not
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across the outlet plug terminals on the wall. If possible, try grounding the metal frame of the offending device; ashort ground lead oftenfrinn—e hietrs-inténerence appreciably.'2111 condensers used for filtei-s\
ing purposes on 110- or 220-volt A.C. power lines should have peak
voltage ratings of between 600 and 1,000 volts, for these units mu
withstand high voltage surges caused by impulse currents
When trying various filter combinations, it is important that some
one listen to the receiver to note the effectiveness of each combination when the disturbing device is not within "ear shot" of the receiver.
Oftentimes the customer will be only too glad to listen to the receiver
for you, but better results can generally be obtained with a trained
assistant. If you are working alone, it is wise to set up a portable
battery receiver near the location of the disturbing device, using headphones rather than aloudspeaker if the interference noise proves too
annoying to those nearby.
With the filter shown at A in Fig. 2, there is no assurance that
the impulse currents will pass to ground; the balanced condenser filter,
having its center points grounded as shown at B, is therefore more
effective.

—

When condensers of a reasonably high capacity, such as 1-mf d.
Jatisfy noise reduction when used alone acombination condenser-and-choke filter like that s own at C shOuld e
tried. This is essentially a brute liffer which allows only very low frequency currents to pass through to the power line. The higher the
electrical values of the coil and condenser, the better is the filtering
action. Always use the smallest commercially available size which
gives satisfactory results, for purposes of economy. The condenser
may be connected either to the load side of the choke coil (C) or to
the line side of the choke coil (D). As arule, however, the closer the
choke is to the source of interference (D), the better is the impulse
filtering action. Try the choke coil in one power lead first, then the
other, to ascertain which position gives the better reduction in noise.
Two choke coils and one condenser connected either as at E or F
will often give improved results, while the grounded combinations
shown at G, Hand Iare even better filter combinations. Where several different parts of• a device are sparking, such as in commutator
type switches for signs or groups of contacts on arelay, then each line
which carries impulse currents should be filtered in the manner shown
at J. A choke coil is inserted in each line, and a suitable condenser
connected from the load side of each line to ground.
8

Improved suppression of interference is often obtained by using
a balanced filter having aground connection which can be electrically
varied in the manner shown at K; this circuit is otherwise essentially
the same as those shown at G and H. The same balancing scheme can
be used with the simple two-condenser filter shown at B; a 100-ohm
potentiometer, with its variable tap grounded, is connected between
the two condensers.

0

FIG. 2. Condenser filters and condenser-coil filters are here arranged approximately In the order
of their effectiveness, the circuit at l being the most effective for interference eliminating purposes. Circuit .1 is used with devices which have three make-and-break contacts or with a threephase load, while circuit K is a variation of circuit G, which permits adjustment of the ground
point.
Grounding of S, the disturbing device, is optional in circuits A through F.

A TEST DEVICE FOR DETERMINING THE MOST
EFFECTIVE FILTER
Any serviceman, having located an interference-producing device,
can almost always secure an effective cure by installing an expensive
filter like that shown at I in Fig. 2. But cost to the customer must
also be considered in a successful noise elimination job. If noise-free
reception costs too much, many people will forego the use of their
receivers or endure the noise, rather than pay the price; this is clearly
not an encouraging condition for the radio sales and service business.
Experience has proven that a satisfactory job done at the lowest possible cost to the customer—a charge which gives a fair profit—is one
of the most important requirements for success in radio servicing.
This means that the simplest and lowest cost filtering devices should
9

always be tried first, working up gradually to the more complicated
and more expensive combinations until the lowest cost unit is found
which gives satisfactory filtering.
A variable filter combination system which gives a choice of circuit combination A, B, C, D, G or H in Fig. 2 simply by changing
the setting of a rotary switch and changing connections to the unit is
shown schematically in Fig. 3. All condensers used here should preferably have working voltage ratings of between 600 and 1,000 volts,
while the choke coils should be capable of handling at least 5amperes.
Use non-inductive paper type condensers mounted in metal cases
which can be grounded. Notice that two outlet receptacles, each having a plug-in cap with insulated alligator clips attached to flexible
leads, are used for the input and output connections. A ground connection is made by means of aflexible lead having at one end a prong

.1

.T .2T

7

.25

.5

DOBLE DECK ROTARY SWITCH

nano° •—
.5 TO 2MH.
GROUND
CLIP

.5 TO 2MP.
m000eco—

FIG. 3
Circuit diagram of a variable filter combination system which you can easily make for
use in determining the most effective filter combination for an interference-creating device. Connection are made by plugging into standard electrical receptacles at A and B, and by plugging
test prong into pup jack G.
Mount parts in box of convenient size.
Be sure power is off
before making connections. The filter circuits provided here are those most generally used.

which plugs into a"pup" jack on the unit; at the other end of this lead
is an alligator clip which is to be attached to the frame of the interfering device or to agrounded object.
When side A of this variable filter circuit is connected to the
offending device, the condensers are next to the source of noise; when
side B is connected to the device, the choke coils are closest to the
source of noise. Single condenser connections and single choke and
condenser filters are obtained by using one lead at A, one at B and the
ground connection. When using condensers alone, always start with
the lowest capacity, increasing the capacity up to 1rnfd. before resorting to choke coils. In making this test filter, be sure to use only those
parts which can be readily obtained from radio supply houses at any
time, for once the best filter setting is found, you must duplicate the
parts used at that setting.
The method just described for using a variable filter combination
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system to determine the correct filter for a given job was first introduced by the Sprague Products Company; the interference analyzer
which they developed for this purpose is shown in Fig. 4A, while the
circuit diagram of their analyzer appears in Fig. 4B. This device is
used in much the same way as that which was just described. The
condensers and choke coils used in the Sprague Analyzer are exactly
the same as the units supplied by the Sprague Products Company for
use in interference filters; several of these are shown in Fig. 5. The
choke coil is capable of handling currents up to 10 amperes; where
larger currents must be filtered, larger capacity chokes can be obtained.
When the condensers and choke coils required for anoise elimina -

COURTESY 22222 UR PRODUCTS CO.

FIG. 4A.
This Sprague Interference Analyzer is one of the serviceman's most effective weapons in the
war against man-made radio interference. The knob on top controls
the chcuit-selecting rotary switch.

FIG. 4B.
Circuit diagram of Sprague Interference
Analyzer; numbers alongside condensers and choke
coils refer to special interference elimination condensers and chokes sold by the Sprague Products
Company, and shown in Fig. 5.
A four.deck switch
with six contacts per deck gives six different combinations of filtering units.
Connections are made by
inserting standard connecting plugs into the receptacles
at A and B, and by plugging a test prong into the
pup jack marked GND.
Condenser IF-I1 is of the
dual-unit type, with the metal case serving as the
common grounded connection.
Positions 3 to 6 give
balanced condenser filters.

tion job cannot be readily installed inside or on the disturbing device,
it is wise from the standpoint of eliminating fire hazards, securing a
shock-proof installation and improving the general appearance of the
installation, to mount the condensers and chokes in a standard electrical cut-out box such as is shown in Fig. 6. This procedure is compulsory for heavy-duty electrical devices which must pass fire underwriters' specifications and the regulations of local electrical inspectors.
As you already know, a filter unit must be placed as close as
possible to the source of sparking if it is to be effective in reducing
noise. When a cut-out box is used, the leads connecting it to the
source of disturbance should be run through BX conduit or iron pipes,
this conduit being permanently clamped at one end to the cut-out
11

box and at the other end to the disturbing device; if necessary, a separate ground wire should be clamped or soldered to the conduit. This
shielding procedure will prevent the standing waves, formed on the
connecting wires, from radiating modulated disturbance waves of low
wavelengths, which might cause interference in ultra high frequency
receivers.
As a rule, interference filters have little effect upon the sparking
or arcing itself, and serve only to prevent the current impulses from
getting into the power line. Quite often the sparking at relay contacts, switch contacts and other make-and-break contacts can be
greatly reduced by using a resistor in series with a single filter condenser connected across the spark source. This connection is especially

Courtesy Sprague Products Co.
FIG. 5.
Typical interference elimination
units. Left to right: Sprague Type IF-11
dual 1 mfd., 600 volt condenser with
metal can serving as common terminal;
Sprague Type IF-50 single 1 mfd..
1,000 volt condenser unit with two terminals; Sprague Type IF-33, 1,000 volt
rating condenser with two flexible leads,
available in two capacities; Sprague Type
CH-1
special interference eliminating
choke coil (above), rated to carry 10
amperes and mounted in a metal case
which should always be grounded.

worthwhile if you wish to prevent sparking contacts from pitting
badly and producing even more serious disturbances at a later date.
THE NOISE DETECTIVE
You now know what to do once an interference-producing device
is located; locating the offending device itself is another problem,
however, and one which often calls for systematic thinking and even
detective work. A well-trained interference-elimination technician
can listen to the noise coming in over a radio receiver, ask a few
questions of the customer and from these observations get clues which
will permit rapid isolation of the offending device. Just as a detective
asks questions when searching for a criminal, so should the RadioTrician ask questions when on an interference job. When was the
noise last heard? At what time of the day or night is it usually
heard? Is the noise always the same in character? When was the
12

noise first heard? These are questions whose answers may give you
clues to the solution of the problem. The opinion of the customer as
to the source of the trouble is also of value. Ask if the noise began
about the time that some one in the neighborhood bought an electric
refrigerator, avacuum cleaner, fruit juice extractor, or other electrical
appliance; try to associate the beginning of the interference noise with
the arrival of a new neighbor, the installation of traffic lights at the
corner, or the installation of anew neon sign in anearby store. Neighborhood gossip can provide useful tips for the noise detective.
The value of knowing the time when interference noises are heard
can easily be demonstrated. For example, interference heard for a

Courtesy Sprague Products Co.
FIG. 6A.
The required combination of inter.
ference eliminating chokes and condensers should
be mounted in a steel eut-out box like this, with
all wires to the sparking device being run
through BX conduit or pipe to meet fire under.
writers' regulations and give a more efficient
installation.

FIG. 6B.
Another arrangement of
filter units in a steel cut-out box. It
is a good practice to place a fuse in
series with each condenser, as is done
here, for breakdown and short-circuiting of a condenser would otherwise
place a direct short across the power
line.

little while around breakfast time and perhaps occasionally late in the
evening at a time when you know that the neighbors are having a
party, may be produced by a fruit juice extractor; noise heard at
intervals fifteen to thirty minutes apart may be due to an oil burner,
arefrigerator, an air compressor in a nearby beer parlor or any other
device which is operated only for short periods of time and is automatically controlled. Interference which is heard only when a street
car or train is passing near the house gives an obvious clue; interference heard in apartments when the elevator is in operation proves
that the trouble is in the elevator motor. Clicking noises heard when
lights are turned on in the house tell their story at once. Your questioning of the customer, once you suspect a possible cause of the
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trouble by listening to the noise yourself, should result in a quick
isolation.
If the interference can be picked up by the radio receiver at the
time when you call, give special attention to any peculiarities of the
sound; note whether the interference is heard with the same intensity
at all frequencies. With a little experience you will be able to make
very good guesses as to the causes of different types of interference
noises. Until you have gained this experience, use the following suggestions which have been prepared by the Tobe Deutschmann Corporation of Canton, Massachusetts, as your guide in recognizing the
sources of interference noise which you hear.
Whirring, crackling, buzzing, humming, droning and whining
sounds are characteristic of motors and generators. When motors
start, the pitch of the whine increases until it reaches a steady value.
This is especially true of commutator type motors. Repulsion starting single-phase induction motors may have a sputtering, whirring,
crackling, buzzing or humming sound. When such sounds are heard,
look for such electrically operated equipment as:
Adding Machines
Air Conditioning Units
Automatic Towel Rollers
Barber Clippers
Beauty Parlor Devices
Billing Machines
Cash Registers
Dental Engines
Dishwashers
Dough Mixers
Drink Mixers
Electric Addressing Machines
Electric Computators
Electric Elevators
Electric Refrigerators
Electric Vibrators
Fans

Farm Lighting Plants
Floor Polishers
Generators
Hair Dryers
Humidifiers
Massage Machines
Motor-Generators
Portable Electric Drills
Printing Presses
Sewing Machines
Shoe Dryers
Small Blowers
Telephone Magnetos
Toy Electric Trains
Vacuum Cleaners
Valve Grinders
Washing Machines

Rattles, buzzes and machine-gun fire 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. Look
for such interfering devices as:
Annunciators
Automobile Ignition Systems
Buzzers
Dental Laboratory Motors
Dial Telephones

Doorbells
Elevator Controls
Sewing Machines
Switchboards
Vibrating Rectifiers
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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 program. 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
of all-wave receivers. These sounds may be traced to:
Air Purifiers
Battery Chargers
Diathermy Machines
Doctors' Apparatus
Flour Bleaching Machinery
High Frequency Apparatus
Insulation Testers

Neon Signs
Ozone Devices
Spark Transmitters
Spark Ignition in Oil Burners
Violet Ray Apparatus
X-Ray Machines

Crackling, sputtering, snapping, short buzzes or scraping sounds
indicate loose connections; if in the house, they will be especially noticeable when walking about; if outside, heavy traffic or street cars
may increase the intensity of the sounds. Look for:
Defective Light Sockets
Flimsy 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 elements in household appliances. Unbonded rubbing metal contacts in
houses, such as adjacent water pipes.

Clicking sounds are a definite indication of some sort of makeand-break connection essential to electrically operated industrial
equipment, such as:
Elevator Controls
Flashing Signs
Heaters, Automatic
Heating Pads
Incubators
Irons
Mercury Arc Rectifiers
Electric Typewriters

Ovens
Percolators
Shaving Mug Heaters
Soldering Irons
Telegraph Relays
Thermostats
Traffic Signals
Safe Time Clocks

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
Breaks in Third Rails
Electric Car Switches
Electric Elevators

Motion Picture Projectors
Pole Changer (Telephone Interrupter)
Street Car Switches
Street Lights
Toy Electric Trains

1.5

TRACING THE ORIGIN OF INTERFERENCE
After making a survey of an interference problem, the RadioTrician is generally able to tell whether the interference noise heard
is produced in the customer's house or outside the house; in an apartment building he can readily tell whether devices in the customer's
apartment are at fault. When the source of noise can be quickly
located, a simple filter will remedy the trouble at minimum expense
to the customer.
When, however, locating the offending device involves a search
through many apartments in a building or many houses in a neighborhood, by all means give the noise-reducing antenna first considera-
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Make this simple test with a condenser-choke filter of the
p ug-in type to determine whether interference is reaching the
receiver directly over the power line.
If interfering noises
are still heard when the set is connected as shown, with the
dual condenser line filter inserted in the power line, you
have proved that the receiver itself is creating the noise; if
no noise is heard but noises return with full intensity when
the filter is removed, the interference is coming in over the
power line.
The remedy in this case is obvious: Install a
line filter.
The circuit diagram for the line filter recommended for this test is shown at the lower right.

tion, after you first try a line filter across the power leads of the
receiver. Occasionally noise signals get in by this route.
Before actually installing a noise-reducing antenna, make sure
that direct chassis pick-up of the noise signal is not involved, either
by making the usual test with antenna disconnected and the receiver
input terminals shorted, or by operating another receiver in the same
location. Direct chassis pick-up is ordinarily encountered only in
older types of receivers which have anumber of unshielded parts.
Interference Originating in the Customer's Location. A quick test
which will rule out the customer's location as the source of interference can be made with a portable battery receiver of the type which
uses aloop or fish-pole antenna and no ground connection. The interfering noise should be heard on the battery receiver when it is placed
in operation near the customer's receiver; if the noise is not heard,
check the customer's antenna and ground system for poor joints and
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exposed wires which are rubbing against atree or building. Assuming
that the interference noises are heard on the battery receiver, have
some one open the main power switch which controls the entire electrical system in the house or apartment. If the noise disappears or is
greatly reduced when this is done, at least one of the offending devices
is in the place.
Locating the Noise-Producing Device in the Home. In small
homes or in apartments this is easiest done by switching each of the
electrical appliances off and on while the customer's receiver is in
operation. In large homes this is done more quickly by having an
assistant remove the fuses for each electrical circuit in the house in
turn, while you note the effects on the customer's receiver. When the
noise stops, you have isolated the defective device to one particular
circuit; there remains only the checking of each part, device and connection in this circuit. The following procedure has proven very effective for isolating noise-producing sources:
1. Check the antenna, lead-in and ground for loose or poor connections.
2. Be sure that none of the service wires which enter the house are rubbing
against the branches of trees or against the building.
3. Make certain that the service conduit containing the supply wires leading
into the house is grounded.
4. The wiring in the house should be grounded as provided by the accepted
local electrical code. Have a licensed electrician check this if there is
any doubt in your mind.
5. Be sure that all switches in the distribution system make firm contact.
All line fuses should be firmly in place, with clean contacts. No temporary fuses or fuse shorts should be allowed. Fuses should be checked,
as a loose connection between the fusing material and the contact cap
will create arcs.
8. Inspect all connections in switch boxes, distribution boxes and fuse boxes
for looseness, tightening terminal screws where necessary.
7. Examine all lamp bulbe used in the house and make sure that they are
firmly screwed into their sockets. Turn on each lamp and tap it on the
side for loose elements and poor base connections. Question the socket.
8. Check all lamp extensions and attachment plugs to every appliance, looking for loose contact. Shake extension cords, listening to the radio for
signs of poor internal connections while the device connected to the cord
is turned on. Extension cords with knots and kinks, as well as worn
cords, are prolific sources of interference.
9. Repair or replace snap switches which do not open quickly.
10. Water and gas pipes or electric conduit pipes rubbing against each other
may discharge their electrostatic charges. Bond the pipes together at the
rubbing joint or insulate the contact surfaces. Quite often the turning
on of a water faucet, walking through the house, use of household appliances or the operation of oil burners or refrigerators will start such electrostatic interference. With experience you will be able to distinguish
electrostatic noises from those produced by electrical apparatus.
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In checking these items the receiver should be turned on, with
your assistant or even the set owner listening to the receiver, while you
check various things in the house. A broom handle may be used for
probing or knocking against pipes; when the region surrounding the
noise source is probed, noise will be clearly heard in the receiver.
Interference Outside the Customer's Home. When your tests show
that the noise source is not in the customer's home, and the installation
of a noiseless antenna proves inadequate, then the defective device
must be isolated by means of an "interference locator." A portable
receiver with self-contained batteries may be employed. The receiver
should be sensitive, employing three to four R.F. pentode stages if a
T.R.F. set; a portable superheterodyne may also be used. If the receiver is not already well shielded, it should be built into a heavy
aluminum box. Inexpensive and sensitive portable battery receivers
may be purchased from large radio mail order houses. In addition to
the headphones used as an output indicator, a copper oxide rectifier
type 0-5 volt voltmeter having a1,000 ohm per volt sensitivity should
be permanently connected to the output. Thus both aural and visual
output indications are available. Whatever receiver is used, it must
not have A.V.C., for this would tend to conceal changes in interference
intensity.
The pick-up system may be a7-foot collapsible aluminum pole or
a loop antenna. In the latter case the antenna coupler in the receiver
must be disconnected and the input condenser arranged to tune the
loop. For an .00035 mfd. input variable condenser a box type loop
containing 24 turns spaced Y8 inch apart, on a 20-inch square form
will be needed to cover the broadcast band. Use No. 18 or 20 gauge
D.C.C. wire. Both pole and loop antennas may be used by installing
aD.P.D.T. change-over switch. The pole antenna is preferred where
there are many overhead wires in the vicinity of the home; the loop
antenna performs best in open spaces.
In locating a noise source, first listen to the noise signal on the
portable receiver, with the tuning dial set to afrequency where broadcasts are not heard. Using the loop antenna, rotate the loop until a
maximum output meter reading is obtained. The noise origin will be
in the plane of the loop (along ahorizontal line parallel to and passing
through the top of the loop), but may be either ahead or behind the
loop. Walk in the direction which gives increased output readings.
Where overhead supply wires exist (we assume that the investigation
is started outdoors, as everything in the house has been checked), the
greatest noise signal will be evident when the loop is parallel to the
overhead wires. This does not identify the source, however. Where
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overhead wires do not exist, then the direction of interference may be
identified from two positions about 200 feet apart and, by following
the two directions to their apparent intersections, the approximate
location is obtained.
With the pole antenna use the "hot-and-cold" method, walking in
the direction which gives increased noise in the phones or an increased
output meter reading. Where an overhead power line is involved, follow the line for maximum output. The loop antenna may also be used
in the above "hot-and-cold" method. Always point the loop in the
direction of greatest output and follow the direction of maximum output indication. Follow overhead lines with the loop parallel to the
line.

If some indication of the direction of the interference is secured
from the customer, increased output should be obtained when moving

A condenser and resistor
in series,
connected as
shown, will reduce the intensity of a spark at makeand-break contacts.

the interference locator toward the suspected point. For instance, if
you are told that noise started when the neighbor installed a new
refrigerator, walking to the neighbor's home when the noise commences
should show increased noise output.
The independent interference man must realize that in locating
a fault he may have to trespass on private property. Where the
trouble originates in a home or building, it should not be difficult to
obtain permission, once he identifies himself. In case the trouble is
traceable to power lines and line equipment, the power service superintendent should be informed; he will without doubt have his engineers cooperate in the matter and make the necessary corrections.
Most power companies and public utilities have engineers who specialize in interference work. This text does not consider interference
troubles peculiar to public utilities; where the trouble is traced to
telephone equipment, street railway lines or other public service equipment, explain the situation to the customer and suggest that he notify
the company in question.
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Once the noise has been localized to some house or business establishment, first secure permission from the tenant or owner, then proceed to isolate the defective device in the same manner which you
would use in the customer's home. If the noise is traced to a point
some distance away from the customer's home, it is probably due to a
device which draws considerable power; thermostat contacts, electric
light switches, and electrostatic sources of interference can generally
be ruled out in a case like this.
¡COMMON INTERFERENCE CONDITIONS
A study of afew common interference-producing conditions which
may arise in various types of electrical equipment will help to clarify
this important problem of interference elimination.

D

Electric Motors and Generators. Any electric motor, especially
the D.C. and universal A.C. motors which employ commutators, sh
be suspected as_it_source_of__noise_b,tei•fœ•eIice.—bable causes of
rou e ere include sparking at the commutators due to poor contact
with the brushes, and dirty or uneven commutator segments. Sparking
causes pitting and burning of the commutator segments, and the interference situation rapidly grows worse; before attempting to clean up
the motor, connect the interference analyzer and determine whether a
simple filter combination will completely eliminate the present interference. If the combination of filters required proves excessive in
cost, repeat the analyzer test after you have remedied the sparking; a
less-expensive filter should now prove sufficient. For motors try the
filter combination shown at B in Fig. 2first; if this is insufficient, add
two choke coils as shown at G in Fig. 2, making sure that the coils
used will carry continuously the full load current of the moto
For
110 volt motors figure 10 amperes_pe
estimate 5amperes
per horsepower for 220 volt motors.

_,L'_..—...,No-interferenw-Tmédying job on amotor can be considered complete unless the cause of the trouble is removed or at least rectified.
The commutator should first be cleaned and made smooth with fine
_sandpaper, and the brushes then reshaped if necessary to fit the commutator better. It is common practice to smooth the commutator,
where it is not too badly worn, by wrapping or tacking sandpaper to
a flat block of wood and applying this while the motor or generator
is revolving. Brushes can be reshaped with the motor or generator at
rest; slip apiece of sandpaper under abrush, with the cutting surface
facing the brush and the sandpaper pressed against the commutator.
Rock the commutator back and forth slowly until the brush takes its
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proper curvature. When you have finished, wipe off the brushes and
the commutator carefully and apply a very small amount of vaseline
over the surface of the commutator.
Oftentimes sparking at brushes can be reduced by shifting the
positions of the brushes to get improved commutation. Rock the
brushes slowly back and forth a very short distance until minimum
sparking is observed; this should be done while the machine is operating at normal load if best results are to be obtained. With generators,
moving brushes in the direction of rotation ordinarily reduces sparking;
with motors the opposite holds true.
/
Make-and-Break Contacts. With simple make-and-break contacts such as are found in switches, temperature control thermostats,
automatic electric irons, electric water heaters and similar devices, a
filter consisting of a single condenser or a condenser in series with a

Combination choke-condenser filters mounted
in metal cut-out boxes are often necessary
to stop interference created by medium and
large sized motors.
Connections between
motor and filter box must be run through
flexible BX conduit, as shown here.

Both input and output leads of a rotary converter must be filtered, using choke-condenser
units mounted in cut-out boxes and mounted as
close as possible to the machine.
represents
field coil, A the armature of the converter, which
here changes D.C. to A.C.

resistor will usually prove sufficient to eliminate the interference. It
is always a good plan to clean and adjust the contacts, in order to
prevent a prolonged arc which would prove destructive to the contact
points and cause even more severe interference than before.
Oil Burners. Interference produced by oil burners can usually be
traced to the high tension ignition circuit, to automatic switching
devices, or to the motor. Some burners use agas pilot light, eliminating ignition systems as apossible source of interference; this you can
easily confirm by inspection. If the interference noise is coplinuotefor the period during which the burner is operatingee motor is
•ril the noise is heard only for a short pehod when the
burner sarts, the ignition system, one of the relay devices or the
starting mechanism in the motor is at fault. Trouble at the motor can
usually be eliminated by installing a filter as close as possible to the
brushes.
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Ignition system troubles are remedied by shielding all high tension wiring either with metal conduit, with flexible metal loom, or with
metal braid, the shield being well grounded at each end in all cases.
Some servicemen recommend that the frame of the oil burner be
bonded to the boiler and to ground with heavy wire or metal braid,
to prevent radiation. Try a coil and condenser type filter across the
input leads of the ignition transformer; try simple condenser filters
across thermostat contacts and relay contacts. Oftentimes it is necessary to place a wire shield around the ignition electrode in gun-feed
type oil burners and ground this shield to prevent ultra high frequency radiation.
Here are a few practical suggestions concerning oil burners. If
the noise elimination job on aburner appears at first inspection to be
arather involved affair, it is well worth while to contact the local distributor of that burner. Similar interference conditions will have been
encountered in other installations, and often the distributor can make
suggestions or supply special equipment which will remedy the trouble
in short order. Once you prove that you can eliminate interference on
that type of burner, the distributor may even refer similar jobs to you.
Remember that all filters should be placed in metal housings to conform with underwriters' regulations.
Electric Refrigerators.

The motor is the usual source of trouble

in electric refrigerators; its treatment has already been taken up.
Static charges accumulating on the compressor-motor belt sometimes
cause trouble; the remedy here is bonding the motor frame and the
compressor frame either to the refrigerator frame, to some large metal
mass in the unit or to ground. Refrigerator mechanisms are usually
mounted on spring supports; occasionally you will find that a spring
has weakened, allowing amake-and-break contact between the refrigerator frame and the part in question; in this case install anew spring.
If the interference is traced to asparking thermostat, it is wise to call
in arefrigerator serviceman; adjustments on refrigeration control devices such as this require specialized knowledge.
Electro-medical Apparatus. X-ray machines, violet ray apparatus and diathermy machines can cause a great deal of annoying
interference; these may prove the most stubborn cases which you will
encounter. Most of the equipment now being marketed is designed to
create aminimum of interference,but older models are trouble-makers.
Modern vacuum tube type diathermy machines create interference at
only one frequency in the short-wave region; this interference can be
eliminated only by placing the machine in a screened room.
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With medical apparatus in general, the first step involves placing
a choke-condenser filter in the supply line to the device. If this is
insufficient, the only recourse is to place the apparatus in a screened
room. The frame of the room can be either of metal or wood; this is
then covered with either iron or copper screening, preferably both inside and outside of the framing, and the screening is well bonded
together at all joints. The door must be so constructed that it makes
firm electrical contact with the remainder of the screen when closed.
Filters should be placed on all power lines which enter or leave this
screened room, for otherwise interference would be conducted outside
and there radiated; the filters should be placed as close as possible to
the exact points where the lines pass through the screen.

Courtesy Tee Deutschmann Corp.
When electromedical apparatus is creating noise
interference a grounding screen cage like this
must often be used. All joints must either be
so.lclae
rreu
d
nit
o
s
rmcoun
dtinuouslyc
n to al n power li
at the points where they enter the cage,.
All
filter units inside the rife ihould be
grounded to the screen; connect the screen to a
nearby ground if this gives an additional reduction in interference.

Flashing Signs, Traffic Lights and Neon Lights. In general, interference from these three sources can be spotted by visual inspection
and by studying the nature of the sound heard in the receiver. For
example, if a steady choppy noise is heard in synchronism with the
flashes of ayellow blinker light up the street, the defect is immediately
isolated. If asteady rolling or clicking sound is heard, and you note
in the vicinity a sign having a continuous change of light, perhaps
around the border, that sign is very likely the offender. Whenever
there is some question as to the source of trouble, use the portable
receiver to localize the trouble. The next step is astudy of the device
in question to determine the simplest filtering procedure.
Simple flashing signs which have a single make-and-break flasher
require only a filter condenser connected directly across the contacts;
the closer the condenser is to the contacts, the more effective it will be.
Motor-driven contactors are generally used in signs which create the
effect of motion; the first step with these is to filter the motor supply
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leads, then the main supply leads to the electric lights. If this fails, it
is then necessary to connect a filter to each contact on the contactor.
The condenser should be connected from the contact to the common
terminal for all circuits, which is ordinarily easily located. In severe
cases of interference it is necessary to place a choke coil in each lead
to the lights, the condenser being connected from the contact side of
the coil to the common power lead. Short connections are essential
here to prevent high frequency radiation.
Flashing traffic lights are treated in much the same manner, using
condenser filters across the contacts and line filters where necessary.
This work must naturally be done under the supervision of the proper
authorities.

Moving belts and belt conveyers are sources of static discharges, not only creating noise interference but actually
endangering the lives of nearby persons and the insulation
in the machinery. A grounded metal comb with flat or coil
springs rubbing on the belt will discharge this static electricity harmlessly to ground and at the same time atop the
radio interference. Use a good ground which is carefully
erected. In any industry where static electricity is produced,
all fixed and movable parts of machinery should be
grounded.

Neon signs of the non-flashing type do not as a rule cause interference troubles; where interference is positively traced to these signs,
about the only remedy is the installation in the primary leads of the
high tension transformer of a condenser-coil filter of the type shown
at G and H in Fig. 2. When a rotating contactor is used in the primary circuit of a number of neon transformers to switch from one
group of tubes to another, filters must be connected to each contact
and to the motor of the contactor. Where the rotating contactor is in
the secondary circuit, switching high tension currents from one to another of a number of small sections of neon tubing, condenser filters
are out of the question because of the high voltages involved. Try
inserting 10,000 to 25,000 ohm spark suppressor resistors in each high
tension lead; choke coils inserted in these leads may also reduce the
interference. In certain severe cases the only remedy may be a complete change-over of the sign-operating mechanism, which will place
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the rotating contactor in the primary circuit and provide a separate
transformer for each section of tubing; such an arrangement is more
readily treated for noise suppression, but the cost of making the
change-over is generally so high that the job of filtering is given up.
Quite often neon tubing will accumulate an electrostatic charge
which leaks off to the nearest metal objects or at points of support;
try placing mica sheets at these points. The two chains which sometimes support neon signs in show windows often acquire a difference
in potential; insulating each chain from the neon tubing or using a
non-metallic type of support will effect aremedy. Neon signs should
be kept as far away from glass windows as possible, to prevent ac-

®

@

©

Examples of typical commercial filter units for interference-creating electrical appliances.
At A is a single condenser unit which may be slipped over the prongs of the appliance
plug; B is a similar unit, but of larger capacity, for insertion between appliance plug and
wall outlet; C is a dual condenser filter with a midpoint terminal which can be grounded;
D contains a condenser and coil combination designed for use with larger appliances. These
devices are generally carried by those servicemen who do not make a specialty of interference elimination; by trying each device in turn, they can generally find one which will
give satisfactory noise reduction where there is only mild interference.
Never connect
condensers larger than 1 mfd. directly across an A.C. line for filtering purposes; the power
losses in larger condenser units are often high enough to cause excessive heating on continuous duty, resulting in failure of the condenser.

cumulations of static charges on the glass. Quite often a general
overhauling of the neon sign, done by asign expert, will greatly reduce
the interference and make ordinary filtering procedures effective.
This involves cleaning of all insulators and all tubing, to prevent high
tension currents from leaking over dust-covered glass surfaces.
Thus you can see that the elimination of interference, once the
source has been located, calls for "horse sense" and a certain amount
of "trial and error" work, as well as a knowledge of the causes of
interference and the technique of filtering.
Radio Noise Survey. Although the results of any survey made
of causes of radio interference noises will vary with the locality, the
following data taken from one such survey gives a general indication
of the frequency with which various noise complaints occur. Out of
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9,000 complaints, about 30 per cent were traced to power companies
and public utilities, about 30 per cent to apparatus owned by the
general public, about 15 per cent to defective radio sets and the remainder to transient or unlocateable conditions. Of the 30 per cent
traced to devices owned by the public, motors and motor-operated
devices accounted for 10 per cent, defects in wiring of building-6 per
cent, switches and interrupter apparatus-5 per cent, electro -medical
apparatus and neon signs 3 per cent, and miscellaneous-6 per cent
SECURING INTERFERENCE ELIMINATION BUSINESS
Noise is as old as civilized man, but radio has made the public
more noise-conscious today than ever before. Noise ruins the entertainment value of radio programs, changing the radio receiver from a
luxury to anuisance in the customer's mind. Interference elimination
is so much acommunity affair that many towns and cities have passed
ordinances which compel those people owning interference-creating
devices either to eliminate the noise or to cease using the offending
device; as the public demands better and better radio programs, laws
become more widespread. With laws such as this in your favor, the
securing of interference elimination business is comparatively simple,
but even if you must first sell the idea of noise elimination to a customer, there are enticing profits awaiting you in this field. In addition, this side-line of servicing will bring more regular service jobs to
your shop.
Always make inquiries about possible interference on each radio
receiver service call which you make; bringing noise interference to
the attention of the public and stressing the fact that practically all
noise can be eliminated, will eventually produce many interference
elimination jobs for you. If you plan to become a specialist in noise
elimination, it is awise plan to select a certain section of your town,
preferably in the immediate neighborhood of your shop, for complete
noise elimination. It may take weeks or months to locate and remedy
all noise sources in this section, but once all noise has been eliminated,
your reputation will spread throughout the town, and your work in
other sections will prove more easy. Then, too, the experience gained
will be of great value in solving similar problems elsewhere.
Be sure to contact the trouble-shooting department of your local
power company, and the same department in any other nearby public
utility. These firms constantly receive complaints of interference;
once you have shown that you can handle this work, they will welcome you with "open arms" and even send jobs your way. Whenever
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you encounter an interesting or particularly successful job, always call
your local newspaper; anything with a little human interest makes a
good story for the newspaper and gives profitable publicity to you.
Having selected a six or eight-block square section of your town
as a starting point, the best approach is to announce that you are
making a "radio interference survey." Visit the homes and business
establishments in this section, preferably during your spare time,

Courtesy Tobe Deutschmann Corp.
Examples of filter installations on small electric appliances which are creating interference
because of sparking or arcing.
A—vacuum cleaner motor interference can generally be cured
by inserting • dual condenser filter in the connecting cord, not more than six inches away from
the motor, and grounding the midpoint terminal to the frame of the appliance; arrow points to
filter.
B—interference created by the blower motor of a small hair dryer can often be satisfactorily reduced by placing a condenser filter of the plug-in type between the wall outlet and
the hair dryer plug.
C—plug.in type dual condenser filter inserted in sewing machine motor
cord, as close as possible to motor, gives a neat interference-reducing installation where it is
not feasible to make connections directly to motor terminals.
D—condenser filter connected
directly to terminals of • small mixer; this is not an ideal installation, for the filter interferes
with the use of the appliance. E—plug-in type condenser filter inserted in cord of barber clippers, close to motor, gives satisfactory elimination of interference in most cases.
Always try
plug-in filters at wall outlet first, to avoid unnecessary cutting of appliance cord.
Ground midpoint of filter to trame of appliance or nearby ground wherever possible.

explain what you are doing and ask if they have noticed any radio
interference noises. Secure their permission, if possible, to turn on
their radio receiver so you can listen for the noise yourself. By starting in asection where you are known, opposition to such asurvey will
be at aminimum. Keep your eyes open for regular service jobs while
making the survey, and put in your bid for the job either at the time
of the call or at a later date.
After each call, when making the survey, write your observations
on a small card, perhaps of the three by five-inch size. With these
cards arranged in geographical order, a study of them should show
you where interference is a maximum; your first efforts should be
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concentrated in this region.

Secure permission to check on all sus-

pected devices, and apply the interference-isolating technique which
has already been explained.
If you hesitate to make a sales talk in each home in order to
explain your purpose, send printed post-cards or letters explaining
what you intend to do; this will tend to offset possible objections or
the need for lengthy explanations when you make your call. A cartoon or drawing on the card or letter will attract attention to the purpose of your message and thereby give better results for you. Literature like this can also be used to explain why certain devices cause
interference and why this interference should be eliminated at its
source; this literature, by calling to the attention of customers manmade interference situations which they may not have recognized as
such, will make it easier for you to sell filters and interference-elimination services at a later date.
LINE FILTER CONSTRUCTION DATA
Line Filters for Radio Sets. Get two .5 mfd. tubular paper condensers
rated at 600 volts D.C. working voltage, one bakelite coil form about 6inches
long and 3 inches in diameter, and ahalf pound of ordinary No. 18 bell wire.
Unwind the wire and cut into two pieces of equal length.
Drill two holes (each about 1/
8 inch in diameter) at one end of the coil
form, locating them about ahalf inch in from the edge of the form and about
one inch apart. Anchor each wire by looping it once or twice through its
hole, leaving about 6 inches projecting for connections. Proceed to wind the
two wires side by side on the coil form in a single layer, with turns as close
together as possible. When all but about 6inches of the wire has been wound
in this manner, drill two more holes about one inch apart and loop the ends
through these holes for anchorage. This will give you two coils of approximately 35 turns each, wound on a single coil form.
Insert this filter choke in the radio set power cord, either at the wall
plug or at the radio set. In other words, cut the two wires of the radio set
cord at the desired location, connect one pair of cut wires to the leads at one
end of the choke, and connect the other pair of cut wires to the two leads at
the other end of the choke. Now connect one terminal of each .5 mfd. condenser to one of the leads at the receiver end of the choke coil; connect the
remaining two condenser leads together and provide a means for grounding
this common condenser connection (to aconvenient water pipe or to the radio
set ground if you know that to be good). Cover all exposed connections with
friction tape. This completes the filter itself, but you will probably want to
mount it in awood or metal box so no dangerous 110 volt A.C. terminals will
be exposed. The circuit of this filter is like that shown on page 16 (with the
receiver connected and plugged into the outlet on the filter), or like that in
Fig. 2G if S represents the receiver.
General Filter Construction Hints. The same general filter construction
described above will serve for practically any line filter application if the wire
used in winding the choke is the same size as the power cord wire used for
the appliance being filtered. In other words, if you are filtering an electric
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motor having No. 14 wire in its line cord, wind the choke with about 35 turns
per coil (70 in all) of No. 14 insulated wire; No. 14 tinned solid copper pushback wire will do nicely, or you can use the same size of double cotton-covered
wire and apply a coating of insulating varnish to the completed choke. To
get this number of turns, you will have to order about 60 feet of wire in whatever size is required. Naturally you will need alonger coil form for heavier
wire, since the choke must be in asingle layer. The condenser size specified
is all right for all cases; in general, the condensers should be connected to
that end of the choke which will make the interfering signals go through the
choke before they reach the condensers.

TEST QUESTIONS
Be sure to number your Answer Sheet with the number appearing on the front cover underneath the title of this text.
Place your Student Number on every Answer Sheet.
Never hold up one set of lesson answers until you have another
ready to send in. Send each lesson in by itself before you start on the
next lesson. In this way we will be able to work together much more
closely, you'll get more out of your Course, and you will receive the
best possible lesson service.
1. What effect does atone control, which cuts off the high audio frequencies, have on static noises?
2. In locating the best position for the straightaway portion of a
noise-reducing antenna, what three rules would you follow?
3. What type of filter would you try if simple condenser filters using
1-mfd. units failed to give satisfactory noise reduction?
4. What should be the peak voltage rating of condensers used on
ordinary 110 or 220 volt A.C. power lines for filtering purposes?
5. What are the probable causes of noise interference in D.C. motors?
6. What type of filter would you use on a make-and-break contact?
7. When interference-producing apparatus is located in a completely
screened room or cage, where should the line filters (which are
placed on all power lines entering the room) be placed?
8. When using apole antenna with an interference-locating receiver,
how can you tell when you are approaching the source of noise?
9. If interference noise traced to an oil burner is continuous for the
period of operation of the burner, what is the cause?
10. What should be the current-carrying capacity of a choke coil
which is to be used in filtering the power leads to a 220 volt, one
horsepower motor?
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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
his talents—who is alert to grasp each new opportunity—gets the greatest profits.

The immediate

financial returns from work in anew 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 yóu first for the unusual, then for your
ability to do ordinary work well.

WASHINGTON, D. C.

STUDY SCHEDULE No. 47
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.

D 1.Replacement

Parts

Pages 1-2

The kinds of parts, what to stock, and where to buy parts are covered here.

D

2. Power Transformers

Pages 2-9

Practical information on how to determine whether a transformer is just
overloaded or has been damaged. The requirements for replacing and a discussion of how to replace power transformers conclude this section.

D 3. Iron-Core Chokes and Audio Transformers

Pages 10-14

It is a problem to get areplacement if a duplicate is not available. However,
once you know the characteristics which must be considered, it is possible to
choose a satisfactory replacement.

D

4. R.F. and I.F. Transformers

Pages 14-18

These coils may be replaced by exact duplicates or you can have duplicates
wound for you by firms specializing in this service. Also, replacement
primaries can be used in some cases.

D

5. Replacing Condensers

Pages 19-21

Next to tubes, condensers require the most frequent replacement. However, a
relatively small stock will serve for most cases, as is pointed out here.

D

6. Replacing Resistors

Pages 21-24

This section gives information on replacing both fixed and variable resistors.
Practical hints are given on how to make asmall stock do for most jobs.

[:] 7. Replacing Loudspeakers

Pages 25-28

Speakers may be repaired by replacing the cone or field coil, or the entire
speaker may be replaced. The best practice to follow depends on the condition
of the original, the ease of replacement, and the availability of replacements.
There are firms specializing in speaker repairs—many servicemen use these
services.
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9. Start studying the Next Lesson.
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HOW TO CHOOSE AND INSTALL REPLACEMENT PARTS

Replacement Parts
HILE the final steps in making a
W repair
— removing the defective

ly, we have parts, such as tubes, resistors, and condensers, which can be
part and obtaining and installing a used in any receiver as long as the
replacement—are purely mechanical, proper electrical characteristics are
it is possible to waste a great deal of chosen and as long as there is suffitime in taking these steps unless you cient room for the parts.
know what to buy, where to buy it, and
We include, among these, parts not
how to install it. We will give you this designed for the particular radio, but
important information in this lesson, which can be used by making some
along with anumber of hints on test- slight change in the original circuit to
ing parts. Let's start by learning some- "fit" the new part characteristics.
thing about the kinds of radio parts Changes of this kind are rare, as the
which are usually available.
widespread distribution of exact duplicate and universal replacement parts
KINDS OF REPLACEMENT PARTS
generally makes it possible to make a
Replacement parts fall into three direct replacement.
groups: exact duplicate replacements;
STOCKING RADIO PARTS
universal replacements; and general
replacement parts.
Exact Duplicate Parts. These parts
are exact duplicates of the originals,
both physically and electrically.
Universal Parts. There are anumber of universal radio parts so designed
that, with minor physical or electrical
alterations, they can be used as replacements for awide variety of radio
parts. For example, volume controls
come with extra-long shafts. Once you
have chosen a control of the proper
electrical characteristics, you can make
it fit the receiver by cutting off the
shaft to the required length. Thus, the
same control can be used in any receiver which its electrical characteristics will fit.
As another example, output transformers come with tapped secondaries;
by choosing the proper taps, you can
match practically any loudspeaker to
almost any output tube (or tubes) .
General Replacement Parts. Final-

You can start a radio service business with a surprisingly small stock
of parts. However, you will want to
build up your stock gradually, both so
you can cut down the number of trips
or orders to the parts suppliers and so
you can render the fastest possible
radio service.
When you start in business, you will
need akit of resistors, asmall number
of electrolytic, paper, and mica condensers, astock of tubes, an assortment
of pilot lights, and acertain amount of
hook-up wire and hardware. With this
small stock as abeginning, you can increase gradually the amount and variety of these parts. Also, you can add
items like universal output transformers, a volume control kit, i.f. transformers, tube sockets, dial cords and
belts, and an assortment of knobs.
Some servicemen make the mistake
of acquiring too large astock. It is not
wise to invest much money in slowmoving parts. Increase the quantity
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and variety of your stock only as your
service experience indicates the need
for such expansion. At the beginning,
ask your local distributor to help you
choose parts which, according to his
sales records, move rapidly in your
area. This is particularly important in
the case of tubes. There are about a
thousand different types of radio tubes,
yet perhaps in your district only
seventy-five to one hundred types are
widely used.
WHERE TO BUY RADIO PARTS
There are many sources of supply
available to the serviceman. Perhaps
the best known are the large mail-order
radio parts suppliers, who carry very
complete stocks of parts and who can
usually obtain any special parts you
may need. In large cities there are also
radio parts supply houses and distributors who carry awide selection of radio
parts.
In addition, there are distributors
scattered throughout the country who
handle various popular makes of radio
receivers. Exact duplicate parts for
these receivers can be obtained through
these distributors. Where there are no
distributors, parts can sometimes be
obtained directly from the factory.
Also, many parts manufacturers (condenser and resistor manufacturers,
etc.) deal directly with servicemen, although in recent years, mail-order and
local parts supply houses have acted

as distributors fqr these lines.
Collecting Service Data. All servicemen collect wholesale parts catalogs, both to locate sources of supply
and to obtain information on the electrical and physical characteristics of
different parts. Be sure to collect all
the volume control guide booklets, vibrator replacement guides, transformer replacement guides, tube charts, and
other service data which are available
from your local distributors or supply
house. Many of these are free, while
others are sold for just afew cents.
110- While we are on the subject of collecting information—try to get all possible information on radio receivers
themselves. You will find that your
parts distributor will help you obtain
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 which predominate in your locality.
Let us turn now to certain specific
radio parts and learn more about the
problems of obtaining the proper replacement and installing it quickly.
We shall deal chiefly with transformers, condensers, resistors, and loudspeakers, as other parts—line cord resistors, tubes, batteries, etc.—are replaced most generally by exact duplicates.

Power TransFormers
There are two ways in which atransformer can fail: 1, a winding may
open; or 2, ashort circuit may develop.
The first is rare, as electrolysis seldom occurs in a sealed transformer,
and an open is seldom caused by an
overload. If an open occurs, the fact is

obvious, since one of the secondaries
will not deliver voltage. A continuity
check with an ohmmeter will lead you
to the defective winding.
Watch particularly for an open center tap. You may still have continuity
across the entire winding, so make a
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check to the center tap from each end
of the winding.
A short circuit is the usual transformer defect, and it is invariably
caused by excessive heat. If too much
current is drawn from a transformer
winding—that is, if the transformer is
overloaded—so much heat will be produced in it, that the paper insulation
between the layers of wire in the winding will char (carbonize) .Since carbon
is afairly good conductor, the winding,
or part of it, will be short-circuited.
Once an internal short has developed,
the transformer must be rebuilt or discarded. Under normal conditions, it is
not economical to rebuild, so areplacement would be installed.
CHECKING FOR AN OVERLOAD
Your nose will first discover ashort
circuit or an overload. The pungent
odor of burning enamel and paper insulation is unmistakable. Smoke may
come from the transformer, and perhaps some tar or wax sealing compound will boil out of it.
These symptoms indicate that the
transformer is overheated, but not
necessarily that it is damaged. Simple
tests will show where the trouble lies.

damaged by: /, a B supply defect; 2,
operation on the wrong power line frequency; or 3, by an internal transformer defect.
If you live in a district with 25cycle power, check the receiver label
to see if the transformer is meant for
60-cycle operation. Such atransformer
will draw too much primary current
from a 25-cycle line, and eventually
will be ruined. The only cure is to replace it with atransformer designed tc
operate on 25-cycle power.
Shorted Leads. Next, remove thE
chassis from the cabinet. Then, with
the tubes out, turn the set on and examine the bottom of the chassis for
signs of arcing between the transformer secondary leads. Push the wires
around with an insulated probe or
stick. If you see or hear an arc, the insulation probably has become frayed
on the wires. Tape or replace the leads
in order to cure this.

Also, examine the rectifier tube
socket. An arc may have occurred between aplate terminal and the chassis,
between the two plate socket terminals,
or from one of the rectifier filament
socket terminals to the chassis. Often
the arc can be seen or its charred path
101- When you find an overheated or can be observed on the bottom of the
smoking transformer, turn off the set socket.
If the rectifier has a wafer socket,
and remove all the tubes, including the
N5ivb.inI
-the set back on and.
) the arc path may be between the two
wait to see if the transformer cools off. wafers of the socket and so may be in1,/ If the transformer does cool and stop visible. If the transformer continues to
overheat, disconnect the leads going to
smoking, it has been overloaded b
probably not seriously damage
he the rectifier socket to see whether this
o
:
s
reT6i:d was probably Fels
y aB removes the overload.
Replace any socket which shows
supply defect, the effects of which were
evidence
of arcing, as the carbonized
stopped by removing the rectifier tube.
Repairing the defect will usually re- path is sure to give further trouble.
If there are no apparent shorts but
store normal operation.
II> On the other hand, if the trans- the transformer continues to overheat,
it is probably damaged.
former continues to overheat with the .
tubes out, it is being overloaded by
shorted secondary leads or by a filament circuit short, or else it has been

A Transformer Short Checker. If
you have taken the set to your shop,
you can test the transformer with the
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simple checker shown in Fig. /. This
device consists of a60-watt lamp bulb
in asocket wired in series with apower
cord and an outlet. To use it, remove
the tubes and pilot lamps from the
radio and plug the set into the outlet.
The lamp then will be in series with
the primary of the power transformer
and will indicate the amount of primary current.
Under these conditions, if the set is
normal there will be so little drain on
the power transformer that_theJai
will barely glow—ii it lights at all. If
1/ the lamp burns brightly, however, th.
__isa-slieFeraiiifeeri the him-voltage wires or in the rectifier socket, or
else the transformer itself is defective.
Examine the high-voltage wiring for
shorts, then disconnect the leads going to the rectifier tube socket to see if
the lamp glow decreases. If it does, the
socket is defective. If not, the transformer itself is defective.
Circuit Defects. Whether you have
an overheated transformer or a damaged one, be sure to clear up any overload conditions existing in the radio.
Otherwise, the transformer (or its replacement) is certain to be damaged.

To check the B supply circuit, first
test all the tubes, looking especially
for shorted elements in the rectifier and
power tubes. Then, with the set turned
off, check the resistance from the
cathode terminal of the rectifier socket
to the chassis with an ohmmeter. Be
sure to observe polarity. The positive
ohmmeter terminals must go to the
B+ side of the circuit. (When in doubt,
reverse the leads after taking a reading. Then, the polarity permitting the
higher resistance reading is the correct one.)
The receiver diagram will show what
the resistance should be. Usually, the
resistance between B+ and B— should
be only the leakage of the electrolytic
filter condensers (over 100,000 ohms).
60 WATT BULB
TO POWER
LINE

TO RADIO

FIG. I. A simple lamp device, used to check for
shorted power transformer windings.

(Some receivers have bleeder resistors
which reduce the reading to some value
between 5,000 and 25,000 ohms.) If the
110- Short circuits in the filament cir- reading is less than that which is excuits are rare, as the low voltage is not pected, look for a short. Such a short
likely to cause insulation breakdowns could overload the transformer and
and there are usually no condensers in also could be the cause of a shorted
these circuits. One possibility of a rectifier tube. The electrolytic filter
short circuit is a grounded pilot light condensers, the most likely sources of
socket in a receiver which has a trouble, should be checked first.
grounded center tap on the filament
CHOOSING THE REPLACEMENT
winding. This shorts half the filament
winding. (However, many modern reWhen you have determined.definiteceivers use the chassis as one side of ly that the transformer is defective and
the filament circuit, so the pilot light have cleared up any overload condiis deliberately grounded to complete tions, the next step is to make the rethe circuit. Don't confuse this inten- placement—preferably with an exact
tional ground with ashort circuit.)
duplicate transformer. Such a trans111.- On the other hand, the high voltages former may be obtained from the disin the B supply cause frequent break- tributor of the receiver, from the manudowns, particularly of by-pass and fil- facturer, from a wholesale mail-order
house, or from one of the làrge transter condensers.
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former manufacturers who specialize
in exact duplicate replacements. When
you order, give the following information:
/. The make of the receiver.
2. The model number of the receiver.
3. A complete list of the tubes used
in the receiver.
If your customer does not wish to
wait while you send for an exact duplicate, or if none is available, you must
choose a universal or general-purpose
replacement transformer which has
physical and electrical characteristics
similar to the original.
ELECTRICAL REQUIREMENTS
To choose a suitable universal replacement transformer, you need to
know the ratings of the windings on the
old transformer. You can usually learn
this from the service information on
the receiver, from your parts distributor, or from catalogs of transformer
manufacturers. They list receivers by
make and model number and recommend as replacements specific transformers of their line. (If you cannot
obtain the recommended transformer,.
its characteristics, given in the manufacturer's listing, at least will give yoq
the information you want.)
Check these points to see that the ,
proper transformer is obtained:
1. Primary. The transformer must
be designed for the power line voltage
and frequency. The frequency rating
is usually given in the data on the
primary winding.
The original transformer may have
had taps on the primary to adjust it
for apower line voltage range of, say,
100 to 125 volts. Most universal replacements will not have these taps; if
not, wire the replacement primary directly to the power line terminals.
2. Wattage Rating. If the proper
voltages and currents are delivered,
you need not worry about the wattage

of a transformer. Just ascertain that
each winding is properly rated for the
load it must carry.
3. Filament Windings. There will
be from one to four filament windings,
each with avoltage and current rating.
The voltage rating depends on the
types of tubes to be connected to the
winding, and the current rating depends on the total current drawn by
them.
Both the voltage and current demand
for awinding can be found by determining which tubes are connected to it,
whether they are in series or parallel,
and (from achart) what the requirements are for each tube. When tube
filaments are in parallel, the filament
winding must supply the voltage required for any one of the parallel tubes,
while the current will be the sum of all
of the current ratings of that group of
tubes. When tube filaments are in series, the voltage required is the sum of
all the voltage ratings (plus any series
resistance drops), while the current
rating will be that of asingle tube in
Of course, the current—.rating of the
winding can be any amount equal to
or above the current drawn by the
tubes—this rating just gives the maximum current the winding can deliver
ost universal replacement transformers come with center taps on some
of the filament windings. If the original transformer has no corresponding
center tap, just cut this tap off or wrap
the end with tape.
Some very old receivers used acenter tap on the rectifier tube filament
winding as the B+ connection. Generally, replacement transformers will
not have such acenter tap, but you can
make the B+ connection to either side
of the rectifier tube filament circuit.
It is perfectly all right to use atransformer having extra filament windings.
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If the speaker field is used as achoke
in the B supply circuit, allow about
100 volts as the drop across it. Add4. The High-Voltage Secondary.
ing this value to the plate voltage reThe high-voltage secondary must furquirement gives the d.c. voltage needed
nish sufficient voltage to give the propat the filter input, which is approxier B and C voltages, and must have a
mately equal to the a.c. peak voltage
current rating equal to or greater than
when a condenser input filter is used.
the amount drawn by the tubes and
Since transformers are rated in r.m.s.
any bleeders.
values, multiply this filter input voltYou'll have to be careful in figuring age by .7 to get the approximate r.m.s.
the proper voltage rating for this wind- rating necessary to give this peak
ing. If the voltage is too high, it may value. Then, add about 50 volts to this
damage the filter and by-pass condens- r.m.s. value to approximate the rectiers and introduce excessive regenera- fier and transformer secondary drops.
tion, while avoltage below normal may The total will be the r.m.s.« rating for
lower the sensitivity and output of the one-half the high-voltage winding.
receiver.
For example, if we need 250 volts for
Many universal replacement trans- the plate supply and 100 volts for the
formers are designed for average re- field, we need 350 volts d.c. The r.m.s.
ceiver conditions, and you need know voltage needed is 350 X .7, or about
only the number and types of tubes to 245 volts. Adding 50 volts to this gives
get approximately the 'right trans- arating of about 300 volts for one-half
former. For example, you can buy a the high-voltage winding, or 600 volts
transformer designed for a5- or 6-tube for the entire winding. This is a comreceiver and the rating of the high- mon rating for average size receivers.
voltage secondary usually will be close
The current requirement for the
to the requirements for the receiver.
high-voltage winding can be found by
It is better, though, to compute the adding the plate and screen grid currating from the normal operating volt- rents of all the tubes except the rectiages for the tubes used. Radios differ fier. If a bleeder resistor is used, add
somewhat in their actual applied volt- about 20 milliamperes to this value.
ages, but a tube chart will show you The total will be near the proper rating
the probable voltages used. Any set for the high-voltage winding. To be
with 71A, 6G6, or 6A4 output tubes will safe, you can choose a transformer
need plate voltages of about 180 volts. with a current rating higher than this
If the output tubes are 42, 6F6, 6V6, value if one is available.
or 6L6, the voltage may be 250 volts,
MECHANICAL REQUIREMENTS
but can be higher (depending upon
Several typical transformer mountwhether the output is class A, AB, or
B) .Certain special class B tubes take ings are shown in Fig. 2. The type
voltages up to 400 volts. Most other shown at A is mounted above the
common power tubes take 250 volts as chassis, with the leads going down
through chassis holes. The important
the plate supply.
When the output tubes are triodes, dimensions are the height (if the cabithe C bias voltage will be 40 or 50 volts net is small) and the mounting cenand should be added to the plate volt- ters. (By mounting centers we mean
age supply. You can ignore the bias re- the distance between the centers of the
quirements for pentode and beam holes through which pass the bolts
holding the transformer case to the
power tubes.

Just tape the extra leads or ignore the
terminals on the transformer.
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chassis.) This measurement may be
made with apair of calipers by spreading them until their points reach to the
centers of each pair of holes, then
checking the spread on a ruler.
The types shown in B and D mount
through a large hole so part is above
and part below the chassis. The dimensions of the cut-out area on the
chassis are important, as well as the
mounting centers. When the replacement listing does not give the "window" size needed, check the mounting
centers and core sizes. If they are simi-

leads, showing their colors and their
connections. Then, to be sure you get
the new leads on the right places, cut
the old transformer leads near the
transformer, leaving the other ends of
the leads still connected in the radio.
If the transformer is a lug type like
that in Fig. .2./), unsolder the leads at
the lugs. Some servicemen fasten
marked slips of paper to the leads to
identify them.
1> If you have an exact duplicate
transformer, the replacement will be
easy. Just unfasten the original trans-

Coortety Tbordor000
Mee. We. Co.

FIG. 2. Typical replacement power
transformers. The style shown at
A. B, and C is a universal type;
it may be mounted in many positions by moving the mounting feet
to the proper corners. The style
at D represents a"half-shell" transformer, which is mounted so that
the lugs pass through a large
chassis cut-out.

lar, then the winding dimensions will
probably be similar.
Figs. 2A and 2C are two views of
an above-chassis type with universal
mounting brackets. These can be put
on any of the transformer bolts in such
away that many mounting center distances can be accommodated.
TRANSFORMER

INSTALLATION

Don't remove the defective transformer until you've obtained the replacement. This will make it much
easier to identify the connection.
When you are ready to take out the
defective unit, make a sketch of the

former, put the new one in place, and
make the proper connections. If the
new transformer has leads, they will
be colored the same as those of the
original, and you can easily find the
proper connections from the leads you
left in the radio. Remove identifying
pieces of wire as you solder the new
leads in place.
If the replacement has lugs, the lug
positions will be the same as those of
the original, and your sketch showing
the colors of the wires connected to
each lug will aid in your making the
proper connections.
Universal Replacements. If the re7

will identify its terminals, and your
sketch of the original transformer connections will show the proper connecting points. Any extra terminals can be
ignored. Extra leads, such as unused
center tap connections or extra filament windings, can be insulated with
tape and tucked out of the way.

BLACK

BLACK a
YELLOW

IDENTIFYING LEADS
If you have no lead identification
slip for your transformer, you may be
able to identify the leads from the
standard R.M.A. color code for power
transformers shown in Fig. 3—especially if it is a universal type made
within recent years. However, there
are many variations in the color codes
used, particularly in transformers used
in earlier receivers.

BLACK

GREEN
BROWN
BLACK

BROWN 8 YELLOW
BROWN
SLATE
SLATE B. YELLOW

If the color code is not helpful, you
can identify the windings of an unmarked transformer with an ohmmeter
and asimple lamp testing device.
First, use the ohmmeter to discover
which leads show continuity to each

SLATE

FIG. 3. The RMA standard color code for power
transformer leads. Not all transformers have
their leads colored according to this code, so
watch for those having different arrangements.

placement is not an exact duplicate,
mounting and connecting it may be
more of aproblem.
First, cut off the leads near the defective transformer and make an identification sketch of the connections,
then remove the defective transformer
and set the new one in its place. If the
new transformer has universal mounting brackets, see if you can place it so
the brackets fit over the original
mounting holes. If not, you will have
to drill new holes.

TO
POWER LINE

FIG. 4.

A simple continuity tester.

other; these leads go to the same winding. Next, put a 60-watt light bulb in
series with apower cord and test leads,
as shown in Fig. 4. Separate the transformer leads so that their ends do not
touch, then touch the test leads to each
pair of wires which show continuity.
1110- A universal transformer may be en- When you put the test leads across filatirely different from the original in the ment windings, you will have a full,
color code of its leads or in its termi- bright light; across the high-voltage
nal arrangement. There should be a winding, no light; and across the prislip packed with the transformer which mary, afaint glow.
8

Once you have identified the primary, connect it to the 110-volt a.c.
line and measure the voltages developed by the secondaries. This will
identify each winding. Since you know
from the lamp test which is the highvoltage winding, you need not measure
its voltage unless you want to know
what it is.
Remember that the voltages produced by a transformer with no load

Also notice that the color code is not
the standard R.M.A. code.
Another example is given in Fig. 6.
Here, two of the filament windings
have about the same resistance, so the
ohmmeter reading only identifies them
as filament windings. If you did not
have awiring diagram to show the connections or voltages, you would have
to measure the voltages to identify
these windings.
AUTO-SET TRANSFORMERS
As the transformer, vibrator, and
buffer condenser of an auto radio are
usually designed to "work together,"
and since the transformer is usually
in a shielded compartment of limited
size, it is best to use an exact duplicate replacement. However, universal
types are available. The auto-set transformer has only one secondary, and its
voltage and current ratings are the

BLACK
AND
BROWN

BLACK
AND
BROWN

REO AND YELLOW IR
1L3LACK
YELLOW
BROWN AND
WHITE TR.

R29

FIG.5. A typical example of atransformer which
is not color-coded according to the RMA code.
Notice the special filament winding. Only an
exact duplicate transformer can be used to replace this one.

connected to it may be somewhat
higher than the rated voltages. Thus,
a 6.3-volt filament winding may produce 7to 7.5 volts with no load, while
a5-volt filament winding may produce
5.5 to 6volts.
I> When the resistance values are
given on a diagram, as in Fig. 5, you
can identify the windings with an
ohmmeter. Notice that the transformer
shown in Fig. 5has atapped filament
winding. (A check of the circuit diagram of the receiver in which it was
used shows that the tube filaments operate from the 6.3 volts produced by
the .074-ohm winding, while a special
tuning circuit indicator uses the total
voltage produced by this secondary.)

FIG. 6. Filament windings have such low resistances that an ohmmeter is not reliable as ameans
of distinguishing between these windings. Voltage measurements should be made to complete
the identification.

only ones to consider. Follow the same
rules as for the high-voltage winding
of apower line transformer. Remember
that the plate voltages range from 180
to 250 volts, and that the speaker field
is never used as a choke.
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Iron-Core Chokes and Audio Transformers
ing is exceeded. Thus, if a60-ma., 10henry choke is used in a 100-ma. cirA properly moisture-proofed filter
cuit, the inductance may drop to 2 or
choke will rarely open or otherwise be3henrys, and the choke may overheat.
come defective unless subjected to a
You must use areplacement with acursevere overload, such as one caused by
rent rating equal to or somewhat higher
shorted or leaky filter or by-pass conthan the actual current flow in the cirdensers.
cuit to obtain a proper inductance
If possible, order an exact duplicate
value.
for ease in mounting. Simply ask for
You can compute the current roughafilter choke for the make and model
ly by adding the normal cathode curnumber of the receiver on which you
rents of all tubes (get these from atube
are working. If you cannot get an exact
chart) with the exception of the rectiduplicate, order one with about the
fier. Add on 20 ma. if ableeder system
same physical dimensions and mountis used. Receivers using apower transing centers. If the original choke was
former and about six tubes will require
shielded the replacement should also
a60- or 70-ma. choke. Larger receivers
be shielded.
will need a choke rated at 100 ma. or
The resistance of apower supply filmore.
ter choke is not important unless it is
In general, satisfactory chokes for
in the negative side of the circuit and
a.c.-d.c. sets are obtained just by askthe voltage drop across it is used for
ing for achoke to use in an a.c.-d.c. set.
FILTER CHOKES

AUDIO CHOKES
High-inductance chokes are sometimes found in impedance-coupled a.f.
amplifiers and in stages where a coupling transformer or load device is isolated as in Fig. 7. These chokes must
have high inductance to pass on low
audio frequencies and, like other
chokes, the amount of inductance will
FIG. 7. A high-inductance choke, used as a
depend on the d.c. current flow.
plate load.
If an exact duplicate is not available,
biasing. In this latter case, the resist- use àchoke intended to operate in the
ance of the replacement should be ap- plate circuit of the particular tube used
proximately the same as that of the in the stage, or choose one which has
original part (which you may find on acurrent rating above the normal d.c.
value of that tube.
the wiring diagram).
The higher the inductance of your
Since high-capacity electrolytic condensers are now used universally in fil- choke, the better the low-frequency
ter systems, an inductance of 10 henrys response will be. However, remember
(or more) is satisfactory. Remember, that a high inductance means many
however, that the choke inductance is turns, and the distributed capacity may
figured for a particular d.c. current, reduce high-frequency response.
If the original choke was shielded,
and will be lowered if the current rat10

the replacement should be also
minimize hum pick-up).

(to

INTERSTAGE AUDIO
TRANSFORMER REPLACEMENTS
An interstage a.f. transformer is one
which is used to couple two audio
stages together. The windings may
open, short, or become noisy. In such
cases it is best to use an exact duplicate, for then the response of the receiver will be unchanged and mounting difficulties will be eliminated. When
ordering, state the make and model
number of the receiver and the position
of the transformer in the circuit (first
a.f. or second a.f. transformer).
If a duplicate is not available, use
an a.f. transformer with a step-up
PLATE

GRID (OR
HIGH SIDE OF
MOVING COIL)

13+

RETURN (OR
LOW SIDE OF
MOVING COIL)

PLATE

BLUE
OR
BROWN

GREEN
OR
YELLOW

GRID

FIG. 8. The RMA color code for audio transformer leads. The shaded upper half is the code
for an interstage transformer.

turns ratio of 3:1. The receiver tone
quality and hum level may be affected
by the change in transformer characteristics, but may even be improved if
you use a good quality replacement.
As apractical hint—don't deliberately
try to change the tone quality unless
the receiver owner indicates a desire
for a change. He may like the tone
quality and be dissatisfied with any
change, no matter how much better it
may sound to you.
To replace the defective transformer, first cut its leads close to the case
(leaving the other ends of the leads
connected in the chassis for identification), then remove it. The trans-

former may be held to the chassis by
screws, bolts, or rivets, or by turnedover ears which project through holes
in the chassis. Cut off rivet heads with
side-cutting pliers, or drill out the
rivets. Straighten turned-over ears
with aheavy screwdriver.
Next, solder the leads from the new
transformer into their proper places,
removing each old lead when it has
served its purpose as an identifier. The
standard color code for a.f. transformers is shown in Fig. 8. Be sure that you
follow any instructions accompanying
the replacement.
Turn on the set and listen for excessive hum. Should the hum be abnormally high, see if you can rotate the
new transformer to a position where
the hum disappears or is at aminimum.
If you find such a position, bolt the
transformer to the chassis there—if
not, bolt it in the most convenient location.
Bear in mind that hum might be
caused by other defects—isolate the
hum to the new transformer, as described elsewhere in the Course, before you consider special mounting
angles or positions.
Emergency Repairs. If a replacement is not readily available for an
a.f. transformer with an open winding, you can make atemporary repair
by changing to impedance coupling.
Shunt the open winding with aresistor
and connect a coupling condenser between the plate and grid leads of the
transformer. Fig. 9shows this arrangement for a transformer with an open
primary. The resistor used across an
open primary should have a value of
from 50,000 ohms to 100,000 ohms,
while a 250,000- to 500,000-ohm resistor can be used to shunt an open
secondary. A condenser of from .01 to
.05 mfd., rated at 600 volts, will be a
satisfactory coupling condenser.
This is usually a temporary repair,
11

to be used only while you are waiting
for a replacement transformer. It will
change the tone quality, and it may
decrease the volume so much that the
set will be unsatisfactory. Be careful
to cut the leads going to the defective
section (a and b for the primary, or c
and d for the secondary in Fig. 9) to
prevent it from "coming alive" and
FIG. 9. How to change to resistance-capacitance
causing noise.
coupling when there is an open transformer windIf the transformer is noisy, cut both
the primary and secondary out of the
circuit and use resistors in place of both very low secondary resistance, usually
windings. This, with the coupling con-1 between 100 and 300 ohms. On the
denser, gives ordinary resistance-cal—cther-handrecansformer
pacitance coupling.
may have a secondary resistance of
from 1500 to 3000 ohms.
REPLACING INPUT
II> Any high-grade input push-pull
PUSH-PULL TRANSFORMERS
transformer which fits the space available will make asatisfactory replaceInput push-pull transformers have
ment in a class A output stage. These
the same troubles as interstage types
transformers usually have ratings of
—shorts, opens, and noise. If an exact
3to 1.
duplicate is not available, you must
On the other hand, aduplicate input
first determine the class of operation
transformer is necessary for a class
of the output stage. Sometimes, lookAB or B stage. These transformers are
ing up the output tubes in atube chart
designed to work from a particular
will tell you this. Several tubes—type
driver tube into the grid circuit of par46's, for example—are used only in
ticular class AB or B stages.
class B amplifiers.
If the output tubes are triodes and 110- Hum pickup caused by the transare not class B types, you are usually former's being too near the power
transformer, speaker field, or filter
safe in assuming that the stage is a
choke may make it necessary occaclass A amplifier. However, if the outsionally to change the position of the
put tubes are pentodes or beam-power
replacement.
tubes, such as types 42, 6F6, 6V6, or
6L6, they may be operated as class A, I> Temporary repairs can be made if
the primary of an input push-pull
class AB, or class B.
You can sometimes tell the type of transformer opens. Simply shunt the
operation from the operating voltages. open primary with a .5-watt resistor
Sometimes, also, class B stages are of between 50,000 and 100,000 ohms,
driven by apower tube. For example, and connect a .01- to .05-mfd., 600a pair of 42 tubes operated from a volt condenser from the plate lead of
single 42 tube acting as the driver the transformer to either (not to each)
of the grid leads. The secondary will
would probably mean class B operathen
act as an auto-transformer and
tion.
will
deliver
equal signal voltages, 180°
If the secondary winding is not open,
out
of
phase,
to each push-pull grid.
you can tell the transformer class by

checking the secondary resistance. A
class B input transformer will have
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Phase Inverters. If your customer
is interested in improved tone quality

(at additional expense) and the output
stage is class A, you may suggest using
a phase inverter stage in place of the
original input push-pull transformer.
The before-and-after circuits for
making this conversion are shown in
Figs. 10A and 10B. Since the phase inverter is self-balancing, no adjustments
should be necessary. The phase inverter tube (a dual triode in a single
envelope) must operate at the same
filament potential as the original tube
VTi.
OUTPUT TRANSFORMERS
The primaries of output transformers frequently burn out. While an exact duplicate replacement is preferable, universal output transformers
will give very good results in ordinary
class A output stages. These transformers are equipped with tapped primaries and secondaries, which make it
possible to match either single or pushpull output tubes to any of the common voice coil impedances.
While complete instructions are
packed with each transformer, the general procedure is to connect the primary first. For push-pull operation,
the two outside leads go to the plates
and the center tap to B+. For asingle
output tube, follow the instructions. In
some cases, the center tap is not used,
and one of the outside primary leads
goes to B+ and the other to the plate
of the tube. In other cases, half of the
primary is used.
Then, solder the correct secondary
leads to the points from which the
original secondary leads were removed.
If you know the voice coil impedance,
the instructions will tell you which two
of the secondary leads can be used. If
you don't, you can calculate the voice
coil impedance roughly by measuring
its d.c. resistance with a low-range
ohmmeter. The impedance will be
about 1.5 times the d.c. resistance.
Modern speakers usually have voice

FIG. 10. Substituting phase inversion for an input push-pull transformer.

coil impedances of 6 to 8 ohms, but
others range from 2to 15 ohms.
A slight mismatch is unimportant.
However, a large mismatch will decrease the volume to some extent and
will cause a noticeable change in response (the high notes will be either
too weak or too strong). If the reproduction does not sound normal (with
the receiver in its cabinet), try different taps, listening for best response.
If the set has pentode or beam-power
output tubes, don't disconnect the secondary leads while the set is turned on.
Removing the load this way can damage the output tube.
Of course, turning off the set each
time you try another secondary tap
makes it hard to compare results, since
by the time you've connected a tap,
you'll probably have forgotten how the
set sounded when the previous tap was
used. To avoid this difficulty, some
servicemen use a test output transformer and "shorting" switch combinations like that shown in Fig. 11. This
switch will not break contact with one
point before making contact with another, so there will always be aload on
the transformer. Clips are used to connect to the output tubes and to the
18

Bi

UNIVERSAL
OUTPUT
TRANSFORMER,

FIG.
I. An arrangement for determining the
proper impedance-matching taps on a universal
transformer.

voice coil. The lead A also has aclip,
and is fastened to one of the transformer terminals. The switch then can
be rotated to various taps and responses can be compared rapidly. If
optimum results are not obtained, lead
"A" can be clipped to another terminal and anew combination tried. Thus,
starting on 1, we can compare the outputs using terminals 1-2, 1-3, 1-4, 1-5,
etc. Then, with A on 2, we can compare
the outputs of 2-3, 2-4, 2-5, etc. (The
set should be turned off while A is being
moved, and the switch should not be
set on the same terminal as A, to avoid
removing the load.) The impedance of
the taps which give the best output can
be found on the chart furnished with
the transformer. Now, knowing the

proper impedance to use, you can install atransformer having this rating,
or can find the proper terminals to use
on another universal transformer.
I> A universal transformer should not
be used in high-fidelity receivers, p.a.
systems, high-power circuits (here the
types of output tubes are aclue), or if
class B operation is used. For such circuits, order areplacement (if you can't
get a duplicate) by stating the type
numbers of the output tubes, the model
number and make of the loudspeaker,
and its d.c. voice coil resistance.
Pe' In some receivers, the secondary of
the output transformer is tapped to
provide inverse feedback. Use an exact
duplicate here if possible. Should howling occur when aduplicate is installed,
the feedback is causing regeneration
rather than degeneration; reverse the
connections to the primary of the output transformer. This will reverse the
phase of the voltage across the secondary.
If such a transformer must be replaced by auniversal transformer, disconnect both ends of the lead which
ran to the tap on the old transformer.
If the lead is left connected in the circuit, even though it is not connected
to the new transformer; it may provide
afeedback path and so cause instability and howling.

R. F. and I. F. Transformers
I.F. windings require more frequent
replacement than r.f. coils, but their
replacement is usually simpler. Both
have opens, noise, and lowered Q as
their troubles. Short circuits are not so
common, but do occur in multi-layer
windings. Let's run through the problems for both transformer types.
R.F. TRANSFORMERS
In any receiver, the r.f. (tuning)
14

coils must have equal inductance and
distributed capacity values so that they
will track when they are used with
identical ganged condensers. This
means the tuned secondaries must be
held to close tolerance values, so most
servicemen use exact duplicate replacement coils when anything is wrong with
the tuning winding.
If a duplicate is not available, you
can: 1, have one wound by acoil manu-

facturing company (your supply house
will forward your order to one if you
do not wish to order direct) ;2, get a
universal coil with an adjustable inductance; or 3, replace all the r.f. coils
with amatched set. Let's consider these
steps in order.
Case 1. In ordering coils, give the
following information:
/. Name and model of radio.
2. Number of chassis and any chassis identification such as aseries
or code number.
3. Name of coil or of circuit in
which it is used (antenna, 1st or
2nd r.f.).
This is usually enough information
if the receiver is a popular brand, as
coil winding firms know the specifications on these coils and can wind aduZe
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FIG. 12. A universal r.f. transformer,

plicate. However, if the coil is removed
from an "orphan" or unidentified chassis, send a schematic diagram of the
section of the circuit in which it was
used. If requested, send in the defective coil as a sample. (When ordering
from a distance, it is a good idea to

send the defective coil in as a model,
whether requested or not.) If any lugs,
leads, or mounting brackets are missing, make anote of their locations. If
ashield is used, give its dimensions.
If the coil is one of an identical series of coils, such as are found in at.r.f.
set, a good coil can be sent in as a
sample, but be sure to request that it
be returned to you.
Case 2. The inductance of a universal coil can be varied over a wide
range by an adjusting screw, so if its
distributed capacity is not too far off,
auniversal coil can be made to track
reasonably well. Fig. 12 shows a cutaway view of such a coil.
It's easy to adjust a universal antenna or r.f. coil in at.r.f. receiver. Use
acondenser of about 200 mmfd. (.0002
mfd.) as a dummy antenna; connect
it between the hot side of asignal generator and the antenna connection of
the receiver. Connect an output meter
to the receiver, tune the signal generator and the receiver to 600 kc., and
rotate the adjusting screw of the coil
until you obtain maxinium output.
Next, tune the receiver and signal generator to 1400 kc. and align the circuits by adjusting the trimmers on the
gang for maximum output. This may
throw the adjustment at 600 kc. off
somewhat, so retune the signal generator and receiver to this frequency and
reset the screw for maximum output.
Continued adjustment of the 600-kc.
and 1400-kc. adjustments usually will
give reasonable tracking over the band.
However, if the responses are very tmequal, or adjusting one throws the other
completely off, the distributed capacity
of the universal coil winding is widely
different from that of the other coils;
you should then use an exact duplicate coil or amatched set of coils.
I> A slightly different procedure must
be followed when you replace an antenna or r.f. coil on asuperheterodyne,
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since the 600-kc. and 1400-kc, receiver
dial settings depend upon the receiver
oscillator, rather than upon the coil being replaced. First install the new coil,
then adjust the oscillator high-frequency trimmer and the low-frequency
padder, if one is used, so that the receiver tracks its dial. Next, adjust the
new coil inductance at 600 kc. and its
trimmer at 1400 kc. for maximum output. Repeat the low- and high-frequency adjustments for the new coil
just as for a t.r.f. set. Do not adjust
any of the other trimmers on the gang
at this time—only the one for the new
coil. Complete realignment can be
made after the inductance of the replacement coil is satisfactory.
Case 3. When you have an a.c.d.c. t.r.f. set using asingle stage of r.f.,
in which either the antenna or r.f. coil
is defective, simply order a matched
antenna coil and an r.f. coil. Specify
that they are to be used in an a.c.-d.c.
midget. Get shielded coils if the originals were shielded. In most cases
shields are not used, the antenna coil
being mounted above the chassis and
the r.f. coil under the chassis. The instructions which come with the coils
will facilitate their installation, but of
course you should identify each lead
on the old coils before unsoldering
them. Fig. 13 shows atypical pair of
replacement coils.
Defective Primaries. The foregoing procedures are necessary if the secondary or tuned winding is defective.
However, the secondaries seldom fail;
it is the primaries, which carry appreciable amounts of plate current, that
usually open up. The primaries of antenna coils (these are also called r.f.
coils) are sometimes burned to acrisp
by lightning or by a customer's carelessly plugging the aerial and ground
leads into a lower line outlet rather
than an antenna outlet.
Most servicemen replace the entire

coil if the primary is defective, particularly when a replacement is easy
to obtain. However, the inductance of
the primary is not critical, so it is possible to use a replacement primary
winding which can be slipped on the
coil form and wired in the circuit to
replace the original.
Since r.f. coils vary in physical size
you should have an assortment of these
windings on hand if you intend to use
them. Both low- and high-impedance
types are available, but most modern
radios use the high-impedance types.
The replacement primary is slipped
over the secondary as shown in Fig.14.
Be sure to follow the manufacturer's
instructions carefully, for the position
and direction of the winding are important. If it is necessary to disconnect the transformer to get the primary on, be sure to make aconnection
sketch.
OSCILLATOR COILS
An open primary is the usual defect
of an oscillator coil. It is best to install an exact duplicate rather than a

FIG. 13. A cut-away view of a set of shielded,
matched r.f. transformers. These are also available unshielded.

new primary, because the primary controls the amount of feedback.
If necessary, the coil can be repaired
by one of the firms specializing in this
business. If you send a coil off to be
repaired, include aschematic diagram
of the circuit in which it is used, give
the make and model number of the receiver, the intermediate frequency, the
type number of the oscillator tube, and
state if the oscillator section of the con16

denser gang has specially shaped
plates.
Be certain that you draw and keep
a diagram of the exact connections to
the coil lugs—so you'll have no trouble
in making the new installation.
Universal oscillator coils are available, but their installation and adjustment is quite a problem, particularly
if the padder adjustment has been disturbed. If you get a universal coil, be
sure to follow the detailed instructions
furnished by its manufacturer.
Multi-Band Coils. When the receiver has several wave bands and uses
atapped coil or multiple windings on
the same form, either an exact duplicate or a rewinding job is necessary.
Matched sets of coils with taps for the
police band are available for a.c.-d.c.
receivers, but these are almost the only
exceptions.
I.F. TRANSFORMERS
The i.f. transformer assembly includes the coils and their tuning condensers. Occasionally the trimmers will
short or become leaky, or a high-resistance joint will develop. Generally,
though, the trouble is an open coil,
which you can repair by installing
either a replacement coil or a complete transformer assembly. If a new
transformer is available, use it in preference to new windings, since far less
time will be spent in making the replacement.
Any large coil manufacturer can
furnish either duplicate or satisfactory
universal replacements. Sometimes,
mounting holes for the new shield will
have to be drilled in the chassis. When
you order a replacement transformer,
state the make and model number of
the receiver, the i.f., and the position
occupied by the transformer in the circuit. For example, if two i.f. transformers are used they are spoken of as the
first (or input) i.f. transformer and as
17

FIG. 14. How areplacement primary winding is
installed.

the second (or output) i.f. transformer. If three i.f. transformers are used,
the first is called the input i.f. transformer, the second is called the interstage i.f. transformer, and the third is
called the output i.f. transformer. It is
very important to get transformers
which are designed to work with the
number of i.f. stages used. Transformers designed for asingle i.f. stage have
very high gain, and if they are placed
in aset using two stages of i.f. amplification, the amplifier will be unstable
and may oscillate.
Try to get a replacement with the
same physical dimensions—give the
size of the transformer shield and the
mounting centers.
The leads on the replacement transformer may have adifferent color code
than the original transformer leads
had. Replacement i.f. transformers use
the color code shown in Fig. 15 unless
otherwise specified.
The blue (plate) lead and the green
(diode or control grid) lead should be
kept as far as possible from each other,
and away from other grid and plate
leads. The position of the original leads
is usually a reasonable guide, but if
the new transformer has ahigher gain
than the original, it may be necessary
to separate the leads more to prevent
oscillation.
In general, the blue and green leads
should be as short as possible. The

BL.UE
[PLATE

the replacements. This will give average satisfactory results.
An exact adjustment can be made by
getting aresponse curve for the transformer with a c.r.o. and a frequencymodulated (wobbulated) oscillator in
the manner you learned earlier in your
Course. If the coils are somewhat overcoupled the curve will be flat; if they
are very much overcoupled it will be
double-humped. If the coils are undercoupled the curve will be "low." Overcoupling causes poor selectivity; undercoupling results in poor sensitivity.
You should adjust the spacing of an
ordinary i.f. transformer so that the
response curve just starts to flatten at
resonance. An adjustable band-expanding transformer should have no
flattening of the response curve in the
sharp or selective position, but in the
broad or "fidelity" position the curve
should have aflat top or even adouble-

GRID .
(OR DIODE
LEAD)

BLACK
•(PRESENT
ONLY IN
FULL-WAVE
DIODE TYPE)

BLACK.
GRID RETURN
THIS LEAD IS GREEN-BLACK
IN FULL-WAVE DIODE TYPE

FIG. 15.

RMA color code for i.f. transformer
leads.

length and routing of the red (B+)
lead is ordinarily unimportant. The
length and route of the black lead is
important only in output transformers;
in them, this lead carries i.f. to the
diode load and is quite "hot," so should
be kept short.
I> If you can't get a replacement i.f.
transformer which will fit on the chassis, install replacement coils—preferably exact duplicates. Again, your order must identify the receiver by make
and model number and also identify
the i.f. transformer. If an exact duplicate is not available, order a replacement designed to operate at the intermediate frequency of the receiver and
equal or close to the original in physical dimensions. Typical replacements
are shown in Fig. 16.
100- The spacing between the primary
and secondary coils is important, but
is usually factory-adjusted. Should you
get aset of coils with adjustable spacing, however, measure the distance between the original coils before removing them, and use the same spacing on

FIG. 16. Typical replacement i.f. windings.

hump. High -fidelity transformers
(which are usually factory-adjusted)
will be overcoupled and should have a
broad flat-top or double-hump characteristic.
Once you've found the right spacing,
cement the coils in place with coil dope.
Some i.f. transformers have three
windings, for band-pass operation. Use
a duplicate instead of a universal replacement for these.
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Replacing Condensers
You may have to replace all kinds
of condensers—even tuning condenser
gangs. However, you will usually carry
only an assortment of paper and electrolytic types, and perhaps afew fixed
mica condensers in stock. Let's take up
condenser replacements according to
type.

volt to 1000-volt rating.
Sometimes one end of a tubular
paper condenser will have ablack ring
on it and be marked "outside foil" or
"ground." The foil connected to the
lead at this end of the condenser is the
final outside layer and surrounds the
rest of the condenser. If a condenser
goes either directly or through a lowimpedance path to ground, this ground
connection should be made to the outside foil end of the condenser—the outside foil then acts as agrounded shield
and prevents undesirable coupling between the condenser and other circuits.
In most well-designed receivers, however, it won't make any difference
which end of a paper condenser is
grounded. If the condenser is used for
coupling (neither end grounded), ig
nore the outside foil marking.

PAPER CONDENSERS
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 condenser label, but an exact duplicate replacement is seldom needed for
a defective paper condenser. A wide
variation in capacity is usually permissible.
If you don't know the original capacity, use .01 mfd. to .1 mfd. for r.f.
and i.f. by-passing, .25 mfd. to 1mfd.
for a.f. by-passing, .00025 mfd. for grid
leak detectors, .002 mfd. to .05 mfd. for
a.f. coupling condensers, and .001 mfd.
to .05 mfd. for buffer condensers. This
gives a clue to the sizes you should
stock. A few each of the .01, .05, .1, .25,
and .5-mfd. sizes will be adequate for
practically all by-pass and audio coupling purposes.
A more important factor is the condenser working voltage rating, which
should always be greater than the voltage across the terminals to which the
condenser is connected. Many servicemen never use apaper condenser with
less than a600-volt rating (space permitting) even if the condenser is to be
used in a low-voltage circuit. It costs
only afew cents more and is excellent
insurance against a call back. Buffer
condensers in vibrator power supplies
should be rated at 1600 volts or more.
Filter condensers of the paper type
(very rare today) should have a 600-

ELECTROLYTIC CONDENSERS
Electrolytic condensers often prove
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. A replacement should not be much below
the capacity of the original, but can be
much higher. For example, a 10-mfd.
output filter condenser should not be
replaced by one smaller than 8 mfd.,
but a much larger condenser can be
used and will give better filtering.
However, do not replace an input filter '
condenser with one of more than twice
the capacity of the original, for the
peak current through the rectifier tube
may increase to the point where the
tube will be damaged. This is particularly true of a.c.-d.c. sets.
In replacing electrolytic by-pass condensers, never use a capacity lower
than the original; a larger capacity
will give better results. In replacing
19
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condensers used across the filament
strings of three-way receivers, stick to
the original capacity if possible.

the bleeder, however, to be certain it
does not lower operating voltages too
much.

. Here is a good rule to remember
about working voltage. The working
voltage of the replacement must be 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
d.c. voltmeter. When the set is first
turned on, the voltage may be considerably higher than when the tubes
start drawing current. It is this initial
high voltage that the condenser must
withstand. A working voltage of 150
volts is standard for filter condensers
in a.c.-d.c. sets (voltage doublers use
250 volts), while 450 volts is standard
for a.c. receivers. C bias by-pass condensers are usually rated at 25 or 50
volts.

The type of can or container used
for electrolytic condensers has nothing to do with replacements. For example, a condenser in an aluminum
can may be replaced by atubular paper
type electrolytic with similar ratings.

Dry electrolytics usually—but not
always—can be substituted for wet
electrolytics. Remember the fundamental difference between the two. The
dielectric of wet electrolytics can be
broken down by an overload, but when
the overload is reduced the dielectric
film will reform. If dry electrolytics are
overloaded for any length of time, their
dielectric film breaks down permanent/y and the condenser must be discarded. In some sets using wet electrolytics, the initial starting surge
breaks down the dielectric film each
time the set is turned on. If you want
to substitute drys, be sure to check this
starting voltage. If it exceeds the working voltage of the condensers, either
install wet electrolytics, or try a 50,000-ohm, 5- or 10-watt bleeder resistor
across the output filter condenser. The
resistor will draw current as soon as
the rectifier tube starts passing current
and usually will reduce the starting
voltage to asafe level. Be sure to measure the voltage again after installing
20

If there are anumber of condensers
in acase and only one is bad, you can
connect a single-section replacement
unit outside the case in the place of
the defective section. However, it is
best to replace them all, since the
others will not last as long as the new
one. Not only must the replacement
contain the correct number of con-

FIG. 17. Two styles of filter condenser blocks.
These are NOT interchangeable, so be sure you
get the proper replacement.

densers, but also their .leads must be
arranged so that they can be properly
wired into the circuit. As an examplp >______
B .Each condenser block contains the same condensers and each has -three leads. Yet
the blocks could not be interchanged—
the block in Fig. 17A has a common
negative lead for both condensers,
while the block in Fig. 17B has acommon positive lead for both condensers.
If any of the leads in ablock are common to two or more condensers, say so
when you order a replacement. Two
separate condensers, or two condensers
in a block with separate positive and
negative leads, could be used to replace
he condensers in Figs. 17A and B.

MICA CONDENSERS

RMA COLOR CODE FOR MICA CONDENSERS

Mica condensers rarely go bad; when
one does, it is best to use a replacement of the same capacity. 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. 18). Remember, private color
codes are sometimes used, so if you
come out to some unreasonable capacity value, the marking is probably not
the standard code.

H
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lt (SIXD)
F
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COLOR

COLOR

COLOR

A Is first figure of
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COLOR
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F is working voltage.
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In modern receivers the tuning condenser gang seldom becomes so defective it cannot be repaired. Even badly FIG. 18. The RMA colar code for mica condenbent plates usually can be straightened
sers.
with a thin putty knife. However, if
they are beyond repair, the shaft is
The plates of older condensers were
bent, or the bearings are damaged, a often set in white metal castings. This
new gang—an exact duplicate—should metal may warp, throwing the conbe installed. Unless you order from the denser out of line and causing the rotor
set manufacturer, remove the old gang and stator plates to scrape against each
and send it with your order to make other. Don't try to bend the plates, uncertain you get the correct replace- less no replacement is available, as the
ment. Be sure to give the make and
casting will continue to warp and the
model number of the receiver.
trouble will reappear in a short time.

Replacing Resistors
Resistors fall into several classifications: fixed, semi-variable, and variable types. They may have carbon, 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 as the reason for ametallized or carbon fixed resistor's going
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bad, particularly if the resistor has a
burned or charred appearance. (Wirewound 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 condenser or

RPM COLOR CODE FOR RESISTORS
BACKGROUND COLOR

n.

METHOD /
COLOR BANDS A,EI, AND C GIVE VALUE.
GOLD OR SILVER BAND D, USUALLY
OMITTED, INDICATES TOLERANCE.
BLACK BACKGROUND — UNINSULATED.
TAN BACKGROUND—INSULATED.
Color
BLACK
BROWN
RED..
ORANGE
YELLOW
GREEN
BLUE
VIOLET
GRAY
WHITE

Figure

2
3
A
5
6
7

e

9

METHOD 1/
BODY COLOR (A), END COLOR (B), AND DOT
OR BAND COLOR (C) GIVE VALUE.
GOLD OR SILVER BAND D, USUALLY
OMITTED, INDICATES TOLERANCE.

COLOR A

GIVES FIRST FIGURE OF RESISTOR VALUE.

ceouni e GIVES
COLOR

C

SECOND

FIGURE

OF RESISTOR VALUE.

GIVES NUMBER OF CIPHERS FOLLOWING
FIGURES.

THE

FIRST

TWO

COLOR 0: GOLD BAND INDICATES
5% TOLERANCE.
SILVER BAND INDICATES A 10% TOLERANCE.
NO BAND INDICATES STANDARD ± 20% TOLERANCE,

FIG. 19. The RMA color code for resistors.

some other short burned out the resistor. If the resistor is not changed in
appearance and no short can be found,
the element is probably cracked.
After you've repaired the short (or
made sure there is none) ,
determine the
proper size for the replacement.
Resistance values are not critical
and avariation of 20% is of little importance. You can find the value of
the original resistor from the schematic
diagram, or from the color code markings (if it follows the standard code).
The color code for resistors is shown
in Fig. 19.
The circuit in Fig. 20 shows some
typical resistor value ranges. If you
can't determine the resistance of the
burned-out resistor, install one that is
shown by this figure to be appropriate
for the circuit involved. If the set
works satisfactorily and the voltages
seem to be normal, leave the resistor
in—otherwise, experiment with different values until you get the results you
want.
Always- use a replacement resistor
with awattage rating equal to or higher than that of the original—never
lower. Otherwise, the replacement will
burn out. You can use the physical size
of the resistor as a guide if the re22

placement is the same type (carbon,
metallized, or wire-wound) as the original. The replacement should be the
same physical size, or larger.
If carbon resistors used as bleeders
or voltage dividers are defective, replace them with 10- or 20-watt wirewound types.
When sections of a candohm unit
fail, it is generally best to replace the
entire unit with aduplicate or with individual wire-wound units. Don't use
the lugs on the candohm as anchor
points for individual resistors, because
the defective unit may "come alive."
Your stock of resistors should include akit of carbon or metallized resistors in the 1/
2-, 1-, and 2-watt sizes.
You will usually find that values of
200, 300, 1000, 5000, 25,000, 50,000,
100,000, 250,000, and 500,000 ohms are
used most. Then, you can add akit of
wire-wound 10- .and 20-watt types.
The most used sizes of these depend on
the kinds of radios you service most,
and they can be learned best from experience.
I> Most wire-wound voltage dividers
have fixed, predetermined values. If a
duplicate divider cannot be obtained
and the section values cannot be determined from the service data, instal)

a25,000- to 50,000-ohm, 50-watt semivariable unit and adjust it to give the
proper voltages. Then, measure the
sections and use fixed resistors as replacements for them.
111.- Some of the new molded resistors
look like the small mica condensers.
These resistors are ordinarily black,
marked with three colored dots. Read
these dots in the same order as you
would those on athree-dot condenser;
they then have the same meaning as
the body, end, and dot colors respectively, on regular carbon resistors.
There are also condensers shaped
like resistors. The condenser values are
indicated by bands of color. Two
groups of bands may be used, with the
bands in each group being the same
width, and the groups of bands being
different in width. The bands of greater

width indicate the significant figures
of the capacity, while the bands of
smaller size indicate the number of
ciphers, the tolerance, and the voltage
rating respectively.
VARIABLE RESISTORS
Volume and tone controls are the
most important variable resistors. Exact duplicate controls are available
and are the simplest to install. Some
special dual control units can be replaced only by exact duplicates. However, a kit of universal sizes will permit replacement of most controls;
sooner or later you will probably stock
such akit.
The physical size of avolume or tone
control will not matter as long as.it is
not too large for the space provided.
However, there are several types of

B+

FIG. 20. This circuit shows the locations of most of the resistors used in modern radio receivers. (The
diagram is incomplete otherwise.) Here are typical values used:
—a.v.c. decoupler-50,000 to 250,000(0 (100,000 most common)
—1st dei. bias resistor-200 to 300w
R3 —osc. grid resistor-50,000w for a.c., 100,000-200,000w for battery tubes
R4 —osc. plate resistor-20,000w
R5 —screen dropping res.-50,000w if no bleeder
Rg —a.v.c. decoupler-500,000w to 2 megs. (1 meg. most common)
R7 —i.f. bias-200-600w (usually 300 0 )
R8 —i.f. plate decoupler-1,000 to 10,000w (usually 2000 or 5000w)
R9 —i.f. filter-50,000w
Rio—diode load-50,000 to 500,000w (100,000w most common)
a.f. grid-500,000 if biased; 10 to 20 megs. if convection biased
12 12—R-C plate res.-50,000 to 250,000 (100,000 most common)
R13—plate decoupler-5000 to 50,000 (10,000 or 20,000 most common)
R14—R-C grid res.-100,000 to 500,000 (250,000 most Common)
Ris—power tube bias—I50 to 600(0 (depends on tube, and whether bias is for single or push-pull
tubes)
R1
R2
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placed the same as volume controls.
shafts, and if the wrong one is used the
Again, aguide book will prove helpful.
knob may not fit. Most shafts which
are not exact duplicates are consider- I> Before removing an old control, alably longer than necessary and must ways draw a connection diagram so
be cut to the right length with ahackyou'll have no trouble wiring up the
saw.
new control. When the old control is
The original control may have been
removed, measure the distance from
equipped with an ON-OFF switch. If
the end of the shaft to the threads on
the bushing. If necessary, cut the new
so, a switch can be attached to the
control shaft to the same length with
back of auniversal control by following the manufacturer's instructions.
a hacksaw. Hold the end of the shaft
Consult a control guide book if the in a vise while cutting it.
original switch is a special type, such
When one terminal of acontrol must
as may be found in battery sets; you
be connected to the set chassis, you will
may have to use a duplicate control.
sometimes find that the connection was
made internally in the original control.
The electrical size of avolume control depends on the circuit in which it An exact duplicate replacement will
is used. Some representative circuits
have a similar connection, but a uniare shown in Fig. 21. (Volume control
versal replacement will not. In this last
guides show many more.) These guides case, you have to run awire from the
will also prove helpful if you can't deproper terminal lug to the chassis, in
termine resistance values from the
addition to making the other connecschematiciginal-eone, tions.
trol. Actually, the resistance value is •
seldom critical.
Of the three types of connections
commonly used today, the combination antenna-C bias control (Fig. 21A)
may have any value between 10,000
and 25,000 ohms; the a.f. grid control
(Fig. 21C) may be between 250,000
ohms and 2 megohms; and the diode
load type (Fig. 21E) may be from 50,000 to 250,000 ohms.
More important than the resistance
value is the control taper—the manner
in which the resistance varies with the
shaft rotation. You don't have to worry
about this, however; just name or
sketch the circuit in which the control
is used and your supplier can furnish
the proper replacement. (Your kit of
universal types will have aguide book
showing the proper types.)
Some controls have taps for automatic bass compensation circuits. Be
sure the replacement has similar taps.
FIG. 21.

Tone controls are ordered and re24

Typical volume control connections.

Replacing Loudspeakers
Speaker repairs generally are made
by the manufacturer or by firms specializing in this service, although occasionally you may find it profitable to
replace a cone-voice coil assembly or
a field coil yourself. Very often, particularly in small sets, the cheapest
course is to buy a new speaker. Let's
see just how you should go about ordering new parts, repairs, or new
speakers, and how you should install
replacements.

pedance of the voice coil when you order a replacement from a cone manufacturer. Be sure to state whether the
diameter is that of the cone opening
or that of the speaker frame rim. You
should specify also the depth of the
cone housing from the front pole piece
to the front edge of the housing. It is
advisable to make a drawing showing
just what measurements you are giving, to help the manufacturer determine the right size for the cone.

Replacement Cones. If you are going to have acone replaced by the èet
manufacturer or by afirm specializing
in this service, send in the entire speaker. It will come back with the proper
cone installed.
If you decide to replace the cone
yourself and can get the old cone out
of the speaker intact, send it to the set
manufacturer or to afirm manufacturing cones and request a duplicate. Include the make and model number of
the receiver with your order.
If the old cone is completely torn
up or missing, or if you are servicing
some private brand or orphan* receiver, you can send the speaker to a
cone manufacturer and have an acceptable cone installed. Should you
prefer to install the cone yourself, and
don't know the name of the set manufacturer, examine the speaker carefully to see whether you can determine
the name of the speaker manufacturer
and the model designation of the
speaker.
If you can't find this information,
specify the diameter of the cone, the
diameter of the voice coil, and the im-

Field Replacements. What we've
said about cone replacements applies
also to the speaker field. You can return the original speaker to the set
manufacturer or send it to .afirm specializing in replacements, allowing
them to install the proper type for you.
If you want to do the work yourself,
be certain that you specify the make
and model number of the set, as well
as any other numbers which may appear on the speaker itself.

*A private brand set is manufactured for
department stores, chain stores, or small retail outlets. An orphan is one which does not
have the manufacturer's name on the set, or
one of which the manufacturer is out of

business.
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If an exact duplicate replacement is
unavailable, you must give the resistance of the field and its physical dimensions (length, and inside and outside diameter). Universal replacement
speaker fields are available which have
two windings; the resistance of these
can be adjusted by making series or
parallel connections, but the range of
the adjustment is limited, so the field
selected must be near the right size in
the beginning.
You may wonder how you can give
the field resistance when the original
field is burned out. A service manual
or a speaker field replacement guide
usually will tell you what the resistance should be. If these sources fail,
you can make areasonable estimate of
the resistance from the way the speaker is used, or you can find it by aresistance substitution method.

00- For example, you know that usually the speaker field of an a.c.-d.c. receiver either is connected across the
output of the rectifier, as shown by coil
i: i in Fig. 2M, or is connected to a
single diode as in Fig. 22B. In either
case, the field value will be 2500 to
3000 ohms, and any value in this range
will prove satisfactory.
Should the speaker be used as a
choke in an a.c.-d.c. receiver, in the
position indicated for coil L2 in Fig.
22A, the resistance is low—usually 300
to 400 ohms.
I> In the standard a.c. receiver, the
speaker field is usually used as achoke
coil, illustrated as coil L1 in Fig. 23.
If this coil is burned out, a resistance

o

SPEAKER
FIELD

o

SPEAKER
FIELD •I>

L,

FIG. 22. Two methods of connecting speaker
fields which are used in universal a.c.-d.c. sets.

substitution method will let you find
its approximate resistance.
First, check the set to be certain that
no short circuits have passed excess
current through the field and caused
the burnout. Repair any shorts that
you find. Next, connect a resistor in
place of the field as shown in Fig. 24.
Use a5000-ohm variable resistor, rated
at 20 watts or more, which has one or
more sliding taps. First move the slider
to the end of the resistor, placing all the
26

FIG. 23. The speaker field is used here as the
choke.

resistance in the circuit. Then turn on
the set and measure the voltage between B+ and B—. Compare this voltage with the voltage given in the service diagram or with the normal voltages
usually applied to the output tubes. If
the measured voltage is too low, decrease the value of the resistor by moving the tap (turn off the set before doing this). Experiment with the tap
position until the correct B supply
voltage is secured, then disconnect the
resistor and measure the resistance of
the section finally used with an ohmmeter. This is approximately the resistance of the field.
A speaker in the negative side of the
circuit may have a tap for bias connections, as shown in Fig. 25. If an
open is found between the tap and
ground, in the bias section, it is frequently possible to replace this section
of the field with a resistor, allowing
the remainder of the field to act as a
choke coil.

FIG. 24. Finding the resistance of a burned-out
field by resistance substitution.

Since the tapped section of the field
usually has a resistance of only 300
ohms or so, a 500-ohm, 10-watt resistor with a slider tap can be used.
(See Fig. 25.) To adjust the resistor,
first put all the resistance in the circuit; then, with the receiver turned on,
gradually reduce the resistance until
the proper bias voltage appears across
it.
If the open is in the main section
(L), a replacement is necessary.
ORDERING AND INSTALLING
REPLACEMENT SPEAKERS
There is, of course, no particular
problem involved in ordering or installing an exact duplicate speaker.
Simply order the replacement from the
set manufacturer or distributor, giving the model number of the set and
the make and model numbers of the
speaker.
Some set manufacturers sell new
speakers on a "trade-in" basis. When
you send in the old speaker to get a
new one on this plan, give the model
number of the receiver. Any other information the manufacturer needs he
can get from the old speaker.
110- If you want to use aspeaker which
is not an exact duplicate, you must be
sure the voice coil impedance, the
speaker field resistance, and the physical size of new speaker are acceptable.
For instance, the new speaker should
not have a cone diameter larger than
the opening in the baffle of the radio
cabinet—if it does, it will be necessary
to cut alarger opening in the cabinet,
which may not be practical. (Of course
if the speaker is smaller, you can always mount it on a board which has
an opening of the proper size and
fasten this board over the original
baffle opening.) And when you order
a speaker for a table model cabinet,
you must be sure to get one of such
size or shape that it will fit into the
cabinet with the radio.
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As you have learned, the voice coil
impedance can be found by measuring
the voice coil resistance with an ohmmeter, then multiplying this resistance
by 1.5. This is just an approximation,
and it is possible for some mismatch
to occur. Therefore, if you're not positive that the voice coil impedance of
the new speaker is the same as that of
the old one, replace the output transformer as well as the speaker. You can
usually buy an output transformer
with the speaker which will match it
to the output tubes used. Specify the
make and model number of the speaker and the number and types of output

FIG. 25 A tapped speaker field.

tubes when you order the transformer.
You might use a universal output
transformer, adjusting it in the manner you learned earlier in this lesson.
Replacing Magnetic Speakers.
Since magnetic speakers are far inferior in performance to p.m. dynamics,
many servicemen use p.m. replacements for them. Usually, magnetic
speakers are found in midgets, where
space limitations are important. However, p.m. type speakers are made with
diameters as small as 2 inches, and
usually take no more space than the
equivalent magnetic speaker.
Although amatching transformer is
necessary with the p.m. speaker, those
used with little speakers are generally
small enough to fit into even amidget
receiver without trouble. When you order your p.m. speaker, specify that it
be equipped with an output trans-

former which will match it to the
power tube used.
Replacing P.M. Speakers. You
should always replace adefective p.m.
speaker with another p.m., to avoid
having to energize afield. You have to
consider only the size of the replacement and the voice coil impedance. A
new output transformer is necessary if
the voice coil impedance differs from
the original.
Replacing Electrodynamic Speakers. Should you wish to replace an
electrodynamic speaker with a p.m.
speaker, you must match the voice coil
impedance of the p.m. unit to the set
output (using a new transformer if
necessary) and also make whatever set
adjustments are necessary to compensate for the loss of the field coil.
If the field of the original speaker
was in parallel with the voltage source
(like L1 in Figs. 22A and 22B), as it
is in many a.c.-d.c. receivers, just remove the original field connections. If

FIG. 26. A choke-resistor substitute for aspeaker
field.

the field is used as a choke like L2 in
Fig. 22A or L1 in Fig. 23, you will have
to provide achoke coil to obtain equivalent filtering. For an a.c.-d.c. set, order an a.c.-d.c. filter choke, which is
usually rated at 10 henrys and 50 ma.
The resistance of this choke will be

FIG. 27.

A substitution for a tapped speaker
field.

comparable to the field resistance.
You will have to use both a choke
and a resistor in a standard a.c. receiver, since the average choke coil has
a resistance of only 300 to 600 ohms,
while a speaker field resistance may
be anywhere from 1000 to 3000 ohms.
The proper connections are shown in
Fig. 26, where the choke L2 and the resistor R replace the original field
(shown as L1) •
The replacement choke coil should
have an inductance rating between 10
and 30 henrys and a current rating at
least as high as the receiver current.
A choke rating of 75 to 100 ma. is
usually sufficient.
If the field was tapped and used to
supply bias for the power output tubes
(Fig. 27), you can follow the same
general method of replacement used in
Fig. 26', except that the resistor must
have two slider taps. Connect one of
these sliders to the point connected to
the tap on the original field, and connect the other slider to the set chassis
(see Fig. 27).
Make the resistance between points
and 3 of this figure approximately
equal to the original field resistance.
Then bring slider 2 toward slider 3
until the voltage drop across section
R1 delivers the proper bias for the output tubes.
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Lesson Questions
Be sure to number your Answer Sheet 47R11-2.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.

1.

Suppose a power transformer stops smoking and cools off when the tubes
are removed, even though the on-off switch is still turned on. Was the overheating due to an overload, or is the transformer defective?

2.

Suppose the tester shown in Fig. 1is being used to check the primary current of a transformer having an internal short. Should the lamp light:
1, dimly; 2, brightly; 3, or should it show no light?

3. Suppose a power transformer is available which has a filament winding
rated at 6.3 volts and 4.5 amperes. The set in which you want to use it
has tubes rated at 6.3 volts, and they draw a total of 2.7 amperes. Can
the transformer be used?
4. An input push-pull transformer has a defective primary, and a check of
the secondary shows aresistance of 300 ohms. Is the transformer an input
for aclass A output stage, or for a class B stage?
5. Suppose aplate by-pass condenser in an i.f. stage becomes defective. Would
you use 50

µpl.,

.01 mfd., .5 mfd. or 8 mfd. as the replacement capacity?

6. If a 10 mfd., 150-volt electrolytic condenser becomes defective, could a
16-mfd., 250-volt condenser be used as a replacement?
7. When you install a replacement r.f. coil having a variable inductance,
is the coil inductance adjusted at 600 kc., or at 1400 kc?
8. Suppose a receiver using the a.f. volume control circuit of Fig. 21C has a
defective control rated at 500,000 ohms. Could you use a 1-megohm audio
type control as a satisfactory replacement?
9.

If a receiver uses a dual electrolytic filter condenser having a common
positive lead, can you replace it with adual electrolytic condenser having
a common negative lead?

10.

If you do not know the voice coil impedance of a loudspeaker, how can
you approximately deterfnine its value?

Be sure to fill out a Lesson Label and send it along with your answers.
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Success in business depends on anumber 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 astore or work as aserviceman. 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 advertising;
guaranteeing your work and your merchandise; 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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SERVICING RECORD CHANGERS
record changers are
AUTOMATIC
the logical outgrowth of the return

to popularity of phonograph records.
Before the advent of radio, the phonograph was very popular. Then, for a
time, the radio supplanted the phonograph in the home. Gradually, however, electrical record players that
operated through the radio receiver or
had built-in amplifiers became increasingly popular. As you know, these
record players consist of a motordriven turntable and a pickup arm.
The latter, through either an electromagnetic pickup or a crystal pickup,
converts the modulation on a record
groove into an electrical signal that
can be amplified and reproduced by
an audio amplifier and loudspeaker.
You are undoubtedly familiar with
the method of operation of such arecord player. You place the desired
record on the turntable, turn on the
power, and 1oWer the pickup arm into
position on the outside edge of the record. When the record is finished, you
remove the pickup arm, turn off the
power, and remove the record, either
Photo
Corp.

above,

Courtesy

Webster-Chicago
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to turn it over or to replace it with
another. You can play any size record
that is 12 inches or less in diameter—
the standard 10-inch or 12-inch diameter records, or the smaller "specials."
The automatic record changer is designed to make it easier to play records. In all of the automatic recordchanger systems, acollection of records
is arranged in the order in which they
are to be played. These records are
stacked in some storage system. When
the device is turned on, arecord moves
to the playing turntable, and the pickup arm is automatically placed on it.
At the end of the record, the pickup
arm is removed and the next record is
put into playing position. This operation is repeated until all have been
played. Most changers handle enough
standard records to play for more than
half an hour before it is necessary to
handle the records.
.Ordinarily, automatic record players
play only one side of a record before
going to the next record. As aresult of
the widespread use of such record
changers, most symphonies and other
selections requiring more than asingle

THE NON-MIXING CHANGER

Courtesy Olympic Radio Corp.

A typical record-player-radio combination. A
single record is played at atime.

record are arranged in a sequence so
that side 1is on the first record, side
2is on the second record, side 3on the
third, etc. Then, by turning the records
over, you can run the stack in opposite
order through the succeeding sides to
the end of the performance.
Of the common record-changer
types, there are two basic varieties—
the non-mixing and the inter-mixing.
In the non-mixing types, a control is
set so that either 10-inch records or
12-inch standard records may be
played, but not the two sizes mixed. In
the inter-mixing kind, both 10-ineh
and 12-inch standard records can be
mixed in any order and the machine
will automatically play them properly.
There is a third kind of record
changer that is designed to play both
sides of arecord. So few of these have
been made, and they are so complex,
that we shall not describe them in this
Lesson. However, the following information on the two more common basic
types will help you in understanding
how atwo-side player should work. If
you should get such aplayer to service,
you can always consult the manufacturer's instructions.

The most popular record changer is
the non-mixing type, because it is
somewhat less complex in its design
and operation and therefore less expensive. Let's run through the operation cycle for a basic non-mixing
changer:
First, a group of records, all of the
same size (either 10-inch or 12-inch),
are selected. Changers have different
capacities, but most of them will play
from eight to ten 12-inch records or ten
to twelve 10-inch ones. Of course, any
smaller number can be used at atime.
Once the records are selected and have
been placed in the order in which they
are to be played, they are put into the
storage mechanism.
The control switch or lever is now
placed in the position corresponding to
the record size. On many machines,
this act also automatically turns on
the changer mechanism.
When the changer starts to operate,
the first record is dropped into playing
position on the turntable. At the same
time, the pickup arm is lifted from its
rest beside the turntable and moved
over the record, which by now is revolving. A positioning mechanism
stops the pickup arm and lowers it so
that the needle is on the outside plain
edge of the record. Gravity, a spring,
or the take-in groove on the record
now swings the needle into the first
playing groove.
To act in this manner, the changer
must have some mechanism capable of
separating one record from the rest.
It must also contain a mechanism
that can lift the pickup arm from its
rest, swing it to the proper position,
and then lower it onto the record. Once
the pickup arm is placed on the record,
it must be free to follow the record
grooves. Therefore, the mechanism
that moves the pickup arm must re2

ord over and over until they are turned
off.
In most cases, the control lever has
areject position so that you can reject
any record in the group you don't want
to hear. Pushing the reject lever to
the proper position actuates the trip
that the pickup arm normally actuates
at the center of the record. This automatically causes the mechanism to
pick up the arm from whatever position it is in and play the next record.
If you want to play 12-inch records
when 10-inch ones have been played
before, or vice versa, put the proper
records into position and move the controls to the appropriate position. This
automatically moves astop so that the
pickup arm will drop in the right position. The remainder of the change
cycle is identical with the one we just
described.

lease it completely while the record is
playing, then regain control of it when
the record is finished.
The eccentric groove cut as the last
groove on aphonograph record is almost always used to make it possible
for the pickup arm to be brought under
control again. This groove is shaped
with respect to the spindle about which
the record revolves so that the pickup
arm, when it engages the groove, is
forced to move rapidly back and forth.
A tripping mechanism is then actuated,
either because of the back and forth
motion or because the pickup moves
faster in this groove or because the
pickup is brought close to the spindle.
Once the trip is actuated, the pickup
arm is lifted from the record, then
swung to the side out of the way. The
next record in the group is now dropped
into playing position. Once there, the
pickup arm is returned over the edge
of this record and dropped into playing
position.
When the last record in the group
has been dropped and played, some
changers automatically move the pickup arm to the side and turn off the
mechanism. Others repeat the last rec-

INTER-MIXING CHANGERS
In an inter-mixing changer, 10-inch
and 12-inch records can be mixed up in
any order in the storage system. When
the mechanism is turned on, and the
first record is caused to drop, the dropping mechanism makes use of asystem
of fingers or feelers to determine the
size of the record that dropped. Automatically, as aresult of this, the stop
for the pickup arm is set to the proper
position so that the arm will land on
the plain outside edge of the record.
The playing cycle is identical with that
of the non-mixing kind except for this
additional automatic feature of the device's determining the record size and
setting the pickup arm to drop in the
proper position.
All changers, whether non-mixing or
inter-mixing, can be played manually
by setting the control lever to the
proper position. Doing so takes the
record dropping mechanism out of
operation, and individual records can

Courtesy Bendix Radio

Automatic changers are generally used in console combinations like this.
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be placed on the turntable and played
just as on any single record player.
This operation is necessary when any
of the non-standard record sizes, such
as certain children's records, are to be
played.
From the foregoing you can see that
even the simplest record changer must
be rather complex. It must separate
one record at atime from the storage
system and place this record on the
turntable. It must lift the pickup arm,
move it into position, and lower it onto
the record. At the end of the record,
it must remove the pickup arm so that
the next record can be *dropped. If it is
an inter-mixing changer, it must determine the size of the record and from
that properly place the pickup arm.

(Incidentally, some manufacturers refer to the pickup arm as the "tone
arm.") Finally, at the end of the group
of records, it must either cut itself off
or repeat the last record.
All of these operations are performed
by amechanical system driven by the
same motor that operates the turntable. In amechanical system as complex as this, there are almost endles's
possibilities for variations. In fact, a
great many variations have been designed—far more than we can hope to
cover in this one Lesson. We shall describe several of the most common
record-changer mechanisms; studying
these will make it easier for you to
understand any other types you may
meet.

A Study of Changer Functions
Rather than try to study record
changers as an entirety, we shall break
down their operations into separate
functions. This study of individual actions is desirable because it will show
you how to concentrate on one particular action at a time. This is usually
necessary in servicing these devices,
because, in most instances, only one
particular operation of the changer will
be out of order. If you know how that
operation should be carried out, it will
be much easier for you to see just what
adjustments are necessary to correct
the difficulty.

the record groove. To permit the needle
to track properly on the record, the
pickup arm is freed from the changer
mechanism as much as possible.
The conditions while the record is
being played are shown in Fig. 1A. The
pickup arm is gradually approaching
the center hole of the record because
the spirally cut playing groove of the
record gradually draws the needle toward the center hole. For several reasons, this spiral groove cannot be continued right up to the middle of the
record. The most important reason is
that the groove velocity would be entirely too high for the needle to follow
the variations. Therefore, the actual
recording ends about two inches from
the center spindle. The recording is
followed by a few more turns .of the
spiral groove containing no recording,
then the last turn of the spiral groove
feeds into an eccentric groove.

RECORD PLAYING
Let's start our study of a changer
with one record on the turntable and
the pickup arm on this record in a
playing position. This is alogical place
to start, because none of the changer
mechanism is in operation. The motor
is revolving the turntable and the record, and the pickup needle is following

As shown in Fig. 1A, this eccentric
groove is off-center with respect to the
4

center hole—the distance W is less than
the distance X. In Figs. 1B, C, D, E,
F, and G, we have shown what happens
when the pickup needle enters the eccentric groove. Because this groove is
off-center, the pickup arm is rapidly
brought in toward the center spindle as
shown in B, C, and D. Then, as the
groove continues its rotation, the pickup arm is moved rapidly away from
the center spindle. In other words, in
E, F, and G, the direction of movement
of the pickup is reversed from the
normal direction that it has had
throughout the playing of the record.
_.1
./ This eccentric groove is endless, so the
—Fir
1. Jarm
—
oscillates back and forth in
this same manner until it is taken from
the record either by hand or by the
record changer mechanism. As we said
earlier, this motion of the pickup arm
in the eccentric groove is used to actuate the trip mechanism that allows the
changer mechanism to regain control of
the arm.

TRIP MECHANISMS
Because the pickup arm is forced to
move close to the center spindle by the
eccentric groove, some trip mechanisms

are arranged to trip when the pickup
arm gets close enough to the center
spindle. Others depend upon the fact
that the motion of the pickup arm is
reversed during aportion of the eccentric groove travel. Still others depend
upon the velocity at which the pickup
arm moves toward the center spindle.
We'll describe all types.
Fig. 2 shows how the motion of the
pickup arm is conveyed to the trip assembly. The pickup arm is mounted
on a hub that is fastened to a hollow
shaft. The weight of the pickup arm
is carried on ball bearings above a
support post that is apart of the motor
shelf (or motor board, so called because the motor is suspended from it.)
Attached to the end of the hollow
shaft is a trip lever. This may be an
individual lever, or may be part of the
arm crank that is used to move the
pickup arm back and forth when the
automatic mechanism is operating. In
any case, as shown in B, amotion of
the pickup arm causes asimilar motion
of the trip lever underneath the motor
board.
We cannot have aheavy trip lever,
because the pickup arm, while playing
the record, must be held back as little
as possible so that it can easily follow

LANDING
SPACE

FIG. 1. How the eccentric groove on arecord swings the pickup arm in and out at the end of a
record.
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the spiral groove on the record. Therefore, the trip lever is an exceedingly
lightweight arm that is used to actuate
another arm or lever, thus starting the
record-changing operation.
Incidentally, in a number of our
drawings, we shall look down upon the
operation as if we could see through
PICKUP ARM -I
NEEOLEL

MOTOR SHELF
TRIP LEVER
k--TO TRIP
ASSEMBLY

FIG. 2.

HUB
BALL BEARINGS
,SUPPORT POST

..HOLLOW
SHAFT

CO

How the trip lever is attached to the
pickup arm.

the motor shelf from the top of the
turntable. This helps in seeing just
what goes on, but you must remember
that the action will be reversed when
you are watching the parts from underneath. We are also going to show some
drawings of the mechanisms viewed
from underneath so that you can become familiar with their appearance in
this orientation.
Eccentric Trips. Now that you
have ageneral idea of how the pickup
arm can move atrip lever, let's see how
the trip lever can be used to start the
change action when the pickup needle
gets to the eccentric groove. Fig. 3
shows one of the systems that operates
when the pickup arm reverses its
normal motion. As shown here, the arm
shaft connects to atrip lever. At the
end of this lever is a trip pawl. The
pawl swivels on abearing, and aspring
holds a stop on the end opposite the
finger against a cut-out in the trip
lever.
While the record is playing, the
normal motion of the trip pawl is to
the left in this figure. We are looking
upon this action from the top. During
most of the playing of the record, the
trip pawl is not even engaged with the

teeth on the ratchet lever. However,
as the end of the record is approached,
the trip pawl engages the teeth on the
ratchet lever. The spring holding the
trip pawl is relatively weak, and the
direction of the trip lever mechanism
is such that the trip pawl tends to slide
over these teeth (Fig. 3B). As long as
it moves to the left, it will merely slide
over the teeth. As the spiral groove
brings the pickup arm closer and closer
to the center, this pawl moves along
tooth after tooth of the ratchet lever.
When the pickup arm enters the eccentric groove, it will move in the
opposite direction during aportion of
the rotation, as you learned from Fig.
1. When the motion is to the right, the
trip pawl cannot escape the teeth.
Therefore, the trip pawl is rotated
toward aposition in line with the trip
lever (Fig. 30). This increases the distance the end of the pawl projects
beyond the trip lever. The pawl then
forces the toothed end of the ratchet
lever away from the trip lever. (The
distance E in Fig. 3C is greater than D
in Fig. 3B; and since the trip lever canARM SHAFT CONNECTION

0

TRIP LEVER
TEETH
RATCHET
LEVER
TRIP
PAWL
DIRECTION
NORMAL MOTION

FIG. 3.

One trip mechanism.

not shorten, the ratchet arm is forced
to move away from it.) The movement
of the ratchet lever releases the mechanism, as we shall show alittle later.
Another eccentric groove trip is
shown in Fig. 4. This time we are
showing the view as you would see it
from underneath the record changer,
so the direction of the trip lever is reversed. In this system, atrigger is held
6

by spring pressure against a trigger
ledge on the ratchet arm. If the end of
the ratchet arm with the teeth is
pushed upward, the trigger can escape
from the trigger ledge, allowing it to
drop downward and thus move the
"bell crank" to engage the changer
mechanism. The trip pawl, as it moves
to the left (Fig. 4A) engages the teeth
on the ratchet arm (Fig. 4B). Then,
when the eccentric groove forces the
trip lever to move in the opposite direction (Fig. 40), the trip pawl straightens up and pushes on the ratchet arm.
This moves the ratchet arm in the
direction shown by the arrow, allowing
the trigger to drop downward.
Positional Trip. Incidentally, this
same changer also has apositional trip.
RATCHET
BELL
ARM
CRANK
TRIP
TRIGGER
PAWL

TRIGGE
LEVER
SPRING

FIG. 4.

the pickup arm travels inward at high
speed, as it does in the eccentric groove.
In Fig. 6, the pickup arm is coupled
through a link to a friction plate.
Therefore, the friction plate is pushed
clockwise in this figure. This motion
is transferred to the trip arm through
RATCHET
ARM

LIMIT STOP
'TRIP

LINK

TRIP LEVER

FIG. 5.

A positional trip.

afriction pad that is between the friction plate and the trip arm. The
amount of friction here is very little,
but it is sufficient to move the trip arm
clockwise. There is aprojection called
astriker on the spindle at the center of
the turntable. This striker moves
clockwise in this illustration. As the
trip arm moves during the playing of
the record, the end of the trip lever is
brought to where the striker can hit it.

Another eccentric trip.

That is, it is so arranged that should
the eccentric trip fail to operate, the
device will automatically trip anyway
when the pickup arm reaches a fixed
position from the spindle. The mechanism for this is shown in Fig. 5. An adjustable screw called a limit stop is
fixed to the trip lever. If the trip lever
moves far enough counter clockwise in
Fig. 5, this stop will strike the lower
end of apivoted fork called atrip link.
If this happens (it can happen only if
the trip pawl has not yet moved the
ratchet arm), the trip link will pivot
clockwise, moving the ratchet arm and
releasing the trigger.
Velocity Trip. Fig. 6shows one of
the velocity systems. There are many
styles of these, but practically all of
them depend upon some friction device
that does not trip the mechanism until

PICKUP
ARM

LINK
FRICTION
PLATE

TRIP BAR
TRIP ARM

o
FRICTION
PAD

TRIP LEVER
SPINDLE

FIG. 6.

STRIKER

A velocity trip.

This feed-in of the trip lever is very
slow. As a result, just the very tip
end of the lever is eventually hit by the
striker on one of the revolutions of the
spindle. When the striker hits the trip
lever such aslight and glancing blow,
the trip lever jumps back away from
the striker. The amount of friction be7

the system, all tripping mechanisms
tween the trip arm and friction plate is
have the purpose of initiating the
such that the trip lever can thus escape
changer action. And they all have their
from the striker during the normal
troubles—they fail to trip, or trip too
playing of the record.
early, depending upon their adjustHowever, when the eccentric groove
ment, the tensions of their associated
is reached, the pickup arm moves in
toward the spindle very rapidly. As a springs, etc. We will discuss some of
these troubles later in this Lesson.
result, the friction plate moves the trip
arm in rapidly, so the trip lever is
moved well over in front of the striker
THE MAIN CAM
during asingle revolution of the spinIt is necessary that all the changer
dle. As a result, the striker now hits
actions be synchronized with each ez
the side of the trip lever a full blow.
heicLup
must be reThe trip lever cannot now escape,
moved at the proper time, j s eore
because the pressure is no longer apthe next record drops into position;
plied to its end but is applied to its side.
and, once the record has dropped, the
Therefore it pivots at its junction with
pickup must be brought back. To conthe trip arm, forcing its other end to
trol these actions simultaneously,
the left in the slot in the trip bar. The
changer mechanisms are arranged so
trip bar is then forced to move to the
that the entire cycle is controlled by a
left and thus engages the mechanism.
single main cam or by a single drive
To sum up what we have learned:
mechanism that operates all the cams
The eccentric groove that is cut on all
simultaneously.
modern records is used to notify the
Fig. 7 shows the top and bottom
automatic mechanism that the end of
views of atypical main cam. The top
the record is reached. Through atrip
view is shown at the left. Notice that
mechanism that depends on the waving
there are a number of grooves, rims,
back and forth produced by the eccenand raised ledges on this wheel, all of
tric groove, or on the velocity of travel
which are used to control, individually,
during the eccentric motion, or on the
some particular portion of the changer
fact that the pickup arm is brought
operation.
within apreset distance from the spinTo prevent the main cam wheel from
dle, some tripping mechanism is acturotating when power is not applied,
ated that allows the automatic mechusually some form of detent is used
anism to go into action. In every
to latch the wheel in the out-of-cycle
instance, a trip lever or mechanism
position. In the example shown in Fig.
attached to the pickup arm (light in
weight so that it puts no real restriction on the pickup arm motion) transfers the eccentric motion through other
levers to amechanism that allows the
turntable motor to operate the changer
mechanism.
Of course, as you might expect, there
are many variations on these basic
devices. There are even some types in
which aswitch is closed by the tripping
Courtesy Motorola, Inc.
mechanism, and the actuating system
is electrical. However, regardless of
FIG, 7, A typical main cam wheel.
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so that the trigger can fall downward,
the bell crank moves in accordance
with this motion. As aresult, the lower
end of the bell crank is moved outward
so that the stud moves out of the detent
notch; at the same time, the drive
pulley and the whole drive arm assembly are forced over by the movement of
the upper end of the bell crank so that
the drive pulley touches the turntable
rim. Since the turntable is being driven
by the motor, the drive pulley starts
to rotate, driving the main cam wheel
through the gear train.

TURNTABLE RIM

DRIVE
ARM
ASSEMBLY

(CYCLE)
DRIVE PULLEY

ADJUSTABLE
ECCENTRIC
STUD
RATCHET ARM

BELL
CRANK
ASSEMBLY
TRIP
LINK

OETENT
NOTCH

When the changer has run through
its entire cycle and the pickup arm is
being put back on the record for playing, the main cam wheel rotates to a
position where araised section on the
wheel engages the trigger and forces it
upward. When the trigger reaches the
proper position, the spring on the lower
end of the ratchet arm pulls the shelf
under the lip of the trigger, resetting
the trigger for the start of the next
cycle.

MAIN CAM
WHEEL

FIG. 8.

One way esupplying power to the
main earn wheel.

7, notice the detent notch at the left
edge in the top view. A stud on the end
of a lever fits into this notch until
power is applied. This stud is withdrawn when power is applied so that
the main cam can rotate and control
the mechanism. At the end of the
cycle, the stud is traveling on the rim,
and falls into this detent notch just as
at the end of the cycle to hold the main
cam wheel motionless again.
There are almost as many ways of
supplying power to the main cam
wheel as there are record-changer systems. Fig. 8shows the method used for
the particular cam that we have shown
in Fig. 7. First, if you will examine
the bell crank assembly, you will find
that the lower end has astud that fits
into the detent notch on the main cam
wheel. The upper end of the bell crank
assembly is fastened to a drive arm
assembly. On this drive arm is adrive
pulley that operates asmall gear. This
gear drives an idler gear that is meshed
with the gear teeth on the main cam
wheel.
When the ratchet arm moves away

The trigger is connected to the bell
crank by a very heavy spring. When
the trigger is reset, this spring would
force the bell crank to pull the drive
mechanism out of contact with the
turntable rim, except that at that instant the stud on the end of the bell
crank is riding on the rim of the main
cam wheel, which holds the bell crank
so that the drive mechanism still operates. When the detent notch comes
around, however, the stud on the bell
crank falls into this notch; this allows
the upper end of the bell crank to pull
the drive pulley away from the turntable rim. The main cam wheel does
not turn again until the end of the
next record or until areject button is
depressed to release the trigger again.
Another system is shown in Fig. 9.
The tripping mechanism is that shown
in Fig. 3, but this time the drawing is
9

down into the notch. This brings the
right-hand end of the ratchet lever
down in front of the approaching drive
cam pawl. As soon as the drive cam
rotates sufficiently for the ratchet lever
to engage the pawl, the pawl stud is
pulled away from the motor wheel;
this stops the driving of the mechanism.
MAIN
Fig. 10 shows an electrical system for
ii
JPRING
controlling the application of power to
DRIVE CAM PAWL
the main cam. In this system, there is
RATCHET i‘
MOTOR WHEEL
a main drive wheel, practically the
LEVER
same
size as the main cam, that is
LATCH-IN
DETENT
STUD
adj acent to the main cam. On the main
DRIVE
cam there is the drive pawl shown in
FIG. 9. The ratchet lever holds the drive-cam
Fig. 10. This pawl cannot engage the
panel away horn the motor wheel until the trip
teeth on the drive wheel until the armmechanism is actuated.
ature of the relay R is moved away
detent on the main cam, much as in
from the upper end of the drive pawl.
the system we just described.
When the tripping mechanism closes
However, the drive mechanism is a aswitch, power is applied to the relay,
little different here. The motor wheel
which draws away the armature and
is actually a form of gear having a allows the drive pawl to be pivoted so
number of slots cut in it. This turns
that it engages the teeth on the main
all the time. The drive cam is acircudrive wheel. The main cam is then
lar wheel mounted over the motor
driven by the main drive wheel through
wheel. On the drive cam is adrive cam
the pawl. At the end of the cycle, the
pawl, which has a latch-in stud on it
armature, which is released by now, is
that will fit into the slots on the motor
in aposition to engage the end of the
wheel when the drive cam pawl is released. Attached to the drive cam is a
ARMATURE
small gear that has teeth engaged with
— 1 001)o°
"-SPRING,
the main cam.
Olet
DRIVE PAWL
Therefore, when the ratchet lever
releases the drive cam pawl, the spring
MAIN DRIVE
WHEEL
Spulls the drive cam pawl over so that
its latch-in stud engages the motor
wheel. When this happens, the motor
FIG. 10. A basic electrical system.
wheel revolves the drive cam, which
in turn revolves the small gear and
drive pawl and thus withdraw it from
drives the main cam.
contact with the main drive wheel.
Meanwhile, the ratchet lever is held
Fig. 11 shows another type rather
up from the position in which it engages the drive cam pawl, because a similar to that shown in Fig. 10 except
that the trip mechanism is mechanical.
bump on the lever is riding on the rim
This trip mechanism holds the drive
of the main cam detent. When this
dog up from the drive wheel (Fig. 11A)
bump reaches the notch of the detent,
until the trip is actuated. The trip then
the ratchet lever spring pulls the lever

such that we are looking at the mechanism from the bottom.
When the trip pawl engages the
ratchet lever, the left-hand end of the
lever in Fig. 9 is forced downward,
which raises the right-hand end. This
frees the drive cam pawl and also takes
a stud on the ratchet lever out of a

,

11 .

i
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moves out of the way, allowing the
drive dog to drop down (Fig. 11B).
The drive wheel has aseries of bosses
or raised projections on it; one of these
catches the drive dog and thus forces
the rotation of the main cam. At the
end of the cycle, the drive dog is lifted
MAIN
GAM

TRIP

MAIN CAM
OSSER

DRIVE DOG

DRIVE
WHEEL

o

FIG. 11.

DRIVE DOG

DRIVE
WHEEL

Another drive-wheel system.

by the resetting of the trip mechanism,
and the main cam is disengaged.
Now that we have arranged for the
end of the record to signal the start
of the automatic operation, and have
learned how power can be applied to
the automatic mechanism, let's go on
and see how each individual action is
carried out by the mechanism. Remember, we have to elevate the pickup arm
and lower it, move it in and out, and
drop the record to the playing surface.
Although we shall break these down
into individual actions, always remember that many of the processes may be
combined so that asingle master lever
can perform several of these actions
simultaneously. However, once you
understand basically how each action
is carried out, it will be rather easy for
you to pick out and study that part of
the operation of any record changer
you may service.

which the end of the lift lever fits while
the pickup arm is on the record. The
lever is shown in this position. When
the end of the record is reached, the
main cam rotates. The end of the lift
lever then rides up on araised ledge on
the cam. This depresses the left end of
the lever, which means that the right
end of the lever goes up. This right
end presses against abearing plate and
so moves a push rod upward through
the center of the hollow shaft. The
pickup arm is fastened at bearing A.
Therefore, when the push rod moves
upward, the needle end of the pickup
arm is lifted. Other mechanisms then
move the arm out of the way and
drop the next record. When the arm is
moved back into the playing position,
the main cam is completing one revolution, bringing the notch on the cam
ledge back into position over the lefthand end of the lift lever. This end of
PICKUP ARM
PUSH
ROD

BEARING A
HOLLOW SHAFT

MAIN CAM

MOTOR SHELF

NUT
BEARING
PLATE

0

LIFT LEVER

HOLLOW SHAFT

LIFT ROD
1' LIFT
EVER

.-BEARING
PLATE

LIFT CAM

LFIG. 12.

PICKUP ARM ELEVATION

Ir

Two basic elevator mechanisms.

the lever then rises, lowering the push
rod and allowing the pickup arm to
drop to the record. The main cam is
then stopped so that it cannot rotate
farther until the end of the record.
In the system shown in Fig. 12A, the
push rod is threaded so that the bearing plate can be moved up or down.

During each cycle, the pickup arm
must be lifted and lowered. The arrangement for elevating the pickup
arm is ordinarily separate from all the
other functions. Fig. 12 shows two of
the more popular systems.
In the system shown in 12A, the
main cam has acut-out space in it into
11

This makes it possible to adjust the
vertical movement of the push rod and
consequently of the pickup arm. If
the pickup cannot come down far
enough to allow the needle to touch
the record, then the bearing plate is too
far down on the push rod. On the
other hand, if the arm does not bring
the needle up far enough to clear a
stack of records on the turntable, the
bearing
plate is too high on the push
_
_
rod. The latter condition is More com,,.
mon; it is corrected by lowering the
ir
bearing plate by screwing it downward
on the push ropl. In some systends, a
--nut -follo*s th-e bearing plate and is
used to lock it into position; in others,
there are set screws in the hub of the
bearing plate that are used to lock it.
The system shown in Fig. 12B is
the same except that it is practically
the inverse of that shown in A. Here,
when the "lift cam" rotates, the left
end of the lift lever is forced up, which
pulls the lift rod down. Since the lift
rod is bent at the top and attached
behind bearing A, a downward movement of the lift rod pulls down on the
rear end of the pickup arm and raises
the needle end.
This mechanism can also be adjusted by moving the bearing plate up
or down on the lift rod. Moving the
bearing plate upward in this case provides agreater lift.
Fig. 13 shows two other basic systems of this kind. A cord is used in
Fig. 13A to provide the lift. The cam in
this case has an eccentric slot cut in it.
The end of the lift lever moves in this
slot. When the slot moves the lever
toward the left, it pulls on the cord
and so lifts the arm. Then, when the
slot permits the lever to move to the
right, the cord slackens and allows the
pickup arm to drop. This system is
usually adjusted at the point where
the lift cord attaches to the lift lever.
This end of the cord is normally at-

tached to a threaded rod that can be
run in or out of a bracket, effectively
adjusting the length of the cord.
The system shown in Fig. 13B is the
simplest of all. Here, the cam is directly under the push rod. As the cam
rotates, the push rod is forced directly
upward by the shelf on the cam edge,
lifting the pickup arm. Simple systems
such as this are found in the less expensive changers. They work as long as
the tolerances in parts are carefully
controlled, but there is usually little or

PICKUP
ARM

BEARING A

LIFT CORD
HOLLOW SHAFT

BEARING B
PULLEY

0

AM

FIG. 13.

Two more elevator mechanisms.

no means for adjustment. In the style
shown here, the only manner of adjusting is to bend the push rod at the
top. Any such bending operation is
rather critical, since the rod is liable
to break.
PICKUP ARM ROTATION
Now that you know various methods of elevating the pickup arm, let's
see how the arm can be carried into
the proper playing position and then
removed at the end of the record.
In Figs. 12 and 13, you will notice
aprojection at the bottom of the hollow shaft labeled "arm crank." Moving the arm crank to the right or left
will move the pickup arm similarly,
12

because they are connected by the hollow shaft. Therefore, all we need is to
arrange for the arm crank to be controlled by the changer mechanism so
that the pickup arm is moved in the
desired manner.
To see the general way that this
control is exerted, study Fig. 14. The
arm crank is connected at bearing A to
the pickup arm. The other end of the
arm crank has a finger that is in an
eccentric groove in the main cam. (To
get ageneral idea of what some of these
grooves look like, examine Fig. 7.)
Let's suppose the eccentric groove has
the shape shown in Fig. 14A. When the
cam rotates around its bearing, marked
C, it causes the finger on the arm
crank to move so that it follows the
groove. In Fig. 14A, the changer is in
cycle and the finger of the arm crank
is farthest from bearing C, which is
at the center of the turntable. Therefore, the pickup arm is as far as it can
be from the center bearing and is off
the record completely.
Further rotation of the cam brings
the groove to the position shown in
Fig. 14B. The shape of the groove is
such that the finger on the arm crank
is now brought closer to the bearing
C, bringing the pickup arm over the
edge of the record. The elevator mechanism now allows the pickup arm to
drop on the edge of the record just as
the eccentric groove moves to the position where the finger enters the wide
spacing of the groove. The finger is
now released, because the cam ceases
to rotate. The pickup needle now follows the record grooves, and except for
moving the pickup arm, the trip, and
the arm crank, the pickup is entirely
divorced from the player mechanism.
As the needle is drawn toward the
center of the record by the record
groove, the arm crank moves through
the free space. This space on our
imaginary assembly is wider than the
13

rest of the eccentric groove so that
there is no interference with the movement of the arm crank.
At the end of the record, the trip
mechanism goes into operation and
starts rotation of the cam. The position of the arm crank just before this
moment is shown in Fig. 14C. As the
cam rotates farther, the finger on the
arm crank enters the groove. When
the elevator has lifted the arm from
the record, continued rotation of the
cam toward the position shown in Fig.
14A rapidly moves the pickup arm out
of the way so that the next record can
be dropped.

BEARING
A
ARM
CRANK

o

PICKUP
ARM

BEARING
A

o
FIG. 14.

A basic pickup arm left-to-right
motion control.

The system shown in Fig. 14 is
basically that used in all changers.
However, the actual mechanism is
considerably more involved than we
have shown, because we must arrange
for the pickup arm to be brought to
the proper position for either 10-inch
or 12-inch records.
If there were only one record size
to be played, we could easily adjust
the position at which the arm lands
(the only critical factor) by adjusting
the angle of the arm crank with respect
to the pickup arm. However, we do
have two record sizes. Let's look at
some of the basic systems used to
make it possible to shift from one to
the other.
10-1 2 LANDING SHIFT
Fig. 15 shows one way of adjusting
the position at which the pickup arm
will land. An additional T-shaped
crank is used between the arm crank
and the groove in the cam. This T
crank can be moved to either of two
positions by rotating the control cam
attached to it.
CONTROL.
CAM \

crank permits it to move in all directions with respect to its bearing D.
To change the landing position from
the 12-inch to the 10-inch position, the
control cam in Fig. 15A is rotated
180°. This moves bearing D from one
side of the control cam to the other, as
shown in Fig. 15B. The T crank must
now move along this new position. In
Fig. 15B, the original positions of the
T crank, arm crank, and pickup are
shown in dotted lines. As you can see,
the pickup arm now has anew position
although the finger on the T crank is
still in the same place on the eccentric
groove. This means that the pickup
arm will land in adifferent place when
it is dropped by the changer mechanism. In this particular case, it will
land an inch nearer the center of the
turn-table, in the proper place for a
10-inch record.
A system of this sort usually has
only one adjustment: the fastening between the arm crank and the pickup
arm can be adjusted to make the pickup land properly on either a 10-inch
or a12-inch record. The pickup should
then also land properly on arecord of
the other size when the control cam is
turned to the other position.

BEARING
D

Fig. 16 shows another basic system.
Here, the cam has a raised ledge W
that is eccentric with respect to the
cam bearing C. The arm lever, which
pivots about bearing E, is held against
the side of this ledge by the spring S.
The arm lever is therefore swung in
and out by the eccentric ledge as the
cam rotates.

o
FIG. 15. A T-crank is used here to provide the
landing adjustment for either 10- or 12-inch
records.

In Fig. 15A, the T crank is in one of
its two possible positions. As the cam
rotates, the groove moves the finger
on the end of the T crank, which
transfers this motion directly to the
arm crank and thus to the pickup arm.
The T crank is able to follow the eccentric groove because a slot on the

Under the conditions shown in Fig.
16, the record is being played and the
cam is motionless. This figure is drawn
so that we are looking down through
the top of the motor mounting board.
The pickup (shown dotted here) is
connected to the pickup arm crank
at the bearing A, as in the systems we
14

have studied up to now. When in the
position shown, the arm crank is not
restricted at all, so the pickup arm is
free to follow the record grooves.
The end of the arm crank has a
CUT-OUT

BEARING
A
PICKUP
ARM CRANK

ARM LEVER

9
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FIG. 16.

BEARING
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Compare the operation here with that
in Fig. 17.

finger that protrudes through the cutout in the arm lever. As the pickup
nears the end of the record, the mechanism is tripped, so the cam starts
to turn. The pickup arm is elevated
from the record by operation of the
elevating mechanism, then the rotation of the ledge W begins to move the
arm lever to the right. Soon end Y of
the cut-out bears against the finger
of the arm crank, thus forcing the arm
crank to move to the right also. In
turn, this swivels the pickup arm out
of the way in the same direction.
When the next record has dropped,
and the arm lever begins to return
toward the position shown here, end Z
of the cut-out presses against the
arm crank finger and thus brings the
pickup arm back in toward the edge of
the record. At the proper point in the
cycle, the elevator mechanism lets the
pickup arm down on the record edge.
The operation just described is the
one that occurs when a10-inch record
is played. Fig. 17 shows what happens
when the mechanism is set to handle
12-inch records.
The mechanism
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used to control the size setting of the
changer has either an arm or apin that
can be dropped down in front of a
finger on the arm lever. When this pin
is up or out of the way, as it is when
the size control is set for 10-inch records, the arm lever bears directly on
the ledge W at all times. However, if
the control is set for 12-inch records,
the pin (labeled stop H in Fig. 17) is
dropped into place while the arm lever
has the pickup arm at its extreme
right-hand position. Then, as rotation
of the eccentric ledge W brings the arm
lever to the left, the lever strikes stop
H; it can then travel no farther to the
left. This position is the proper one
for the 12-inch record size while the
pickup arm crank finger is against side
Zof the cut-out.
Now let's see what the cycle of
operation of this mechanism is when
it is set for 12-inch records. During
the playing of.the record the pickup
arm crank finger moves through the
§TOP H

FIG. 17. Compare this 12-inch landing arrangement with the 10-inch one in Fig. 16.

cut-out opening to approach side Y.
When the mechanism is tripped, the
pickup arm is elevated. However, the
arm lever cannot move until ledge W
comes over and bears against it. Then,
however, it is carried to the right to the
same extreme position as before. Then,
when the next record drops, the ledge
W allows the arm lever to return as far

next record can be put into place. In
general, all systems use eccentric
grooves, eccentric ledges, or eccentric
screw mechanisms to make the pickup
arm move through the proper motions.
Some systems use a double groove on
the cam, one groove for 10-inch and
one for 12-inch. records, and have arrangements whereby the arm crank
finger can be switched from one groove
to the other. Basically, however, all
of them go through the actions we
have just demonstrated.
RECORD-DROPPING SYSTEMS

Courtesy Farnsworth Tele. and Radio Corp.

FIG. 18. A bottom view of achanger using the
system described in Figs. 16 and 17.

as stop H. The arm is held here by the
stop while the cam continues to rotate,
and the pickup arm is allowed to be
lowered to the record surface.
At either setting of the mechanism,
then, the ledge W always moves the
arm lever sufficiently to remove the
pickup arm from the turntable vicinity
so that the next record can be placed
in position. On the return of the pickup
arm, the arm lever either rides on ledge
W for the 10-inch landing position, or
is stopped by stop H for the 12-inch
landing position. Once the pickup arm
has been lowered to the record, the arm
crank is entirely free of the changer
mechanism and progresses through the
cut-out space.
Fig. 18 shows apicture of achanger
that uses this operation. Notice that
much of the mechanism we have described is hidden by levers and support
plates. Notice, also, that this is a
photograph from the bottom, so it is
the reverse of our drawing.
There are numerous other systems
for bringing the pickup arm in to the
record edge and removing it so that the
16

So far, we have learned how the
pickup arm is moved in and out and
how it is raised and lowered. Next, let's
see how records are fed one at atime
from the storage system into the playing position. In general (except for a
few complex types that play both sides
of records), all changers made today
drop records from storage above the
turntable. The differences between
them are in the means of separating
the bottom record from the group and
of supporting the stack.
There is probably more difference
between changers in this particular
item than in any other. Basically, there
are two methods of separating the
bottom record from astack so that it
can be put into playing position. In
one system, support shelves originally
hold up all the records. As the changer
goes into operation, aset of knives is
inserted in the record stack between
the bottom record and those next above
it. Then the supports are withdrawn,
allowing the bottom record to drop
onto the turntable. The knives then
support the group.
Once the bottom record has been
dropped into playing position, the support shelves are returned and the
knives withdrawn, allowing the record
stack to drop down onto the shelves.

•

The system is now ready for the knives
to separate the bottom record of this
stack on the next playing sequence.
In the other system, the bottom record is pushed off a supporting ledge,
which then catches the remaining records.
Let's now turn to several typical
changers and see just how they work.
We can divide them into single-post,
two-post, and three-post types.

Courtesy Webster-Chicago

FIG. 20.

SINGLE-POST CHANGERS
Figs. 19 and 20 show pictures of two
basic single-post record changers. On
these changers the records are sup-

Courtesy Motorola, Inc.

FIG. 19. A single-post, straight-spindle record
changer.

ported by an offset ledge on the center
spindle and by a single side post or
platform. In the style shown in Fig.
19, the spindle is straight; the one
shown in Fig. 20 has a"bent" spindle.
Straight-Spindle Types. Fig. 21
shows more details of a single-post
straight-spindle changer. A section of
the spindle at the center of the turntable is cut out to form ashelf. -Á"t the
rear of this shelf is a guide trigger
that makes the records move in the
direction of the support head as they
feed down the spindle. The records are
thus supported at their center hole
by the shelf on the spindle and at one
outside edge by the support head.

A single-post, bent-spindle record
changer.

Two systems of making the bottom
record drop down the spindle onto
the turntable are in use. In one, operation of the changer mechanism makes
a trigger protrude from the support
head when the pickup arm has been
moved out of the way. This trigger
pushes the bottom record to the left
so that its center hole lines up with
the spindle and its edge is off the sup-.
port head. Unsupported, the record
spirals down the spindle to the turntable. The trigger withdraws into the
support head, and the next record in
the stack drops down onto the shelf
and onto the lip of the support head
at the same time.
When the record that dropped finishes playing, the cycle is repeated and
the next record is dropped.
In this particular system, the adjustment for 10- or 12-inch records is made
by rotating the support head. By cornGUIDE TRIGGER
SUPPORT HEAD

SHELF

10" RECORD
LEDGE
leRECORD
LEDGE
SUPPORT
POST

FIG. 21.

Details of astraight-spindle changer.

the 12-inch ledge is the right distance
from the spindle to accommodate 12inch records.
Some changers of this sort have a
link mechanism down the support post
column so arranged that rotating the
support post head also adjusts the
mechanism underneath to make the
pickup arm land at the proper place
for a 10-inch or 12-inch record. In
others, it is necessary to set the support
head and then throw aswitch to adjust
the landing point of the arm.
When the records have all been
played, the support post is turned to
aneutral position in which the shelves
are out of the way. (Incidentally, this

Courtesy Motorola Corp.

This shows how the guide trigger retracts as
records are lifted up the spindle to remove them
from the changer. The trigger drops into playing position, however, as records feed down the
spindle.

POST
GUIDE
TRIGGER

paring the distances from the support
post to each of the record ledges in
Fig. 21, you will see that the ledge
marked 10 is spaced .farther from the
post than the ledge marked 12. Therefore, the 10-inch ledge extends closer
to the spindle, and is just the right
distance away for 10-inch records.
When the support head is rotated 180°

RECORDS

CAM
DRIVE
FOR CAM
SPINDLE

FIG. 22.

Details of a cam system of aligning
records with the spindle.

is the position to which the support
post is turned when the record changer
is played manually.) Then, the stack
of records is lifted up the spindle. On
most models, the guide trigger on the
back of the spindle slides into a slot
in the spindle and thus out of the way
as the records are lifted upwards.

Three of the many methods of actuating atrigger
to push arecord off the ledge of asupport head.
At A, the cable C is pulled by an arm traveling
in a groove on the main cam, and this motion
forces the trigger Tto protrude. At B, the cam
C is rotated by ashaft that runs down the support
post; this forces the triggers T to protrude because of the eccentric cut of the cam. At C, the
gear G is rotated to force the triggers T to protrude, then the direction of gear rotation is
reversed to pull them back in. The types at A
and B are pulled back in by springs.

Another style of single-post straightspindle changer uses an eccentric cam
to take the bottom record off the stack.
Details of its construction are shown
in Fig. 22. The spindle is hollow and
has within it adrive shaft to which is
fastened the cam. This drive shaft is
offset toward the rear of the spindle
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so that the cam will move in an eccentric fashion with respect to the spindle.
When the cam is in the position
shown in Fig. 22A, it is lined up with
the bottom portion of the spindle. It
then acts as the top of the spindle
to form ashelf upon which the records
rest. As in the system just described,

The eccentric cam drive in Fig. 22 is attached to
the gear G. This is driven here by the drive H,
that in turn operates From agroove in the main
cam. The drive works in one direction, then
runs back to return the cam to its initial position.

the guide trigger directs the records, as
they move down the post, onto the
shelf furnished by the cam and onto
the lip of a support head.
Let's suppose records have been
loaded onto the mechanism as shown
in Fig. 22A. When the changer first
starts to operate, and the pickup arm
is out of the way, the cam above the
spindle is rotated by its drive shaft to
the position shown in Fig. 22B. This
brings it directly under the center hole
of the bottom record, which then drops
over the cam. The cam is not quite as
thick as astandard record, so no more
than one record can get onto it. The
cam then rotates back to the position
shown in Fig. 22A, dragging the bottom
record with it and off the lip of the support head. When the cam is lined up
with the spindle again (Fig. 22A), the
record drops down the spindle to the
turntable, and the next record is supported by the cam.

The Bent-Spindle Changer. Fig.
23 shows avariation on the single-post
changer. The spindle is like the others
in that it has a shelf and usually a
guide trigger. However, it has a bend
in it that permits asomewhat different
construction and action. The records
feed down the spindle and over the
trigger so that the shelf on the spindle
supports them. The outer edges of
the records are supported by arecord
head, which has a shallow notch into
which the bottom record fits. The actuating means for getting the records
to feed down the spindle is in the record head itself—the head and its support post move toward the spindle.
When the head moves forward, the
bottom record is pushed forward also
by the back edge of the notch in the
head; the rest of the records, however,
slide back along the platform in the
head just above the notch. When the
center hole of the bottom record lines up

FIG. 23.

A bentspindle type.

with the spindle, the record feeds down
the spindle. In going around the bend
of the spindle the record is pulled away
from the record head so that it falls
free onto the turntable.
The next record then drops down
on the shelf of the spindle. At the
end of the playing cycle, the record
head moves back away from the spindle, allowing the bottom record to drop
into the notch in the head. It then

The storage mechanism of this type
of changer, like that of the one previously described, is adjusted for record size by rotating the support platform.
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moves forward again, pushing the next
record off the spindle shelf.

record head contains a trigger. When
the records are placed on the storage
portion of the spindle, 10-inch records
will rest on the front edge of the head,
ahead of the trigger, and 12-inch records will extend over the trigger. Let's
suppose we have the stack as shown in
Fig. 24. When the first record, a 10inch one, is to be played, the record
head moves forward; the trigger, which
is a square protrusion on the head,
strikes the edge of the record and forces
it off the shelf on the spindle.

In the type shown in Fig. 23, the
record head is revolved to play 12inch records. Sometimes a switch or
button must be actuated to cause the
pickup arm to drop in the right position with this system.
OVERLAY
ARM

I2

When this record drops, the next 10inch record drops down in front óf the
trigger. It, too, is pushed off by the
trigger on the next operation of the
changer. The next record, however, is
a 12-inch one; therefore, it drops on
top of the trigger instead of in front of
it. The trigger is pivoted (see Fig. 24),

RECORDS

ICRECORDS
SPINDLE

TRIGGER
RECORD
HEAD
TOP

FIG.24.

This bent-spindle type is an intermixing changer.

To prevent the records from tilting,
there is ahinged weight on the record
shelf that is dropped on top of the record stack. (Most single-post changers
use such aweight.) This weight holds
the records steady while the shelf
moves back and forth underneath the
stack.
To load this changer, the weight is
moved out of position, the stack of
records is fed down over the top portion of the spindle, and the weight is
then replaced. To remove the records,
the weight, which protrudes somewhat,
.must be rotated out of position, or the
entire record shelf must be turned 90°
to clear the record stack as it is lifted
off the spindle. In many of the bentspindle types, the spindle can be lifted
out of its socket so that the records
can be removed without having to feed
them up the spindle.
Some of the bent-spindle changers
can• play records that are mixed in
size. Fig. 24 shows one system. The

j

o

The link pulls the head forward against the pull
of spring S. At Bis shown the method of adjusting the length of the link, which adjusts the limit
of forward motion of the head. Another lever
(not shown) may be attached to the head support post to shift the link into the proper groove
on the main cam for either the 10-inch or the
12-inch record sizes.

and the weight of the record on top of
it pushes it down flush with the top of
the record head. As shown by the dotted lines, this raises the rear end of the
trigger so that it is above astop that up
to now has prevented the record head
from moving more than acertain dis20

whether the record head has moved
back for a 10-inch or for a 12-inch
record.
Fig. 25 shows a picture of a unit
of this type. Notice the overlay arm
that lies over the top of the records
and straddles the spindle. This arm
is necessary in this system to keep the
records level while the record head
moves back and forth and also to provide the force to keep the records moving down the spindle. It serves apurpose somewhat similar to the weight
in the system shown in Fig. 23. However, because of the wider motion of
the record head here, the overlay arm
must be accurately positioned.

Courtesy Garrard Sales Corp.

FIG. 25. An inter-mixing bent-spindle changer.

tance from the spindle. When the rear
end of the trigger is able to clear this
stop, the record head is able to move
considerably farther from the spindle—
so far, in fact, that the trigger is
brought out beyond the edge of the
12-inch record. The weight of the rear
end of the trigger restores it to its original position once it gets out from
under the record, so, when the record
head moves forward again, the trigger
is behind the edge of the 12-inch record and pushes the record off the
spindle shelf.
This mechanism also automatically
sets the landing position of the pickup
arm for 10-inch or 12-inch records. The
motion of the record head sets stops
that control the pickup arm crank,
with the result that the landing position of the pickup arm depends on

Two POST CHANGERS
Fig. 26 shows one of the two-post
record changers. In this style, the
center spindle is used only for guiding
the record down to the turntable—it
has no shelf on it.
The record is supported at two
points by record-holder shelves that
are attached to the record-holder
posts.
When arecord is to be dropped, the
pickup is elevated and moved out.of
the way. Then the record-holder posts
begin to rotate. Each of these posts
carries a "knife" just above its recRECORD-HOLDER SHELF
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FIG. 26.

A typical 2-post changer, the RCA U-128.
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The support posts may be-rotated by means of a
belt or gear system from the main cam. Here is
asimple gear type; the arm A is moved from
side to side by the eccentric groove in the main
cam. It rotates gears C and D that are at the base
of the support posts. Hence, the posts and
accompanying knives are rotated about 180°,
then are returned to their resting.positions.

ord-holder shelf. This knife is asharpedged shelf that is spaced approximately the thickness of the average
record above the record-holder shelf.
Therefore, as each knife comes around
and contacts the record stacks, the
pointed tip of the knife is in just about
the right position to go in between the
bottom record of the stack and the one
next above it. The mechanism rotating
the knife is usually either spring loaded
or allowed to have considerable play so
that the knives can adjust themselves
and slip in between the bottom record
and the stack.
As the knife penetrates the record
stack, continued rotation of the record-holder post will place the knife
under all the records except the bottom one, and the record-holder shelf
will be rotated completely out of the
way. When this happens, the bottom
record no longer has anything to support it, and the remainder of the record stack is supported by the knives
on the two posts. Therefore, the bottom record drops onto the turntable.
Before the pickup arm is placed in the
playing position, the record holder
posts rotate back to their normal positions. This withdraws the knives and
drops the stack of records onto the

record holder shelves, thus completing
the changing cycle. The thickness of
10-inch records is somewhat different
from that of 12-inch records. Although
the knife is so loose that it will usually
find the proper spacings and go in between the records, it is always possible
for the knife to strike the edge of a
record and _cut into the record rather
than separate it from the stack.
On some changers, the spacing is
adjustable. Fig. 27 shows the details
of one such system. The small screw
marked G protrudes through the record-holder shelf. When 10-inch records
are on the shelf, they do not extend
over the shelf far enough to reach this
screw. However, 12-inch records will
lie on the screw and depress it.
When 10-inch records are on the
shelf, the knife spacing above the
shelf is that of the average 10-inch
record. When the thicker 12-inch records are on the shelf, screw G is depressed, and alever arm connected to
it raises the knife slightly so that the
spacing between the knife and the record-holder shelf increases enough to
clear the records.
This form of storage mechanism will
usually permit the intermixing of 1025
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How the knife spacing may be
adjusted.

and 12-inch records. Some of them require setting for the record size, in
addition to setting the index lever to
the proper position to control the pickup arm landing position. Others, of
which the one we are discussing is an
example, determine the record sizes
automatically.
The mechanism used to do so in this
changer is shown in Fig. 28. The lever
17 stands beside the turntable. Ten»inch records drop from the record support shelves to the turntable without
striking lever 17. When this happens,
the pickup arm automatically comes
in for the 10-inch position.
Howevér, a 12-inch record, because
of its greater diameter, strikes lever
17 as it falls. This pushes the lever
to the right in this drawing, moving
its end out of the way of the pin
marked V. This-allows the pickup arm
crank to move to the proper position
for a12-inch record.
Another form of two-post changer
is shown in Fig. 29. In this, the spindle
has a crook or hump in it. There are
two heads on which the records are
supported. When the device is actuated, the spindle is rotated by the
main cam through a gear system.
3
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FIG. 29.

Another two-post changer.

In its initial position, the hump is at
apoint halfway between the two support heads. As it rotatés, however, the
hump approaches the left-hand head,
thus forcing the bottom record into the
slot in the left-hand head. This pulls
the other edge of the record from the
support ledge of the right-hand head
and allows it to drop on the right-hand
fork. (This fork is amovable support
bar.) Then, as the spindle continues
its rotation, the hump pushes the record to the right, into the slot provided
by the fork on the right-hand head.
This pulls the record from the supporting shelf on the left-hand head, allowing this edge of the record to drop
similarly on the left-hand fork. The
spindle comes to astop in its neutral
position, and the bottom record is now
supported at both edges by the forks
just below the two heads. The next
records are down on the support
shelves of the heads. Just before the
record is to be played, the two forks
are withdrawn by alinkage down the
support post, allowing the bottom record to drop down the spindle.
Thus, the operating principle of this
changer is that rotation of the spindle
moves the bottom record from its support posts onto two forks, which are
then withdrawn to allow the record to
drop onto the turntable.
THREE-POST CHANGERS
The three-post changers are usually
of the knife-blade type like the one
shown in Fig. 26, except that they
have three posts 120° apart instead of

30
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FIG. 28. The lever 17 controls the mechanism
that sets the pickup landing according to the
record size.
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two poste 180° apart. The same cycle
of operation is used—three knives go
in between the bottom record and the
remainder of the stack, then the support shelves are withdrawn to allow
the bottom record to drop.

It is possible to make either the two
or three-post changers intermixing
types by causing the record to strike
alever as it drops, or by using atrigger
mechanism on the support shelves that
is depressed by 12-inch records.

Servicing Record Changers
In the preceding section, we have
analyzed the operations of changer
mechanisms separately because, in
general, you will find that only one
thing is wrong when they are out of
adjustment. That is, the trip mechanism may fail to operate or operate too

Courtesy Motorola,

Inc.

A bottom photograph of a typical record
changer. This is the type of photo given in the
manufacturer's manuals.

soon, the pickup arm may not be
picked up high enough or may not be
let down low enough, the records may
not be dropped, or more than one may
drop, and so forth. Of course, it is
always possible for the mechanism to
jam completely, stopping all operation.
Such jamming can be the result of a
failure of some part or the result of
24

mishandling of the changer. Most particularly, jamming can occur when
someone moves the pickup arm while it
is "in cycle"—that is, while the mechanism is trying to manipulate the pickup arm itself. (Moving the pickup arm
while it is in cycle may also throw the
changer out of adjustment.) Generally,
however, the trouble is in only one portion of the change cycle. Therefore,
when you are called on to service a
record changer, first determine exactly
what it fails to do or does incorrectly.
You can then tell what adjustments
need to be made to put it back in
proper operating condition.
Even though you know just how a
changer should perform acertain task,
you may still have to spend aconsiderable period of time watching it go
through its cycle again and again
before you can see exactly which lever,
gear, crank, or arm is incorrectly performing its duty. To save time, you
should have all the information you
can get on any particular record
changer that you have for service. Fortunately, because of the complexity of
changers, the manufacturers publish
rather complete service manuals. These
may be obtained directly from the
manufacturers, like any other service
information.
In addition, you can obtain much
valuable service information in the
Service Manuals of Rider and Howard

W. Sams. These Automatic Record
Changer Service Manuals cover many
different models. They are available
from radio supply houses and local
wholesalers.
However, if you have to service a
changer on which you do not have
service information, and you cannot
get this information in time to complete the job, all you can do is run
the changer through its operation several times and watch it carefully. By
locating the apparatus that controls
the faulty action, you will usually be
led right to the proper adjustment.
Before you can seriously consider
the servicing of automatic record
changers, you must have some means
available for supporting the changer
on your workbench so that you can
see underneath it as well as above it.

Courtesy General Cement Co.

FIG. 30. A commercial adjustable cradle for
holding record changers. This style can be
tilted for servicing without the changer's being
removed from the cradle.

This support must maintain the
changer in a level, normal playing
position. This is important. In fact,
many service complaints are brought
about by the changer's not being level.

For example, the pickup arm is adjusted to land in the blank space at the
outer edge of a record. Then, if the
changer is level, aslight spring pressure
or gravity feed will cause the needle
to move over toward the spindle sufficiently to engage the first playing
groove. If the changer is not level, the
needle may not move into the playing
groove, or may even jump the other

FIG. 31. A home-made jig. The leg spacing
must be adjusted for different changers.

way—completely off the record. Similarly, in cases where the spring tensions
are critical, you cannot have the
changer up on edge without putting
excess tension on some springs or releasing others so that the changer cannot perform satisfactorily.
There are several support jigs for
record changers that may be purchased
from the radio supply houses. A typical one is shown in Fig. 30. If you
prefer, you can make a jig like the
one shown in Fig. 31. Of course, the
spacing between the posts will be
proper only for certain types of changers, so a home-made gadget of this
kind is not quite as flexible as are some
of the adjustable commercial jigs. In
any case, the jig must fit the changer,
must support it securely, and must
hold it level. To be useful, the jig must
hold the changer above the workbench
high enough for you to see and adjust
the changer mechanism from underneath. You don't have to put your
head under the changer to watch its
25

operation—you can always use amirror to let you see underneath—but you
will usually have to get under it yourself when you make adjustments.
When you are servicing a record
changer, it isn't always desirable to
have electric power applied. The
changer may run through its operation
too fast for you to watch everything
sufficiently, or there may be some jamming condition that could actually
damage parts if power is applied. For
this reason, it is frequently necessary
to disconnect the motor from the power
line and rotate the turntable by hand
to drive the changer mechanism slowly
through its cycle of operation.
Sometimes you will find that support straps, mounting boards, or other
objects obscure the view of the parts
you want to watch. In such a case,
removing the turntable may let you
see the mechanism underneath. However, this won't always prove helpful
—in some instances the motor board is
solid, and only the spindle comes
through the board. If so, removing the
turntable does not permit you to see
underneath at all.
Now let's describe afew basic troubles and learn their remedies before
going on to examples of manufacturers' service data.

NON STANDARD RECORDS
A great deal of the trouble experienced with record changers is caused
by the fact that the records involved
are warped or are not standard in
some way.
The standard 10- and 12-inch records
made by the reputable manufacturers
are all held reasonably close in their
sizes. They are of the proper thickness and diameter, and in general the
edges of the records are smoothly
rounded. However, it is always possible for even astandard record to be
26

outside tolerance in some way, and
many of the records made by smaller
companies are not standard at all.
Here are a few of the troubles caused
by non-standard records.
No Eccentric. You will find that
many of the older recordings either do
not !have an eccentric groove at the
center of the record or have one so
shallow that it cannot trip some of the
changer mechanisms. This is particularly true of some of the earlier classical recordings. Unfortunately, these
classics are frequently the very records that appeal to owners of record
changers. They may not realize that
the eccentric groove is necessary for
the trip, so you may very well get a
call to repair a changer because it
does not trip, when actually the trouble is this lack of an eccentric groove.
Be sure to find out from the customer
on such calls whether the mechanism
fails to trip only on certain records—
he may have noticed this characteristic, which will lead you at once to the
trouble.
There are a few records, mostly
foreign ones, that have the eccentric
groove but carry the recording groove
too close to the center spindle. This
is perfectly all right as long as the trip
mechanism operates from the eccentric
groove. However, if used in achanger
having apositional trip (in which the
trip is actuated as soon as the pickup
arm is brought within a preset distance from the spindle), these records
may tend to trip too soon. If you find
that the changer has apositional trip,
check the manufacturer's instructions
to learn the distance from the spindle
the device should be set. If it trips at
the proper distance, the record is at
fault.
Thickness Variations.
Records
that are too thick or too thin can cause
trouble in the mechanism designed to
feed the records from the storage sys-

tern to the turntable. For example, in
all systems like that shown in Fig. 21,
the record must slide under the guide
trigger. A thick record may not be able
to feed through here. On the other
hand, if two very thin records get together, they may both try to feed
through. The result could be a jamming on the shelf, or they both may
drop at once. In the case of the thick
record, of course, jamming results.

Improper Diameter. If the record
is too large or too small in diameter,
it may not feed through the storage
mechanism properly, and naturally the
pickup arm will not land properly on
the record. Of course, arecord that is
off standard size this way is usually
easy to detect because it can be directly
compared with others in the stack. It
is less easy to detect records that are
thick or thin.

JAMMING

FIG. 32. An off-size record or improperly adjusted separating knives may result in record
breakage like this.

In a changer that uses separating
knives, records that are too thick or
too thin may not be properly separated
by the knives. If the record is too
thick, the knives may cut into it instead of passing over it. If it is too thin,
the knives may cut into the record
above the one to be separated. Incidentally, rough or chipped record edges
can also cause trouble by catching the
knives. Fig. 32 shows an example of
what may happen in such a case. Of
course, this can also be the result of
an improperly adjusted knife.

When arecord changer is j
ammed, it
is not advisable to try to force it to
continue its changing cycle. Of course,
just what is wrong depends upon whether the jam was caused by a defective part or by someone's tryint to
force the mechanism. In general, however, it is possible to clear jamming
by rotating the turntable backwards.
Of course the power must be shut off
when you rotate the turntable by hand
in this manner.
If the changer has adamaged part,
it will jam at the same point in its
cycle each time. In such a case you
can rotate the turntable in the proper
direction, by hand, until the jam occurs. You will then be better able to
see just what has gone wrong.
Incidentally, it is possible for jamming to occur because the changer is
not level or because it has shifted in
its position in the cabinet. It may be
that all the levers and gears originally
cleared the interior of the cabinet but
that a shift in position has permitted
some lever to strike the cabinet. You
can check the levelness of the changer
with acarpenter's level.

GENERAL DEFECTS
Ordinarily, a changer is in need of
repair because of the normal wear of
some of the parts in it. This wear
may be of such nature that an adjust27

ment, provided by the manufacturer,
can clear up the difficulty. However,
once a bearing becomes so loose that
the lengths or positions of levers vary
during the changing cycle, it will be
necessary to make a major repair or
to replace the changer.
Another common source of trouble is
fatigue in the springs, of which changers have many. With use, these springs
will eventually stretch so that they do
not provide the proper tensions. When
this happens, it is usually necessary to
replace the offending spring; once in a
while, however, you may find that the
manufacturer has provided an adjustment for the spring by attaching one
end of it to amovable terminal.
Incidentally, much of the trouble
that is encountered with record changers comes about because of lack of
proper oiling. Although oiling instructions usually accompany a changer,
few owners remember to follow them—
perhaps because the necessary oilings

are infrequent and therefore easily for.
gotten.
The manufacturer's instructions
should be consulted when it is discovered that oiling is needed. It is usually
safe to oil any metal-to-metal bearing,
although often a light grease is indicated instead of regular oil.
There are some spots about arecord
changer that 'should never be oiled.
Certain tripping mechanisms that depend upon friction may or may not
require oiling, depending upon the
materials used in them. For example,
one changer has acork washer to provide friction. Oil on this washer completely upsets the operation of the trip
mechanism.
Similarly, it is desirable to keep oil
away from all rubber parts. Many
drive mechanisms are friction types,
using rubber-tired pulleys. It is important to keep oil away from the
rubber, but nevertheless to oil the
bearings of such pulleys.

Pickups and Their Servicing
The pickup device itself has nothing
to do with the automatic record
changer other than the reproduction of
the recording as an electrical signal.
Nevertheless, when the output from a
changer is distorted or sounds tinny
or when there is no output at all, the
serviceman is certain to get a call.
There are three types of pickups in
common use today—the crystal, the
magnetic, and a variable reluctance
CRYSTAL
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FIG. 33.
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type of magnetic pickup. Let's study
their operation briefly.
As you know, all standard recordings used in the home are the result of
modulating a groove so that it has
"wiggles" from side to side in it. The
record player needle fits in this groove
and is forced to follow the variations.
To reproduce the recorded sound, we
have to have some means of translating
this mechanical side-to-side motion of
the needle tip into an electric signal.
Crystal Pickups.
Probably the
most widely used pickup today is one
containing a crystal element. These
units are inexpensive, easy to replace,
and give ahigh output.
Fig. 33 shows the operating details
of a crystal cartridge or pickup. The

Details of acrystal cartridge.
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Courtesy Astatic Corp.

FIG. 34. Several typical crystal cartridges. They vary in physical size, method of connecting
leads, and whether or not permanent needles are used. Some have greater outputs, and others
offer better Adelity.

phonograph needle is held in a chuck
by a screw. In turn, the chuck is
clamped to one end of the crystal element. The opposite end of the crystal
is mounted in the case so that it cannot
move. Now, as the record grooves force
the needle to move from side to side,
the chuck is twisted. This twists the
end of the crystal, applying amechanical stress to it that causes it to generate a voltage, which appears on its
opposite faces. Foil plates on the crystal surfaces pick up the voltage and
feed it through the leads.
The physical appearance of crystal
cartridges vary somewhat, as shown
by several typical ones in Fig. 34.
However, they all operate on basically
the same principle—the only differences are in the housings, the methods
of connecting the cable to the cartridge
unit, and the styles of needle mountings. We shall go into needles a little
later.
Magnetic Pickups. Fig. 35 shows
the details of the operation cif amagnetic pickup. Essentially, this consists
of apermanent magnet, acoil, and an
armature that can be actuated by the
phonograph needle. As shown in this
figure, motion of the needle from side
to side directs the flux in opposite directions through the armature. Therefore, since the coil is essentially around

the armature, the flux variations in the
armature cause voltages to be induced
in the coil.
Variable Reluctance Pickup. The
variable reluctance pickup, a typical
example of which is shown in Fig. 36,
is a variation of the magnetic type.
However, the difference in the amount•
of needle pressure needed is appreciable. A magnetic head must be heavy
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Details of amagnetic pickup.

so that the head will not vibrate when
the armature does; consequently, it
presses rather heavily on arecord and
wears it out quickly. In the variable
reluctance pickup, however, the vibrating device is a very tiny, lightweight
reed; consequently, the head can be

CANTILEVER REED

FIG. 36.

One type of variable reluctance
pickup.

made light enough to cause practically
no record wear.
This change in weight comes about
because the coil no longer picks up
the flux variations directly from the
armature. Instead, the armature in the
variable reluctance type merely varies
the reluctance in amagnetic path, and
the coil picks up its energy from the
variations in flux in this path.
As Fig. 36 shows, there are two paths
for magnetic flux in this pickup. In
each path, flux flows from the magnet
through half of the pickup coil and
through the reed back to the magnet.
The position of the vibrating reed in
the air space between the two coil cores
determines how much flux flows in each
half of the coil at any instant. When
the reed is near one of the cores, the
flux through the half of the coil wound
around the other core decreases. The
two halves of the coil are wound in
opposite directions around their cores,
however, so adecrease in flux through
one has the same effect as an increase
in flux through the other. This doubles
the effect of the movement of the reed
in producing asignal.
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PICKUP DEFECTS
Crystal Pickup. A crystal cartridge
is rather easily damaged. If the pickup head is ever dropped, it is quite
likely that the crystal will be cracked.
Excessive motions of the needle may
also crack the crystal. Moisture can
also destroy a crystal. So can heat: a
crystal should never be allowed to get
hotter than 110°. Many pickups are
ruined because the head is allowed
to remain so long in the path of sunshine streaming in awindow that the
crystal becomes overheated.
A defect in the crystal practically
always shows up as asevere distortion
accompanied by weak volume. When
you find a changer with such characteristics and have determined that the
audio amplifier is not at fault, it is
advisable to replace the crystal. Generally, the crystal is held in the pickup arm by two screws or by asimple
clamp arrangement. Simply remove the
defective unit and install a good one
of the same type in its place.
When yiin -riplace acrystal, be careful not to overheat the terminals if
you -must -s
oTeler a cable fo thé cift
ridge. Excessive heat from the soldering iron will destroy the crystal. Therefore, it is best to have the pickup cable
terminals well tinned and coated with
solder so that you can sweat the cable
end to the crystal terminals quickly.
Magnetic Pickup. The armature of
a magnetic pickup sometimes strikes
the pole pieces, either because the
rubber damping blocks have worn
out or because the armature has shifted
its position. When this happens, the
device will chatter, and the output will
be severely reduced. Occasionally an
armature moves over far enough to
stick to one of the pole pieces by magnetic attraction. When this happens, of
course there will be practically no out-
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needle point is too small, as shown in
Fig. 37A, it can skid from side to side
in the groove and thus introduce false
frequencies. It may even ride out of
the groove in such cases. In addition,
anarrow needle may strike the bottom

put. No output may also be the result
of an open coil.
It is impractical to repair the pickup; «
the only thing to do is to replace
the head when you are sure it is at
fault.
Incidentally, with any type of pickup, it is ,well to be cautious about the
cable that connects the pickup electrically to the amplifier. The cable
almost always consists of acenter wire
surrounded by insulation, which is
surrounded in turn by ajmaided shield
that is grounded to prevàt hum pickup. This shield is one of the conductors. Rather often the insulation between the center conductor and the
shield wears through, permitting the
cable to short. This is particularly
likely to occur at the point in the cable
where it leaves the end of the pickup
arm and goes down underneath the
motorboard. The moving of the arm
back and forth twists and untwists the
cable at this point so that the insulation may be mechanically worn out. It
is well to examine and check cables
for both opens and short circuits before
condemning the pickup.
The position of this cable is such
that oil may get on it if anyone is careless in oiling..sjzroundin
arts of the
changer. This will's-pee ily destroy the
rubber insulation, permitting the cable
to short-circuit. Naturally, this
reduce or kill the output_

FIG. 37.

PHONOGRAPH NEEDLES
As you will realize, it is desirable
for a needle to be as permanent as
possible. If the needle wears excessively, it may not even be able to play a
stack of records. This is particularly
true of some of the non-metallic
needles, such as the thorn or cactus
types.
Needles should be made so that they
fit the grooves of the record. If the
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Effects of needle point sizes.

of the groove and pick up agreat deal
of noise from the imperfections there.
On the other hand, if the point is
too broad, as shown in Fig. 370, it cannot fit down into the groove and will
tend to escape and permit the pickup
head to slide across the record. When
the needle fits the groove properly
(Fig. 37B), it will follow the modulations in the record grooves without
introducing other frequencies and
without escaping from the grooves.
The harder the needle point, the
more important it is that it have the
correct needle shape initially. Unless
a hard point is made with extreme
care, it may have imperfections that
will wear down the walls of the record
groove and so destroy the fidelity of
the recording.
The standard steel needle is usually
only an approximation of the right
shape. However, it is made of amaterial sufficiently soft so that the abrasive contained in a standard record
will quickly wear the needle down until
it fits the groove reasonably well. This
wearing causes shoulders to build up
on the needle, however, soon shaping
it so that it can damage records. For
this reason, a standard steel needle
should be replaced each time arecord
is to be played. Obviously, this makes
such needles rather impractical for
record changers.
Longer playing steel needles are

made for record players. These needles
This is a view of a cartridge used on
are tipped with alloys that make the
certain RCA changers. The sapphire
tips very hard. Then the needles are
playing tip is held in atiny socket by
carefully selected so only those having
rubber cement (such as Goodrich Élasthe correct shape are sold. For permaticon). If this needle needs replacenent-point needles, it is well to rememment, it may be grasped firmly with a
ber that it is agood idea to buy those
pair of tweezers, given a few turns to
made by areliable manufacturer. Any
loosen the cement, and then pulled out.
imperfections will remain for the life
of the point and will cause wear of the
record grooves. Most such points are
shadowgraphed by the manufacturer,
which means that an enlarged shadow
SAPPHIRE
of the needle point is thrown upon a
GUARD SCREW
screen for examination. Any needle
with an imperfection is rejected.
FIG. 38. How to replace the sapphire tip on
certain RCA changers.
In addition to the steel needles, there
are available needles tipped with sapphire or diamond. These are the long- A new sapphire can be re-inserted, with
just adrop of the rubber cement on it
est playing of all. Of course, these
to hold it in the socket.
needles are rather expensive; if handled carefully, however, they will
RECORD CARE
last for many thousands of playings.
Many
people
do not know how to
The standard needle is straight and
take proper care of their records.
has arelatively thick shank. The more
Whenever you find that the record colrigid the shank of the needle, the better
lection of one of your customers is not
it will transmit high audio frequencies
in good condition, you can do him a
—including scratch noises. Many peoservice and create some good will for
ple find the elimination• of the scratch
yourself by passing along these hints:
more desirable than good fidelity; to
Records will become noisy if they
do this, some needles are made thin
and flexible; others are coated with are allowed to collect dust. They must
paint; and, finally, many actually
be kept clean. It is best to store records
have a bend or knee in them. All of
in their original envelopes or albums,
these changes in the basic shape of the
and then, if they do collect some dust,
needle result in areduction of the highto brush them with arecord brush.
frequency response and acorrespondIt is necessary to store records properly to prevent them from warping. As
ing reduction in scratch noise.
Most modern record changers have
you have learned, awarped record can
permanent built-in needles. If anyeasily get into trouble with the changer
thing is wrong with the needle the
mechanism, because it may be imposentire pickup cartridge must usually be
sible for the mechanism to separate
replaced. There are a few exceptions
warped records. Records should never
be left resting on the support shelf of
in which it is possible to replace the
needle, however.
arecord changer for along time. They
One exception is shown in Fig. 38.
should always be stored carefully.
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Motors and Their Servicing
The motors used on record players
and changers must maintain their
speeds accurately. Thé two basic
motor types used in record changers—
the synchronous motor and the induction motor using agovernor—meet this
requirement.

pulls the wheel to the right, bringing it
up against two friction pads made of
felt. As soon as the wheel strikes the
friction pads, it is slowed down by the
friction; since the wheel is connected
to the shaft through the springs and
collar, the shaft is slowed down also.
Thus, the motor is retarded if it atThere are several forms of the syntempts to run faster than the speed for
chronous motor. Most of them are of
which the governor is set. This keeps
the eddy current type, but you will
the motor running at afairly constant
ccasionally encounter shaded-pole or
speed as long as nothing happens to
capacitor motors. Any of these are
make
it run too slowly; the governor
relatively constant in speed as long as
has no action that will speed up aslow
•
they are not overloaded.
In general, little goes wrong with • motor. The speed at which the governor will start to slow down the motor
the motor itself as long as it is oiled
can be adjusted by moving the friction
properly. Once in a great while, you
pads
toward or away from the collar;
may find achanger in which the motor
the
farther
they are from the collar,
has a burned-out winding, but this is
the
slower
the
speed at which the goyvery rare. More commonly, any trou__
ernor
.
ble will be with something related to
hese governors will not maintain
the motor—the on-off switch may be
the speed properly if the friction pads
defective or the motor may be overwear down or become hard because of
loaded. On the induction types, the
alack of oiling. Watch for this if the
speed governor may cause trouble.
speed is uneven.
A simplified drawing of a typical
speed governor is shown in Fig. 39.
This device contains a shaft that is
DRIVE MECHANISMS
coupled to the motor. Two weights are
The driving force of a phonograph
connected by springs to acollar on the
motor is applied to the turntable either
end of the shaft. A wheel is also conat the center spindle or at the rim.
nected to the weights by springs. Let's
Fig. 40 shows one form of spindle drive,
see how the device works.
in which the motor drives a gear
As the shaft rotates, the weights are
mounted on a shaft secured to the
thrown outward by centrifugal force.
spindle.
The pull exerted on the springs by the
When the center spindle is driven
outward movement of the weights
this way, considerable power is needed
to get the turntable started. Once
FRICTION
WEIGHT
• PAD
started, however, the inertia of the
lit
WHEEL
.'".
SPRING
rotating mass of the turntable tends
COLLAR
SHAFT
to keep it going.
Many changers use a less powerful
SPRING
motor
and drive the turntable from its
FRICTION
WEIGHT
PAD
rim. In systems of this kind, as shown
FIG. 39. Details of atypical speed governor. in Fig. 41, the motor turns a-small
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FIG. 40. A drive system that operates through
the center spindle. This photo shows arecord
player ; achanger would use adifferent spindle
and would have the changer mechanism. These
are omitted here to show the drive more clearly.

drive pulley. This is held against the
rubber-tired idler pulley, the edge of
which is against the rim of the turntable. Incidentally, it is necessary to
use either gearing or an idler pulley
system of this kind so that the motor
can turn at a fair rate of speed, yet
maintain the standard 78 revolutions
per minute for the turntable.
There is another advantage to the
rim drive system. In a center spindle
drive, the motor is more or less directly
connected through agearing system to
the turntable. Vibrations produced by

the motor can travel to the turntable
and be picked up by the pickup. On the
other hand, with the rim drive system,
the motor can be flexibly mounted in
a spring suspension. Springs keep its
pulley in contact with the idler pulley.
With this arrangement, any variation
up or down in the drive pulley does not
transfer any motion through the idler
pulley to the turntable.
Spring suspension of the motor is
important to keep down what is called
turntable rumble, a frequent cause of
customer complaints. This noise consists of a low-frequency rumbling
sound, somewhat similar to hum, that
can be heard only when the record is
being played. Generally you will find
it is caused by the fact that the motor
is no longer suspended on springs—
someone may have tightened the
mounting so much that the springs are
no longer effective, or they may be
weakened so that the motor can jar
the motorboard and, through it, the
turntable. Sometimes this condition is
made worse by the fact that the entire
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Details of rim-drive systems.
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motorboard is not sufficiently springmounted, either because someone has
screwed down the changer too tightly
to the cabinet or because it has shifted
in position so that the motorboard is
bearing against the cabinet wall. Sometimes flexible couplings are used between the motor drive and the rest of
Courtesy RCA
the drive mechanism to cut down some
of this transfer of noise.
FIG. 42. Certain RCA changers have speed
adjustments as shown here.
Improper speed is perhaps the most
common complaint involving the
turning the adjustment screw until the
motor system and drive mechanism. A
pattern appears to be motionless.
synchronous motor never runs too
These discs are available from radio
fast, but it may run too slowly if the
supply houses and from many record
motor or the changer mechanism needs
dealers.
lubrication. Usually, careful oiling and
Remember that improper line voltgreasing will clear up atrouble of this
ages
or variations in line voltage may
kind.
An induction-type motor that has a affect the speed of the motor. Of
course, if any foreign particles have
governor usually also has an adjusting
lodged between the armature and the
screw by which the speed of the motor
field pole pieces, or in any of the gearcan be changed. A typical example is
ing, the motor may vary in speed or
shown in Fig. 42. To get the motor to
may even jam and not run at all.
the right speed, a stroboscopic disc is
Overheating is another motor trouplaced on the turntable. This is adisc
having a special pattern on it; when
ble. This of course can be the result
the disc is observed under alight operof insufficient lubrication, but may also
be the result of bearings that are too
ated from 60-cycle power, the pattern
will apparently stand still if the motor
tight, of short-circuited coils in the
is turning at the proper speed but will
motor, or of an excessive load on the
motor, such as may be produced by
appear to revolve if the motor is going
too fast or too slow. The proper turnimproper lubrication of the drive
mechanism or by off-center mounting.
table speed is secured, therefore, by
SPEED
(SCREW) TO DECREASE SPEED
TURN CLOCKWISE

TURN SPEED ADJUSTER 30 THE FEL
WILL PROTRUDE >16- WHEN ALL THE
WAY IN. ADJUST GOVERNOR SO AS
TO LEAVE Ks' BETWEEN FELT AND
DISC, THEN SECURE BY MERNS
OF GOVERNOR OCRE

SPEED
ADJUSTMENT
LOCK NUT
IL

KEEP FILLED 011011
IJGHT OR_ TO INSURE
SPIOOTH OPERATION

ADJUST SOTHATSHAFT
IS FREE TO ROTATE
WITHOUT ENO PLAY

REMOVE TO
TAKE OFF GOVERNOR

. Microgroove Records
Recently there have been introduced
two different series of records having
very fine grooves (generally called
microgrooves because of their thinness) ;these records are intended to
rotate at slower speeds than 78 r.p.m.
LP Records. One microgroove type
consists of 10-inch and 12-inch records designed to be played at 33 1/
3
r.p.m. The slower speed and increased
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number of grooves permit these records to holpl much more, recorded
material; it is possible to get an entire
symphony on both sides of one 12-inch
record, whereas four to eight standard
records would be needed for the same
symphony.
The advantages of such a longplaying record are obvious—one no
longer has to put up with the unnatu-

(long-playing) records have been developed. Of course, the new speed requires a change in gearing or size of
idler pulley, and the fine record groove
requires a special fine-tipped needle
and light-weight tone arm.
Combination changers can handle
both the LP and the standard records
(as long as they are not intermixed)
by having aswitch to change the turntable speed, and either using separate
tone arms or aswitching arrangement
that will change the arm weight and
needle size. The latter is obtained generally by using a dual needle and a
tilting or revolvable crystal so that the
proper tip is put into play. However,
there is anew 7-inch microgroove record for popular music; this requires
an additional switch to set the pickup arm landing position, plus an extension spindle or platform to provide
proper storage support for this smallsize record.
45-R.P.M. Type. Another microgroove system uses arecord 67
/
8 inches
in diameter and a turntable speed of
45 r.p.m. These records are radically
different in that they are designed to
operate on a changer having the
"works" in the center post. Hence,
the records have a center hole 11/
2
inches in diameter, and are made
thicker in the label area to provide a
space for the separating knives.
These records were introduced along
with the unique changer shown in
Fig. 43, but some of the recent changers will handle not only these records,
but also the LP and standard ones
by having interchangeable center spindles, three speeds, dual needles, and
a new landing position for the tone
ann.
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Fig. 43. A photo and two sketches of the
player designed for 45 r.p.m. microgroove records. The upper sketch shows how the separator
knives move in between records while the support shelves are withdrawn simultaneously to
allow the bottom record to drop. In the lower
sketch, the support shelves now hold the record
stack and the knives are withdrawn into the
spindle.

rai break in the music that occurs
when arecord is changed in aconventional changer.
Both single-record players and
changers designed only for these LP
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Lesson Questions
Be sure to number your Answer Sheet 48R112.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. What feature is provided on standard records to make it possible for the
changer mechanism to regain control after the record has finished playing?
2. What are the three main types of trip mechanisms?
3. What is the function of the main cam in most record changers?
4. In the elevator system shown in Fig. 12A, how would you adjust for the
condition wherein the pickup arm is not lifted sufficiently to play arecord
on top of astack?
5. What is the function of the guide trigger in the spindle of a single-post
changer?
6. What is the function of the knives in a2-post or 3-post changer?

•

7. What two things can happen if the pickup arm is moved when achanger is
in cycle?
8. What precaution must be taken when replacing acrystal pickup?
9. Why should one be careful to keep oil off the electrical cable that connects
the pickup to the amplifier?
10. What two things may cause agovernor-controlled motor to run unevenly?
Be sure to fill out a Lesson Label and send it along with your answers.
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Here is some very sound advice written by a highly
regarded authority, Joseph H. Appel:
"You want a better position than you now have in
business, a better and fuller place in life. All right.
Think of that better place, and you in it, as already
existing. Form the mental image. Keep on thinking
of that higher position.
Keep the image constantly
before you. No, you will not suddenly be transported
into the higher job, but you will find that you are preparing yourself to occupy the better position in life.
Your body, your energy, your understanding, your heart
will all grow up to the job. And when you are ready,
after hard work, after perhaps years of preparation,
you will get the job and the higher place in life."
Remember, Mr. Appel does not promise miracles. But
by developing confidence and assurance—by sincerely
believing that you will accomplish what you want to accomplish, you make great progress on the road to
success.
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STUDY SCHEDULE NO. 49
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.

E

1.

Basic Principles of Television

Pages

1— 4

How television signals are transmitted and received, their limitations, and
the basic equipment necessary for their transmission are discussed.

E

2.

Image Scanning in Television

Pages

4-11

A description of how a scene is broken down into elemental impressions.
and how these impressions and the necessary synchronizing signals are
transmitted in a sequence of pictures.
E]

3.

The Cathode-Ray Tube as an Image Reproducer

Pages 12-16

In the television receiver the cathode-ray tube reassembles the elemental
impressions to reproduce the television signal on the screen.

[E]

4.

Image Detail

Pages 17-20

A description of the factors which are required to give pictures good
definition without flicker.

D

5.

Interlaced Scanning

Pages 21-23

How 60 pictures per second are used to reduce flicker within the bandwidth requirements of a 30-picture-per-second system.

E

6.

Brightness and Contrast Controls

Pages 23-26

These two important controls in television systems are discussed and the
principles of operation and adjustment are given.

E

7.

Television Signal Standards

Pages 26-31

The technical standards of television signals and synchronizing pulses which
affect both transmitter and receiver operation.

E

8.

Fundamentals of TV Receiver Operation

Pages 32-36

The passage of sound and sight signals through a typical TV receiver
and the basic controls which will be encountered.

E

9.

E 10.

Answer Lesson Questions, and Mail your Answers
to NR! for Grading.
Start Studying the Next Lesson.
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YOU are now beginning your special

training in the field of television.
This first Lesson will give you an
understanding of modern television,
showing how it is possible to see on the
screen of apicture tube in areceiver a
scene that is at that same instant taking place miles away and being viewed
by the television camera.
In the NRI Television Lessons you
will find presented in asimple, logical,
and understandable manner the important principles underlying all phases
of modern television systems. 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 employed, and
the difference between servicing broadcast receivers and servicing TV receivers. You will also be shown how to
make installations and you will instruct the customer in the operation
of his receiver.
Photograph above, courtesy RCA.

THE TV CARRIER SIGNAL
The process of scanning that breaks
up a televised scene into successive
signal elements results in a frequency
range for picture signals of from zero
to more than 4,000,000 cycles (4 megacycles, abbreviated 4mc.) per second.
Thus the television signal covers more
space in the radio spectrum than the
entire broadcast band. For this reason
only very-high frequency carriers are
suitable for transporting through space
a signal that has a frequency range.
of over 4megacycles. With ordinary
modulation practices, such as are used
in the broadcast band, this means that
the frequency range of each TV station would be over 8 megacycles.
However, by partially suppressing one /side band, this range is reduced to less
than 6megacycles and each station is
allocated achannel emegseyeles_widar---Consistent television reception at
greater-than-line-of-sight distances is
now definitely a reality. This was
considered impossible for many years

by most engineers as well as by the
Federal Communications Commission.
The general theory was that the signals traveled in astraight line 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 astraight line is correct, but
the point that was generally overlooked was that refractions (bending
of the signals) occurred and that it
was possible to use these refracted

Channel
Number
2
3
4
5.
6
7

a

9
10
-11 ,•
12
13

ference manifested itself in the form of
black lines running through the picture, commonly referred to as "venetian blinds," also the audio was
garbled. This stoppage of construction permits was to allow time for the
FCC to study and rectify the already
existing situation. It appears that in
the future the ultra-high frequency
spectrum in the neighborhood of 500
megacycles will be opened up, and that
station permits will be issued so that
the number of TV stations may be in-

Channel
Freq. Me.
54-60
60-66
66-72
76-82
82-88
174-180
180-186
186-192
192-198
198-204
204-210
210-216

FIG. 1.
That portion of the spectrum
between channels 6 and 7 is assigned to
FM and other services, and the frequencies from 54 me. to 88 me. and
from 174 me. to 216 me. are reserved for
TV transmission.

creased. The higher the carrier frequency, the more the signal acts like
light rays and the less chances there
are of interference between stations

signals to produce satisfactory pictures at distances of two and three
times line of sight. These refracted
signals are a normal occurrence and
are always present at distances up to
approximately 100 to 125 miles, depending upon the height of the transmitting and receiving antennas.
When actual practice proved that
long-distance television reception was
possible, the Federal Communications
Commission found it necessary to stop
all television station construction permits because stations that were located
less than 300 miles apart were interfering with each other. This inter-

located fairly close together.
The Federal Communications Commission originally allocated thirteen
channels to television, extending from
44 megacycles to 216 megacycles.
Channel No. 1was eliminated and at
the present time there are twelve TV
channels, designated by their original
numbers, 2 to 13, with the frequency
coverage shown in Fig. 1. Additional
assignments of TV channels will be in
the ultra-high frequencies.
2

TV IS AN EXTENSION OF
RADIO PRINCIPLES
A television camera is needed to
pick up picture signals in atelevision
studio, and a special reproducing device is required at the receiver to reproduce the transmitted picture.
Between these two special devices we
find a great many familiar radio circuits. At the television transmitter
there is amaster oscillator that generates the r.f. carrier, together with r.f.
power amplifiers, a modulator, linear
r.f. power amplifiers, and a transmitting antenna. At the receiving location the television signals are picked
up by an antenna, and are amplified
and selected in the preselector of the
television receiver. The superheterodyne circuit is used in television sets
and hence the receiver will have an
r.f. amplifier, a mixer first detector,
a local oscillator, an i.f. amplifier, a
second detector, and a picture-signal
amplifier, all of which prepare the
received signal for the picture-producing device.
The sound accompaniment for a
television program is handled in essentially the same way as in f.m.
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, condensers,
transformers, etc., just as in ordinary
broadcast receivers.
In many instances, as you will learn later, some
of the parts do not have the same
physical appearance but many are
identical.
Television circuits may be exactly
the same as radio circuits or there
may be entirely new circuits developed

to meet special requirements of picture reception.
Sounds, no matter how complex, are
inherently a succession of signal intensities. Unfortunately, ascene does
not exist in this desired state. Therefore a scene must be converted into
a succession of signal intensities by a
process of scanning, as the first step
in sending images by radio or wire.
The television camera provides this
scanning, and feeds into the television
system a signal corresponding to that
fed into a radio system by a microphone. The succession of signal intensities in atelevision signal is handled by the transmitting and receiving
systems in amore or less conventional
manner.
These varying intensities
must be reassembled in proper order
and position by an image-reproducing
device at the output of the receiver
in order to reconstruct the original
scene. The image reproducer in a
television receiver corresponds to the
loudspeaker in a broadcast set.
The scene is taken apart at the
transmitter so that it can be sent
as a succession of signal intensities
and must then be properly reassembled
at the receiver. To do this the circuit that controls the scanning at the
television 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 synchronization, 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 circuits and are sent out on the
carrier along with the picture and

sound signals in a conventional manner. At the receiver the sync signals
are separated from the picture signals
by special circuits that are not found
in the usual broadcast set. In the
final analysis, however, all these special circuits are based upon extensions
of well-known radio principles.
Once the requirements of a television system are recognized, the special
circuits 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 understandable as ordinary radio circuits.
This Lesson is primarily intended to
acquaint you with the important problems in television and later Lessons
will go into details on the various circuits and the actions that take place
in them.

Image Scanning in Television
Television involves a 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, afire, or the sun. The eye
sees color because the electromagnetic
waves in the visual band have different frequencies, each frequency or
group of frequencies giving, through
the action of the brain, a color sensation. The human eye serves as acomplicated lens (much like the lens in
acamera); for it projects these electromagnetic waves on the retina, a surface at the back part of the eye. This
retina has millions of nerve endings,
each of which is connected to the
brain. These 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 reconstructs the over-all picture by assembling all the nerve impulses. Thus,
the eye breaks up the scene into two
elements, each of which is transmitted
over a separate nerve channel to the
brain.
One scientist calls the human eye
nature's own television system. The
object viewed acts as the transmitter
system sending out electromagnetic
waves. The eye, acting as areceiver,
picks up the waves and relays them to
the brain to give us the sensation of
seeing.
A SUGGESTED TV SYSTEM
This action of our visual mechanism
suggests the construction of a television system.
Why not arrange
,thousands or millions of tiny electric
ieyes on a screen to pick up the light
l
waves, and connect these by thousands
Iof wires of radio-frequency transmit,
i ters to areceiver containing thousands
of tiny glow lamps? Each of these

d

would reproduce the amount of light pick-up device in atelevision system,
picked up by its corresponding elec- corresponding to the microphone in
tric eye, so the combination of all the the radio system.) In effect, an "eye"
lamps would reproduce the object in the camera travels over the top
viewed by the transmitter. Yes, a édje of the scene from left to right,
television system like this has actu- swings quickly back to the left-hand
ally been tried for land-wire television, side, moves down slightly, travels
but only on asmall scale. The scheme horizontally over the scene again, and
was found to work after a fashion, repeats the process until the whole
but obviously it was far from prac- scene has been scanned. As you no
tical, for entirely too many wires doub
guessed)
—were necessary.
is really a light-sensitive surace that converts the light received
PRACTICAL TV SYSTEMS
from the scene into an electric curThe television systems in use today
do not attempt to pick up acomplete
scene and transmit it to a receiver
. all at once. Instead, television takes
--Advantage of an eye characteristic
2 known as persistence of vision—the
ability-of the e¡re to retain an impression of an object for ashort time after
the object has disappeared from view.
This makes it possible to send aportion of ascene at atime; just so the
entire scene is transmitted before the
eye has had a chance to "forget" the
fire part of it..
The scene is broken up into elements by scanning, or by viewing a
small portion of it at atime. Scanning
is an operation very like what you
are doing now as you read this page.
You don't look at the page and attempt to read every word in one
glance. Instead, you read the first
line from left to right, swinging back
quickly to the left-hand side of the
second line, read the second line, go
back to the beginning of the third,
and repeat the process until you have
taken in every word.
That is just about what atelevision
camera does.
(This camera is the
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FIG. 2. The drawing
as a series of lines at
detail is obtained by
as at
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at A is reproduced
B and C. Greater
using more linee,
C.

rent. This 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 receiver, the process
is reversed, and the original scene is
traced out line by line.
This is ahighly simplified version of
how a television system works, but
it will serve to show you the basic
idea of operation. Right now, the
important fact for you to grasp is
'that ascene is televised "bit by bit,"
and not as awhole.
Fig. 2 illustrates the general effect
produced when ,a scene is scanned.
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Suppose we wish to televise a picture
like that shown in Fig. 2A. After
it has been scanned by the camera,
transmitted to the receiver, and reproduced on the receiver screen, it
will appear as shown in Figs. 2B and
20. That is, it will consist of aseries
of lines; these lines will vary in brightness along their length, and so make
up the picture we see. The more lines
we have in a given area, the greater
the detail of the final picture. Fig.
20, which has 120 lines, exhibits more

controls of the receiver, you will see
the individual lines.
If you move
back only afew feet it will cause them
to blend together and give good definition.
How Scenes are Scanned and Reproduced.
Before considering the
technical details of breaking up a
scene into a number of lines, it will
be valuable to get clearer ideas of
how ascene is taken apart or scanned,
and how a scene is reproduced.
SCANNING

OBSERVER

DISC

MASK
il

di

•

•

PICTURE
ELEMENT

o

SCANNING
•
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• •

FIG. 3. 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 allow him to apparently see the entire scene, although he is
actually viewing only atiny spot at atime.

MECHANICAL SCANNING
METHODS

detail than Fig. 2B which has only
60 lines.
Note that as you move the illustrations in Fig. 2farther and farther away
from you, a point is reached for each
illustration where the details seem to
blend into a complete and nearly perfect 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 agreater distance to
get asatisfactory eye impression. This
is particularly noticeable in picture
tubes 15 inches or larger. When you
are close to the screen, operating the

Even though mechanical methods of
scanning are considered inadequate
today, except for some experimental
work in color television, we will consider them first since they are easier
to understand and will help you to
understand the 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
6

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 horizontally while shifting it
vertically downward a little at the
end of each line and your eye will see
the entire scene, piece by piece.
The Scanning Disc. In place of
this card-scanning device we can use
the system shown in Fig. 3A, in which
a large number of holes are arranged
in a spiral fashion on a rotating disc
called the scanning disc. This disc
really replaces the business card that
we used in our previous example. One
complete revolution of the disc gives
one complete 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. 3B. 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 moving 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.
MECHANICAL TV
TRANSMITTERS
If the observer in Fig. 3A is replaced with a light-sensitive cell, this

cell will deliver 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 ameans of
converting a picture or scene into a
varying electrical current. This cur-

Courtesy Don Lee Broadcasting System

The engineer is holding an electronic
pickup tube such as is used in television studios. Scanning is accomplished
within this tube by electronic means.

rent, or picture signal, can be amplified and placed on a radio carrier for
transmission through space. At the
receiver, acarrier can be demodulated
and the picture signal amplified sufficiently to operate apicture reproducer.
MECHANICAL TV RECEIVERS
In the early television receivers, the
amplified picture signal was fed to a

neon glow tube like that shown in
Fig. 4A. 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 agas-filled envelope. A red
glow of light formed on the plate
when sufficient voltage was applied
between the electrodes; the intensity
of this glow varied with the applied

o

away that the holes scanned the glowing plate. The transmitter and the
receiver were so synchronized 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 scanning discs were kept
in step or in synchronization, so that
the intensity of the glow lamp at any
instant corresponded 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 are shown in Fig. 4B.
The lens shown is amagnifying glass
that is used to enlarge the image to
three or four times the size of the
glow lamp plate.
ELECTRONIC TV
TRANSMITTERS

EYE

AREA OF IMAGE
DISC

FIG. 4.
An early type of mechanical
television reproducer.
The glow-lamp
light depended on the brilliancy of the
spot being scanned at the transmitter at
that moment. The scanning disc is synchronized (in step) with the transmitter
dise so that it arranges the light elements
in their proper sequence.

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 before the glow lamp in such

Although present-day methods of
scanning in picture reconstruction differ greatly from the method just described, the principle of breaking up
the picture into anumber of elements
that are scanned line after line is still
used. Fig. 5illustrates the basic elements of an electronic television
camera. The scene is focused on the
photoelectric plate by a high-grade
camera lens combination. This lightsensitive photoelectric plate consists
of millions of tiny light-sensitive
spots, each insulated from the others
and each scarcely larger than the point
of a pin. Under a microscope this
plate looks as if it were covered with
grains of sand.
When a scene is projected on the
photoelectric plate by the lens, the
action of light drives out the electrons
from each of the tiny light-sensitive
8

units. These electrons pass through
the space in the tube to a conducting
surface on the inside of the glass
envelope, which is at a high positive
voltage and therefore attracts the electrons. The action of light thus leaves
the photoelectric plate elements more
or less positively charged (because
they have lost their electrons).
Naturally, the amount of electron
loss from any given section of this
photoelectric plate depends upon the
amount of light reaching that section.
Thus, some spots on the plate are more

FIG. 5. A cut-away view showing the
arrangement of parts inside one type of
electronic television camera.

positively charged than others, and we
actually have an electronic image of
the scene. An electron gun now shoots
afine stream of electrons at the photoelectric plate. Electromagnetic deflection coils (here designated as the "deflecting yoke") shift the electron beam
horizontally and vertically, one line
at atime, to scan the entire photoelectric plate from top to bottom. When
this electron stream strikes a positively charged surface, that surface
recovers its electrons and, in so doing,
relays the charge to aflat metal sup-

porting electrode that is back of, but
insulated from, the photoelectric plate.
In this manner, an electronic impulse is relayed from each spot that
is hit by the electron beam. The size
of each impulse corresponds to the
amount of light striking the spot, so
the sum of all the impulses (sent one
at atime) constitutes apicture signal.
The supporting electrode collects the
picture signal and, after a great deal
of amplification, the picture signal is
placed on a carrier wave and transmitted through space, just as in the
mechanical television system. In addition to
junjuaes_are_aant-at the
end of each vertical scan or frame of
to keep the imagereconstructing device in step with the
scanning mechanism at the transmitter.
While the picture and synchronizing
signals are being sent out, a sound
carrier is also being transmitted. This
carrier is always separated by 4.5
megacycles from the picture carrier.
The sound is transmitted by f.m.
modulation in essentially the same
way as in f.m. program broadcasting
except the frequency deviation is plus
or minus 25 kc., which is much less
than ordinary f.m. modulation. However, the sound signal of aTV system,
if a satisfactory audio amplifier is
used, is entirely adequate.
ELECTRONIC TV RECEIVERS
Fig. 6 shows a simplified diagram
of a typical electronic picture reconstructor. This employs an electron
gun and two sets of electromagnetic
deflecting coils.
Special oscillators
generate the current pulses that flow
through these coils; the oscillators are
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PICTURE
SIGNAL

in step with the scanning at the transmitter by special signals commonly
called vertical and horizontal sync
pulses.

DEFLECTING
COILS

ELECTRON
GUN

During the transmission of a television signal the horizontal sync pulse
SPECIAL
SCREEN

exists for an instant after each line
has been scanned and the vertical sync
pulse exists for a longer period after
each frame has been scanned.
(A

FIG. 6. A simplified diagram of an electronic picture reconstructor tube.

controlled by the synchronizing impulses 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 electrons
in the beam. The picture-signal voltage controls the speed and number of
electrons in the beam by means of a
special grid electrode, and the deflecting coils carry the current which results in 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 picture signal,
and the effect of "painting" light on
the screen is secured. The current
through the deflecting coils is produced by special circuits that are kept

frame is one complete scanning of
every part of the picture that is
in
transmi e
o necessary for
the video signals to exist while sync
pulses are being transmitted and as
a matter of fact the video (picture)
signals are stopped entirely 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 applied to the proper control circuits. This separation can easily be
accomplished, because the vertical
sync pulse lasts a much longer time
than does the horizontal sync pulse,
and by allowing the sync pulse voltages to build up across a condenser
it is possible to use capacities of such
size that they will definitely discrimi-
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FIG. 7. This diagram shows the three essential components of a television signal—
the video signal, the horizontal sync pulse, and the vertical sync pulse. This is a
modulated d.e. signal. Since the picture signal voltage swings in a negative direction
with increases in line brilliancy, we have what is known as a negative picture phase.
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nate in favor of either the horizontal
or vertical sync pulse. This, too, will
be described in detail later on. The
three basic components in atelevision
signal (the picture or video signal,
the horizontal sync pulses, and the
vertical sync pulses) are transmitted
as shown in Fig. 7. The r.f. carrier
will be considered later and hence is
not shown in this diagram.
First of all, notice that this television signal is apulsating d.c. 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
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 one line of the picture that is being scanned, are for
increasing values of brightness, with
point). 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 make the picture signal
voltage swing in a negative direction
in this manner, we say that the picture has anegative 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 a
biased triode or diode tube for sync
separation of these pulses from the
video signal. You will also notice
from Fig. 7that 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 a.m. broadcasting, the large
carrier currents correspond to the
loud sounds, and low carrier currents
correspond to the weak sounds. Exactly the opposite is true in sight transmission. With avery-high frequency
r.f. carrier that is modulated with a
television signal as shown in Fig. 7,
the white components of the television
signal will exist as low carrier currents and the sync pulses will exist as
large r.f. carrier currents. This type
of modulation is known at
...L....negativemodulation. it trifécessary that the
sync pulses represent the highest cur- •
e/
rents so that they will be less affected
by noise pulses. Negative modulation
is always used in broadcasting television programs in this country.
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The Cathode-Ray Tube as an
Image Reproducer
While electromechanical methods of
picture scanning and reproduction are
feasible, they are far more cumbersome
than electrical methods. On the other
hand, the electrical methods, employing various types of cathode-ray tubes,
are far more satisfactory for high definition home television receivers than
any mechanical system. Therefore,
electronic systems are used exclusively.
The two main types of cathode-ray
picture tubes in use today are the
electrostatic and the electromagnetic

FIG. 8. Essential elements in a cathoderay tube of the electrostatic deflection
type used for image reconstruction in
small inexpensive television receivers.

types. In the electrostatic type, focusing and sweeping are done by applying voltages to various electrodes in
the tube. In the electromagnetic type,
focusing and sweeping are done by
means of magnetic fields. Both types
will be treated extensively in your
Course but in this Lesson we will concentrate on the electrostatic type
which is widely used in the less expensive home receivers.
The essential elements of this type
of cathode-ray picture tube are shown
in Fig. 8. They are: K—the cathode,
which emits electrons when heated;
12

F—the filament, which heats the
cathode; A, and A2—anodes which
accelerate the electrons and focus
them into a narrow beam; S—the
fluorescent screen, which glows when
hit by the electron beam; G—the control electrode which controls the number of electrons entering the electron
beam and thus controls the brightness
of the spot on the screen. This electrode is called the control grid even
though it looks entirely different from
the grid in an ordinary vacuum tube;
V—the vertical deflecting plates which
move the beam up and down on the
screen; H—the horizontal deflecting
plates, which move the beam horizontally in either direction.
Electrode .A 2 is always at a higher
positive potential than electrode A,.
As much as 5000 or 6000 volts máthe_
applied to electrode A2.-Tg-voltage
applied to electrode A, is variable and
is controlled by means of apotentiometer. By varying this voltage the
beam is focused to a sharp point.
The high voltages applied to these
two electrodes serve to accelerate the
electrons in the beam, giving them
greater speed and hence increasing the
brightness of the image obtained on
the face of the tube.
on ro
-7
E,
7"va:ys
--negative
with respect to cathode K, the value
of this negative potential determines
the number of electrons that the
cathode can force through the control
grid into the electron beam. When
correct grid and anode voltages are

applied to the tube and no voltage difference exists between the two vertical
plates and between the two horizontal
plates, the beam travels straight out
and strikes the center of the screen.
The resulting spot will be in the center
of the screen as indicated in Fig. 8.
Increasing the negative voltage on the
control grid reduces the number of
electrons in the beam and reduces
the brightness of the spot.
The negative bias between the control grid and cathode is adjusted so
that the screen is almost dark when
no television signal is present. The
television signal is applied in series
with the negative grid bias in such a
way that the spot will be black each
time a pedestal is transmitted. This
condition is secured when the pedestals
(sync pulses) line up with the brilliancy cut-off point on the characteristic curve of the picture tube.
Video signals make the control grid
less negative, swinging the grid above
the cut-off point, thus varying the
brightness of the spot on the screen.
The sync pulses make the control grid
more negative than the cut-off voltage
so that the screen will be dark during
the very short intervals of their duration. Thus the retraces as the beam
swings back to its starting point do
not appear as lines in the picture.
The spot is in the center of the
screen only when there are no voltage
differences between the vertical deflecting electrodes and between the
horizontal deflecting electrodes. Now
let us see how these electrodes can be
made to move the spot to any desired
point on the screen. Referring to Fig.
9, notice that we have an electron
beam traveling between two oppositely

charged metal plates. Remember that
the electrons in this beam have negative charges; this means that the positively charged plate will attract these
electrons while the negatively charged
plate repels them, thus bending the
beam upward and causing it to strike
the fluorescent screen at point brather
than at a, the center. The greater
the voltage between these two deflecting plates, the more bending of the
electron beam there will be.
The electron beam, however, must
be moved in adefinite manner if it is

GRID
CATHODE

a
SCREEN

FIG. 9.
An electron beam passing between two oppositely charged plates is
always bent toward the positive plate.

to produce an image on the television
screen. You will remember that the
scanning process in a television
camera involves analyzing the scene
line by line in amanner exactly similar to that in which our eyes read
this printed page. First of all, it is
necessary to have some means for
sweeping the electron beam gradually
from left to right in ahorizontal line,
then quickly back again to the left,
with this horizontal line sweeping motion being repeated continuously.
We can secure a horizontal sweeping of the beam by varying either the
electromagnetic or the electrostatic
field in the tube. As stated before,
the magnetic method will be studied
later. We will now study the electrostatic sweep which is obtained by applying to the horizontal deflecting
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plates of an electrostatic type picture
tube avoltage having the characteristic shown in Fig. 10. Due to the shape
of this curve we call this asaw-tooth
voltage. A push-pull amplifier is used
to drive these plates, and the signals
delivered by the amplifier tubes are
180° out of phase. Thus when one
plate is being driven positive, the other
is being driven negative.
Observe that at points 1, 2, 3, and 4
in Figs. 10A and 10B there is no voltage difference between the two plates.
The voltage on plate x is positive at
points 8and 9and negative at points
5, 6, and 7.
Conversely, plate y is positive at
points 5, 6, and 7 and negative at
points 8and 9 (see Fig. 10C). If the
voltage is applied to plates x and y
in Fig. 9, plate xwill be positive when
the voltage is following path 1-8-2 and
negative when the voltage is following path 2-6-3 in Fig. 10B.
At the same time (see Fig. 10C)

Ø

o

oo
0
FIG. 10.
(A) Wave form of saw-tooth
voltage used for electrostatic sweep. (B)
Sweep voltage for plate x. (C) Sweep
voltage for plate y.
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plate ywill be negative when the voltage is following path 1-8-2 and positive when the voltage is following
path 2-6-3. When plate xacts as the
positive plate, then plate y is negative and vice versa.
When the charge is at point 1the
deflecting plates will have equal voltages on them and they will have no
effect upon the electron beam and the
spot will be in the exact center of
the screen. As the charges on plates
xand y approach point 8the electron
beam will be attracted gradually and
uniformly toward plate xand repelled
in the same manner from plate y. As
the charges drop to zero again at
point 2, the spot will move rapidly
back to the center of the screen. From
point 2to point 6plate xwill become
increasingly negative, repelling the
beam and bending it toward plate y
which is becoming increasingly positive. From point 6 to point 9 the
beam will move gradually from plate
yto plate x, and from point 9to point
7 the beam will move rapidly back
toward plate y again.
We have seen that asaw-tooth voltage of the form shown in Fig. 10A
will produce the desired sweep of the
electron beam. If this saw-tooth voltage is applied to horizontal deflecting plates H in Fig. 8, it will cause
the spot to sweep slowly from left to
right across the screen, then return
rapidly to the left again. If this
voltage is applied to the vertical deflecting plates V in Fig. 8, it will
cause the spot to move gradually from
top to bottom and return rapidly to
the top again.
In the earlier part of your Course
you made a preliminary study of the

special oscillator circuits used to produce these saw-tooth voltages. Later,
however, we will cover them again in
greater detail.
None of these circuits are absolutely
steady in frequency, and it is there-
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uniformly from point 5 to point 1 to
point 8in Fig. 10A; at point 8, correFIG. 11. The path traced on the fluorescent screen of a television cathode-ray
sponding to the end of the line, ahoritube by an electron beam under the inzontal sync pulse arrives with the
fluence of horizontal and vertical sawteleVision signal and causes this volttooth sweep voltages is shown in this diaage to drop back to point 6 rapidly.
gram. The wave forms of the sweep voltages are shown above and at the right of
The building up of the voltage starts
the screen; these voltages are applied beagain, only to be stopped at point 9 tween deflecting plates in each case. Thus,
when horizontal plate FL is highly negaby another horizontal sync pulse.
tive at (1), the spot will be at the extreme
Since the sharp decreases in voltage
left side of the screen at point 1; when
are accurately controlled by the transthis plate is at zero potential (a), the spot
will be at a in the center of the screen;
mitter through the horizontal sync
when this plate is highly positive (2), the
pulses, we know that the electron beam
spot will be at the extreme right side of
in the picture tube will be swept horithe screen at 2; when the saw-tooth voltage drops suddenly back to the highly
zontally in exact 'Synchronism with
negative value (2 to b to 3), the spot flies
the scanning device at the transmitter.
back from 2 to b to 3 on the screen. LikeThe vertical sweep circuit operates at
wise, when vertical plate V2 is highly negative (1), the spot will be at the top of
a much lower frequency, and is conthe screen at point 1; when this plate is
trolled in the same manner by the
at zero potential, the spot will be halfway
vertical sync pulses broadcast by the
down the screen at point 18; when this
plate is highly positive (36), the spot will
transmitter.
be at the bottom of the screen at point 36;
Now let us follow the movement of
when the saw-tooth voltage drops suddenly
the spot on the screen of a picture
back to the highly negative value 36 to 1,
the spot flies up from 36 to 1 on the
tube as it is swept back and forth and
screen over a zig-zag path- which for simup and down by the sync-pulse conplicity is shown here as a straight line.
trolled sweep circuits.
When the beam is under the control
upper left-hand corner of the screen.
Here the spot has been bent far to
of the horizontal and vertical sweep
the left. From this point the horivoltages, we can consider its starting
zontal sweep voltage gradually allows
point to be point 1 in Fig. 11, at the
15

the beam to "unbend" or return to
the center of the top line. The beam
is then gradually bent in the opposite
direction until the spot reaches the
right-hand edge of the screen. While
this action occurs, the vertical sweep
voltage is gradually moving the spot
in a downward direction; a distance
equal to the spacing between two
lines.
At point 2 a horizontal sync pulse
arrives from the transmitter, causing
the horizontal sweep voltage 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.
This process continues for each
other line until the spot is swept to
point 36 at the end of the last line.
At this time the vertical sync pulse
arrives from the transmitter and stops
the gradual building up of the vertical
sweep voltage, causing the spot to
move back up to the top of the screen.
The vertical sweep voltage drops back
to its starting value at a rapid rate,
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but the change takes more time than
is required for a complete horizontal
sweep. As aresult, 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. 11. Actually, if
the receiver is misadjusted you will
see anumber of diagonal lines, across
the screen, which is the vertical retrace.
The scanning path just described,
going from point 1 down to point 36
and then back to point 1 again constitutes one complete normal scanning
of the scene or one frame. The entire
process is repeated for each succeeding scanning.
When either the horizontal or the
vertical sync pulse is being sent by
the transmitter, no television picture
signal exists and the appearance of
retrace lines would only cause diagonal
streaks in the picture, marring reproduction. The sync pulses are applied
to the control grid of the picture tube
in the receiver in such away that they
drive the grid highly negative, causing
almost complete cut-off of the electron
beam and thereby preventing retraces
from showing.

Image Detail
A consideration of the processes of
scanning and reproduction just described 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 sending out
pedestals with synchronizing signals.
The changes in the intensity of the
video signal from one instant to another produce the essential picture detail. 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 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 high frequencies.
PICTURE ELEMENTS
All television equipment must be
designed to handle the maximum frequency of the picture signal current.
To calculate the maximum frequency
of a signal it is assumed that the
picture being scanned consists of a
17

checkerboard pattern of black and
white squares, as shown in Fig. 12,
with each square being equal in size
to one of the sensitized spots on the
photoelectric plate of the television
camera. Since each of these is the
smallest part of the scene the camera
can see, they are called picture elements. The signal current is said to
go through one cycle each time the

FIG. 12. The photoelectric plate can be
visualized as a checkerboard of dark and
light squares. Each square stands for a
light-sensitive spot or picture element.

electron scanning beam passes over
one light and one dark picture element
as shown in Fig. 13, because the signal
current goes through amaximum 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
consists 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 asquare picture with N lines there
will be N picture elements per line,
or N times N picture elements in the
complete square picture, which is
known technically as one frame. For
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FIG. 13. The signal goes through one
cycle each time the beam passes over one
dark and one light element.

example, at present the television
standards call for a 525-line picture.
Hence, in asquare picture there would
be 525 times 525 or 275,625 picture
•
elements. For ordinary calculations,
276,000 elements 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. 14. The width of apicture 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 number of elements in each line
has been increased by the aspect ratio
which we will designate as A. Now
the number of picture elements per
frame, or picture, 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 or picture frequency. It is designated as F. By
multiplying the number of elements
in a frame by the frame frequency,
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 second.
SYNCHRONIZING PULSES
In practice the picture is scanned
only about 85% of the time. The
remainder is used for horizontal and
vertical sync pulses. This increases
our maximum picture frequency because it crowds our elements into 85%
or 85/100 of asecond. We, therefore,
multiply our computed value by 1.17,
N ELEMENTS PER LINE
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FIG. 14.
When the picture is changed
to the rectangular form shown here, the
elements of a square picture are multiplied by 4/3.

18

making the maximum theoretical
picture frequency 1.17 times 5,520,000,
or approximately 6,460,000 cycles.
In our analysis of the theoretical
maximum frequency we have assumed
that there is always asharp contrast
between adjacent elements of ascene.
This is not true in practice. Several
adjacent picture 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 adjacent elements. This
is illustrated roughly in Fig. 15. Actually, the picture 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 requires considerably less
than the maximum 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 assumed 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 frequency up to the limit of
4.5 megacycles that is permitted within a television band gives a definite
improvement in fidelity.
Monotones Require Very Low
Frequencies. The upper part of an
outdoor scene, like the sky, as shown
in Fig. 16, is usually bright, while the
lower part is considerably darker.
The picture elements in such a scene
vary in light intensity at ahigh level
for the upper half of the picture and
at alow 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 frequency corresponding to the
vertical scanning frequency (the frame
frequency). However, within the background, satisfactory reproduction of
the slow changes in intensity requires
frequencies down to at least 10 cycles.
Therefore, for a525-line picture with
an aspect ratio of 4/3 and aframe frequency of 30, the picture frequency
ranges from 10 cycles to about 3.9
megacycles.
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FIG. 15. Not all the neighboring spots
on a line vary in shade.
This reduces
the necessary maximum frequency.

FLICKER
The human eye is sluggish in its response to moving objects, for it continues to see an object even after
the object has disappeared. Motion
pictures depend upon this persistenceof-vision characteristic of the human
eye. In a motion picture projection
twenty-four separate still pictures per
second are flashed upon the screen in
sequence, but the eye sees acontinuous
action rather than a series of separate pictures. The eye can detect individual views up to a rate of about
19

quency (number of pictures transmitted per second). Since the power line
frequency in the United States is
standardized at 60 cycles, ripple voltages at this frequency or some mul-

10 pictures per second, but above this
rate the scenes blend together, accompanied by pulsating light impressions
which give the effect of flicker. At
about 20 pictures per second the blending 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 industry, flicker can still be
noticed. For this reason motion picture projectors have ashutter in front

tiple 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 multiple 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
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or 30 are still too low to eliminate
flicker entirely. On the other hand,
a frame frequency of 120 pictures per
second would increase the maximum
frequency of the video signal to an
extremely high value. There is left
then, a scanning rate of 60 complete

1111111111111111111111111111111111111
111111111111111111111111111111111111111

frames per second, which imposes quite
a burden upon the transmitting system, insofar as maximum frequency

FIG. 16. 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.

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 a.c. power has considerable
effect upon the choice of a frame fre-

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
megacycles. It is possible to make
amplifiers that will handle arange of
from 10 cycles to 7.8 megacycles, but
the cost of these amplifiers is so high
that the production of inexpensive
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television receivers would become a
serious problem.

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 transmission 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. Lines 1, 3, 5, 7and all other odd
lines are covered during one scanning,
and lines 2, 4, 6, 8and the other even
numbered lines are covered during the
next scanning. Two complete scanflings 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
acomplete 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. In referring to a
field we mean the area covered during
one vertical sweep of the scene. In
ordinary scanning the field is the entire scene, but in double interlaced
scanning the field is only half of the
scene. By the frame we mean one
complete scanning of every elemental
area in ascene. In ordinary scanning
this occurs for each vertical sweep, but

in interlaced scanning two vertical
sweeps are required for aframe.
For double interlaced scanning of a
given number of lines per second at a
given frame frequency there are two
requirements: 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 scanning of the
even-numbered 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, a lower number
of lines will be used to illustrate the
principles involved.
Suppose we divide our picture into
ten lines as shown in Fig. 17A and that
we scan this complete scene ten times
per second which gives avertical sweep
frequency of 10 per second. This
means that one complete scanning of
the scene, starting at point 1, proceeding to 2, 3, 4, 5 ...17, 18, 19, 20
and then returning to point 1, will
take 1/10 of asecond. 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
vertical sweep frequency. We will
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FIG. 17. These diagrams show that interlaced scanning can occur only when
there is an odd number of lines in the
scene and the vertical sweep frequency
is twice the rate for normal scanning.
Under these conditions, the same number
of lines is transmitted each second with
either normal or interlaced scanning.

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 complete scanning from
top to bottom. Referring to Fig. 17B,
the scanning path starts at 1 and
goes to points 2, 3, 4, 5, 6, 7, 8, 9, and
10 during one complete scanning of' the
scene. Vertical fly-back now brings
us to point 11 at the upper left-hand
corner and 'we cover exactly the same
scanning path for the second scanning
of the scene_ This shows that atelevision system using an even number
of lines per picture could not secure
interlaced scanning by doubling the
vertical sweep frequency.
'
Now let us take an example in which
we have an odd number of lines (11)
22

per picture, and we use a vertical
Sweep frequency of 10 per second as
indicated in Fig. 17C. All eleven lines
are covered 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 complete
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. 17D (at
the bottom of the picture) in exactly
the same time it took to reach point
x in the middle of the picture in Fig.
17C.
In Fig. 17D, however, we have
scanned only half the lowest line when
vertical fly-back moves the spot up to
point y for the following scanning.
This time we scan along path 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, and 22.
From point 22 the spot goes back to
point 1 to start the next complete
scanning: We are thus securing interlaced scanning of the complete scene.
Interlacing twice, as illustrated in
Fig. 17D, 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 andthere
must be an odd number of lines per
frame.
Let us now consider interlaced
scanning in terms of the standards in
use for television. With 525 lines per
frame, a vertical scanning frequency
of 60 per second, and double interlaced
scanning, the total number of lines

scanned pr second must correspond to
that scanned normally with a frame
frequency of 30 per second. Multiplying 525 by 30 gives us 15,750 as the
total number of lines scanned per second. This means that the frequency
of the horizontal sweep is 15,750 cycles
per second and that the vertical scanning 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.
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. 17D from being
visible.

Brightness and Contrast Controls
the spot brilliancy is fairly linear with
respect to the applied grid voltage,
except 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. 19. Note that as
BRIGHT
VIDEO SIGNAL

o
PEDESTALS

PEDESTALS

o

o VOLTAGE+

It is necessary that the television
signal that is fed between the control
grid and the cathode of the picture
tube be pulsating d.c. and that it be
applied to the tube in such away 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 brightness of ascene. An
example of this is shown in Fig. 18
where you will note that the pedestals
in Fig. 18A have no more amplitude
than those shown in Fig. 18B, although
the video signal of Fig. 18A is far
brighter than that of Fig. 18B.
Now let us see how signals such as
those shown in Fig. 18 affect tube spot
brightness when the pedestals are
lined up with each other. Remember
that the electron beam is focused to
asmall spot on the screen and that the
negative voltage applied to the control
grid of the tube determines the brilliance of the spot.
The control that this grid has upon

D
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o

FIG. 18. The television signa which is
applied between the grid and the cathode
of a cathode-ray tube must have a constant pedestal voltage for scenes with all
degrees of brightness, and must have a
positive picture phase as shown here, se
that the video signal will be positive with
respect to the pedestal voltage, and the
impulse signals will all be more negative
than the pedestal voltage.
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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-voltage brilliancy-characteristic curve shown in Fig. 19 is quite
similar to the grid-voltage—plate-cur-
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FIG. 19. Typical grid-voltage-brightness
characteristic curve for a cathode-ray tube
in a television receiver. Point 1 is considered the brilliancy cut-off point for
the tube, as it corresponds to a spot brilliance weak enough to be indistinguishable to the human eye.

rent (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 1in Fig. 19) on the characteristic 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 known as the blacker-thanblack region of the characteristic
curve.
'When the video portion of the signal
shown in Fig. 19 is acting on the gridcathode 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 produce aspot on
the screen. As long as the pedestals
line up with the cut-off point, the
impulses cannot produce avisible spot
even with aweak video signal, and a
weak video signal, corresponding 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 1and 2.
However, suppose that the television
signal in Fig. 19 were applied in such
away that the pedestals lined up with
point 2. The video signal would swing
the grid voltage positive from point
2up along the curve to point 6, which
is perfectly all right since the various
shades of brightness would appear, but
the sync pulses would only swing a
small amount below cut-off and would
not darken the spot completely. As a
result vertical retraces would be
clearly visible at the beginning and
end of each frame as shown in Fig. 20.
Such a condition would not give a
picture that is satisfactory.
Horizontal retraces are not seen as lines
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because their time duration is too short
to result in a trace visible to the eye.
Another undesirable condition occurs when the pedestals are beyond
cut-off and line up with point 0 on
the characteristic curve in Fig. 19.
Under this condition, portions of the

pedestals 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 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 control that
changes the gain is called the contrast
control, because its most noticeable
effect is a change in the amount of
contrast between bright and dark
areas of the reproduced image..
-

Courtesy PhzIco Corp.

FIG. 20.
A zigzag line rather than a
single diagonal line appears because the
horizontal sweep moves the beam from
left to right several times before the vertical fly-back is completed.

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.
21. This condition is just as undesirable as that illustrated in Fig. 20.
The operating point on the Egbrilliancy 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 involves adjusting the fixed
C bias of the picture tube; the control
in a television 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

If the picture appears as shown in
Fig. 21, we can reduce the contrast
control to restore the proper relationship between the bright and dark
areas. On the other hand, if the receiver amplification is too low, giving
us a flat gray picture with insufficient
contrast, the amplification may be increased until the desired light and
dark relationship is obtained.

Courtesy PhiIco Corp.

FIG. 21. The
justed so that
pattern appear
ture has
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grid bias in this case is adgray portions of the test
black, and we say the pictoo much contrast.

ture tube or to changes in part values.
The main adjustable controls for the
sight section of a television receiver
are the brilliancy control, the contrast
control, the focus control, and the tuning control. Additional controls are
also used that will be described later,
but they are generally not on the front
panel as they do not often require adjustment.
The controls on the front panel
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 retraces visible. In general, when the brilliancy control is
adjusted, the contrast control will also
require resetting since there is some
interaction between these controls.

One point should be mentioned here
that will be gone into in greater detail
later. If the contrast is adjusted too
high on astrong local station, some of
the pedestals may be clipped by overloading the amplifier stages in the
receiver 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. Improper adjustment will result in a
fuzzy picture in which the lines are not
clearly defined. An adjustable control, called the focus control, is provided to correct for errors in focusing
due to the natural aging of the pic-

Television Signal Standards
In order for a television system to
be successful, 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 requirement means that the receiver and
the transmitter must be interlocked
and synchronized. Furthermore, the
type of transmission employed must
be standardized to a certain extent—
otherwise radical changes in the
method of transmission 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
transmitting and receiving circuits.

Standards are essential for asuccessful television system, but these standards must be sufficiently broad to permit future improvements that might
make interlock and synchronism more
reliable, or increase the definition of
the reproduced scene.
Present standards set by the FCC
for television transmission are summarized below:
1. Television
Channel
Width;
Channel• Allocations.
The present
standards provide for essentially single
side-band transmission and reception
(partial suppression of one set of side
frequencies results in vestigial sideband transmission), for with this
method of operation, sufficient detail
for asatisfactory image along with the
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accompanying sound can be transmitted in a definite channel width of 6
maegacycles. Twelve 6-mc. wide channels have been allocated by the Federal Communications Commission for
television transmitters, as follows: 54
to 60, 60 to 66, 66 to 72, 76 to 82, 82
to 88, and seven other channels from
174 to 216 mc. A number of veryThigh frequency and microwave channels have been allocated for television
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. There is apossibility that the
u.h.f. spectrum, around 500 mc., may
be opened up for low-power transmitters to serve small cities and towns.
For present-day receivers to pick up
such transmissions a converter would
be required. If such an addition to
present TV channels should be made,
such converters will be manufactured
for them.
2. Video and Sound Carrier Spacing. The audio and video signals that
make up a television program cannot
be modulated on the same r.f. carrier;
each must have its own carrier. By
agreement the sound carrier must be
exactly 4.5 megacycles higher in frequency than the picture carrier. To
prevent interference between adjacent
television channels or between atelevision carrier signal and services
operating on adjacent carrier frequencies, it has been further agreed that
there must be a .25-megacycle wide
guard band at the high-frequency end
of each television channel.
These
facts are illustrated by the chart in

Fig. 22, that shows atypical distribution of signals in one 6-megacycle wide
television channel.
3. Frequency
Relation Between
Video and Sound Carrier. An example
will best illustrate the frequency relationship existing in a television channel. Suppose that the 76- to 82-megacycle channel is assigned to a particular television station. To give the
required .25-megacycle guard band at
the high-frequency end, the audio sig6 MC.
PARTLY
SUPPRESSED
SIDE FREQUENCIES

.25 MC GUARD BAND

VIDEO CARRIER

LOW FREQUENCY

SOUND CARRIER \

4.5MC.

HIGH FREQUENCY

FIG. 22.
Distribution of signals in a
6-megacycle-wide television channel.

nal 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 practical to remove
all of the side frequencies below the
frequency of the video carrier, so a
portion of the channel must be provided for those frequencies that cannot be removed. This portion is indicated by the cross-hatched lines in
Fig. 22. 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 existing 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-
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sure are transmitted at low carrier
levels, 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 regardless of variations
in sync pulse signals or in video signals. The• black level at any one
point in a television system is the
PEDESTAL

ENVELOPE FOR
MPULSE SIGNAL
BLACK

video carrier signal as it is fed into
the television transmitting antenna is
shown in Fig. 23. When there is no
modulation, the r.f. carrier will have
amplitude A, corresponding to the
black level. Any increases in carrier
amplitude must be for the synchronizing impulses; and decreases in carrier amplitude must be for the video
signals.
6. Horizontal, Vertical, and Frame
Frequencies.
The establishment of
standard values for these three frequencies was based upon the need for
high-image definition with aminimum
of flicker. The vertical scanning frequency (field frequency) is 60 times
per second, for this value minimizes
any trouble due to 60-cycle power
ripple. (In England, where 50-cycle
power lines are used, the field frequency has been standardized at 50
vertical scannings per second.) Since
double interlaced scanning is used in
the United States, two field sweeps are
required to analyze all of the details
once in a particular scene; these two
vertical or field sweeps constitute a
frame (one complete transmission of

PEDESTAL -

LEVEL

ENVELOPE
FOR VIDEO
SIGNAL
BRIGHT
LEVEL
AT -ZERO
AMPLITUDE

SIGNAL

FIG. 23
Modulated r.f.. carrier signal,
with the amplitudes varying in accordance
with atelevision 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.

the picture), and consequently the
standard for the frame frequency is
30 frames per second. As we have
already seen, there are 525 lines per
frame; this means that there are 262 1
/
2
lines per field. With a 525-line picture being sent 30 times each second,
the horizontal frequency becomes 525
times 30, or atotal 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 4to 3.

voltage that must exist at that point
to give a just barely visible spot on
the screen of a properly adjusted receiver.
5. Sync-Pulse Amplitude.
Both
horizontal and vertical sync pulses
must be transmitted as carrier values
higher than unmodulated carrier level
(black level). These pulses extend
from 75% (black level) to 100% of
the peak carrier amplitude. The video
signals may vary in amplitude from
the black level down to 15% of the
carrier level or lower.' The general
appearance of a typical modulated
28
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FIG. 24. 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 diagrams II 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 is 1/60 second.

grams are not drawn to scale. The receiver vertical 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 .08 V.
The leading and trailing edges of both the
horizontal 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 successive vertical blanking pulses.
The
black level is about .75 of the synchronizing pulse amplitude.

Diagram C is an enlarged detail view,
drawn accurately to scale, of the signal
between points D-D in diagrams A and B.

these dia-

Diagram D is an enlarged detail view,
drawn accurately to scale, of the signal
between points C-C in diagram B.

8. Synchronizing and Equalizing
Impulses; Blanking. The ability of a
television transmitter to control the reproduced picture at the receiver depends entirely upon the synchronizing
impulses.
Many years of research
have been spent on this problem, and

many different forms of impulse signals have been tried. The standard
synchronizing impulses shown in Fig.
24 have been found best suited to present and future requirements of television in this country.
Pattern A
shows, among other things, the sync

Horizontal

dimensions

in
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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 beginning of a new
frame. Pattern B shows the impulse
signal sequence recommended for the
end of the first half-frame (the end
of the first 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. 24 will
reveal five outstanding characteristics
of atelevision signal:
I. The horizontal sync pulse that is
transmitted at the end of each line is
not exactly rectangular. The enlarged
diagram in Fig. 24D 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
horizontal blanking shall be about
14% of the time from the start of one
line to the start of the next line (this
is designated as .14H at the right in
Fig. 24D, H being the time from the
start of one line to the start of the
next line). 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 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 aline. This ser-

rated pulse is shown in Fig. 24A. Each.
vertical pulse is divided into six small
pulses or serrations in order to maintain horizontal sync pulses at all times.
These serrations will be explained in
detail later.
IV. Six equalizing pulses precede
and six follow each vertical pulse period. The purpose of these will also
be covered later.
V. The vertical blanking period
starts slightly ahead of the first equalizing 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 horizontal sync pulses are transmitted during the latter portion of the vertical
blanking period.
Explanation of Standards.
As •
long as we have 60 vertical sweeps,
per second, interlaced scanning will
continue automatically throughout a
transmission. 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 reoeiver).
Although the leading (left-hand)
edge of the vertical sync pulse in Fig.
24A is directly above the leading edge
of the vertical sync pulse in Fig. 24B,
these actually occur 1/60 of a second
apart due to interlacing. For this
reason, the horizontal pulses at A and
B in Fig. 24 are not in line.
Experience has shown that no matter what happens, the horizontal sync
pulses must not stop even for asingle
line. If the vertical sync pulse were
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made three lines long without breaking it up, no horizontal pulses would
exist for this period. To avoid the
situation, 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. 25, and see
what occurs under this condition. For
the moment we will forget about the
equalizing pulses. Pattern A in Fig.
24 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,

divided into six parts as shown in Figs.
24A and 24B, we secure the desired
steep front at points 2, 3, and 4 in
pattern B in Fig. 25.
The vertical synchronizing pulse is
chopped into segments by the application of a special signal having a rate
twice that of the horizontal synchronizing signal. Because of the difficulty
of synchronizing this signal exactly
with the vertical pulse, this twicenormal signal exists somewhat before

and pattern B shows this last horizontal pulse as only half a line ahead of
the vertical blanking period; these are
actual conditions for successive field
sweeps, so we must consider them in
Fig. 25. Horizontal sync pulses must
exist for the entire vertical blanking period; this means that there
should be horizontal sync pulses at
points 2, 3, 4, and 5 in Fig. 25A. At
each of these points there is a break
or serration in the vertical pulse; since
the leading edge of apulse or serration
is sufficient to control the horizontal
sweep in the receiver, this will give
adequate control of the horizontal
sweep.
When we turn to pattern B in Fig.
25, 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
serrations in the vertical impulse are
not adequate for pattern B, which
occurs for every other scanning of the
picture. If the vertical impulse is
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FIG. 25.
These diagrams tell why the
vertical synchronizing impulse signal
must be broken up into six smaller impulses.

and after the vertical pulse as aseries
of horizontal synchronizing pulses at
half-line intervals. Then, it is sure
to cut up the vertical pulse properly.
In Fig. 24A, 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 information helpful.
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Fundamentals of TV Receiver
Operation
Let us imagine that aTV transmitter that is operating on channel 2 is
sending out signals having afrequency
distribution as shown in Fig. 22, and
let us consider just how this would be
received and converted into an image
by atypical television receiver having
the sections shown in Fig. 26.
The superheterodyne circuit shown
in Fig. 26 has the usual r.f. amplifier,
,mixer-first detector and local oscillator. In television, these sections are
generally built together as a unit on
a separate chassis. Where serious
difficulty is experienced in this unit
(called the "front end") the entire
unit is removed and another one substituted. The front end is generally
returned to the factory for any major
repairs.
Referring to Fig. 22 again, you will
see that two carriers are picked up
by the antenna—the video carrier and
the sound carrier. The r.f. amplifier
response is sufficiently broad to pass
both carriers without appreciable attenuation, and they are fed into the
mixer input. In the early television
receivers, the r.f. amplifier had an untuned input, double tuning of the
band-pass variety being used between
the r.f. amplifier and the mixer-first
detector. In later models, the input
of the r.f. amplifier is tuned, thus giving amuch better signal-to-noise ratio
and improving the over-all sensitivity
of the receiver.
The two carriers are amplified by
the r.f. amplifier and injected into the

mixer, where they beat with the local
oscillator signal and two separate i.f.
signals are produced. The i.f. that is
to be employed depends upon the
design of the receiver. Generally the
i.f. will be somewhere between 21
megacycles and 45 megacycles. The
tendency is to go toward higher i.f.
values to reduce image interference.
In this particular case we will
assume that the local oscillator is
operating at 81 megacycles. Since
our station is assigned to channel 2
(54 to 60 megacycles), the picture carrier will be 55.25 megacycles and the
sound carrier 59.75 megacycles. When
these carriers beat with the 81-me.
signal of the local oscillator, a sound
i.f. of 21.25 me. and a picture i.f. of
25.75 me. will be produced.
Sound Channel. In many receivers, separation of the two i.f. carriers
is made at the output of the mixer as
shown in Fig. 26. The sound i.f.
signal then is fed through the sound
amplifier, the limiter stage, a sound
discriminator (which removes the
audio modulation from the f.m. signal), through the first a.f. amplifier,
to the power amplifier and to the loudspeaker.
As shown by the dotted lines, the
sound i.f. signal may be taken off from
the output of the first or the second
video i.f. amplifier. In this case these
amplifiers must have a wide enough
response to pass both the video and
the sound i.f. carriers. The object of
taking the signal from the output of
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Video Channel. At the mixer output we also have the video i.f. carrier
that contains the picture signal and
the sync pulses. You will note that
four video i.f. stages are used in this
particular circuit. Some less expensive receivers use three video i.f. amplifiers.
In general the i.f. amplifiers are stagger-tuned, each i.f. stage
being tuned to a different frequency.
This enables us to obtain the necessary band width with a reasonably

one of the video i.f.'s rather than from
the mixer is to obtain a stronger
sound i.f. signal, thus reducing the
amount of amplification necessary in
the sound i.f. amplifier.
As will be described in another
Lesson in detail, the sound is sometimes taken from the output of the
video amplifier. In this case the video
i.f. amplifier must pass both the sound
and the picture carriers. Since they
are always separated by 4.5 mega-
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FIG. 26.

Block diagram of modern TV Receiver.

cycles, they will beat together in the
video detector, producing a 4.5-mega.cycle sigmalicCoruratia atan--fm. rate
by the audio signal. The video amplifier will amplify this 4.5-megacycle
signal and it may be removed from the
output of the video amplifier and fed
through a sound i.f. amplifier tuned
to 4.5 megacycles. This signal is
then fed through the sound discriminator, and the rest of the audio section
in the usual manner. This is known as
the intercarrier sound system and is
employed in many of the lower-priced
TV receivers.

flat-topped response.* The amplified
video i.f. carrier signal with its modulation is fed into the video detector,
which is generally a half-wave diode.
Here the modulation envelope is
stripped from the carrier, giving us a
signal similar to that shown in Fig.
18. This signal is then amplified by
the first and second video amplifiers
which correspond to audio amplifiers
in asound receiver. If direct coupling
is used between the amplifiers and
*Some receivers use double-tuned video
if, transformers that are overcoupled to
give the necessary band width.
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between them and the picture tube,
the d.c. restorer shown in Fig. 26 is
not needed.
If the video amplifier passes only
the a.c. component of the television
signal, a d.c. restoring circuit should
be used just ahead of the television
picture tube to restore the d.c. component, as you will learn in another
Lesson. This d.c. potential must be
restored in such a way that the
pedestals will all line up with each
other again, for they may be thrown
considerably out of line by the video
amplifier stages. All the components
in the television signal, including the
video signal itself, the horizontal and
vertical sync pulses, and the equalizing pulses and pedestals are applied
to the control grid of the picture tube.
Automatic gain control (a.g.c.) is
a very desirable additional circuit in
any TV set. Like automatic volume
control in an ordinary sound receiver,
a.g.c. compensates for fading and it
also serves to supply the demodulator
with an essentially constant signal.
Of course, normal fading due to interaction between ground and sky waves
is not apparent in a TV system, but
it is perfectly possible for an effect
like fading to occur due to swaying
of the receiving antenna or the transmission line in the wind, or reflection of radio waves from moving objects such as automobiles or airplanes.
If there are two or more television
stations in a given locality, one may
provide a stronger signal than the
other at agiven receiving point, causing different signal levels at the second
video detector. Automatic gain control can compensate for all these
effects.
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In some receivers the a.v.c. system
is actuated by the average carrier
levels; in atelevision system, however,
the average carrier level varies with
the nature of the video signal being
transmitted. The one fixed characteristic of a television signal is the
black level; for a given station, this
is fixed and corresponds to a definite
carrier level. The sync pulses that
are transmitted at amplitudes above
the black level are likewise fixed, so
by feeding the TV signal from some
point in the receiver where the pedestals line up with each other (such as
the output of the video second detector) and using an ordinary R-C
filter that makes the output follow
the peaks of the sync pulses, we can
secure for the a.g.c. system ad.c. voltage whose value varies with the true
carrier level of the TV signal.
Sweep Circuits. So far our study
of the block diagram in Fig. 26 has
been chiefly a review of an ordinary
superheterodyne circuit.
The remainder of the TV receiver, constituting the sweep circuits, is the only new
thing.
In order to make the electron beam
in the picture tube sweep both horizontally and vertically we need two
sweep oscillators. These must be so
designed that they can be controlled
by the horizontal and vertical sync
pulses in the TV signal. The sync
pulses must be separated from the
video signal before they can be applied to the sweep circuits. This separation is accomplished in the stage
known as the sync separator.
The TV signal that is fed into the
sync separator must be taken off from
some point after the video detector.

A sync separator may consist of a
diode tube or a negatively biased
triode tube that will clip off the video
signals, leaving only the sync pulses.
After the pulses have been separated
from the video signal there will remain
the problem of separating the horizontal sync pulses from the vertical
sync pulses. The circuits that accomplish this are built into the inputs
of the vertical and horizontal sweep
circuits. Generally they consist of
ordinary R-C filters; alow-pass filter
is used for the vertical sweep input,
and ahigh-pass filter that will accept
the 15,750-kc. horizontal pulse is used
at the input of the horizontal sweep
circuit.
The outputs of the sweeps are fed
through amplifiers and into the picture control circuits that will be either
deflection plates in the case of the
electrostatic picture tube or deflection
coils in the case of the electromagnetic
type picture tube.
The damper shown in Fig. 26 is used
with electromagnetic picture tubes and
A
/ damps out any tendency toward oscili lation in the horizontal deflection coils.
/ •Due to the relatively high frequency
'' employed here and the inductance in
,„'•the coils, oscillation might take place
:-..N;
e if it were not for this damper circuit.
\,.This circuit will be studied in detail
in other Lessons. The damper is not
required where electrostatic deflection
is employed.
Power Supplies. Power supplies
are an essential part of a television
receiver since the various tubes will
require both a.c. and d.c. operating
voltages. The low-voltage supply is
similar to those used in sound receivers, although due to the large num-

f

ber of tubes in aTV set apair of rectifiers in parallel may be used instead of
a single rectifier. The power transformer will be much larger than that
found in a broadcast set.
In many of the inexpensive television receivers the tube filaments are
wired in series as in an a.c.-d.e. set.
Due to the number of tubes en-

Courtesy Phiico Corp.

A typical TV antenna installation.

countered, more than one filament
string is generally necessary. Selenium
rectifiers are also widely used in voltage-doubler, and in some cases voltage-tripler, circuits. This eliminates
the expensive power transformer.
In addition, high voltage must be
supplied for the second anode of the
picture tube. This is obtained from
aseparate supply source. In the electromagnetic type receiver that is illustrated in Fig. 26, the high voltage is
obtained from apart of the horizontal
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amplifier circuit. In other cases the
high voltage may be independent of
this circuit. The great advantage of
having the high voltage tied to the
horizontal amplifier circuit is in case
the horizontal sweep chain fails, the
high voltage will go out so that the
picture tube will be protected. All
types of high-voltage supplies will be
described in greater detail later on.
CONTROLS
Adjustments must be provided in
the receiver for controlling the action
in the various circuits.
There will be a channel selector
that corresponds to the tuning control
in a broadcast set, a picture contrast
control that corresponds to the volume
control, a brilliancy control to vary
the bias of the picture tube, and in
addition to this there will be the usual
audio type volume control and on-off
switch in the sound system.
Additional controls will be found in
the sweep- and picture-tube circuits.
We must have controls that will vary
the size of the picture horizontally
and vertically, also controls that will
make the vertical and horizontal oscillators lock in with the sync pulses.
In any TV set you will find some
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means of centering the picture in the
middle of the screen since in the manufacturing of tubes it is almost impossible to line up the electrodes perfectly.
The controls that are associated
with the sweep circuits are generally
on the back of the receiver since they
seldom need to be adjusted. In some
sets a few other special controls that
need not be considered here will be
encountered.
LOOKING FORWARD
In this first introductory Lesson on
television we have surveyed the important needs of a television system.
In some cases, brief explanations of
these needs have been given and in
other cases we have simply made
statements because the explanations
would be lengthy and not essential to
clearness in this "bird's-eye view" of
the entire television setup. The various methods for producing saw-tooth
sweep signals, for providing interlocks,
and for separating sync-pulse signals
will all be taken up in later Lessons
along with the typical circuits for the
various other sections described in
this Lesson.

Lesson Questions
Be sure to number your Answer Sheet 491t144.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Why is it that a TV picture signal does not require a channel band width
equal to twice the modulating frequency?
2. What converts 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. Are the line sync pulses sent: 1, at the beginning; or 2, at the end of each
line?
6. What is the advantage of using negative modulation of the picture carrier
signal?
7. In an electrostatic picture tube, the voltage on which element is varied
to focus the beam?
8. What effect on the picture is seen when the gain of aTV receiver is varied?
9. What is the frequency of (A) the vertical scanning, and (B) the horizontal
scanning?
10. If both the sound and picture carriers are allowed to reach the second
video detector, what will be the resulting beat frequency?

Be sure to fill out a Lesson Label and send it along with your answers.
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"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."
This quotation has been proved true many, many
times. Let's take afew outstanding examples. President Ulysses Grant was often called "Useless" by his
mother because he showed so little promise as ayoung
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, Gibbon said, "Every person has
two educations. One which he receives from others
—and one, more important, which he gives to himself."
Radio and Television which can and should be the
most important education of your entire career.

STUDY SCHEDULE NO. 50
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.

D 1. Introduction

Pages 1-4

Here you learn what the input tuner, the r.f. amplifier, the mixer-first detector,
and the oscillator of a TV set do.

EJ 2. Video I.F. Amplifier and Detector

Pages 4-8

The functions of these important TV stages are discussed in this section.

D 3. Video Amplifier and D.C. Restorer

Pages 9-17

How the video signal is amplified and how its d.c. level is restored are the
subjects of this section.

D 4. Forming the Picture

Pages 18-25

Here you learn how the video signal is converted into a visible picture.

D 5.

Sync-Separating and A.G.C.

Pages 26-28

In this section, you learn how the sync signals are separated from the video
signals, and how the contrast level of the picture is kept constant even when
the signal strength varies.

E] 6.
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OU HAVE previously studied in the desired channél that might cause
block form the various sections of interference.
Thé amplified video and sound r.f.
a TV set and have learned something
about the functions performed by the signals are fed into the mixer-first
TV receiver stages and sections. In detector section where they are comthis Lesson you will get acquainted .bined with the unmodulated r.f. signal
with typical TV circuits and their op- that is produced by the local oscillator.
eration. You will not have to cover As a result, two i.f.-modulated carrier
all the variations in the circuits used signals are produced; one is the sound
by different manufacturers because i.f. carrier and the other is the picture
each section of aTV set will be treated i.f. carrier. Various i.f. values, rang•
in detail elsewhere. Now, you will ing from 12 to 25 megacycles, have
build the foundation for this future been used, but higher i.f. values in the
study by covering only the funda- vicinity of 40 megacycles are becoming more popular, since this gives the
mentals of television circuits.
r.f. amplifier a better chance to reject
signals that could produce image inTHE INPUT TUNER
terference.
This section of aTV receiver is also
commonly called the front end or
THE R.F. AMPLIFIER
head end of the receiver. It contains
The r.f. amplifier has three importhe r.f. amplifier and the local oscillator-mixer-first detector. The first tant functions. Since it is between the
section of the front end is the r.f. mixer and the antenna, it reduces radiamplifier. This section increases the ation from the local oscillator. The
amplitudes of both the sound and the local oscillator, if the r.f. stage were
video r.f. signals without changing not used, would radiate energy from
their characteristics in any way, and the TV antenna that might be picked
hence must have a pass band of at up in anearby TV set, and cause conleast 6 megacycles. In addition to siderable. interference.
The r.f. amplifier increases the sigthis, the r.f. amplifier must give some
re) ection of carrier frequencies outside nal strength on the desired TV chan-
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net. This gives abetter signal-to-noise
ratio in the TV set. The response of
the r.f. , amplifier should be broad
enough so that it does not cut off any
of the desired signals. However, equal
amplification of the TV signals is generally not obtained, but this may be
made up for in other stages of the receiver by increasing the amplification
of the signals that are slighted in the
r.f. amplifier.
The r.f. amplifier must also give
tome degree of selectivity and it
$hould reject image signals that create
interference with the desired station.
The selectivity of aTV r.f. amplifier,
however, is not high, and if the interfering signals are exceptionally strong,

of response, and the third circuit is
therefore tuned to a mid-frequency
and serves to fill in the valley. The
valley may also be filled in by loading
the resonant circuits with low shunt
resistances such as Ri and R..
Fig. 1illustrates only one way that
these three tuned circuits may be arranged. Tuned circuit L2-C2 is tightly
coupled to the antenna coil. Resistor
Ri,
which may be as low as 2000 ohms,
is shunted across the tuned circuit to
broaden its response. The band-pass
coupler consisting of L3, C6, C3, C7,
and L. has a broad response and is
loaded through coupling condenser C.
by R4 and through coupling condenser
C8 by R5.

FIG. 1. Typical TV r.f. amplifier circuit.
This circuit amplifies the modulated carriers for both sound and picture portions
of a TV program.

wave traps in the antenna circuit are
The tube used in the preselector
often used to reduce the interference. section is apentode r.f. amplifier and
A tYpical TV r.f. amplifier circuit may be of either the variable-mu or
is shown in Fig. 1. Notice that the in- the sharp cut-off type. The gain in
put of the r.f. amplifier is tuned. This this circuit is controlled by the a.g.c.
results in better image rejection. How- system, although in some cases avariever, many r.f. amplifiers have an able cathode bias resistor may be used
aperiodic (untueed) input from the to vary the bias of VT1 and the tubes
antenna system.
in the following stages.
Also notice the band-pass r.f.
The r.f. tube must have •
certain
coupler between the output of the r.f. characteristics that make it suitable
amplifier and the mixer grid. This «
for amplification of very-high fretends to improve the selectivity and quencies. Its grid-to-plate capacity
to give an essentially uniform response must be low if feedback is to be kept
of 6megacycles.
at aminimum. For the same reason,
To give broad-band response and to the capacity between the plate and
prevent oscillation, stagger-tuning is grid leads to this tube must be as low
often used. Two of the resonant cir- as possible. In addition to this, the
cuits shown in Fig. 1are tuned to dif- grid-to-cathode and plate-to-cathode
ferent frequencies. Two circuits alone interelectrode capacities and the cagive a4ep valley between the peaks pacities between the leads to these
2
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FIG. 2. A separate oscillator is used here
to feed the signal into the mixer-first
detector.

electrodes must be low enough so that
reasonably high gain can be obtained,
and so that the r.f. amplifier an be
tuned to the highest desired television
channel when the inductance of L2I
L3, and L. are set at aminimum value.
MIXER-FIRST DETECTOR AND
OSCILLATOR
The process of frequency-conversion
involves the mixing of the locally generated oscillator signal with the incoming modulated carrier signal. The
process is basically the same as in an
ordinary broadcast superheterodyne
receiver except that in atelevision set
there are two r.f. carriers that beat
with the local oscillator signal to produce two i.f. .carrier frequencies.
In broadcast and f.m. receivers a
pentagrid converter is generally used
as acombination mixer-first-detectoroscillator tube, but this tube is inadequate for the very high frequencies
employed in television, and would result in noise and low output due to
degeneration and oscillator drift. In
3

aTV set, there is aseparate oscillator
tube, which may be in the same envelope as the mixer.
Pentodes are commonly used in the
mixer circuit, but they require ahighlevel signal from the r.f. amplifier if
noise is to be avoided. If alow-level
•signal reaches the mixer input from an
inefficient r.f. amplifier, or if the receiver is located in a fringe area, it
has been found that atriode mixer will
give as much output as apentode and
at aconsiderably lower noise level.
Fig. 2 shows a typical mixer-first
detector-oscillator circuit. Here a
6AK5 tube is used as the mixer. This
tube is biased by the drop across R.
caused by the cathode current, and by
the drop across R5 caused by current
flow through the mixer grid. This
mixer-grid current flows because the
oscillator output drives the grid positive. This voltage built up across R5
charges condenser Co and serves to
bias the tube so that it will act as a
mixer.
The i.f. transformer T. is doubletuned and is overcoupled to provide
the necessary band width. In this particular circuit both the sound and
video i.f. carriers pass through the i.f.
transformer and are fed to the input
of the first video amplifier tube. Resistor Rio ,which shunts the secondary
of transformer T., loads the transformer to give aflat response.
The oscillator is a 6C4 triode tube
connected as an ultra audion (modified Colpitts) using the grid-to-cathode and plate-to-cathode interelectrode capacities to maintain oscillation. Resistors R. and it3 isolate the
oscillator, permitting it to act as an
ultra-audion on any TV channel.
Choke L3 is needed to isolate the oscillator's tuned circuits further, providing ad.c. path for the plate circuit.
The oscillator is tuned above the
picture carrier by the amount of the

i.f. frequency. Trimmer C. in the
oscillator tank circuit is connected in
series with C3,so that the range of
adjustment will be limited and the adjusting screw will be nearer r.f. ground
potential. Even so, a well-insulated
alignment tool that is designed for
high frequencies is necessary when C4
is to be adjusted.
The oscillator is
biased by the feedback voltage on the
grid. The tube then rectifies the resulting grid current and the resistor-condenser combination R3-C3 is charged
up to produce the operating bias.

Other tubes are, of course, used as
oscillators, but in practically every
instance the ultra-audion circuit is
used, and the tube interelectrode capacities form a portion of the tuning
circuit. You will find that not all
tubes will function satisfactorily as
oscillators, although they may be perfectly all right in some other circuit.
For this reason, servicemen always try
several tubes in the oscillator stage
when trouble is suspected there and
thus avoid many realignment problems.

Video I. F. Amplifier
and Detector
Practically all of the selectivity of
any superheterodyne is in the i.f. amplifier. A TV set is no exception, and
as amatter of fact the TV receiver is
even more dependent on its picture i.f.
amplifier for rejection of undesired signals than broadcast sets are. This is
in part due to the low selectivity of
the front end, which is incapable of
rejecting adjacent-channel interference. The average video i.f. amplifier
alone is not capable of rejecting such
interference if it is designed to pass
the 4-megacycle band width containing the video intelligence. A less expensive TV set having anarrower pass
band in the video i.f., has sufficient
selectivity to minimize adj acentchannel interference. In receivers designed to give :he ultimate in definition, special traps that reject adjacent-channel interference are used in
the video i.f. amplifier.
A high i.f. gives the front end a
•
better chance of rejecting image interference, but traps in the antenna circuit are often needed for complete
freedom from interfering signals that
are operating at image frequencies or
frequencies at or near the i.f.

Separation of the sound and picture
i.f. carriers may take place at the
mixer output or at the output of the
first or second video i.f. amplifier. In
the latter case the sound i.f. will be
somewhat stronger than at the mixer
output, since the picture i.f. stages will
be aligned to afford some gain at the
sound i.f. frequency.
THE VIDEO I.F. AMPLIFIER
The coupling of the video i.f. amplifier in aTV receiver is considerably
different from that of the amplifier in
asound receiver. Some TV sets, such
as that shown in Fig. 2, use doubletuned i.f. transformers. Other forms
of coupling will be described elsewhere, but the most common type, impedance coupling, is shown in Fig. 3.
Although plain chokes are shown,
often these form parallel-resonant circuits with the tube interelectrode capacities.
To obtain the necessary wide-band
characteristic with adequate gain, four
stages of i.f. amplification are used in
the typical amplifier shown in Fig. 3.
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The converter plate and the i.f. transformers each utilize only one tuned
circuit, each tuned to a different frequency. The effective Q of each coil is
determined by the plate resistor or the
grid resistor so that the product of the
responses of the total number of stages
produces the desired over-all response
curve. Fig. 4 shows the relative gains
and selectivities of each coil and the
shape of the curve of the over-all combination. This is indicated by the
dotted line.
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In order to obtain this band-pass
characteristic, the picture. i.f. transformers for this particular amplifier
are tuned as follows: primary of con-
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FIG. 4.

Stagger-tuned i.f. response.

verter transformer T2, 21.8 megacycles; primary of first video i.f.
transformer T103 , 25.3 megacycles;
primary of second video i.f. transformer T1 04, 22.3 megacycles; third
video i.f. coil L183 ,25.2 megacycles;
fourth video i.f. coil L185 ,23.4 megacycles.

.11

.1

To align the i.f. system, the transformers are simply peaked to the specified frequencies with a signal generator. The over-all i.f. response can
then be observed by use of a sweep
generator and oscilloscope. The sweep
generator is similar to that used to
align f.m. and high-fidelity a.m. receivers, except for the fact that it operates at amuch higher frequency and
with a much greater sweep width. If
the correct response curve cannot be

MC
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50
ri o

FIG. 3. A typical video i.f. section. In
this example, the picture carrier is 25.75
mc. and the sound carrier is 21.25 me.
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obtained; the difficulty is likely to be
in some part of the circuit that affects
either the frequency or the Q of one
or more of the i.f. transformers.
Fig. 5 phows the relative positions
of the picture and sound carriers for
I
11-.- CHANNEL 2- .j--- CHANNEL 34- CHANNEL A-4
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Television channel frequencies.

channels 2, 3, and 4. If a station on
channel 3 is transmitting a picture
with video frequencies up to 4 megacycles, the picture carrier will have
side-band frequencies up to 65.25
megacycles. The lower side bands, as
you know, are suppressed at the transmitter. With the receiver r.f. oscillator operating at a higher frequency
than the receiver channel, the i.f. frequency relation of picture-to-sound
carrier is reversed as shown in Fig. 6.
Since it is necessary for the picture
i.f. to pass frequencies quite close to
the sound-carrier frequency, the sound
carrier would produce interference in
the picture. In order to prevent this
interference, traps must be added to
the picture i.f. amplifier to attenuate
the sound carrier. If the receiver is operating on channel 3, it is possible
that there will be interference from
the channel 2 sound carrier and the
channel 4 picture carrier. The adjacent-channel traps are provided to attenuate these unwanted frequencies.
In receivers having a narrower video
i.f. response, this interference is not
present and such traps are not required—however, the picture definition suffers from the restricted i.f.
band width.
The first three traps in Fig. 3 are

absorption circuits. The first trap (T2
secondary) is tuned to the accompanying sound i.f. frequency, the second trap (T202 secondary) is tuned to
the adjacent-channel sound frequency,
and the third trap (T 200 secondary) is
tuned to the adjacent-channel picturecarrier frequency. The fourth trap
(T 202 secondary) is in the cathode circuit of the fourth picture i.f. amplifier
and is tuned to the accompanying
sound-carrier i.f. frequency. The primary of T102 in series with C181 forms
a series-resonant circuit at the frequency to which L185 is tuned (23.4
megacycles). This provides a lowimpedance path in the cathode circuit
at this frequency and permits the tube
•to operate with gain. However, at the
resonant frequency of the secondary
(21.25 megacycles) a high impedance
is reflected into the cathode circuit
and the resulting degeneration reduces
the gain of the tube at this frequency.
The effect of these traps on the i.f. response curve are shown in Fig. 6.
In Fig. 3, although the sound is
taken directly from the output of the

6

ADJACENT
CHANNEL

ADJACENT
CHANNEL

CHANNEL 3
PIX CARRIER
25.75
MC

(19.7S
MC
CHANNEL 4
PIX CARRIER

FIG. 6.

21.25 MC
CHANNEL 3
SOUND CARRIER

27
.
\
MC
CHANNEL 2
SOUND CARRIER
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mixer, it may in some cases be taken
from the output of the first or second
video i.f. stages. You will note that
a.g.c. in this particular case is applied
to the control grids of the first, second,
and third video i.f. tubes. If a.g.c.
were not used, this lead would go to
a manual bias control used to vary
the i.f. gain.

tube shunts to ground all a.c. components above the video range so that
the video detector output voltage contains only the desired a.c. components
and the d.c. component of the demodulated television signal. The pedestals
for the horizontal and vertical sync
pulses will now all line up at the same
level.
The direction of the electron flow
through diode load resistor R. determines whether sync pulses will make
output terminal d swing in a positive
direction or in a negative direction
with respect to the chassis. In the circuit of Fig. 8A, electrons enter 13,4 at
its grounded end, making that end of
the resistor negative with respect to
point d. Under this condition, the

FIG. 7. The demodulated signal at B is
obtained from the r.f. form at A.

THE VIDEO DETECTOR
At the output of the last video amplifier the video signal is still in its
r.f. form, having both positive and
negative peaks as shown in Fig. 7A.
This signal must be demodulated so
that it will have the form shown in
Fig. 7B before it can be applied to
the input of the picture tube.
To produce this demodulation, it is
necessary to rectify the modulated
video i.f. carrier and filter out the i.f.
components. A linear detector is required for this purpose. A diode is
generally used. A typical video detector circuit is shown in Fig. 8A.
The video i.f. amplifier output signal
existing across the final resonant circuit, consisting of 1, 2 and the capacity
between the plate of the detector tube
and ground, sends electrons through a
load made up of the internal resistance of the diode detector tube, peaking coil L2and shunt resistor R81 peaking coil L2,and diode load resistor R4,
producing across the last two components apulsating d.c. voltage. The
cathode-to-filament capacity of the
7

FIG. 8.

Video detectors.

video detector output voltage (a modulated d.c. voltage) will vary as shown
in Fig. 9A, with the sync pulses making point d swing more positive, and
with the bright areas in the original
scene making point dswing in anegative direction from the pedestal level.
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FIG. 9. When a diode video detector is
connected as in Fig. 8A, the output signal has a negative picture phase (A and
B) ;with diode connections as in Fig. 8B,
the output signal has a positive picture
phase (C and D).

Since this corresponds to negative
modulation as at the transmitter, the
modulated d.c. signal is in this case
said to have alifpe picture phase.
-----TRJ.—
phase of the piatire signal at
the output of a diode video detector
i! can be reversed simply by reversing
7 the connections to the diode detector
tube, as is indicated in
,
---rmections
vei
makes electrons flow from the plate of the detector through the load to ground,
making the take-off point from the
video amplifier negative with respect
to ground. In this case the video output signal is as shown in Fig. 90.
Note that bright lines now drive the
signal in a positive direction from
the pedestal level, giving the equivalent of positive modulation, while sync
pulses drive the signal in a negative
direction from the pedestal level. The
modulated d.c. output signal of the
video detector is in this case said to
have apositive picture phase.
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The addition of a d.c. bias voltage
to avideo-frequency TV signal has no
effect upon the phase of the signal.
For example, if anegative d.c. voltage
is added to the signal in Fig. 9A, making the entire TV signal negative with
respect to the chassis as shown in
Fig. 9B, we still have the required conditions for negative picture phase
(bright lines swing the signal in a
negative direction from the pedestal
level). Likewise, adding a positive
bias to the signal in Fig. 90 may make
all parts of it positive as shown in
Fig. 9D, but we still have the equivalent of positive picture phase.
At this point it should be brought
out that it is not necessary to use a
tube as the detector. A germanium
crystal, as shown in Fig. 10, makes an
excellent detector, saves spaces, and
eliminates the heater current of one
tube. By reversing the connections to
the crystal, either a positive or negaLAST
VIDEO I.F.

TO
VIDEO
AMPLIFIER

8+

FIG. 10.

A crystal video detector.

tive picture-phase signal can be obtained at the detector output. In Fig.
10, L, and L3 together with 02 form
alow-pass filter that removes i.f. components and filters out i.f. harmonics.
In this case the load consists entirely
of resistor 11 3,and the video signal
across this resistor is applied to the input of the video amplifier.

Video Amplifier and
D. C. Restorer
THE VIDEO AMPLIFIER
The video amplifier in aTV receiver
corresponds to the audio amplifier in
a broadcast set. The video amplifier
drives the picture tube, swinging the
bias on the picture tube to give the
necessary variations in light intensity
along each line of the scan.
The signal from the output of the
video amplifier may be used to drive
the grid, or we may hold the grid of
the picture tube at afixed voltage and
drive the cathode. It is more usual to
drive the grid of the tube just as in an
ordinary stage of amplification, so we
will consider this method here. Later
the cathode drive will be studied.
If we assume for the moment that
the signal level at the output of the
video detector is strong enough to excite the picture tube in the receiver,
which signal in Fig. 9would we select?
This question can be quickly answered
by considering the Eg-B (grid voltagebrilliancy )characteristic of a picture
tube as shown in Fig. 11. If we choose
a signal with negative picture phase
and apply it in such away that the
pedestals line up with point B on the
Eg-B characteristic in Fig. 11, spot
brilliancy will vary as shown by curve
N. As you can see, this type of signal
is incorrect, for bright portions of the
scene at the transmitter would be reproduced as dark portions and the
sync pulses would cause white lines to
appear on the screen.
When the applied signal has apositive picture phase, and the pedestals
are lined up with point A by adjusting
the bias, spot brilliancy will vary as
shown by curve P. In this case sync
pulses will darken the spot, and in-

creasingly bright video signals will
give increasingly bright spots on the
receiver screen. Since point A on the
Eg-B characteristic is at the brilliancy
cut-off point for the tube, the sync
pulses will always drive the spot into
the blacker than black region, and the
video signal will always make the spot
more or less brilliant, which is exactly
what we want. It follows from this
Eg—B CURVE

co.n,

—Eg

o
NEGATIVE PICTURE
PHASE

POSITIVE PICTURE
PHASE

FIG. 11.
Grid voltage-brilliancy (E nB)• characteristic curve for a television
picture tube.

that the picture tube in aTV set must
have its grid driven with a signal
having a positive picture phase, and
the bias voltage must be applied in
series with the signal to make the pedestals line up with the cut-off point.
In general practice, the output of
the video detector is not sufficient to
drive the control grid of the picture
tube directly. There is seldom more
than one volt output from the detector, and some tubes may require as
much as 60 or 70 volts. Because of
this, amplification of the signal at the
output of the video detector is required. This calls for one or more

9

video frequency (v.f.) amplifier stages
between the video detector and the
picture tube. These video-frequency
amplifier stages introduce a number
of problems, as you will see.
The yideo amplifier must respond
more or less uniformly to signals over
the entire range between 10 cycles and
4megacycles. Furthermore, if any unequal amplification of the various frequencies takes place ahead of the
video amplifier, the video amplifier
response must be such that its output
will be uniform. In some cases extra
amplification at the high frequencies
may be required, or perhaps it will be
necessary to have slightly more gain
in the middle register.

FIG. 12.

termined by the d.c. plate voltage and
the negative C-bias voltage. For the
duration of this steady-state condition, point 4 on the load resistor will
be negative with respect to point 3, for
electrons flow from cathode to plate,
enter the resistor at 4, and flow
through it to point 3.
Now suppose that we feed into the
circuit the TV signal shown in Fig. 9A.
This signal has a negative picture
phase and makes point 2have avarying positive potential with respect to
point 1. This varying positive potential cancels out part of the fixed negative C bias, making the grid-tocathode voltage on the tube less negative and therefore making plate cur-

Simplified video-amplifier
stage.

Because of the frequency requirements resistive loads must be used.
Transformer loads would be too frequency-discriminatory, and we would.
not be able to get a flat response.
The fact that an amplifier of any
type is used introduces the problem of
phase reversal, for each amplifier will
reverse the phase of the picture signal.
Thus, if asignal of anegative picture
phase (Fig. 9A) is fed into a stage,
the signal at the output of that stage
will have a positive picture phase
(Fig. 9C).
We can see exactly how this reversal
in phase occurs by studying the action
of the simplified video-amplifier stage
in Fig. 12. When Eg is zero (as when
no TV signal is present), a definite
d.c. plate current will flow through
load resistor RL,its value being de-

rent i increase. This increase in i
serves to increase the voltage drop
across RL, making point 4more negative than before with respect to point
3. In other wóras, when pèifit 2swings-positive with respect to 1, point 4
swings negative with respect to 3,
thereby giving a 180-degree phase reversal. This means that if a signal
having a negative picture phase (Fig.
9A) is applied to the grid of an am- \
plifier having a resistance load like i
v that in Fig. 12, the output. signal will
have a positive picture phase, as in
Fig. 90. Likewise, if the signal in
Fig. 9C is applied to the grid, the output signal will be like that in Fig. 9A.
A stage of video amplification thus reverses the phase of the applied signal.
--Supposmvre-utilize-the-eutputreignal -between point 4and ground in Fig. 12
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instead of that between points 4 and
3. If the signal between points 4 and
3 corresponded to Fig. 9C, the resulting signal between point 4and ground
would be like that in Fig. 9D. If the
signal in Fig. 9A existed between
points 4 and 3, a connection between
point 4and ground would give exactly
the same signal, but at a higher positive bias.
Keeping in mind that the TV signal
that is feeding the control grid of the
picture tube must have the equivalent
of positive modulation, we can make
two general conclusions as to the type
of video detector circuit required:
1. If two stages of video-frequency
amplification are used after the video
detector in order to secure the required
television signal voltage at the input
of the picture tube, the video detector
circuit must be of the type shown in
Fig. 8B, delivering asignal with apositive picture phase.
2. If either one or three stages of
video frequency amplification are
used, the video detector circuit must
be of the type shown in Fig. 8A, delivering a signal with a negative picture phase.
In high-definition reproduction of
television signals it is absolutely essential that the pedestals all line up at
the same constant signal level at the
input of the picture tube. When this
condition is achieved, it is possible to
adjust the bias on the picture tube so
that the sync pulses always drive the
spot into the blacker than black region
and the video signals always vary the
et— tillrniain other words, the
pedestals must be lined up at the input of the picture tube so that we can
/makecsialsinyj
erne picture signals vi •
a ac
a
e emodulated television signal (including the
sync pulses along with the video signal) will retain its alignment of ped11

estals only as long as it has its d.c.
component.
The only way in which we can amplify the d.c. component along with
the television signal, thereby retaining
the alignment of the pedestals, is by
using d.c. amplifier stages in the video
amplifier. This is sometimes done, but
it is more usual to employ a.c. amplifiers and then to restore the d.c. component at the output of the video amplifier, as will be described later.
With only one stage of video-frequency amplification it is possible to
connect the load of this stage directly
to the grid-cathode of the picture tube,
giving true d.c. amplification without
the complications of the expensive
power supply that is necessary for two
or more direct-coupled stages. With
two or more stages in the video amplifier, either true direct coupling or resistance-caan_be
used. When the latter system is used,
the coupling condenser removes the
.d.c. component from the TV signal,
thereby causing the pedestals to get
out of line.
is important to visualize what
happens to a demodulated TV signal
when it is passed through acondenser.
Signal Iin Fig. 13A corresponds to a
line having maximum and uniform
brightness, and signal II corresponds
to a solid black horizontal line on the
scene that is being televised. These
two signals are shown as they would
appear across the detector load resistor, so the pedestals all line up at a
constant level with respect to the zero
voltage line. Each signal is made up
of an a.c. component (having equal
areas on each side of the average value
line for each cycle) and ad.c. component, with the average values of the
a.c. components considerably out of
line, and with the d.c. components of
the black line considerably larger than
those for the bright line. •

When these TV signals are passed
through a condenser, the d.c. components are blocked out, bringing the
average value line down to the zero
line. As aresult, the average values of
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FIG. 13. Passing the demodulated television signal I in A through a condenser
removes its d.c. component, giving a.c.
signal I in B. Likewise, passing signal
II in A through a condenser gives a.c.
signal II in B.

the a.c. components line up at zero, as
in Fig. 13B, after the signal has passed
through the condenser. It is seen from
this that the pedestals are no longer
lined up.
The addition of a fixed d.c. bias
voltage to the a.c. signals shown in
Fig. 13B (placing the signal either entirely above or entirely below the zero
voltage line) would convert them into
pulsating d.c. signals, but would not
get the pedestals in line again. We
must add a different d.c. bias voltage
value for each line if we are to make
the pedestals all line up again after a
TV signal has passed through a condenser.
With the pedestals in an a.c. TV
signal all at different levels, it is impossible to line up all of the pedestals
with the cut-off point on the picturetube characteristic. Remember, however, that we chose two extreme line
conditions in Fig. 13. When the average brightness of a line is about the

same for all portions of the televised
scene, the difference between pedestal
levels will not be nearly as great as
that shown in Fig. 13. Under this
condition it is possible to secure fairly
satisfactory image reproduction by
adjusting the picture tube bias to correspond to the average brightness level
(average pedestal level in the a.c.
signal).
For high-fidelity reproduction, a
d.c. restorer is essential, but on small
low-priced TV receivers it is sometimes omitted. After analyzing atypical video-frequency amplifier stage,
we will study the problem of realigning pedestals by properly restoring the
d.c. components, as is necessary in
cases where a.c. video amplifiers are
employed.
Typical Video-Frequency Amplifier Stage. Assuming that we have a
TV receiver that requires two video-
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FIG. 14. Typical circuit for the first
video-frequency amplifier stage in a TV
receiver having two v.f. stages. Parts
L2, R., L., and R4 are the same as in the
video detector circuit of Fig. 8B.

frequency amplifier stages between the
video detector circuit and the picture
tube (shown in Fig. 8B), we can consider the type 6AU6 tube circuit,
shown in Fig. 14, as being typical of
the circuit in the first video-frequency
amplifier stage. The television signal
from the detector is developed across
diode load L.-R4.Then the video signal passes through coupling condenser
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Ci,which strips off the d.c. component.
Only the a.c. component of the television signal is thus applied to the
control grid of the type 6AU6 tube.
This first video-frequency amplifier
tube uses fixed bias that is developed
across resistor R, in the voltagedivider circuit, and this bias is applied
to the control grid through resistor R1.
The remainder of this video-frequency amplifier circuit is more or less
conventional except for the presence
of choke L in the plate load of the
tube, and tuned circuit L1-06. Choke
L serves to boost the high-frequency
response while L1-C a is tuned to the
4.5-mc. beat frequency formed by the
interaction of the picture and sound
carriers. If this beat frequency is allowed to reach the picture tube, fine
dots will appear as in acoarse-grained
photograph. Thus, L1-C 6 is called a
"grain" trap.
One fundamental consideration in
building a video-frequency amplifier
stage like that in Fig. 14 is the value
of capacity C. This capacity is shown
dotted in the diagram, since it is a
combination of the output capacity of
the first stage, the input capacity of
the second stage, and stray-lead capacity coupled together by CK. The
reactance of this capacity to ground
becomes low enough at the higher
video frequencies being amplified to
provide aserious shunting effect. The
presence of this capacity can be neutralized t
nt however,
by keeping plate-load resistor R low in
ohmic value, somewhere around 3000
ohms. Thus, the use of a low plate
load in a video amplifier stage gives
wide-band response. With such alow
plate-load value, a tube with a high
transconductance is needed to provide
the required
ont of amplification.
Even more important than the attenuation of high-frequency components in the video signal is the dis-

tortion that is produced by capacity
C. Coil L is introduced into the circuit for two reasons:
1. Its inductive reactance partially
or totally balances out the capacitive
reactance of C, thereby eliminating or
at least reducing the amount of distortion.
2. If the value of coil L is properly
chosen, L and C can be, made to resonate at the higher video frequencies,
thereby giving a broad parallel-resonant circuit that boosts or peaks the
gain at the higher frequencies, and
thus counteracts the shunting effect of
capacity C. Coil L is called apeaking
coil. In some instances you will find
additional peaking coils used between
the load resistor in the plate of the
tube and also between the coupling
condenser CK and the control grid of
the following tube. Sometimes these
coils are connected in parallel with the
resistors to broaden their response.
Usually the coil is wound right on the
resistor, which serves as aform for the
coil.
You will remember that avideo amplifier must handle frequencies as low
as 10 cycles. At frequencies below
about 60 cycles, a coupling condenser
CK of the size generally used in amplifier circuits will not allow square-top
pulses or flat (constant level) video
signals to pass without causing a
gradual drop in the flat top. Therefore, alarge coupling condenser is generally used between two video stages
to increase the low-frequency response. To decrease the inœit"--jf—
shunting capacity C, this coupling
condenser is not allowed to lie on the
chassis.
In addition, some method of increasing the gain at low frequencies is
incorporated in the circuit. In Fig. 14,
R2 and C, are inserted in the plateload circuit as shown, to overcome the
13

drop-off in low-frequency response.
The value of C2,which is usually an
electrolytic, is chosen so that it acts
as ashunt to ground for the high frequencies, but is not a complete shunt
to ground at the very low frequencies.
This means that at low frequencies the
effect of C, is negligible, and R2 then
acts as a part of the plate load, increasing its resistance and thereby
raising the gain.
The variable C-bias arrangement
for the type 6K6 tube in Fig. 14 provides amanual contrast control. Contrast control potentiometer P is connected in series with the minimum
fixed bias resistor Rc. Varying the
contrast control not only changes the
bias on the tube and its over-all gain,
but also it introduces acertain amount
of degeneration, since the contrast
control is not by-passed. As the degeneration is increased by inserting
more resistance in the circuit, the
stage gain decreases.
There are, of course, many modifications in the video amplifiers and
contrast control circuits, but we will
study these in detail later.
THE D.C. RESTORER
As you have already seen, passage
of the television signal through acon-

denser such as is used for coupling
purposes in the video amplifier, will
remove the d.c. component. This will
leave the video signal in its a.c. form
as shown in Fig. 13B. As a result,
when resistive-capacitive coupling is
used between the video detector and
the grid of the picture tube, a d.c. restorer section must be used following
the condenser to restore the d.c. component and realign the pedestals. This
section adds to the a.c. television signal ad.c. voltage that varies from instant to instant in exactly the proper
manner to make the pedestals line up
again.
In many receivers the d.c. component of the television signal is restored
in the output stage of a resistancecapacitance-coupled video amplifier.
This is done simply by eliminating the
fixed C bias in this last stage and 'allowing the sync pulses that are applied to the grid of this tube to develop their own C bias by means of a
rectified grid current flow through a
grid resistor of high ohmic value.
A typical video output circuit that
reverses the phase of the a.c. signal
and at the same time restores the d.c.
component in the correct manner to
make the pedestals line up is shown in
Fig. 15. Although this circuit employs
L2

VT'
VT3

L1
PICTURE
TUBE

VIDEO SIGNAL
IN A.C. FORM
D.C. RESTORATION
OCCURS HERE

FIG. 15. One method of lining up the pedestals in a TV signal after the d.c. component has been removed by passing the signal through an a.c. amplifier.

14

apentode tube, atriode tube could be
used. Peaking coils L2 and Ls in the
plate circuit of tube VT, are designed
to give gain equalization, and resistor
Rs serves its usual function as the
plate load.
When an a.c. television signal of the
form shown at the left in Fig. 15
(having a negative picture phase) is
applied to the circuit, the output signal will be of the form shown at the
right, with the pedestals all lined up
to give proper restoration of the d.c.
component and with the positive picture phase required by the picture
tube.
Grid resistor R. plays an important
part in the d.c. restoration process.
This resistor has ahigh ohmic value,
generally between 0.5 and 1megohm,
depending upon the type of tube used
for VT2.In order to understand the
action of this resistor, we must consider both the Eg-I, and the Es-Is
characteristic curves of a tube as
shown in Fig. 16. Since there is no
fixed C bias for tube VT2 in Fig. 15,
the initial application of a.c. signals
I and II to the input of the tube
makes the average values of these signals line up with the zero bias line in
Fig. 16, and the grid of the tube is
therefore driven in both apositive and
anegative direction about point A on
the Es-Is characteristic curve. Since
signal I in Fig. 16 corresponds to a
bright line and signal II to a black
line, we can see that the amount that
the grid swings positive is proportional
to the brightness of the line being
transmitted. These conditions hold
true only at the instant of application
of the a.c. signal to the grid.
Earlier in your Course you learned
that a small amount of grid current
flows in the tube even at negative
grid-bias values, for some of the electrons that flow from the cathode to
the plate uncle' the influence of plate
voltage will be trapped by the grid,
15

then flow through the grid resistor to
ground. Curve Es-I. in Fig. 16 shows
how this grid current flow begins at a
negative C-bias value corresponding
to point B, and increases as the grid
is driven less negative and is finally
driven positive.
The application of an a.c. television
signal (either Ior II in Fig. 16) to the
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FIG.

16.
Characteristic curves for
triode video output tube.

a

output stage will cause grid current
to flow at all instants when the signal
is to the right of point B. In Fig. 15,
the electrons will travel from the
cathode to the grid inside the tube and
then through resistor Rgto the cathode
again, producing across Rg avoltage
drop that drives the grid negative. We
thus have a negative voltage on the
grid, acting in series with the applied
a.c. television signal. The value of this
negative voltage depends upon how
much the a.c. signal swings positive
from the zero bias line, and this in
turn depends upon the brightness of
the line that is being transmitted. We

are thus applying, in series with the
television signal, a d.c. voltage whose
value is proportional to line brightness. If the ohmic value of Rs is
made sufficiently high, the sync pulses
alone will produce the grid current
that is required for this form of automatic C bias and d.c. restoration action. Use of part or all of the video
signal for this purpose would result in
undesirable amplitude distortion.
With anegative C bias whose value
is proportional to the brightness, each
line of the a.c. television signal will be
moved in a negative direction along

The time constant of part Cx and
Rg in Fig. 15 must be so chosen that
it is at least equal to the time period
for one line, in order to make the instantaneous grid bias dependent upon
the average brightness of aline. Since
average brightness ordinarily does not
change rapidly from line to line, the
time constant can be increased considerably; in fact, a time constant
equal to the time for about 10 lines
appears to be quite satisfactory.
You will notice from Fig. 15 that
the picture-tube grid and cathode are
connected across the plate load of the
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FIG. 17. Here d.c. restoration is secured
in the control-grid circuit of the picture
tube by means of diode rectifier VT2. A
germanium crystal is sometimes substituted for VT2, saving space and the
filament-current drain of the diode.

the Eg-I, characteristic curve in Fig. last video tube. As a result, the re16 an amount corresponding to the stored signal across this load is apbrightness of the line. Signal I (for a plied between the grid and the
bright line) will be shifted automati- cathode.
In some instances, however, a concally to position I-I, and signal II
(corresponding to ablack line) will be denser may be inserted in series with
the grid of the picture tube; this, of
shifted only a small amount, to position II-II in Fig. 16. The result is an course, removes the d.c. component.
automatic alignment of the pedestals. When this is done, another method of
The alignment is not exactly perfect, restoring the d.c. component is used.
but it is near enough for all practical This is illustrated in Fig. 17, where the
purposes. The operating C bias for the d.c. component is reinserted in the
output stage will shift with each signal at the grid of the picture tube.
change in line brightness, but the tube It will be noted here that the d.c. rewill always be acting on the linear storer uses adiode rectifier that could
portion of the Il g-Ip characteristic (as be a tube or a germanium crystal.
aclass A amplifier), producing an out- Both types of rectifiers are widely
put signal which has the required used in modern television receivers.
Two typical conditions will serve to
phase and the required alignment of
illustrate
how the d.c. restorer in Fig.
the pedestals.
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17 operates. If the scene being tele- stantially constant during the picture
vised is completely black, the ampli- interval between successive horizontal
tude of the voltage representing the sync pulses; The effect of this circuit
action is to develop across resistor R,
picture content will be equivalent to
a
variable bias voltage that opposes
the black level. As aresult, if the d.c.
the
bias due to the brightness control.
component is removed, the picture
signal will be at the a.c. axis and the If part values are properly chosen, this
automatic variation in bias will be
only amplitude variations from this
sufficient to line up the pedestals at the
point will be those corresponding to
cut-off level, and thus enable the sync
the sync pulses, which will represent
'pulses to drive the picture tube berather small amplitudes. If these
yond cut-off.
small pulses are to drive the picture
Another analysis may be made ustube beyond cut-off, some means must
ing as an example an all-white scene.
be provided whcreby the bias on the
Under such acondition, the amplitude
grid is automatically adjusted to cutof the voltage, corresponding to the
off.
picture content, will be maximum.
We can assume that the initial pic- Çonsequently, after the d.c. component
ture tube bias is determined by the is removed from the signal voltage
setting of the brightness control, so that is developed across the video dewith no signal, the picture tube is op- tector load resistor, the voltage exerating at the point of cut-off. Now,
cursions from the a.c. axis represented
if, as described in the previous para- by the sync pulses will represent comgraph, the signal voltage across the paratively high amplitudes. Under
video amplifier plate load is small, such conditions, the picture tube bias
only a low a.c. voltage is applied in must be automatically reduced from
series with the a.c. circuit represented its correct value for ablack scene for
by the plate-circuit decoupling con- blanking pulses to drive the tube to
denser 03,the plate load resistor R3, the cut-off point and the sync pulses
condenser 05,and the diode rectifier. beyond cut-off. An analysis of the
When the plate is positive with respect circuit indicates that the larger voltto the cathode, the diode rectifier age excursions or peak amplitudes
paises current that charges condenser would cause a greater amount of rec03. During periods when the plate is tification, and therefore acorrespondnegative with respect to the cathode, ingly greater reduction in picture-tube
the diode rectifier is non-conducting, bias. Thus the d.c. restorer is in realand the condenser discharges partially ity an automatic bias control that
through resistor R5. If the values of continually adjusts the bias so that
R5 and condenser 05 are correctly the blanking pulses always drive the
chosen, the charge across the con- picture grid to the desired cut-off point
denser, and therefore the voltage from and the sync pulses drive it beyond
cathode to ground, will remain sub- cut-off.
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Forming the Picture
THE CATHODE-RAY TUBE
The C-bias voltage for the control
grid of the picture tube must have a
value that will make the line-up pedestals in the television signal operate
at the cut-off point on the grid voltagebrightness (E2-B) characteristic curve
for the picture tube. Let us see how
this is accomplished.
When no television signal is being
fed to the grid of the video output
tube in Fig. 15, there is zero C bias
in tube VT2. As a result, the plate
current for tube VT2 is at its maximum
value. This gives amaximum voltage
.drop between points 1 and 2 on the
plate load, with point 1negative with
respect to point 2. If the grid of the
picture tube is connected to point 1
and the cathode to point 2, as shown,
the negative C bias on the picture tube
for no signal will be the entire drop
across RL and L2;this might correspond to voltage A on the Es-B characteristic curve in Fig. 18. This voltage places the C bias for the picture
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FIG. 18. Grid voltage-brightness characteristic curve for acathode ray tube, with
the television signal shown for the condition where the pedestals are not at the
cut-off point.
.

tube beyond cut-off, and the screen
will be dark when no station program
is being received.
Application of an a.c. television signal to the grid of the video output
stage initiates d.c. restoration action,
producing the varying negative C bias
required to align the pedestals. As a
result, the instantaneous voltage on
the grid of the video output tube
varies from nearly zero for a sync
pulse to a maximum negative value
corresponding to a bright line (as
shown at I-I in Fig. 16). The pedestals
might all line up at voltage B in this
case; obviously this is not adesirable
condition, for it allows part of the
video signal to swing beyond brilliancy
cut-off.
To make the pedestals line up at the
cut-off voltage, it is necessary to introduce in the grid circuit of the pic•
ture tube a positive voltage of the
proper value. This can be done as
shown in Fig. 15 where the cathode of
the picture tube is connected to the
movable arm of potentiometer P, a
part of the voltage divider connected
between B+ and chassis. As the slider
of potentiometer P in Fig. 15 is moved
toward the right, the negative voltage
on the control grid of the picture tube
is reduced, and increased brilliancy
results. Moving the potentiometer toward the left as shown in Fig. 15 results in increased bias and a darker
over-all picture.
Although the brightness control
shown in Fig. 15 is entirely satisfactory and is widely used, there is some
danger of damaging the picture tube
if the video output tube burns out. In
this case no plate current would be
drawn by the video output tube and
point 1would be of the same potential
as point 2. If the slider of potenti-
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FIG. 19. The electrodes found in electrostatic and electromagnetic picture tubes.

ometer P is turned toward the right,
the cathode of the picture tube will be
negative with respect to the control
grid—in other words, apositive voltage will be applied to the control grid.
Usually this will not damage the
screen of the picture tube, but the
cathode of the tube could be harmed.
If the brightness control shown in
Fig. 17 is used, the bias on the picture
tube is entirely independent of the last
video amplifier, and unless leakage
should develop in condenser C4 or C5
nothing' would occur that would drive
the picture tube grid positive. These
are obscure complaints, however, that
seldom occur and are not a great
problem.
PICTURE-TUBE ELECTRODES
The important electrodes in an electrostatic picture tube are shown in
schematic form in Fig. 19A. In addition to the heater (filament), the
cathode, and the control electrode G,
(the control grid), there are two
anodes marked A, and A2. These
anodes are positive with respect to the
cathode, and provide acceleration of
the electrons. Anode A2 is higher in
potential than anode A,. The difference in potential between these two
• 19

anodes serves to produce an electric
field that makes the electrons focus to
a point on the screen. Finally, there
are electrostatic deflecting plates DV
and DH that serve to sweep the beam
horizontally and vertically across the
s
creen.
In Fig. 19B the electrodes of an
electromagnetic picture tube are
shown schematically. Again we have
the heater, the cathode, the control
grid, and anode A, which serves as an
accelerating anode. Further acceleration is obtained by means of anode A2
which consists of acoating on the inside of the glass envelope of the tube.
In the metal tubes, the entire metal
shell serves as the second anode. A
very high voltage is applied to the
second anode, and a relatively low
voltage, about 300 volts, is applied to
the first anode. In these tubes, focusing is accomplished by means of a
magnetic field produced by direct current through a focusing coil; other
coils carry the currents used to provide
magnetic fields for the vertical and
horizontal sweeps.
SWEEP CIRCUITS
In both the electromagnetic and
the electrostatic picture tube, a sawtooth sweep is used to move the electron beam back and forth and up and
down across the face of the tube. In
the electrostatic tube, a saw-tooth
voltage is applied to the deflecting
plates; in the electromagnetic tube, a
saw-tooth current is produced in the
deflecting coils that surround the neck
of the picture tube.
The sweep circuits used for the electromagnetic and electrostatic tubes
are quite similar, although there are a
few differences. First, we will consider the sweep circuits for the electrostatic tubes.
In the electrostatic tube each pair
of deflecting plates must be fed with

a saw-tooth voltage of the correct pulse. The voltage across C will be a
frequency. The voltage applied to a d.c. voltage having the saw-tooth wave
pair of deflecting plates should have shape shown at B in Fig. 20. When
the form shown at C in Fig. 20, which this voltage is applied through conis an a.c. voltage having a saw-tooth denser CR,the d.c. component is removed, giving the a.c. saw-tooth wave
wave form.
The circuit shown in Fig. 20 will shape shown at C in Fig. 20.
The saw-tootgeneratar—eircuitproduce a saw-tooth pulsating a.c.
voltage if its grid is controlled by àhown in Fig: 20 cannot be driven
pulses of constant amplitude and directly by the received sync pulses,
because the shape of its saw-tooth
duration, so this circuit is satisfactory
for a television receiver. The circuit output wave depends upon both the
amplitude and the duration of the
uses an ordinary high-vacuum triode
tube, with plate voltage applied pulses fed into it. Under r ticesecon 1ions,
esync pulses are
through resistor RL. A bias voltage cei
applied through resistor Rg makes the not constant in amplitude and duragrid sufficiently negative to give plate- tion. If they were used to drive asawcurrent cut-off, there is no plate cur- tooth generator, therefore, the shape
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FIG. 20.

Saw-tooth sweep circuit.

rent, and condenser C becomes
charged to the full plate-cathode voltage of the tube.
Each time apositive sync pulse (A)
reaches the grid of this tube, the pulse
overcomes the negative grid bias and
makes the tube conductive for the
duration of the pulse. Condenser C
then discharges through the tube,
which has a definite resistance when
conductive. At the end of async pulse,
plate current flow stops, and condenser C charges up again through RI.
Since the tube when conductive has a
considerably lower resistance than RL,
the discharge is far more rapid than
the charge. We thus have a gradual
build-up in the voltage across C until
apulse arrives, then a sudden drop in
voltage during the pulse interval, this
process repeating itself for each sync

and frequency of the saw-tooth output
would not be constant. Instead, each
saw-tooth generator circuit must be
driv_en_ltor
duce pulses of constant amplitude and
the _c
_
I make
the saw-tooth generator circuit-pÉ)duce aconstant and correct saw-tooth
sweep voltage at all times.
An oscillator that is controlled by
the TV sync pulses but disregards any
variation in their amplitude or duration is used as the driving unit for
the saw-tooth generator. Furthermore, each oscillator circuit produces
positive pulses at arate slightly lower
than the correct frequency for the
generator, and is so designed that the
frequency of the oscillator will increase to the correct value automati-
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The frequency of the blocking oscillator circuit in Fig. 21 is controlled by
variable resistor R, because it controls
the time constant of C and R. The
natural frequency of blocking should
always be lower than the frequency of
the synulse_that—is--fed into the
circuit, because then the sync pulse
will arrive just before the oscillator 1_
IMPULSES
can unblock by itself and will there-'1
fore control the unblocking action. (If
TO GRID OF
the-p
—
u.re to arr-ia-f-ter--the----SAW-TOOTH
GENERATOR
oscillator
had unblocked, it would
TUBE
have
no
effect
on the frequency of
13+
operation.) The sync pulse controls
FIG. 21. Self-blocking oscillator circuit
which can be controlled by synchronizing
the unblocking action because it
impulses.
swings the grid positive almost instantly, starting a new cycle. The
netic and electrostatic sweep systems.
same form of sync pulse is produced
Transformer T in this circuit provides
feedback from the plate circuit to the by this blocking oscillator regardless
of the amplitude and duration of the
grid circuit. The transformer conTV
signal sync pulses (provided their
nections are such that when the ciramplitude
is sufficient to swing the grid
cuit is in operation, the feedback voltage drives the grid positive, just as in positive). Sync pulses thus determine
a conventional oscillator. The result- the exact frequency of the controlled
pulses that are fed to the saw-tooth
ing flow of grid current through R progenerator,
and these new pulses always
duces a voltage drop across R which
drives the grid highly negative and at have the correct amplitude and durathe same time charges condenser C. tion to control the saw-tooth generaThis charging action lasts for only a tor so it will produce the desired sweep
brief interval equal to the time re- voltage.
quired for the negative grid to stop
In actual use, resistor R may be
all electron flow in the entire circuit.
mounted on the front panel so that the
Condenser C then begins discharging customer can make readjustments as
through resistor R at a rate deternecessary, or it may be of a semimined by the values of C and R. Both adjustable type mounted on the rear
R, and the grid winding of transchassis apron. In the latter case, R
former T have a low resistance, and is adjusted by the technician (at the
consequently the terminal of the windtime of installation) to a compromise
ing to which R, connects can be consetting which gives maximum sensisidered as connected to ground during
tivity to weak pulses and at the same
this discharge process. When the
time insures that the pulses will concharge on condenser C has leaked off
trol the frequency of blocking under
enough to lower the negative C bias
all normal receiving conditions.
on the grid sufficiently to allow plate
The grid of the blocking oscillator
current to flow again, feedback then
in
Fig. 21, being highly negative with
takes place, driving the grid positive,
and causing a repetition of the entire respect to the chassis except for the
duration of each pulse, may be concycle.
cally when fed with the sync pulses
that are associated with the TV signal.
An oscillator circuit that meets these
requirements is shown in Fig. 21. It is
known as a self-blocking oscillator,
commonly called a blocking oscillator, and is used for both electromag-
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nected directly to the grid of the sawtooth generator circuit in Fig. 20.
With this connection, no separate
negative bias is needed for the sawtooth generator grid, and parts R, and
R, in Fig. 20 may be omitted. Usually
the generator tube and the oscillator
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SYNC.
PULSES(

C3

o 2
6SN7

FIG.

22.

R4

Saw-tooth generator of the
mutivibrator type.

tube are in asingle envelope. A double
triode such as the 6SN7 is used. One
double triode with its blocking oscillator and saw-tooth generator circuit
must be provided for the horizontal
sweep and another similar system for
the vertical sweep, each circuit being
adjusted to give the proper sweep
frequency.
In some instances, particularly in
receivers using electrostatic tubes, the
self-blocking oscillator in Fig. 21 and
the discharge tube in Fig. 20 may be
replaced by a multivibrator like that
shown in Fig. 22. This saw-tooth
generator uses atype 6SN7 tube as a
conventional cathode-coupled multivibrator. The multivibrator can be
easily adjusted with the hold control
R2 to oscillate slightly below the correct frequency. The pulses that are
applied to the grid of VT 1will increase
the multivibrator frequency automatically to the correct value. Tube VT2
acts as a discharge tube across condenser C2 to give asaw-tooth output.
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The values of 02 and 11, are chosen
to permit use of the linear portion of
the charging curve.
SWEEP AMPLIFIERS
The output of asweep generator is
never sufficient to bend the beam in a
picture tube. For this reason, amplification of the sweep generator output
is always required.
In the electromagnetic picture tube,
the current that passes through the
deflection coils is used to produce the
magnetic field that bends the beam.
A power amplifier between the sweep
generator output and deflection coils
is required.
In Fig. 23 you will find a typical
voltage amplifier for an electrostatic
picture tube. Notice that push-pull
operation is used because it reduces
the total amount of sweep voltage required. The saw-tooth voltage is developed across discharge condenser C1
in Fig. 23 and is applied through
coupling condenser C2 to the input of
tube VT2. Resistor R2 controls the
TO HORIZONTAL

DEFLECTING
PLATES OF
PICTURE TUBE

-e
FIG. 23.
Push-pull horizontal sweep
amplifier for an electrostatic picture tube.

amplitude of the saw-tooth sweep.
The signal across grid resistor R4 is
amplified by VT2 and appears across
plate load resistor 11. 5.This saw-tooth
voltage is passed through coupling
condenser C. directly to one of the
horizontal deflection plates of the picture tube. Some of the voltage at the

output of tube VT, is tapped off
through condenser C, and develops a
saw-tooth voltage of the correct amplitude across grid resistor R, of tube
VT,. This tube amplifies the signal,
which is 180 degrees out of phase with
the signal that is fed to the input of

FIG. 24. Single-ended amplifier typical
of those used in vertical sweep circuits
of electromagnetic picture tubes.

VT,, and the amplified signal appears
across the plate load R9. Coupling
condenser C, serves to impress this
voltage on the other horizontal deflection plate.
There is practically no difference
between the horizontal- and verticalsweep amplifiers used in electrostatic
receivers, with the exception of part
value variations. Coupling condensers
C4 and C, for the vertical sweep must
be far larger in capacity than those for
the horizontal sweep, since the vertical
sweep operates at 60 cycles, and the
horizontal sweep operates at 15,750
cycles.
Fig. 24 is a typical vertical-sweep
amplifier circuit used with an electromagnetic picture tube. A conventional
blocking oscillator is used, and resistor
R, is used to vary the sweep-frequency
rate. The blocking oscillator also acts
as the sweep generator. The amplitude of the generated sweep signal is
determined by the setting of resistor
R4. Condenser C2 and resistor R,
serve to produce the correct sweep
wave shape, which is applied through
condenser C, to the input of verticalamplifier tube VT,. This tube is a
pentode but you will note that it is
connected as a triode, with the plate
23

and screen tied together. An output
transformer that will permit maximum power to be delivered to the
vertical deflecting coils marked
L2 is used.
es'
s ,and R9,in
parallel with the vertical deflection
coils, are used to damp out any tendency toward self oscillation in this
circuit. The currents through L, and
though they are produced by avoltage
that differs considerably from a sawtooth. The reason for this will be explained in greater detail when we
study sweep circuits in another Lesson.
There is considerable difference between the horizontal and vertical amplifiers in an electromagnetic picture
tube. A horizontal-amplifier circuit
is shown in Fig. 25. A high-power
tube is used here. The plate generally
comes out to the top-cap connection.
(You should never make the mistake
of touching a top cap of a horizontal
output tube since several thousand
volts may be present as a result of
the high value of inductance in the
plate circuit.)
The sweep signal is applied to the
input of this tube across resistor R,
in the usual manner, and the amplified

FIG. 25.
Horizontal amplifier and deflection coils showing damper tube used
to prevent fold-over in the raster.

signal across the primary of T, is
transferred to the secondary. The current flowing in the secondary circuit
and through deflecting coils L, and L,
can be limited by adjustable inductance L,. This inductance is therefore
the horizontal-width control.

will produce aspot in the exact center
of the screen when there are no deflecting voltages applied to the plates of
an electrostatic tube, or when there is
no current flowing through the deflecting coils of an electromagnetic tube.
Some adjustment must be provided
that will move the spot to the exact
center of the screen and thereby center
the reproduced image on the screen.
In Fig. 23, the required sweep voltage exists at the output of condensers
Cs and Os and must be applied to a
pair of deflecting plates in the picture
tube as shown in Fig. 28. Condensers
Cs and C5 are coupling condensers
(like the ones shown in Fig. 23), and
resistors Rs and R, complete the return circuit for deflecting plates 1and
2and also serve as the signal load for
the sweep voltage supplied through
condensers Cs and Cs. Notice that
plate No. 1connects to point bon the
voltage divider. Plate No. 2connects

The Damping Tube. The linear
rise of current through the horizontal
deflection coils moves the electron
beam from the left to the right side
of the picture in approximately 53
microseconds. The current must then
return to its starting value at approximately 7microseconds to produce the

FIG. 26.
Current through horizontal
deflection coil and oscillation removed
by damping tube.

retrace. This sudden collapse of current through an inductance produces
an oscillatory condition, shown at A
in Fig. 26, that would destroy the
linearity of the sweep and must be
removed by the damping tube. This
tube is VT2 in Fig. 25. When the
plate of the damping tube becomes
more positive than its cathode, conduction occurs, heavily loading the
circuit, and preventing the undesirable
oscillation. As aresult of this conduction, ad.c. potential of approximately
100 volts is developed and stored in
condenser Cs.This voltage is added to
the normal plate voltage of the horizontal amplifier and makes its potential considerably higher than that
from the power supply of the receiver
alone. Unless this salvaged energy is
used, there will be considerable loss in
efficiency.
Damping-tube actions will be described in greater detail elsewhere in
the Course, but you will be interested
to see in Fig. 27 the effect of aburnedout damping tube. Notice how the
horizontal-sweep linearity is destroyed
so that overlapping or "fold-over" occurs at the left of the test pattern.

FIG. 27. Fold-over in raster due to defective damper tube in horizontal sweep.

SPOT-CENTERING CONTROLS
It is not economically practical to
build agun in acathode-ray tube that
24

to the slider of potentiometer Rs.
Moving the slider toward point a
makes plate 2 more positive than
plate 1, and the beam is bent toward
plate 2while being repelled by plate 1.
Moving the slider toward point
makes plate 2 negative with respect
to plate 1, and the beam is repelled
from plate 2 and attracted toward

plate 1. By properly adjusting R6 the
beam can be exactly centered. A similar system is used for the other pair
of deflection plates.
It is also necessary to center the
beam in an electromagnetic tube using
âsweep system such as that shown in
Fig. 24. In this figure, no means 18
provided for centering the beam; centering is done by moving the focus coil.
This will be taken up in detail later.
In many sets, an actual adjustment is
often used for centering purposes in an
electromagnetic picture tube. A typical system is shown in Fig. 29. Here
we have a low-resistance tapped potentiometer in the B-supply circuit.
Notice that the secondary of the sweep
transformer connects directly to point
2 and through deflecting coils L, and
L2 to the slider of the potentiometer.

When the slider is placed at point 2,
no d.c. flows through the deflecting
coils. When the slider is moved toward point 1, electrons will flow from
point 2, through the secondary of output transformer T, and through

TO OUTPUT
OF RECTIFIER
( FILTER
3

FIG. 29.
C4
TO PLATES"1-11
OF PUSH-PULL
SWEEP
_
AMPLIFIER
C5
R1

FIG. 28.

Electrostatic centering control.

B

Electromagnetic centering control.

and L2 back to the slider. This will
bend the beam in a given direction.
When the slider is moved toward point
3 it reverses the direction of current
flow, and the electrons now travel from
the slider, through 1, 2 and L1, the
secondary of Ti,and back to point 2.
This moves the beam in the opposite
direction. Proper adjustment of the
slider gives exact centering of the
beam, and hence centering of the reproduced picture on the screen. The
same method can be used for either
the horizontal or vertical sweeps in
electromagnetic picture tubes.
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Sync-Separating and A. G. C.
SYNC-SEPARATING CIRCUIT
Before the synchronizing pulses that
accompany the video signal can be
made to control the horizontal and
vertical sweep circuits, the sync pulses
must be separated from the video signal, and the horizontal sync pulses
must be separated from the vertical
sync pulses.
Either a triode or a pentode tube
that is negatively biased to plate current cut-off or adiode tube will separate the sync pulses from the video
signal, provided that only the pulses
cause plate current to flow. The television signal that is fed into the sync
separator circuit can have either a
positive or a negative picture phase,
but in either case the pedestals must
be lined up. Alignment of the pedestals makes the use of a negative picture phase more desirable, as you will
shortly see.
If the sync separator is to be connected to a point in the video amplifier where pedestals are not lined up
(where only the a.c. component of the
television signal is present), the pedestals must be lined up by properly restoring the d.c. component before the
signal can be fed into the sync-separator tube.
The sync separator will have aloading effect upon any stage to which it
is connected, even though the separator tube is negatively biased, for the
separator circuit has an input capacity
that can affect the high-frequency response of the video amplifier. There is
one point in a television receiver to
which this input capacity can be connected without affecting high-frequency response. Referring to Fig.
30, you will see that one half of aduo
diode is used as avideo detector. The
other half of the tube may be used as
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the sync separator or clipper. This is
section VT, of the 6AL5 shown in Fig.
nal
30. applied
Section to
VT,
it through
rectifies the
condenser
video sig
Ci,
the path of electron flow being through
R2,VT1,and R1.The input time constant, which is governed by the values
of C, and RI,is such that VT, holds
its bias just above black level and delivers separated sync pulses to sync
amplifier VT2.The pi filter composed

-4-

C7 2

•=

M c'

TO VERTICAL
SWEEP
GENERATOR
TO
HORIZONTAL
SWEEP
GENERATOR

FIG. 30. Here are shown the detector,
the sync separator and amplifier, and the
sync limiter, which delivers noise-free,
constant amplitude pulses to the sweep
generator. That portion of the circuit
shown in the dotted lines separates the
horizontal and vertical pulses.

of resistor Rs and condensers Cs and
Cs separates the video i.f. frequency
and hash from the sync pulses.
The sync amplifier VT s, and the
sync limiter VT,, frequently precede
saw-tooth generators of the multivibrator type shown in Fig. 22. VT 8
and VT, share atype 6SL7 tube and
VT s amplifies both the horizontal and
vertical pulses obtained from VT,.
Section VT, acts as alimiting cathode
follower which clips off the noise peaks
and supplies constant amplitude sync
pulses to the saw-tooth generator circuits.
The grid of sync amplifier VT s is
d.c. coupled to the cathode of VT,.
Resistor R4 drops the voltage applied
to the sync amplifier with Rs as the

short intensity, as they. are for the
horizontal sync pulses and the horizontal equalizing sync pulses (serrations) in Fig. 31, Cs charges and discharges through R11 , producing the
required horizontal timing pulses for
the horizontal saw-tooth generator.
This is due to the short time constant
of Cs and R11 which enables the condenser-charging current to follow
faithfully
the
voltage variations
shown in Fig. 31. Thus, horizontal
sync pulses are obtained even during
the vertical synchronizing periods, as
is required.
With no sync signals being received,
Cs in the vertical separator circuit is
charged up to the same voltage as appears across Rs.The time constant of

o
HORIZONTAL
IMPULSES

o

SERRATIONS

/e

VIEMRPTUILCSAEL________

o

l

FIG. 31. Wave forms of impulses at the
output of the amplitude-separator section.

plate load resistor. Resistor R, and
condenser Cs supply low d.c. voltage
to the plate of the cathode follower.
When async pulse is rectified by VT,,
it causes the cathode end of R2 to become positive, thus applying apositive
voltage pulse to the grid-cathode of
VT, and increasing its plate current.
The voltage drop across Rs increases,
which reduces the plate voltage of
VT s,allowing Cs to discharge through
Rs and VTs. Electrons flow from Cs
through Rs to the chassis, making the
grid of VT, negative and decreasing
its plate current. This reducc‘s the
voltage across Rs.'Wi..:‘,n picture signals are being transmitted, no signal
reaches the grid of VT, and the voltage across Rs has a constant value.
Sync signals cause this voltage to decrease.
When the voltage variations are of
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this circuit is slow, and Cs does not
have time to discharge on the widely
separated horizontal sync pulses.
When the vertical sync pulses arrive,
Cs will gradually discharge, being relatively unaffected by the short duration serrations, and the decrease in
voltage across Cs at this time is used
to control the vertical saw-tooth generator.
AUTOMATIC GAIN CONTROL
The final television receiver section
to be considered is that which provides the automatic gain control voltage. In this section, again, it is best
to use the television signal in its d.c.
form with pedestals lined up. The
voltage for the a.g.c. circuit should be
obtained across a load resistor which
is shunted by a large condenser, in
order to give a time constant so long

that the voltage will follow the sync
pulse peaks. Doing this insures that
the a.g.c. voltage will depend upon
carrier level (or its equivalent, the
level of the syne pulse peaks), rather
than upon line brightness.
Tube VT, in Fig. 30 produces across

CI

R4
6AL5

VT2
R1

VT1

voltage appears across C2 and will
follow at all times the level of the
sync peaks. If for any reason the
carrier fades, the a.g.c. voltage will be
reduced and the receiver gain will increase. An increase in carrier level
increases the a.g.c. voltage, which in
turn will reduce the receiver sensitivity.
In this manner the 6AL5 tube shown
in Fig. 32 serves three purposes; acting as the video detector, the amplitude separator, and the a.g.c. This is
avery simple a.g.c. system. Some sets
use complicated circuits. These will be
described in detail in another Lesson.
REVIEW OF LESSON

+B

R3

TO VIDEO
AMPLIFIER

7
TO SYNC.
AMPLIFIER

R2

—

FIG. 32. By filtering the voltage across
Ri, and a.g.c. voltage is obtained across G.

R, a voltage that follows the sync
pulse peaks and has the correct polarity for a.g.c. purposes. It is only necessary to add an R-C filter composed of
C2 and R,, as shown in Fig. 32, to
complete the a.g.c. system. The a.g.c.

In reviewing this Lesson, try to
visualize the frequency conversions
that occur and the new frequencies
developed 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 likewise used interchangeably.
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Lesson Questions
Be sure to number your Answer Sheet 50RH-2.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. If a signal having a positive picture phase is fed to the grid of a video
amplifier, what will be the picture phase of the amplified signal in the plate
circuit of the stage?
2. Why does passage of a video TV signal through a condenser cause misalignment of the pedestals?
3. Why cannot the sync pulses in the TV signal be used to drive a sweep
saw-tooth generator?
4. Why should the natural frequency of asweep oscillator be lower than the
frequency of the sync pulses?
5. How may the phase of the picture signal at the output of the diode video
detector be reversed?
6. Why must the pedestals of avideo signal all be lined up at the same constant level at the input of the picture tube?
7.

Why are video amplifier stages operated with low plate loads?

8. Why is a large capacitor usually used as the coupling condenser between
two video stages?
9. What is the purpose of the resistors connected in parallel with the vertical
deflection coils in an electromagnetic sweep circuit?
10. What is the purpose of the sync separator or clipper?

Be sure to fill out a Lesson Label and send it along with your answers.
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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 accumulation 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 aman!"
When Galvani discovered that afrog's legs twitched
when put in contact with different metals, his observation did not seem important. But this observation
was the "germ" of the telegraph.
Yes—it is well worth-while to pay attention to little
things. When added up and used properly, great
things may result.
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the point of impact of the electron
THE SOUND section of a TV
beam to move across the mosaic in
system, amicrophone changes the
approximately a horizontal line at a
sound into electrical signals that vary
uniform speed, then fly back and scan
in amplitude. These signals are then
another line, and so on until the entire
changed into frequency variations
mosiac has been scanned by 525 lines
(FM) and are sent out on the TV
in the desired sequence. This complete
sound carrier. In the receiver, the
scanning is repeated at a rate of 30
discriminator-type second detector
times per second. As the electron beam
changes the frequency variations into
sweeps over the mosaic, each element
amplitude variations, and after amplitransfers its charge, which varies acfication, the loudspeaker changes them
cording to the illumination of that
back to the original sound that was
portion of the scene, to an amplifier.
picked up by the microphone. This
The resulting voltage pulses, called
portion of a TV system is just like
video signals, are amplified and comthat of astandard radio system.
bined with special signals for controlLet us now compare the operation of
ling the timing of the camera-tube
the video section of atelevision system
electron beam during the return time.
with that of the sound section. In the
The resulting composite signal is then
upper left corner of Fig. 1is shown an
used to modulate a high-frequency
artist whose picture is to be transtransmitter.
mitted. The light that is reflected
In the TV receiver, the video profrom her face is collected by the lens
gram
is treated like any other amplisystem and focused on the plate of the
tude-modulated signal. It is amplified
television camera tube. This plate is
by the r.f. stage and then fed to the
covered with amosaic composed of an
mixer stage where it is mixed with a
innumerable quantity of minute phosignal from the local oscillator to protoelectric cells. The camera tube also
duce the i.f. signal frequency. The
has an electron gun similar to that
signal is then amplified by the i.f.
used in a standard picture tube. The
stages, and is fed to the second detecscanning, in this case, is accomplished
tor where the carrier is stripped from
by deflecting the electron beam electhe composite video signal. The video
tromagnetically by means of the coils
signal is then amplified by the video
around the neck of the tube. These
amplifier which corresponda to the
coils are fed with signals that cause

audio amplifier in asound receiver.
The TV video signal is then ready to
be changed back into ascene. As you
already know, this is accomplished by
use of apicture tube. The application
of the video voltage variations to the
grid-cathode of the picture tube results
in variations of the electron-beam intensity and causes corresponding variations in the brightness of the spot
that is formed on the screen of the
picture tube. To duplicate the scene
that caused the electrical variations
on the camera-tube mosaic, these spotbrightness variations must occur at the
right place on the screen. This is accomplished by sweeping the electron
beam across the face of the picture
tube in step (synchronized) with the
camera-tube beam. The sync signals
that were separated from the video
signals, are used to synchronize the
horizontal and vertical sweeps of the

TV receiver with the horizontal and
vertical sweeps of the camera tube.
Now that you have a basic understanding of all the TV stages and
sections and their operation, you are
ready to study them in greater detail.
Let's start in this Lesson with astudy
of the picture tube, and learn how the
electron beam is formed, how it is
focused to a pin point on the fluorescent screen, and how it is swept across
the screen. Then you will have afull
understanding of how the video signal
is converted into ascene.
Picture tubes are made in various
sizes and types. However, all picture
tubes are fundamentally the same, and
every tube has the following basic
elements:
1. A source of electrons in the form
of a cathode.
2. A filament to heat the cathode
so that it will emit electrons.

TRANSMITTER
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CAMERA TUBE
LENS
SYSTEM

VERTICAL
DEFLECTOR

AMPLIFIER

RADIO
TRANSMITTER

HORIZONTAL
DEFLECTOR
SYNCHRONIZING
GENERATOR

PICTURE
TUBE

RECEIVING
ANTENNA

RECEIVER
VERTICAL
DEFLECTOR
AND
SYNCHRONIZING

OBSERVER

ELECTRON
BEAM

PICTURE
AND
BRIGHTNESS
CONTROL

FLUORESCENT
SCREEN

RADIO
RECEIVER
AND
AMPLIFIER

HORIZONTAL
DEFLECTOR
AND
SYNCHRONIZING

POWER
SUPPLY

FIG. 1. Block diagram of the video portion of a television system.
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3. A control grid to vary the number of electrons passing through
it.
4. A means of concentrating the
electrons leaving the cathode
into a beam.
5. A fluorescent coating on the
screen that glows upon the impact of the electron beam.
6. A means of focusing the electron
beam into a small spot on the
tube screen.
7. A high-voltage anode to accelerate the electrons in the beam.
8. A means of deflecting the electron beam in any desired direction.
ELECTRON GUNS
The electron gun is the complete
electrode assembly in picture tubes
that produces and focuses a beam of
electrons as apin point on the viewing
screen. Let's study its elements in
order.
Electron Emitter. In a picture
tube, the source of electrons is acathode that is heated by a filament that
is electrically insulated from it. This
filament is wound non-inductively so
that no stray fields are produced by
the alternating current flowing through
the filament.
Fig. 2shows the arrangement of the
elements in atypical electron emitter.
A. cap made of nickel is heated from
the inside by the filament. The end
of this cap is coated with a special
chemical oxide mixture that emits
electrons freely when it is heated.
Since a thin pencil of electrons is desired, only the end of the nickel cap
is coated with the oxide mixture. The
electrons leave the cathode more or
less at right angles to the surface, and
consequently these electrons start traveling over paths essentially parallel
to the principal axis of the picture
tube. But electrons have negative

charges and repel each other, so when
they are emitted from the end of the
cathode, if left to their own devices
they would quickly spread out, and
all beaming action would be lost. How
this is avoided will be described
shortly.
Electron emission should take place
in a vacuum for two important reasons. First, the absence of air particles
in the vicinity of the cathode makes
it easier for electrons to jump away
from the cathode. Second, in a vac-

PRINCIPAL AXIS OF
PICTURE TUBE

OXIDE COATING

CATHODE
NICKEL CAP
FILAMENT

GLASS

KH

H

FIG. 2. Arrangement of the elements in
the electron emitter of a picture tube.

uum the emitted electrons cannot
create very many heavy positive ions
that would be attracted to the cathode,
bombard it, and destroy the coated
emission surface. However, since no
vacuum is perfect, some ions are created, and the negative ones join with
the electrons in the beam. As you will
learn later, a special means is necessary to prevent these negative ions
from striking the screen and burning
the fluorescent material.
A mixture of about 40% barium
oxide and 60% strontium oxide on the
cathode surface has been found to give
far better electron emission than either
one of the oxides alone. A mixture
such as this emits electrons generously
at relatively low temperatures, beginning at about 850 degrees Centigrade.

SCREEN

CORRECT
FOCUS

I FOCUSING
IOCCURS IN
THIS REGION

CROSSOVER
TOO SOON

SCREEN

CROSSOVER
TOO LATE

FIG. 3. The electron beam is correctly focused when it crosses over at the point where
it strikes the screen.

As arule, the oxide coating is sprayed
on the end of the cathode in the form
of a liquid. While the picture tube is
being evacuated, an intense heat is
applied to the cathode (usually by inducing strong eddy currents in the
nickel cap), changing the sprayed-on
materials to the desired active oxides.
Other Gun Elements. As stated
previously, the electrons leaving the
end of the cathode will, due to their
repelling action on each other, tend
to spread out so that they will not
reach the screen as a small compact
beam. To avoid this, specially-constructed electrodes are used to accelerate the electrons to a high speed
so that they will not have time to
spread out. Even so, a spot the size
of the coated portion of the cathode
would be entirely too large, therefore
the beam must be reduced to a very
small diameter at the point of impact
on the screen. Since the electrons are
leaving all parts of the cathode in a
more or less straight line, it is possible
to make these individual lines cross
over one another by varying the electrode voltages or by the use of a
magnetic field. Just how this is accomplished will be described later.
Fig. 3A shows that as the electrons
cross over, the beam becomes a fine
pin point and, if properly focused,
this crossover can be made to occur
just where the beam strikes the screen.
4

Figs. 3B and 3C show what happens if
the beam is improperly focused. If
the crossover occurs too soon or too
late, the spot will be a large circle
on the screen instead of the desired
pin point, the details will be lost, and
the picture will be blurred.
Not only is it necessary to focus
the spot on the screen, but also the
number of electrons in the stream must
be controlled by the video signal in
order to vary the brilliancy of the
spot. An element called the "control
grid" is used for this purpose. This
element is entirely different in appearance from the tube grid with
which you are familiar and operates on
a somewhat different principle. This
difference is based upon the behavior
of an electron in an electrostatic field,
as we will show.
By making use of the electronic-optic principle of electrostatic focusing,
it is possible to bundle these emitted
electrons into asmall-diameter stream,
and make them form a small brilliant
spot on the screen that will vary in
brightness with the applied video signal. Only the cathode-ray tube designer is interested in the actual shapes
of the electrodes, their arrangement,
and the voltages applied to each.
However, the serviceman who understands the problems of cathode-ray
tube design, and knows how the desired effects are accomplished, is in a

better position to service, install, and
adjust cathode-ray tube equipment.
EQUIPOTENTIAL LINES
The underlying principles of electronic optics are not difficult to understand. An electron is always attracted
to a positively charged electrode; it
is the path that the electron takes in
getting there that requires study. You
know that electric lines of force exist
between any two differently charged
bodies, such as between the emitter
(source of electrons) and the anode of
a cathode-ray tube; it is along these
lines of force that electrons travel.
It is easier, however, to predict how
electrons will move by referring to
what are called equipotential surfaces,
for these are simpler to locate in
actual practice than electric lines of
force, and electrons moving from one
equipotential surface to another always behave in a definite manner.
The first electronic-optics principle to
be studied is the relation between
electric lines of force and equipotential
surfaces.

surface 2starts from rest (zero speed)
at surface 1, gaining speed as it moves.
All along the path it gains energy,
because the energy of a moving body
of constant mass increases with its
ANODE (+)
CATHODE (—)

EQUIPOTENTIAL
LINES
RADIAL ELECTRIC
LINES OF FORCE

FIG. 5. Cross-sectional view showing electric lines of force and equipotential lines
between two charged coaxial cylinders.

speed. Other electrons starting from
rest at various points on plate 1gain
speed at the same rate, so that all
electrons moving between the plates
possess the same energy at any given
distance from plate 1. We can indicate this on Fig. 4by putting in lines
a', b', c', and d', drawn at right; angles
to the electric lines of force. These
ELECTRIC LINES
lines represent positions of equal poOF FORCE
tential or energy level, and are called
a
METAL
METAL
equipotential lines or surfaces. (EquiPLATE
b
PLATE
potential lines on a cross-sectional
0 0
view actually represent equipotential
surfaces, just as the heavy lines 1and
EQUIPOTENTIAL
LINES
2 in Fig. 4 represent plates.)
Fig. 5illustrates the electric lines of
ELECTRON
force (radial) and equipotential lines
FIG. 4. Cross-sectional view showing elec(concentric) as you will find them in
tric lines of force and equipotential lines
between two charged parallel plates.
a simple electronic tube having a
cylindrical cathode inside acylindrical
plate. Although the drawing gives
Fig. 4 represents a cross-sectional
only one cross-sectional view of the
view of two parallel metallic surfaces,
tube, all other cross sections are alike.
with surface 2positively charged with
respect to surface 1 (which can be a Electrons going from the cathode to
cathode). Electrons are urged from 1 the anode will travel along the electric
lines of force, and will therefore move
to 2 along lines a, b, c, etc., which
at right angles to the equipotential
represent electric lines of force. An
lines shown.
electron moving from surface 1 to
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A free electron that is traveling
along the path of an electric line of
force between two bodies in the direction of increasing potential (toward
the highest positive body) will gain
velocity. A gain in velocity is the
same as a gain in potential, for this
is the way of assigning a definite
velocity to the electron. Since the
electron has mass ' it is also gaining
energy as it travels along the path in
the direction of increasing potential
(a rock traveling down to earth from
a height of twenty feet will have far
more energy at the bottom of its fall
than would a rock dropped from a
height of five feet.) This means that
when an electron travels through an
electric field in a direction of increasing potential, it will receive energy
(or potential, or velocity, as you prefer) from the electric field.
An electron traveling in a direction
of decreasing potential (toward the
lower potential body) will be retarded,
and will lose some of its energy, potential, or velocity. An electron moving al9ng an equipotential line will
neither gain nor lose velocity, energy,
or potential.
An equipotential line passes through
all points having the same potential.
Any number of equipotential lines,
each corresponding to a different potential, can be drawn between two
charged bodies; some will have low
potentials and some will have high
potentials. When an electron moves
from alow equipotential line to ahigh
equipotential line, its velocity is increased. An electron moving from a
high to a low equipotential line will
lose velocity.
An electron traveling at right angles
to equipotential lines is speeded up or
retarded, as the case may be, but is not
diverted from its straight path of
travel. Only when an electron is traveling through an electric field at an
6

angle other than 90° to the equipotential line is its direction, as well
as its velocity changed. This change
in the direction of travel of an electron
merits further study, for it is the
fundamental action of electrostatic
focusing systems in picture tubes.
Equipotential lines are straight and
parallel only when the charged bodies
are two large, parallel, metal plates;
the lines are then parallel to the flat
plates. In all other cases, equipotential
lines will be curved. In picture tubes,
we deal almost entirely with curved
equipotential lines.
Let us consider first the condition
shown in Fig. 6A, where electron' "e"
is traveling at an angle to the principal axis of apicture tube and is passing from a low potential region to a
high potential region. The change in
potential along the path of the electron
is actually quite gradual, there being
no definite boundary for aregion, but
we can simplify our study greatly by
assuming that the curved equipotential line shown here represents the
boundary between regions of different
potential. The results obtained with
this assumption will be sufficiently accurate for our purposes.
In the low-potential region in Fig.
6A, electron e has velocity P„ that
may be broken up into two components PTI ,tangential to the equipotential line and Pp, perpendicular to
the equipotential line.
The tangential velocity component
PT1 remains unchanged as the electron
moves from a low- to ahigh-potential
region, for this component represents
motion along the equipotential line.
The velocity component that is perpendicular to the equipotential line increases as the electron crosses this line,
so that the velocity that is perpendicular to the line in the high-potential
region is Pp 2.Combining the two velocity components again after the elec'

tron has crossed the equipotential line,
we get P2 as the new electron velocity.
This is larger than the original electron velocity Pi and is bent closer to
the principal axis.
The passage of an electron from a
low-potential region to a high-potential region, under the conditions in Fig.
6A, results in increased electron velocity and a travel path that is more
normally parallel to the principal axis.
By repeating this process for three
other conditions of electron travel, as
indicated in Figs. 6B, 6C, and 6D, we
can determine the nature of the bending in each case.
All four diagrams in Fig. 6 are reversible; that is, the indicated electron
paths are correct for either direction
of electron travel along the path.
If we limit ourselves to equipotential lines that are portions of circles
having their centers on the principal
axis, we can summarize the results of

the diagrams in Fig. 6 as follows:
1. Electrons approaching a concave
equipotential line, moving away from
the principal axis, and passing from a
low- to ahigh-potential field are bent
back toward the principal axis.
2. Electrons approaching aconcave
equipotential line, moving toward the
principal axis, and passing from a
low- to a high-potential field are bent
away from the principal axis.
3. Electrons approaching a concave
equipotential line, moving away from
the principal axis and passing from a
high- to a low-potential field are bent
away from the principal axis.
4. Electrons approaching a concave
equipotential line, moving toward the
principal axis, and passing from a
high- to alow-potential field are bent
toward the principal axis.
5. Electrons approaching a convex
equipotential line (traveling in a direction opposite to that in Fig. 6)

FIG. 6. How the path of an electron is changed as it moves at various angles through
regions of differing potentials.
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moving toward the principal axis, and
passing from ahigh- to alow-potential
field are bent toward the principal
axis.
6. Electrons approaching a convex
equipotential line, moving away from
the principal axis, and passing from
a high- to a low-potential field are
bent away from the principal axis.
7. Electrons approaching a convex
equipotential line, moving toward the
principal axis, and passing from a

low- to a high-potential field are bent
away from the principal axis.
8. Electrons approaching a convex
equipotential line, moving away from
the principal axis, and passing from
a low- to a high-potential field are
bent toward the axis.
Although these eight statements
take care of all conditions in picture
tubes, it is far easier and better to
remember the method shown in Fig. 6
for deriving these facts than to memorize the eight statements.

Concentrating the Electron Beam
In a practical picture tube, a beam
of electrons that focuses to a small
spot on the fluorescent screen is produced by two distinct sections: 1, a
hot cathode and an electrode system
that converges the emitted electrons
to a point quite near the cathode on
the principal axis of the tube; 2, one
or more electronic lens systems located between the first converging
point and the fluorescent screen, to
produce equipotential lines that will
converge the electron beam to asmall
spot on the fluorescent screen. This
second section will now be considered
in its simplest form as a bi-potential
electronic lens.
ELECTRONIC LENS
In the electronic lens, the bending
is continuous throughout the electric
field that forms the lens (since there
is an infinite number of equipotential
lines at which bending can occur).
Expert mathematicians can calculate the positions of equipotential surfaces by a long, tedious process, but
only for simple electrode shapes. The
usual, and quite practical procedure
involves making a large accurately
scaled model of the electrodes, im-
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mersing this model in a conductive
liquid, and applying voltages to the
electrodes. A test probe that is completely insulated except for a tiny
metal ball point at its tip is connected
to a vacuum-tube voltmeter. This
probe is then moved around in the
liquid between the electrodes to search
out points of equal potential. These
points are plotted on across-sectional
diagram of the electrodes, and connected together by smooth curves to
give the equipotential lines for that
electrode arrangement.
In Fig. 7A is shown across-sectional
view of a simple bi-potential lens
made up of two metallic cylinders
placed end to end on a common principal axis. The smaller cylinder has a
lower positive potential than the larger
cylinder, and the difference in potential between the cylinders results
in equipotential lines distributed as
shown in Fig. 7A for any lengthwise
cross-section of the cylinders.
Point 0 can be considered as the
point source for the electronic lens in
Fig. 7A, as electrons are concentrated
at this point by the first section of the
picture tube gun (by the cathode and
its associated focusing system). Since

at a point farther away along the
principal axis, at Y.
Returning to Fig. 7A we see that
the convex equipotential lines having
potentials from 1020 volts to 2200
volts will progressively bend the electron beam toward the principal axis,
and at the same time will increase the
velocity of the electrons. The concave
equipotential lines from 2200 volts to
4580 volts will gradually straighten
out the electron beam until it is almost
parallel with the principal axis and is
converged to aspot of the desired size
at point I on the fluorescent screen.
tential line.
Line 1in Fig. 7A represents the path
An electron traveling from point 0
to the screen taken by electrons
through the 1100-volt convex equipoleaving the point source 0 at angle 0,
tential line (shown by itself for clearwith the principal axis. Electrons
ness in Fig. 7B) is bent toward the
leaving point 0along the principal axis
principal axis. If this were the only will be accelerated but not bent, since
equipotential line acting upon electhese electrons will travel at right
trons, the beam would be focused to
angles to all equipotential lines.
point X on the principal axis. In
ELECTRONIC BAFFLES
passing through the 4400-volt concave
There is a practical limit to the
equipotential line, however, the elecangle at which electrons can leave
tron beam is bent away from the
principal axis, so that it now focuses point 0 and still be focused to apoint

the two metal cylinders produce the
same electric field for any cross-section, electrons leaving 0 in all directions at any given angle with the
principal axis will be acted upon in a
similar manner by this electronic lens.
Notice that electrons traveling to
the right from point 0 first encounter
convex equipotential lines. These lines
gradually straighten out, then become
concave inside the larger cylinder. Let
us see what happens to electrons as
they pass through one convex equipotential line and one concave equipo-
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I

mETALIX CIRCULAR CYLINDERS

4400 V.

FIG. 7. Electron paths through a hi-potential electronic lens.
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on the screen. For example, electrons
by the TV signal, thus serving as the
leaving point 0 at angle 0, are acted
control electrode.
upon by the electronic lens in such a
The cross-sectional diagram in Fig.
way that they take path 2, and this
8A shows a typical arrangement of
would cause undesirable spreading of the electrodes that are located near
the beam. To overcome this, one or the cathode of the picture tube. These
more electron baffles (each adisc with
electrodes are metal cylinders. The
ahole in its center) is used in apicture
equipotential lines in Fig. 8A are
tube to block all electrons that do not
shown for the condition where the
converge to the desired narrow beam
control electrode is at zero potential
along the principal axis.
with respect to the cathode, a condition corresponding to maximum
THE FIRST LENS
brilliancy of the spot on the screen.
As has been previously pointed out,
Since the first anode is at a high
there are two electrostatic lens syspositive potential with respect to the
tems in apicture tube. The first one is
cathode, positive equipotential lines
near the cathode, and is used to bring
exist right up to the cathode as shown
the emitted electrons to amore or less
in Fig. 8A.
sharp point that can act as asource of
Along the surface of the cathode,
electrons for the second lens. The first
the positive potentials pull electrons
lens is essentially produced by the
away from the heated electron-emitcontrol grid, which is a cylinder with
ting surface. Those electrons that are
one or more baffle plates located in
traveling along the principal axis are
front of the cathode. This first lens
accelerated, but not bent as they move
is known as the cathode lens or imtoward the first anode, because they
mersion lens (any electrostatic lens in
are moving perpendicularly to the
which the object or source of electrons
equipotential lines.
is inside or immersed in the lens is an
An electron leaving the cathode at
immersion lens). The grid cylinder is
a
point
away from the principal axis,
usually given a negative bias with
such as at point Y, will encounter conrespect to the cathode, and is excited
vex equipotential lines of increasing
potential; these will force the electron
to take the indicated path from Y to
the cross-over point X, and at the
same time will accelerate the electron.
Any electrons traveling from point
Y away from the principal axis will
follow an equipotential line without
accelerating, until they are redirected
toward the principal axis again. They
are then attracted by the first anode,
and are accelerated along with the
other electrons in the beam. Stray
electrons may form an electron cloud
around the cathode, outside the zero
equipotential line. This electron cloud
FIG. 8. Equipotential lines within an imwill tend to repel electrons back to the
mersion lens when there is no bias (A)
principal axis, and force them to go
and when there is a 30-volt bias (B) applied to the control grid.
through the cross-over point X.
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Most of the electrons that make up
the final beam will be pulled out from
the center of the cathode, and will be
accelerated rapidly with a minimum
change in direction. Electrons emitted
at such angles that they could not
possibly go through the cross-over
point are blocked by electron baffle
B1.The first anode has another electron baffle (B 2)that also blocks electrons that are outside the desired
beam.
When the control electrode has a
negative bias of 30 volts with respect
to the cathode (a condition corresponding to a low-brilliancy spot on
the picture-tube screen), the equipotential lines will be arranged as shown
in Fig. 8B. The negative charge on the
control electrode has the effect of
making the positive equipotential lines
sharply convex for electrons leaving
the cathode; in addition to this, the
positive potential increases rather
slowly near the control electrode.

convex lines for focusing the electrons
to cross-over point X, and concave
lines for narrowing the beam again as
the electrons spread after leaving point
X.
A COMPLETE ELECTRON GUN
The general arrangement of the
electron gun elements in a picture
tube is shown in Fig. 9. Since we
have already considered the action of
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FIG. 9. General arrangement of the elements in the electron gun of a picture
tube.

each component in the system, we will
now review the action of the entire

system.
Cathode K serves as the primary
source of electrons. The control elecWe also have negative equipotential lines in the vicinity of the cathode trode G, produces between baffle B,
and the cathode an electrostatic field
shown in Fig. 8B. Many of the electrons that would normally leave the that controls the number of electrons
cathode because of the potential that in the beam. The first anode A, provides between it and G, an electrois given them by the heat of the filament cannot overcome the repelling static field that focuses the emitted
electrons to cross-over point X. The
force of these lines, and consequently
are kept at the cathode. The result is first and second anodes, A, and A2,
that only electrons near the principal together form abi-potential electronic
axis are pulled away from the cathode lens that converges the electron beam
by the first anode. We thus see that a back into a narrow straight stream
and focuses the stream or beam of
negative charge on the control grid
reduces the number of electrons that electrons to a spot of the desired size
on the fluorescent screen. Electron
can enter the electron beam.
baffles B1,B2,and B2 block any elecThe control electrode has its greatest effect in the region between the trons that tend to widen the final
cathode and the electron baffle B1. electron beam.
The number of electrons in the beam
The electrostatic field between the
will
vary at different points, for the
electron baffles B, and B, is essentially
baffles
will divert some electrons to
constant for adefinite first-anode voltage. With proper electrode design, the positive supply leads. If milliamthe equipotential lines in this region meters are inserted in the B+ and
will be so shaped that there will be Bi-+ leads, the sum of their readings
11

will be approximately equal to the
electron currents at cross-over point
X. The current in the second anode
supply lead is a better indication of
screen spot brightness, however. The
beam current is very small, varying
from approximately 50 to 250 microamperes, depending on the type of
tube and the anode voltage employed.
SECONDARY EMISSION
When the electron beam strikes the
fluorescent screen it causes secondary
electrons to be emitted from the screen.
If these secondary electrons are not
removed they will accumulate and
form an electron cloud in front of the
screen that will interfere with the
normal operation of the tube, tending
to slow down the beam and making
it spread.
To prevent this electron cloud from
forming, the inside of the glass enveloeilly all picture tubes
— ii —coated with a conductive material
such as carbon or powdered graphite.
This coating is called aquadag, and is
similar to the coating found on resistance strips of volume controls. The
coating usually extends from the
neck of the funnel-shaped part of the
glass envelope to within an inch or so
of the fluorescent screen. One end of
the aquadag coating is connected to
the second or accelerating anode
through spring clips, and hence has a
high positive potential so that it will
attract secondary electrons that are
emitted from the fluorescent screen
during bombardment by the beam.
This prevents alarge accumulation of
secondary electrons in front of the
screen. In some picture tubes, no
metallic accelerating anode is provided, and the aquadag coating, in
addition to collecting secondary electrons from the screen, also acts as the
accelerating or high-voltage anode of
the tube.
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FIG. 10. Methods of reducing interaction
between the control grid and the focusing
anode.

On many magnetic-deflection tubes
the outer portion of the glass envelope
also has a conductive coating that is
grounded. The glass between the inner
and outer conductive coatings acts as
a dielectric, and in this way a condenser is formed that has considerable
storage capacity. The condenser so
formed acts as a portion of the filter
system for the second anode highvoltage supply.
In the gun shown in Fig. 9 there is
considerable interaction between the
control grid and focusing anode No. 1.
Variations in control grid voltage will
vary the number of electrons striking
baffles B2 and B3, thus undesirably
changing the first anode voltage with
respect to the second anode voltage,
and defocusing the beam.
In some early tubes, this was
avoided by using an element called
the "screen grid" between the control
grid and the first anode as shown in

Fig. 10A. More recently, however, the
second anode has been split; one part,
electrically connected to the second
anode, now is inserted between the
control grid and the focusing anode
as shown in Fig. 10B. Not only does
splitting the second anode cause rapid
acceleration of the electrons, but also
interlocking between the adjustment
of the control grid voltage and the
focusing anode voltage is thus elim-

inated. The arrangement in Fig. 10B
also allows a simpler power supply
than that in Fig. 10A.
In the terminology of some picturetube manufacturers, the control grid is
designated as G1,the first section of
the accelerating anode in Fig. 10B is
designated as G3,the focus anode as
G3,and the other section of the accelerating anode as G4;G2 and G., of
course, being tied together.

Focusing the Electron Beam
The technician's primary interest in
a picture tube is the effects that variations in electrode voltages have upon
the spot size and the spot brilliancy.
However, there are two types of picture tubes; one uses electrostatic focusing and deflection, while the other
uses electromagnetic means for both
these purposes. We shall study both,
beginning with the electrostatic type.
ELECTROSTATIC FOCUSING
The schematic circuit diagram for

CONTROL
GRID-1
CATHODE-1,
v

FIRST
ANODE

atypical electrostatic picture tube and
its operating voltage supply is shown
in Fig. 11. The voltages applied to
the various electrodes in the picture
tube depend upon the size of the tube.
For example, in a tube having a face
diameter of 7 inches, the highest a.c.
supply voltage E3, applied between
the second anode and B—, may be as
much as 6000 volts. The first anode
may have a potential of 1500 to 2500
volts. The cathode may be positive
with respect to ground (the control
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HEATER

VIDEO
SIGNAL
R4

8++
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FIG. 11.

of the voltage distribution system used with a typical
Schematic diagram
electrostatic tube.
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grid return) by 30 or 40 volts, so that
the control electrode is always negative. The exact d.c. voltage between
the cathode and the control grid depends upon the setting of Ri which
serves as the brilliancy control. Now
let us see how the spot size and the
spot brilliancy will vary as the voltages are varied.
Let's assume first that the control
grid is highly negative, with the spot
brilliancy correspondingly low. Electrons under this condition are flowing
into the first anode in a narrow cone
with the result that the beam is focused to a small spot. As the control
grid is driven in a positive direction
by the video signal or by reducing the
bias set by Ri,more and more electrons enter the stream, and the spot
brilliancy increases. At the same time
the electrons in the stream repel each
other ,,more than before, and the spot
size is therefore increased when the
control grid is driven more positive.
By careful tube design, the spot diameter can be maintained within reasonable limits for normal variations
in the control grid voltage. This variation will not greatly affect line definition if the largest spot diameter is
less than the width of aline.
Raising voltages Ei, E2, and E3
will increase spot brilliancy. Con•
versely, reducing these voltages will reduce spot brilliancy. To see how these
voltages affect spot size, we may consider each electrode by itself. Increasing the first anode voltage causes
electrons to be drawn from a larger
area on the cathode, giving more electrons in the beam and a larger cone
at the cross-over. The result is a
beam with less effective focusing, due
to the greater repelling action among
electrons in the beam. These factors
together cause spot size to be increased
when the first anode voltage is increased.
14

Provisions are always made for
varying the _first—anode—voltage in
el6ctikistitic picture tubes because this
provides a simple way of focusing
the electron beam to a spot. Increasig 2 wit ou mcreasmg 3 re uces
the potential difference between the
first and second anodes. The equipotential lines then become flatter
(less convex and less concave), with
the result that there is less bending
as the electrons pass through the second electrostatic lens, and the point
of focus (the point at which the beam
is focused to asharp spot of minimum
size) is moved farther away from the
second anode. Increasing E2 also gives
increased acceleration of electrons.
We can therefore say that increasing
the voltage E2 on the first anode will
move the focus spot outward, and at
the same time give abrighter spot. If
the point of focus is originally between
the second anode and the fluorescent
screen (so that electrons are diverging
again as they reach the screen), increasing the first anode voltage will
move the point of focus closer to the
screen, thereby reducing spot size.
When the point of focus is exactly at
the screen, the spot size will be aminimum, and all changes in anode voltages will increase the spot size. Decreasing the first anode voltage E2 will
reduce the spot brilliancy, and bring
the point of focus closer to the second
anode. With those picture tubes that
are designed for electrostatic focusing,
it is customary to vary the first anode
voltage until a sharply-focused image
is obtained on the screen.
Normally, the second anode voltage
is not readily adjustable, although in
certain type high-voltage power supplies an adjustment can be made. A
definite voltage, however, is always
recommended for this anode, and focusing is accomplished by adjusting
the voltage that is applied to the first

the principal axis of the tube, and are
distributed uniformly through the
neck of the tube.
In Fig. 12, the path taken by an
electron leaving point X at the angle
with the principal axis is shown as
along sweeping curve, first away from
the principal axis and then toward it.
MAGNETIC FOCUSING
Actually, however, the electrons are
The fact that an electron in motion twisted around the principal axis in
in a vacuum is the equivalent of a aspiral manner at the same time that
current, and is producing magnetic they are moving away from or toward
lines of force makes it possible to the axis.
In order to prove that electron e,
employ a magnetic field for focusing
a divergent stream of electrons to a as it leaves cross-over point X, will
point. To understand exactly how this take the path shown in Fig. 12, we
magnetic field can be utilized for elec- must consider its velocity as having
tron-beam focusing, we must first con- two components. Velocity component
sider a few fundamental principles of eL provides motion longitudinally
the behavior of electrons in magnetic along the axis, while velocity component ea provides motion radially
fields.
A typical t.c.r. tube employing mag- outward from the principal axis. You
netic focusing is shown in Fig. 12. At will shortly see that motion along the
axis is not affected by the magnetic
the left end of the tube is a conventional electrostatic lens made up of field, whereas radial motion through
the magnetic field forces electrons to
a heated cathode, a negatively biased
bend back to the principal axis.
control grid, and low- and high-volElectron e is thus moving longitage anodes that serve as the first lens
to focus the emitted electrons to cross- tudinally along the axis toward the
over point X, and to accelerate the screen at the same time that it is
electrons. From this point the elec- moving radially away from and back
trons spread out into a cone, and are to the principal axis. If the radial
focused to a spot of the desired size motion back to the axis can be comon the screen by the magnetic field pleted by the time the electron has
that is produced by the focusing coil reached the screen, the desired focusing is secured.
that surrounds the neck of the tube.
Let's suppose that a straight wire
The magnetic lines of force produced
by this coil are essentially parallel to is placed in a uniform magnetic field

anode. Any change in the voltage on
the second anode will require readjustment of the focus control (R 3 in Fig.
11) to produce the proper equipotential lines between the first and the
second anodes so that the beam will
focus to a sharp point on the screen.
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FIG. 12. Memento of a typical electromagnetic picture tube.
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SCREEN

that is made up of straight parallel
magnetic lines of force, with the wire
parallel to these lines of force. When
a current is sent through this wire,
the current will set up a magnetic
field of its own surrounding the wire.
These circular magnetic lines of force
will be at right angles to the existing
straight lines of force at all points, and
consequently the interaction between
the two fields will be exactly the same
at all points around the wire. The
result is that the original magnetic
field has no effect whatsoever upon the
flow of electrons through the wire.
We can replace this wire with a
stream of electrons flowing parallel
to the. magnetic lines of force, because
it is electrons in motion that produce
magnetic fields; we thus see that when
magnetic focusing is employed, electrons traveling along the principal
axis are unaffected by the magnetic
field.

Imagine that the magnetic lines of
force shown in Fig. 13A are parallel
to the plane of this page, and the
electrons are moving into the field
(into the paper) at point X, along a
path or beam that is at right angles
to the page. Associated with these
moving electrons will be circular magnetic lines of force having the directions shown in Fig. 13B. When
these circular magnetic lines of force
exist in the magnetic field of Fig. 13A,
there will be a crowding of flux at
the left of point X, and a thinning
out of flux at the right of point X.
This unbalance causes electrons to
move to the right, thereby rebalancing
the field.
The complete picture of this action
is shown in the three-dimensional diagram in Fig. 13C. The initial direction
of electron movement (e) and the
direction of the magnetic flux (F) are
at right angles (90°) to each other.
As aresult of the interaction between
the magnetic lines of force, the electrons will be moved to the right (arrow
M indicates this motion), at right
angles to both the initial eleCtron
flow and the original magnetic field.
From this fundamental analysis, we
can see that an electron traveling perpendicular to amagnetic field is forced
to move in a direction at right angles
FIG. 13. How the interaction between a to both its original path and the
fixed magnetic field and the magnetic
original magnetic field.
field of an electron forces the electron
Returning to Fig. 12, we can now
path to change direction.
see that it is the reaction between the
When a wire carrying current is radial electron velocity component eR
and the focusing magnetic field that
placed at right angles to a magnetic
causes electron eto be redirected back
field, we know that there will be
interaction of the magnetic fields and toward the principal axis of the tube.
It will be more convenient to look at
a resultant force that tends to move
a cross-sectional diagram through
the wire (this is the principle of an
cross-over point X of the picture tube
electric motor). Electrons traveling
(Fig. 14) while studying this action.
at right angles to the focusing magnetic field in a picture tube are acted
Let's assume that electrons are
upon by aresultant force in much the moving radially away from cross-over
same manner.
point X, which is our electron source.

1

o
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If there were no magnetic field in the
vicinity, these electrons would move
radially out to the neck of the tube,
as indicated by path e,. With a focusing magnetic field here, at right
angles to the electron path, these electrons are given a side push at right
FLUX

RIGHT-ANGLE
MOTION

RADIAL ELECTRON
PATH
ELECTRON
PATH
PRINCIPAL
AXIS OF
TUBE

ELECTRON
SOURCE(X)

NECK OF T.C.R.
TUBE

FIG. 14. How the strength of the focusing
magnetic field affects electron paths in an
electromagnetic tube.

angles to their original path, with the
amount of this push depending upon
the flux density. For a low flux density, the electrons would therefore take
path e2,and for increasing flux densities they would take paths e, and e.
respectively. In asystem of magnetic
focusing the magnetic field density is
increased simply by increasing the
value of direct current through the
focusing coil.
Note that paths e, and e. in Fig. 14
are both complete circles that bring
the electrons back to the principal
axis. For agiven initial electron velocity, increasing the magnetic field density shortens this circular path back
to the principal axis. By adjusting
the field strength so that it takes
electrons just as long to travel this
circular path back to the axis as it
does for them to travel longitudinally
along the axis to the screen, we can
make electrons hit the screen right at
the principal axis even though they

leave the cross-over at an angle.
Varying the focusing coil current
changes the magnetic field strength;
therefore, in a tube employing electromagnetic focusing, the focusing coil
current is varied in order to focus the
electron beam.
It is not essential that the focusing coil enclose the entire distance
from the cross-over point to the screen.
A short coil located near the crossover point will give electrons the essential twist back to the principal
axis, so that they will focus to the
desired spot size at the screen.
There is a definite relationship between the velocity of the electrons at
the cross-over point and the magnetic
field strength required for correct focusing. The greater the electron velocity, the greater must be the flux density in order to secure the desired
focusing. Any change in the electrode
voltages changes the electron velocities, making it necessary to readjust
the focusing coil current in order to
maintain the desired sharply focused
spot on the screen.
In tubes employing magnetic focusing, the control grid is so designed that
it essentially controls only the number of electrons in the beam. The first
anode, aside from its action in focusing electrons to the cross-over point,
determines the velocity of the electrons at the cross-over point. With
this arrangement, there is aminimum
of defocusing when the electron beam
is modulated with a television signal.
Further velocity is imparted to the
beam by the second anode which is not
designed to form an additional lens
with the first anode.
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Deflecting the Electron Beam

e

Having passed the focusing strucat the same time, the rapidly occurture, which may be either a bi-poten- ring horizontal lines are gradually
tial lens or an electromagnetic focusing moved down the face of the tube by a
coil, the electron beam travels to the single vertical sweep, the vertical
screen in the form of a beam more or sweep then returns the beam to the
less along the principal axis of the top of the tube, and the process is retube. This electron beam must be
peated, thus scanning the entire
swept horizontally across the screen
screen. This pattern of light produced
15,750 times per second, and must be
by the scanning is called the raster.
swept vertically up and down the
In modern television work the descreen 60 times each second.
flecting plates are maintained at apThere are two methods for accomproximately the same d.c. potential as
plishing this sweeping of the electron the second anode, being connected to
beam across the screen: 1, electroit through decoupling resistors. The
static deflection, in which the beam sweep signals are then fed through
passes between charged parallel metal
coupling condensers to the deflecting
plates that attract or repel the elec- plates.
trons to produce the desired bending
Electrons enter the region between
of the beam; 2, electromagnetic dethe parallel plates in Fig. 15A with a
flection, in which an electromagnetic definite velocity, corresponding to that
deflecting yoke produces a magnetic given by the potential of the second
field that interacts with the magnetic
anode. When plate X is positive with
field of the electron beam to produce respect to plate Y, it will attract the
the desired bending.
electrons in the beam and conseELECTROSTATIC DEFLECTION

o

When using two parallel charged
SCREEN
metal plates to deflect an electron
beam, the plates are fed from apushWIDTH
pull amplifier with a saw-tooth a.c.
OF
HORIZONTAL
sweep voltage that makes one plate
SCAN
negative while the other is positive,
and vice versa, alternately.
Thus
the beam will be attracted toward the
SCREEN
positive plate and repelled by the negative plate. Since this is a saw-tooth
WIDTH
OF
voltage of the a.c. variety, the plates
VERTICAL
SCAN
will regularly reverse polarity, and
the beam will be swept back and forth
across the face of the tube as shown
in Fig. 15A, in this case tracing a
RASTER
straight horizontal line. With other
PRODUCED
BY
plates placed at right angles to those
NCRIZINTAL
AND
shown in Fig. 15A, as is illustrated at
VERTICAL
SCAN
B, a straight vertical line will be
traced on the face of the tube. When
swept both horizontally and vertically FIG. 15. How the electron beam is swept

o

o

in an electrostatic tube.
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quently pull the beam toward it. On
the other hand, when plate Y is positive with respect to plate X, electrons
will be repelled from plate X and bent
toward plate Y.
The amount of bending will depend
upon the voltage difference between
the two plates, upon the distance between the plates, and upon the length
of time the electrons are between the
plates. The greater the voltage difference, the greater will be the bending
or deflection. The closer to each other
the plates are, the greater will be the
deflection. The longer the electrons
take to travel between the plates, the
greater will be the deflection.
The length of time it takes the electrons to pass through the plates de-

move the spot on the screen aunit distance (the lower the deflection voltage,
the greater is the sensitivity), or the
distance that one volt will move the
spot on the screen (the greater the
distance, the greater is the sensitivity) .
Remember, however, that the second
anode voltage that governs the electron velocity must be specified whenever asensitivity rating is mentioned.
This is necessary because increasing
the velocity (by increasing the second
anode potential) will reduce the deflection sensitivity, and make it necessary to apply higher deflecting voltages to obtain the desired sweep.
Curved Deflection Plates. As has
already been pointed out, the deflection sensitivity is dependent upon the

CATHODE
END

SCREEN
END

FIG. 16. Flared deflection plates of this
sort are often used in electrostatic tubes.

lengths of the deflecting plates and
pends upon the electron velocity (the
second anode voltage), and upon the upon their separation. For a given
electron speed, there is an optimum
length of the plates along the principal
length and optimum separation, but
axis. The higher the velocity, the less
time the electrons are between the deflection sensitivity can be increased
plates. Looking at this condition in a by keeping the beam close to the
slightly different way, we can think of plates without actually hitting the
ahigh-velocity electron beam as being plates. Curved plates that flare outward in the manner shown in Fig. 16
stiff, and hence more difficult to bend.
The bending action of an electron meet this requirement. You will find
beam should be considered in terms of that plates of this type are used extensively in picture tubes because they
the spot deflection on the screen rather
permit acloser spacing of the gun end
than in terms of the bending angle.
of the plates, and still do not intercept
Of course, for a given bending angle,
the
beam when it is bent amaximum
the spot movement on the screen will
amount.
depend upon the distance between the
deflecting plates and screen, increasing
as this distance is increased.
TYPICAL ELECTROSTATIC
The deflection sensitivity of an elecPICTURE-TUBE CIRCUIT
trostatic deflection system can be exLet us briefly review what we have
pressed either in terms of the deflectlearned about electrostatic picture
ing plate voltage that is required to
f
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tubes, and see how they are actually
connected in series with the first anode
connected in practical TV circuits.
to limit the anode current to safe valA cross-sectional diagram of an ues by causing the anode voltage to
electrostatic-type picture tube, includ- drop as the current increases.
ing the electron gun and one set of deThe high B voltage (accelerating
flecting plates, is shown in Fig. 17.
voltage) is applied to the second anode
Electrons, emitted by the cathode, through protective resistor R5. The
are accelerated by the first and second deflecting plates must have a d.c.
anodes. The voltage between the grid
voltage almost as high as that applied
and the cathode controls the number to the second anode to avoid defocusof electrons that are able to pass the ing of the beam. Therefore one degrid, and this in turn controls the inflecting plate is connected between R,
tensity of the spot produced on the and R5,and the other deflecting plate
screen of the tube.
is connected to potentiometer R9.The
The grid is at a fixed d.c. potential sweep voltage is applied through conwith respect to ground, but the voltage densers Ci and C2, with resistors R10
between the cathode and the grid can and Ri1 acting as coupling resistors.
be varied by means of potentiometer
If the center arm of R9 is varied unR, that functions as the intensity or til the voltage applied to the upper debrilliancy control. The video signal flecting plate is equal to the voltage
is applied to the control grid through
applied to the lower plate (that is, at
coupling condenser C, and is developed the same potential as the junction of
across resistor R. Thus, this signal is resistors R, and R.), then the electron
effectively in series with the bias voltbeam will have the center position
age.
shown at A if the tube is perfect. (The
As you know, the focus of the elecbeam is being deflected to either side
tron beam is controlled by varying of this position by the a.c. sweep voltthe voltage difference between the first age applied through C1 and C2.)
and the second anodes. Thus R, serves
If we move the center arm from this
as the focus control. Resistor Rs is position (position 2on R9)so that the

R II

FILAMENT

CATHODE
GRID

FIRST ANODE

2ND ANODE

DEFLECTING
PLATES

B

Pooc0
A

VIDEO
SIGNAL

e-

RI
INTENSITY
8+1-1-

FIG. 17. C.rosirsectional view of a typical electrostatic tube, showing voltage division
arrangement for one pair of deflection plates.
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upper plate is more positive than the
lower plate, then the electron beam
will be moved upward to position B;
that is, as we move the center arm
from position 2to position 1, the beam
moves from position A to position B.
The beam is still moved to either side
of the center position by the sawtooth sweep-deflecting voltage applied
through Ci and C2. Similarly, by
moving the R9 slider the other way,
the beam is moved nearer the lower
deflection plate. Therefore, R9 acts as
a centering control; irregularities in
the tube may prevent the beam tracing
from being centered on the tube face,
so R9 can be adjusted as required to
center the raster.
The other resistors in the voltage
divider, consisting of R, and Rg,serve
simply to divide the voltages in the
proper proportion between the various
electrodes of the picture tube.
We have not shown the other set of
deflecting plates here, so in Fig. 18A,
a more complete and more typical
voltage divider circuit is shown. The
high B voltage is supplied to the upper end of the voltage-divider circuit,
and the lower end is connected to
ground at the point where B— from
the high voltage supply is connected.
Voltage is applied to the second anode
through resistor Ri which acts to limit
second-anode current to a safe value.
Resistors R, and R, correspond to
R, and R, in Fig. 17. A lead is taken
to one of the vertical deflecting plates
through R9,while another lead is connected to one of the horizontal deflecting plates through Rg.
Potentiometers Rg and R, are connected in parallel with R2 and R3; R4
is connected through R, to the other
horizontal deflecting plate. By varying the position of the center arm on
Rg,we can vary the d.c. potential between the two horizontal deflecting
plates. Therefore, R. acts as the
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FIG. 18. Typical complete voltage division arrangement used with electrostatic
picture tubes.

horizontal centering or positioning
control. Resistor R, serves a similar
function for the vertical plates and is
thus the vertical centering control.
The sweep voltage for the vertical
21

plates is applied through condensers
03 and 04,while the sweep voltage
for the horizontal plates is applied
through Ci and 02.Since the horizontal-sweep frequency is much higher
than the vertical-sweep frequency,
smaller condensers may be used at Ci
and 02 than at 03 and 04.
Note that we have six resistors instead of one between the lower end of
R3 and the upper end of focus control
R. These correspond to resistor R3
in Fig. 17. The heat dissipation in a
high-voltage divider circuit is comparatively high so a single standardsize resistor, even of a comparatively
high wattage rating, is not satisfactory. Rather, a series of resistors are
used, with the total resistance of the
individual resistors adding up to the
correct value for proper voltage division.
Thus the wattage dissipation is divided among the various resistors,
and lower-wattage, and hence physically smaller resistors, may be used.
If some of the resistors in this group
should change in value, the voltage division would also change, and it may
be impossible to focus the electron
beam. There is less chance of such a
change occurring if the wattage rating
of the individual resistors is not exceeded.

Instead of using resistors such as R2
and R3 for applying a fixed d.c. voltage to one of a pair of deflecting
plates, a tap may be provided on the
centering control as shown in Fig. 19.
This may be a center tap, but in some
cases it will be found that the tap is
off center. This is because some electrostatic tubes, due to manufacturing
tolerances, may not require exactly
the same voltage applied to the horizontal deflecting plates as is applied
to the vertical deflecting plates for
proper centering. Thus, the horizontal
centering control may have the tap off
center, whereas the vertical centering
control may have the tap exactly in
the center.
Service Hints. When replacing the
centering controls in aTV set, it is important that an exact duplicate replacement be obtained if a tapped
control is used. This insures that the
tap will be in the right position for
the particular pair of deflecting plates
to be controlled.
A change in value of resistors R, or
R3 may make it impossible to correctly center the raster. More often
this is due to leakage in one of the
coupling condensers that feeds the deflecting plates. Leakage in one of the
condensers will change the d.c. voltage

this particular voltage divider,
provision is not made for controlling
CENTERING
the intensity of the electron beam.
CONTROL
Rather, a separate d.c. voltage is applied to the cathode of the picture tube
as shown in Fig. 18B. By varying the
TO
position of resistor R1,the potential
TO D.C.
DEFLECTING
VOLTAGE
between the cathode and the grid may
PLATES
be varied with a resultant change in
brilliancy. A by-pass condenser, Ci,
is connected between the center arm
of the intensity control, shown in Fig.
18B, and ground. This serves to keep
the cathode at ground potential as far
FIG. 19. Tapped centering control often
as video signals are concerned.
used with electrostatic tubes.
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applied to the plate in question, and
may even throw the raster entirely off
the screen, either in avertical or in a
horizontal direction.
ELECTROMAGNETIC
DEFLECTION
You already know that when an
electron stream passes through amagnetic field at right angles to the lines
of force, the stream is bent at right
angles to both the lines of force and
the original path. Fig. 20 illustrates
how this principle is employed to give
electromagnetic deflection in apicture
tube. Electrons e, traveling along the
principal axis of the tube in astream,
enter auniform magnetic field having

I
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bending action will be uniform at all
points in the field, and the electron
stream will follow acircular path having aradius R. Once electrons emerge
from the field at point 2, they travel
in a straight line again. The path
shown in Fig. 20 would take the electron stream to the outer edge of the
fluorescent screen.
When an electron stream travels
through auniform magnetic field, the
velocity of the electrons is not altered
by the magnetic field. Increasing the
flux density in the magnetic field shortens the length of radius R, thereby increasing the amount of deflection on
the screen. Increasing the length of
the magnetic field along the path of
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FIG. 20. How electromagnetic deflection
works.

lines of force flowing into the paper.
By applying the left-hand rule to determine the direction of the magnetic
flux created by this electron flow, we
find that there is a crowding of flux
above the path, and athinning out or
canceling of flux below the path. The
electron stream is thus bent downward
in the plane of the paper, at right angles to both the original path and the
magnetic lines of force. Reversal of
the magnetic lines of force will cause
the beam to be bent upward. Thus, we
can get magnetic deflection as well as
magnetic focusing just by using the
proper coils for each purpose.
As long as the density of the magnetic field in Fig. 20 is constant, the

electron travel does not affect the
value of R, but does increase the
amount of deflection since the electrons are under the influence of the
magnetic field for a longer period of
time. The higher the velocity of the
electrons in the stream, the greater
must be the flux density in the field in
order to secure agiven amount of deflection, for a stiff (high-velocity)
electron beam is not bent as readily as
a low-velocity beam.
In apractical tube, amagnetic field
for beam deflection is produced by an
electromagnet that surrounds the neck
of the tube. Once the poles of this
electromagnet are identified, we know
that the electron beam will be de-
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tern distortion of the type shown in
Fig. 21C occurs when an image made
up of perfectly vertical and horizontal
cross lines is being reproduced.. We
need not consider these defects in
detail, since they can be avoided by
using deflecting yokes that give uniform, straight-line magnetic fields.
In the improved type of electromagnetic deflecting yoke that is used
with modern picture tubes, rectangular
coils are wound in such a way that
they fit inside one another as shown
in Fig. 22. The windings for each
coil are connected in series, then bent
O
0
0
into the half-cylinder shown in Fig.
FIG. 21. Design and characteristics of a
22B. Two such systems of coils are
simple electromagnetic deflecting yoke.
placed around the neck of the picture
tube, and are connected together in
A simple electromagnetic deflecting
series in such a way as to produce
yoke that provides both vertical and
poles of opposite polarity. A pair of
horizontal deflection is shown in Fig.
coil systems like this produces the
21A. Note that the vertical deflecting
desired uniform straight magnetic
poles V are arranged horizontally,
field. One pair of coils is placed diand the horizontal deflecting poles H
rectly over the neck of the tube and
are arranged vertically. The yoke is
made to serve for horizontal deflection,
constructed from laminated sheet
and the other pair is placed over the
steel, with the coils wound on bobbins,
first pair and made to serve for vertior forms that slip over the poles. Opposite coils are connected so that they
have opposite polarity.
Although the simple electromagnetic
deflecting yoke in Fig. 21A will give
a spot deflection that is essentially
proportional to the deflecting circuit
current, it will also produce defocusing
and pattern distortion. This is because
of the fact that the magnetic field between opposite poles is not uniform,
CUT-AWAY VIEW
ASSEPWILEO YOKE
but rather has curved lines of force
as shown in Fig. 21B. It can be shown
MON SHELL
by means of a very complex analysis
VERTICAL that when electrons travel through a OEVLECTING COIL
non-uniform magnetic field, the circular beam is flattened out to an eggshaped spot instead of around spot on
“011iZONTALOEFLtCTWG COIL
the screen.
0 PAPER TV&
When the fields for both horizontal
and vertical deflection are non-uniFIG. 22. Construction of a modern de.
form in density and are curved, patfleeting yoke.
fleeted at right angles to the line between the pole faces. Thus, the pair
of magnetic poles that serves for vertical deflection of an electron beam will
be mounted horizontally, and the poles
that give horizontal deflection will be
mounted vertically.
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FIG. 23. Cross-sectional view of an electromagnetic tube, showing where the various
operating voltages are applied.

cal deflection as shown in Fig. 220.
The entire coil assembly is encased
in a soft-iron shell in order to reduce
the reluctance of the magnetic circuit,
to prevent stray magnetic fields from
affecting the deflection circuit, and
to prevent the magnetic fields of the
coils from affecting the focusing field
of the picture tube.
In an electrostatic deflection system,
the sweep voltage that is applied to
the deflecting plates must have atrue
saw-tooth characteristic. In an electromagnetic deflecting system, the current through the deflecting coils must
have this same saw-tooth characteristic.
ELECTROMAGNETIC
TUBE CIRCUIT
Let us now briefly review some of
the things that we have learned about
electromagnetic-type tubes, and see
how they function in actual receivers.
In electromagnetic tubes the intensity of the electron beam is controlled
in the same way that it is in electrostatic tubes, that is, the d.c. voltage
applied between the control grid and

the cathode of the tube is varied by
means of a potentiometer such as R,
shown in Fig. 23. The signal is applied
through C1 so that it appears across
Rg.

The current through the focus coil
that is placed around the neck of the
picture tube is varied in order to
change the focusing of the electron
beam. As the resistance of R3 is increased, for example, more current can
flow through the focusing coil, and a
stronger magnetic field will be produced, changing the focus point of
the beam.
A cross-sectional view of the construction of the focus coil is illustrated
in Fig. 23. The coil is wound of copper wire and asoft-iron ring is placed
around it. A gap is provided in the
iron ring, and the magnetic field
spreads out from this gap. This provides a concentrated magnetic field
that will not extend beyond the section
of the tube of the neck in which the
focusing action is desired. No matter
at what angle the electrons enter the
field, the magnetic field provides
enough deflection so that they will
25

all be focused at the same point on
the screen. The path followed by any
one electron will be acork-screw shape
because of the resultant action of the
two forces—the force acting to accelerate the beam (high voltage on
the second anode), and the force
acting to focus the beam.
Positioning the Beam. To position the electron beam, d.c. is passed
through the deflection coil in series
with the a.c. obtained from the sweep
amplifiers. It is quite easy to provide avariable direct current. A variable resistor is placed in the voltage
divider of the low-voltage power supply. In Fig. 23, a tapped potentiometer R., is used. Thus, as the center
arm is moved past the tap, the di-

picture tube between the focus and deflection coils. Such an arrangement
is illustrated in Fig. 24. The centering
ring and the support assembly are
shown here between the focus coil and
the deflection yoke. The centering
assembly consists of a large ring that
can be moved forward or backward
along the ring-support assembly. To
center the electron beam, move the
large ring toward the focus coil. The
whole centering assembly is rotated
until the beam moves to the proper
position. Then the large ring is moved
forward until the beam is centered.
The present trend is, however, toward
centering (without special controls or
additional magnets) by adjusting the
position of the focusing coil.
CLAIN.

CfNXIMNI
lociuNC TUSO
FOCUS CPI. MACKE,

FCCuS FOIL
CLAMPING SCADAS
Meg MPG

FIG. 24. How apermanent centering magnet is installed.

rection of the d.c. flow through the
coil will be reversed, reversing also the
movement of the electron beam. Tapped centering controls are not used in
all sets, however. In many instances,
centering is accomplished by moving
the focus coil. Once the correct position of the focus coil has been obtained for proper centering of the
picture, the current through the coil
may be readjusted to give correct
focus. The focusing adjustment will
not change the centering of the picture.
Instead of centering the focus coil
or allowing d.c. to flow through the
deflection coil, centering is sometimes
accomplished by means of permanent
magnets mounted on the neck of the
26

A typical focus coil is shown in
Fig. 25A. This focus coil is an electromagnetic coil, that is, the magnetic
field depends directly upon the current
flowing through the winding. The bolt
extending from the top of the focus
coil passes through the mounting assembly, and may be tightly fastened
to the assembly with awing nut after
the focus coil has been positioned.
This holds the focus coil in place so
that it will not be jarred out of
position.
Considerable current through the
coil is usually required-100 ma. or
more. This current, however, is easily
obtained from the low-voltage supply
of the receiver. When this is done,

picture tube about 450 ampere-turns
a large percentage of the direct curare required for the focusing coil to
rent required from the B supply of the
obtain sharp focusing of the beam.
receiver can be passed through the
For aprojection tube with avery stiff
focus coil with only a slight voltage
beam, about 1000 ampere-turns are
drop. It would, of course, be possible
required for focusing.
to use a permanent magnet for the
A typical deflection yoke containing
focus coil, or to use apermanent magnet to furnish most of the field and a the horizontal and vertical deflection
coils is shown in Fig. 25B. This also
small auxiliary electromagnet for fine
slips over the neck of the tube in front
focusing.
of the focus coil as we illustrated in
The focusing field must be produced
by well-filtered d.c. in order to avoid Fig. 23.
blurring of the spot; a.c. ripple
THE ION SPOT
through the focus coil would produce
a changing electromagnetic field, and
One of the defects of early picture
as a result the beam would go in and
tubes employing electromagnetic deout of focus. For a typical 10-inch
flection was the formation of a dark
spot in the center of the screen. This
occurred after afew hours of use, and,
as shown in the picture at the left in
Fig. 26, was very objectionable. Once
this dark spot appeared on the screen
nothing could be done about it except
to replace the tube.
This dark spot is caused by abeam
of negative ions that bombards the
fluorescent coating at the center of
the screen, causing that portion of the
screen to disintegrate, and rendering it
incapable of producing very much
light.
These negative ions in the electron
Courtesy RCA
stream have amuch greater mass than
FIG. 25A. Typical focus coil.
the electrons, because they are much
heavier. The ion spot can be avoided
by using electrostatic-deflection tubes
because the electrostatic field deflects
these heavy ions and the lighter electrons equally well, so there is no concentration of ions at the center of the
screen and no ion spot is formed. However, an electromagnetic field has
little effect on the heavy ions, deflecting the electrons only.
Therefore,
when electromagnetic deflection is
used, the heavy ions will strike the
center of the screen, and in a short
time will cause adark spot to appear
in the center of the screen.
FIG. 25B. Typical deflection yoke.
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Courtesy Sylvania Electric Products, Inc.

FIG. 26. Notice ion spot in center of the face of the tube at left.

ION TRAPS
There are a number of methods for
preventing these heavy ions from
causing adark spot on the screen. One
method is to use an ion trap. This ion
trap actually traps the ions in the
electron gun, and prevents them from
reaching the screen. There are many
variations of this trap used by different tube manufacturers, but all operate on the same principle—that an
electrostatic field will deflect both ions
and electrons equally well, but an
electromagnetic field will deflect only
electrons.
One popular ion trap arrangement
consists of a special construction of
the electron gun and a magnetic ring
assembly placed around the neck of
the tube. The special construction of
the electron gun is shown in Fig. 27A.
Note that the adjacent ends of the
first and second anodes are cut at an
angle rather than straight across as in
the conventional manner previously

described. Also there is a small aperture at the end of the second anode
through which the electrons must pass
in order to reach the screen of the
picture tube. In general, the first anode
will operate at .approximately 250
volts while the second anode may
have around 8500 volts applied to it.
Therefore a strong electrostatic field
exists in the air gap between these
anodes. Because the gap between the
anodes is slanting, the electrostatic
field set up in the gap will not follow
the normal axis of the tube, but will
be slanting like the eut. The ions and
the electrons entering this slanting
electrostatic field will be deflected
away from the principal axis of the
tube, and will not get through the
small aperture at the end of the sacond
anode, being trapped in the second
anode. In order, to separate the ions
from the electron stream we make use
of the fact that a magnetic field will
deflect the electrons, but has little or
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no effect on the heavier ions. By placing a magnetic ring on the outside of
the tube neck, approximately over the
gap between the two anodes, and magnetizing the ring in such a way that
magnetic flux cuts across the neck of
the tube, the effect of the slanting
electrostatic field on the electrons can
be neutralized.
By proper adjustment of the magnetic ring the electrons can be made
to return to a straight line along the
principal axis of the tube, passing
through the opening in the end of the
second anode so that they can strike
the fluorescent screen. The heavier
ions, however, will remain trapped in
the second anode, since the magnetic
field has practically no effect on their
direction of travel, and they are not
deflected back to the principal axis
of the tube. This action is illustrated
in Fig. 27B. Another but smaller magnetic ring usually follows the first
one to compensate for the fact that
the first magnet does not exactly line
up the stream with the mask hole.
However, in some picture tubes only
one magnetic ring will be used.
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ION-TRAP ADJUSTMENT
The proper adjustment of the iontrap magnet on the neck of the picture
tube is of major importance in installing and servicing aTV set.

FIG. 28. If the ion trap is not properly
adjusted, the aperture at the end of the
second anode may be burned.

tube, the ion-trap magnet should be
adjusted immediately when the tube
is installed in the set, and should be
checked when the set is moved to a
new location as the magnet may have
been jarred out of position.
The ion trap is adjusted until the
brightest raster is obtained. With the
tube operating, and with :the brightness control adjusted for low intensity,

the magnet should be moved a short
distance forward and backward, and
at the same time rotated until the
combination of these movements produces this condition of brightest raster.
By keeping the brilliancy control at a
low setting, the beam current is low
enough so that the electron beam is
not likely to damage the anode aperture before the magnet is adjusted.

Fluorescent Screens and
Tube Envelopes
Now that you have seen how the
electron beam is produced, focused,
and deflected, let's learn more about
the screen that produces light when
struck by this beam.
FLUORESCENT SCREENS
The special chemical material that
is deposited on the inner face of apicture tube (in the position shown in
Fig. 29) will produce light when bombarded with astream of electrons. The
explanation usually offered for this
phenomenon is that the energy of
electron impact disturbs the electrons
in the atomic structure of the chemical
material, thereby making this material
absorb energy. In returning to their
normal state, the electrons in this
material give off light. Any material
that behaves in this manner is known
as aphosphor. The production of light
by aphosphor while being excited by
an electron stream is called fluorescence.
The preparation of phosphor material for picture tubes is ahighly specialized branch of chemistry. The most
commonly used materials are willemite and zinc sulfide. Willemite is a
chemical made up chiefly of zinc,
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silicon and oxygen, and gives agreen
to yellow fluorescence when bombarded with electrons. Zinc sulfide
phosphors are available under various
trade names, and normally give ablue
fluorescence. When used with small
portions of other materials known as
activators, the fluorescent action is increased and the color of the light is
changed. By properly combining the
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FIG. 29. The fluorescent screen material
is deposited on the inner face of a picture
tube.

different materials, it is now possible
to secure an almost white fluorescence.
Decay Time. Once a fluorescent
material is bombarded by an electron
stream, it will continue to glow even
after the electron stream has moved
away or has stopped. It is possible to
make phosphor materials that will
glow as long as one minute after ex-

citation, but these materials would
hardly be suitable for picture tubes.
In television it is desirable to use materials that glow for very short periods
after the excitation has been removed,
so that an image remains almost until
the next one takes its place, but the

nified to show one element of the
phosphor that is fluorescing. Light is
emitted in all directions from the
spot, so at least 50% of the light
generated in the screen is emitted
toward the electron gun in the neck
of the tube. Another 20 to 25% is lost
by reflection from the glass on the inside of the tube face. Thus only 25 to
GLASS
FACE
30% of the total light generated passes
FLUORESCENT MATERIAL
through the glass face in the form of
useful light output.
Fig. 31 shows a tube whose screen
is covered with a layer of aluminum
deposited behind the phosphor crystals.
The light that ordinarily would go
back toward the electron gun is reFIG. 30. Light is emitted in all directions
flected forward in the direction of
from an element of the fluorescent screen
viewing. These tubes with an alumiof a conventional picture tube.
num backing are frequently referred
to
as Daylight tubes because they can
image should not remain long enough
be viewed in full daylight.
to interfere with a following one.
The metallic backing on the screen
The glowing of a screen after remust
be thin enough not to slow down
moval of excitation is referred to as
the
electron
beam, and it should be
the persistence of the screen, and the
optically
flat
so that it will reflect the
time it takes to reduce the glow a
light that is given off by the phosphor,
certain amount (say to 1/10 of its
original brilliance) is known as the thus increasing the efficiency of the
decay time. By selecting adecay time
that will give areduction in brilliancy
to a negligible value in 3milliseconds
or less, one image will be almost completely dark by the time the following
image is produced, and there will be
no overlapping of images. The persistence characteristic of a fluorescent
screen is highly desirable in that it
31. Most of the light emitted by an
aids the persistence of vision of the FIG.
element of the fluorescent screen is dihuman eye, thereby reducing flicker rected forward if the screen has an aluminum backing.
and helping to maintain screen brilliancy.
tube. Also, the metallic backing should
DAYLIGHT TUBES
provide a conductive surface over
Considerable work has been done to which the electrons can move, preimprove the amount of light obtained venting the screen from assuming a
from picture tubes. A cross-sectional
negative charge, so that maximum
area of an ordinary picture tube is
energy is available from the electrons.
shown in Fig. 30. In this figure the
In construction, the aluminum is
region in the circle is greatly mag- usually vaporized onto a fiat inter31
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mediate surface of organic material
deposited on the phosphor. The organic coating is then evaporated, leaving the new surface supported on the
tips of the phosphor crystals. In addition to producing far more light
output, the aluminum backing prevents the formation of an ion spot

FIG. 32. Light emitted from an element
of an unbacked fluorescent screen may
take any of these paths.

burn on the screen because the large
ions cannot penetrate the aluminum to
strike the screen. Hence, aspecial gun
an ion trap is not required with
tubes of this type. These tubes are
widely used for direct viewing and
practically all projection tubes employ
this aluminum backing, since all the
light possible is required in projection.
As shown in Fig. 30, some of the
light reflected back into a tube without the aluminum backing will strike
the side of the bulb, and is then reflected back through the screen. This
may cause an area that is normally
dark to be illuminated. As a result
the contrast will be poor. To have
good contrast the black areas must be
black and the white areas must be
white with the proper shadings in between. Thus the aluminum backing
will, to some extent, improve the contrast.
HALATION
As stated previously, only aportion
of the light produced by the electrons
bombarding the screen is visible from
the outside. The point at which the
beam strikes the fluorescent material
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becomes a source of visible light, and
the produced light rays spread in all
directions. Light rays at alarge angle
to the direct path shown as A in Fig.
32 are reflected back and forth between the inner and outer surfaces of
the tube face as indicated by path B.
Some rays from this point source go
directly to some other point on the
screen such as along path C to point
X, causing excessive brightness (particularly when point X represents a .
dark spot). This latter effect is increased by the curvature of the glass
front plate. When relatively flat faces
are employed, this trouble is not apparent and as stated before does not
occur when aluminum backing is used.
Sidewise dispersion of the light as
shown by line B in Fig. 32 causes more
difficulty and results in halation. This
is illustrated in Fig. 33. Along any one
line the effect of halation will cause
shadowy lines to border the desired
bright line. For this same reason there
will be a halo around the spot if the
beam were stationary. Focusing adjustments are always made for the
sharpest possible line with minimum
halo. A technician must be able to

FIG. 33. Effects of halation.

recognize halation as an inherent defect in some picture tubes, and should
not waste valuable time in attempting
to correct the trouble.
SPECIAL SCREENS
AND FILTER GLASS
Halation can be minimized by using
an opaque binder with the crystals.
The binder confines the light emission

Courtesy Rauland Corp.

FIG. 34. Improvement in contrast produced by the use of a special glass for the picture tube face is illustrated at the right.

of each crystal to the viewing side of
the crystal. This action prevents the
scattering of light, and as a result increases the contrast of the picture.
The reflection of light from the air
surface of the glass face plate back to
the screen, to the surface and back to
the screen again is minimized in some
tubes by the use of special optical
filter glass. (One filter face of this
type is called Teleglas; the improvement in contrast is shown in Fig. 34.)
Ordinarily, any light falling on the
tube face would change the blacks in
the picture to a lighter shade, thereby
reducing the over-all range of contrast.
By using tubes with afilter glass face
plate it is possible to have more illumination in the room where programs are being viewed without the
attendant reduction in contrast.
At first, thin filters, sometimes of
colored material and sometimes of
polaroid, were used in front of the
tubes in an effort to preserve contrast
in an illuminated room. This cut down
on external glare, but did not take
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care of the reflections inside the tube
face plate that produce halation. It
was found that by making the entire
face plate a filter, both external and
internal reflections could be reduced
to aminimum. Thus, both the halation
and the external glare are reduced by
using optical filter face plates.
Tubes using filter face plates are
known as grey tubes, and sometimes
as black tubes since the tube when not
illuminated has a face considerably
darker than that of the ordinary picture tube.
FACE SHAPES
For viewing purposes, a flat face is
desirable for a picture tube, but it is
difficult to maintain sharpness of focus
on acompletely flat screen with atube
having a diameter of more than 10
inches. Referring to Fig. 35, we see
that point 0 is the apparent source
of the electron beam after it has been
acted upon by the deflecting system.
The focusing system in a picture tube
is designed to bring the beam to aspot
of adefinite area at adefinite distance

from the focusing electrode structure.
Thus, with proper adjustments the
spot will be focused at point S in the
center of the screen in Fig. 35. The
spot will also be focused properly anywhere along the arc 2, for all points
along this arc are the same distance
from the focusing system as is point S.
If the face of the picture tube is
made with a curvature corresponding
to arc 2, the spot will be in focus on
the screen at a
mes.
ence, a certain amount of curvature will give
better over-all focusing than will a
flat face.
_
,---eirtnd, if a screen has
a radius that is too short (too much
curvature), as indicated by arc 3 in

about 177 square inches. Multiplying
.177 by 15 gives a pressure of about
2655 pounds on the face of the 15-inch
tube.
A flat surface bends far more easily
than does a curved surface. If a flat
screen were used on e. tube of this size,
aslight jar or blow might be sufficient
to cause collapse of the face. Under
this condition the glass flys inward
(an implosion) and then outward
again, with sufficient force, in the case
of the larger tubes, to cause serious
personal injury. The use of a highstrength glass that is carefully annealed so that there are no strains,
and the construction of the glass envelope in such a way that there are

FIG. 35. Effect of screen curvature upon
the sharpness of focus.

Fig. 35, the image will be noticeably
out of focus near the edges. Hence,
such a radically curved face gives
poorer picture quality and also is undesirable to watch as the image is
curved. In general, therefore, the face
plates found in use will either be flat,
or will have a slight curvature—just
enough to provide better focus and
give reasonable safety.
The safety factor is particularly
important in the larger picture tubes.
A picture tube has an almost perfect
vacuum inside, and consequently the
normal atmospheric pressure of about
15 pounds per square inch is pressing
against the glass envelope at all points,
tending to collapse it. A 15-inch diameter picture tube has aface area of
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curves rather than flat surfaces at all
points minimize the danger of collapse.
METAL TUBES
The trend in TV receivers has constantly been toward larger pictures
and less expensive receivers. The price
of picture tubes, however, has made
big-picture receivers expensive, since
there is alimit to the saving that can
be made in component parts and in
receiver assembly procedures.
A 16-inch metal tube has been developed that has made drastic price
cuts possible for large-picture receivers. This tube provides a picture
size intermediate between the popular
ten-inch picture tube and the large-

•
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screen projection television systems.
This tube is illustrated in Fig. 36. The
envelope consists of ametal cone. To
the large end of the cone is fused a
slightly curved glass face plate; to
the smaller end is fused the glass neck
section containing the electron gun.
The metal cone is made of a chromium-iron alloy chosen because of its

Courtesy RCA

FIG. 36. Cross-sectional view of a 16-inch
metal tube.

excellent sealing quality. The shape of
the cone was chosen because of its
strength and its adaptability to mass
production. Unique features of the
tube are the large area of glass-tometal seal between the face plate and
the metal cone, and the stress system
that permits the use of a relatively
thin face plate of uniform curvature.
In order to fit into awide range of
uses, the tube was designed to operate
either with alower-cost power supply,
such as is used in present 10-inch receivers, or at much higher voltages.
One of the features of this tube is
its light weight. Heretofore, large glass
tubes have been extremely heavy, but
the 16-inch tube weighs no more than
the glass 10-inch tube.
shell serves as the anode,
being electrically connected to the
anode gun through aconductive coating deposited on the inside of the glass
neck section. The metal cone, therefore, is at ahigh potential and is often

/

covered by aplastic insulating sleeve.
The connection is made to the anode
at the portion of the metal envelope
marked "anode terminal" in Fig. 36.
The flared glass section provides electrical insulation between the deflecting
coils that operate at ground potential,
and the exposed metal cone surface
that operates at a high potential. Of
course, one should avoid contact with
the metal shell while the receiver is
operating because the high voltage is
dangerous.
Many of the dangers of implosion are
removed by the use of the metal tube,
since most of the flying glass comes
from afracture of atube near the face
plate. Breakage of the face plate in the
metal tube usually will not send glass
flying in all directions.
Metal tubes have also been made in
other sizes such as the 8-inch tube and
the 19-inch tube. All-glass tubes, however, will continue to be manufactured
for a long time, and their price will
drop as glass manufacturers find more
efficient methods of production.
SAFETY RULES
As the old saying goes, "Familiarity
breeds contempt," and many TV technicians handle picture tubes without
the caution that they deserve. To be
on the safe side, respect the picture
tube, since under some conditions they
may be extremely dangerous. Never
drop atube, even from an elevation of
a fraction of an inch. Do not slide
atube over any hard surface, because
it may scratch at the bend around the
face and so weaken the tube that at
some future time a slight jar may
cause an implosion. A tube should always be placed in its carton or on a
rack when not in use. Never subject
atube to sudden changes in temperature; when a tube has been operating
for some time, allow it to cool before
taking it outdoors.
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In tubes that have an outer conductive coating, remember never to
touch this coating and the anode connector simultaneously; if you do you
may receive a shock because of the
charge between the inner and outer
conductors. This shock in itself is not
particularly dangerous, but could
startle you sufficiently to make you
drop the tube with a resulting implosion. To avoid such a shock, the
anode connector should be discharged
to the outer coating before handling
.the tube, even though it has been out
of use for some time.
Although it is a rare thing for a
tube to implode, picture-tube manufacturers always emphasize the following: "Shatter-proof goggles and heavy
leather gloves should be worn when
handling picture tubes. Persons not
protected in this manner should be
kept at a distance." Observe these
picture-tube safety rules at all times.
Practically all large television receivers have a safety glass window
over the viewing face of the picture
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tube. This window prevents accidental
damage to the tube by objects falling
on it, and protects the viewers from
flying glass if an implosion occurs for
any reason. Never remove this protective glass window from the customer's receiver, even though it does
slightly reduce the brilliancy of the
viewed picture.
From time to time it is necessary
to replace defective picture tubes, and
this brings up the problem of disposing of the old tube. Use discretion
in the breaking up or disposal of picture tubes. Even when put out for the
rubbish collector be sure that they are
broken to avoid their coming into the
possession of children, or for that matter, curious adults. A quick easy
method of disposing is to seal the tube
in its shipping carton, and then drive
a heavy tool such as a wrecking bar
through the side or bulb end of the
case. Sealed shipping cartons are
strong enough to withstand the implosion of the tube.

Lesson Questions
Be sure to number your Answer Sheet 51RH-3.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Why is the inside of the glass envelope of a picture tube coated with
powdered graphite which is electrically connected to the second anode
voltage supply?
2.

What is the purpose of varying the first anode voltage in an electrostatic tube?

3.

Why is avariable d.c. voltage applied between the horizontal deflection
plates and between the vertical deflection plates in an electrostatic tube?

4. Give two reasons why several series resistors rather than a single
resistor are used in the divider networks of some high-voltage supplies.
5. In the deflection system used in an electromagnetic tube, will the horizontally mounted magnetic poles produce: 1, horizontal deflection; or 2,
vertical deflection?
6.

How can you tell when the ion trap on an electromagnetic tube is
properly adjusted?

7. Why is an ion trap unnecessary with aluminum-backed tubes?
8. What is accomplished by making the face plate of a picture tube also
serve as an optical filter?
9. Would you expect best over-all focus in a picture tube with a flat face,
or in one with areasonable amount of curvature?
10. Why is it dangerous to touch the shell of ametal picture tube while the
receiver is in operation?

Be sure to fill out a Lesson Label and send it along with your answers.
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Each day of our life offers its own reward
for work well done, its own chance for happiness. These rewards may seem small, and
these chances may seem petty in comparison
with the big things we see ahead. As a result, many of us pass by these daily rewards
and daily opportunities, never recognizing
that the final goal, the shining prize in the
distance, is just a sum of all these little rewards we must win as we go along.
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PRECEDING LESSONS of this
television series have introduced
you to the basic idea of producing a
picture by means of a television system—you have been introduced to the
basic circuits, and have made a detailed study of the television picture
tube.

it will be to service them quickly and
pro fessionally.
Duties. The input tuner, as apreselector-converter, must initially select the desired signal and, by the
heterodyne process, produce from it
an i.f. signal. Hence, the input tuner
must be tunable to the television
channels that are in use. When tuned
to any one channel, it should have
sufficient selectivity to eliminate at
least image interference; some are designed to reduce other interferences
as well.

In this Lesson, you will continue
your detailed study of the sections of
a TV receiver with the section called
the "input tuner." This section is also
known by other names; some manufacturers call it the "r.f. unit," others
call it the "front end" or the "head
end." Regardless of the name, it corresponds to the preselector-converter
section of a sound receiver.

The preselector must pass at least
the full 6-megacycle band occupied by
each television channel. The passband depends on both the resonant
frequency and the Q of the tuning
circuits, as follows:
Resonant Frequency
Pass band ___

You have studied r.f. amplifiers,
band-pass tuners, oscillators, and converters in your Fundamental Lessons,
so in this text we shall primarily discuss the special requirements of TV—.
the basic theory will not be repeated
fully here. If you find that you have
forgotten some of the fundamentals,
review the Lessons in which they were
presented. The better you understand
how these sections operate, the easier

Hence, at the high carrier frequencies used in television, wide passbands are obtainable with a single
resonant circuit having a reasonably
low Q. For example, a circuit tuned
to 60 me. can pass a band of 6mc. if
its Q is 10 (60-6). One tuned to 210
1

put-tuner gain may be only around
10 to 15.

mc. can pass a 6-mc, band if its Q is
35 (210+6). If the latter circuit had
aQ of only 10, its pass band would be
21 mc. wide! The loading of television
tuning circuits is such that they have
very low Q's, and, as a result, a
single tuned circuit may have a pass
band broader than is required. Bandpass circuits are sometimes used instead of single tuned circuits for this
reason.

Finally, the input tuner must be
designed to work from some specific
transmission line (lead-in from the antenna). A transmission line has acertain impedance (the value depending
on the way the line is made) ;if the input impedance of the tuner does not
match the line impedance, reflection
effects will exist that can cayse a loss
of input and blurring of the picture.
We shall study all these requirements more fully, but first let's see
what frequencies we are dealing with.

Whatever the pass band, the response curve of the input tuner should
be so shaped that it fits properly with
the i.f. response curve. For example,
if the i.f. response is aband-pass type
having two peaks on either side of a
resonance point, the response curve of
the input tuner should have a single
peak that occurs in the valley of the
i.f. response; the over-all response of
the two will then be relatively fiat.
We'll discuss this later at greater
length.

TV Channels. Fig. 1 lists the
present v.h.f. television channels.
Each of these channels is 6 mc. wide
and is designed to contain one complete video and accompanying sound
signal. To identify the channels conveniently, they are numbered from
two to thirteen. Originally there was
a channel No. 1 between 44 and 50
megacycles; this is now assigned to
other services, but, since many receivers having channel
selectors
marked for channel 1 had already
been produced by the time this channel was abandoned, the channel numbers have never been changed. Many
television sets are still made with the

An input tuner cannot have much
gain. Its gain depends on the impedance of the resonant circuit used as
the load for the input tuner r.f. stage.
This impedance depends upon the Q
of the circuit, which, as we just said,
is kept low. In addition, the converter
has very low gain, so the over-all in-
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These are the channels presently assigned to television.
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216 M
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original thirteen-channel selector with
a "dead" channel No. 1.
The television channels are not consecutively assigned; there is a small
gap of 4 mc. between channels 4 and
5, and a large one of 86 me. between
channels 6 and 7.
Ignoring the small gap, channels 2
to 6 inclusive are called the "low
band," and channels 7to 13 inclusive
are called the "high band" or "upper
band."
INTERFERENCE PROBLEMS
Interference is more annoying in a
television receiver than in aradio, because the eye is far more critical than
the ear is. Consequently, television
sets 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. Interference resulting from the operation
of electrical apparatus can best be
eliminated at the source, as has been
shown in another Lesson. About all
that can be expected of an input
tuner in eliminating such noise is that
it should be able to reject noise, whose
frequency is as far from that of the
desired signal as the image frequency
is. Fortunately, many common noise
sources produce relatively low-frequency interference that does not affect TV reception seriously. The most
troublesome sources are diathermy
(medical) instruments and ignition
systems.
Harmonics. The TV channels are
subject to harmonic interference' from
other services.
F.M. transmitters
cause considerable TV interferenée,
for example, because the second harmonic of the f.m. band (88 to 108
mc.) is from 176 to 216 me. and hence
lies in the upper TV band. Of course,
the amount of second-harmonic radiation from an f.m. transmitter is kept

down at the station, but if the TV set
is too close to an f.m. transmitter, it
may pick up second-harmonic interference from this station. Fortunately, the second-harmonic radiation dies
down rapidly with distance, and it
is rather small anyway, so it is unlikely that there will be interference
from very many stations in any one
locality.
F.M. transmitters are not the only
ones producing interferenée of this
kind. For example, second harmonics
of the 10-meter amateur band lie
within channel 2. In other localities,
other services may similarly cause
harmonic interference. There is, of
course, nothing that the input tuner
can do about such interference, since
it occurs on the same frequency as
the channel being picked up.
Adjacent -Channel Interference.
The i.f. amplifier is the section that is
supposed to keep down interference
from stations on adjacent channels—
the input tuner is far too broad to be
of much help if the adjacent-channel
interfering signal is strong. The present station assignments help in this by
skipping adjacent channels in any one
locality. Of the twelve channels, no
more than seven are given to any one
area. Thus, large metropolitan areas
such as New York, Chicago, Los Angeles, and Washington-Baltimore are
assigned the seven channels 2, 4, 5, 7,
9, 11, and 13. (Note that Washington
and Baltimore are in the same area.)
The in-between or alternate channels are assigned to cities between
these localities. Thus, channels 3. 6,
10, and 12 are assigned to Philadelphia, which is about half way between
New York and the Washington-Baltimore area. In any of these areas, there
is little signal pickup from any of the
others, and consequently the problem
of adjacent-channel interference is re3

duced. In localities between these
major centers, however, it may be
possible for a set to pick up signals
on adjacent channels. Thus, in alocation half-way between New York and
Philadelphia, it may be possible to
receive some signals from both cities.
However, they will be on adjacent
channels and not on the same channel,
so the amount of interference will depend on the adjacent-channel selectivity of the set.

have poor selectivity. For this reason,
many modern receivers have wave
traps at the input of the tuner that
permit one interfering station to be
eut out. This will not, of course, eliminate interference from another station on a different channel.
If the i.f. were higher, the front end
would be better able to cut out image
interference because the image and
the desired frequencies would then be
separated by a wider band. This is
one of the reasons for amove toward
intermediate frequencies in the neighborhood of 40 mc. in modern sets.
Even with this higher i.f., however, it
is still desirable to increase the selectivity of the input tuner; for this
reason, the use of band-pass couplers
is becoming popular in modern sets.
I.F. Interference. The frequency
of the i.f.'s used in TV receivers corresponds to carrier frequencies used
by other services. If the TV set is near
a strong station using some carrier
frequency in the i.f. region, it is quite
possible for this signal to get through
the preselector (unless it is fairly selective) and thus cause interference.
Such interference can be eliminated
by using a wave trap at the input of
the set. We will describe such traps
later in this Lesson.

Some television receivers are primarily designed for use in the large
metropolitan areas and are therefore
built with somewhat less gain and
possibly less adjacent-channel selectivity. Used in their proper localities,
such sets are satisfactory. On the
other hand, in outlying areas where
signal strengths are low, and where it
is possible to pick up stations on adjacent channels, sets with more sensitivity and better selectivity are required. These are made by changing
the design of the i.f. amplifier.
Images. Image interference should
be eliminated by the input tuner, but
only the more recent designs do so
well. As you know, the image is above
the desired signal by twice the i.f. For
example, let's suppose we have a TV
set with an i.f. pass band from 21.5
mc. to 26 mc. When the set is tuned
to channel 2, the local oscillator is at
about 81 mc., so any station between
81
21.5 (102.5 mc.) and 81 + 26
(107 mc.) will be an image and will be
capable of feeding through the i.f.
amplifier if it can get through the input tuner. There are f.m. stations in
this particular frequency range; if the
set is near one of these stations, interference is rather likely.

Cross-Channel Interference. Sometimes TV signals interfere with one
another. For example, it is possible
for channel 7 to interfere with reception on channel 5, as follows:
When the set is tuned to channel 5,
and is using an i.f. for the video carrier of 25.75 mc., the oscillator in the
set will be adjusted to 103 mc. If the
oscillator signal radiates or is conducted to the r.f. tube grid, it will mix
with the incoming signals. Should the
channel 7station be nearby and powerful, its signal may be strong enough
to overload the r.f. stage and cause it
to act as afirst detector on these mixed

Since the Q of preselector circuits
of TV input tuners is low to give the
required pass band, they cannot offer
very good image rejection, as they
4
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signals. If this occurs, a beat will be
produced between the 103-mc. oscillator signal and the 179.75-mc. sound
carrier of the channel 7 station; this
beat will have a frequency of 76.75
me., which lies in channel 5. In other
words, when the set is tuned to channel
5, the local oscillator may beat with a
carrier from channel 7 and produce a
channel 5frequency. This beat signal
will, of course, go through all the tuned
circuits with the desired signal.
This interference is gradually being
eliminated by advances in design and
shielding. However, in some of the
earlier television receivers, the manufacturers had to include traps to cut
down on the r.f. grid signal from the
local oscillator; they also sometimes

used attenuators in the transmission
line to cut down on the strength of the
signal received from the interfering
station.
Incidentally, it is possible for a set
to radiate asignal from its local oscillator on a frequency that can cause
interference in nearby receivers. Any
kind of a set (not necessarily a television receiver) can produce the interference if the fundamental or harmonic radiation of its oscillator is in
a channel to which a television receiver is tuned.
Now that you have reviewed the
duties of a preselector-converter and
know something about the interferences found in television, let's discuss
some of the special problems of TV
input tuners.

TV and V.H.F. Requirements
Since the input tuner now handles
frequencies between about 54 mc. and
216 mc. (and will eventually go higher
if the 500-mc. band is opened), the
design and layout of the circuits are
far more critical than for, let us say,
broadcast-band frequencies. Because
the positioning of the parts and the
shielding is so critical, the input tuner
is usually manufactured as acomplete
unit on its own sub-chassis; then,
when it is completed and aligned, this
sub-chassis is mounted on the main
television receiver chassis. This simplifies the problems of layout and
shielding.
Because of the nature of the input
tuner, some specialty firms make complete tuners just as other firms make
condensers, resistors, tubes, and other
parts. For this reason, you will find
that a particular tuner may be used
on several different brands of tele-

vision receivers. Since only a few
firms specialize in making these tuners, and not very many receiver manufacturers make their own, only a few
basic types of tuners are now in use.
We shall study each of these after we
learn more about the problems and
requirements of tuners.
INTERNAL NOISE
The television picture is greatly affected by even small amounts of noise,
and because the eye is very sensitive
to such degrading of the picture, considerable effort is made to get a high
signal-to-noise ratio at the output of
the set. The ultimate limit on this
ratio (in the absence of interference)
is the noise level in the input tuner.
(Incidentally, the sound is f.m. and
is not affected by small noise levels;
it is the amplitude-modulated picture
signal that is upset.)
5

Let's see what the sources of noise
in the tuner are.
Thermal Agitation. You are familiar with the fact that heat causes
an agitation of the electrons within
materials—in fact, if the heat is great
enough, electrons will be emitted from
the material. That is why electrons
are emitted from the cathode of a
vacuum tube.
Even at room temperatures, there
is an agitation of the electrons in all
conductors, so there is an irregular
and random electron motion within all
parts of a receiver. When signal or
supply currents flow through these
parts, they are varied or modulated
by these irregular motions; as aresult,
a noise component is added to the
signal.

anoise voltage of 10 to 15 microvolts
—about what is developed in the input circuit of a broadcast band receiver r.f. stage. If we have the same
input .resistance for a band width of
about 6 mc., we will find• that the
noise level will be up over 200 microvolts. This large increase is produced
entirely because we are covering a
wider band and therefore are collecting more of the noise energy.
Such a noise level is avoided in TV
by limiting the resistances or impedances in
stage to low values around 300 to
10,000 ohms, which are required an
way to provide the impedance matching and tuned-circuit loading that we
need. Such low resistances limit the
thermal noise to 10 or 15 microvolts
even at TV band widths.

The hotter it gets, the greater this
noise becomes. TV sets run warmer
than sound receivers because they
have many more tubes and transformers, so this thermal agitation is higher
in them than in sound receivers.
The amount of this noise depends
on the band width and on the resistance of the parts being affected as well
as on the temperature.

It is particularly important to keep
the noise down in the first r.f. stage,
because this is the stage in which the
signal is weakest. Once the signal has
been amplified by the first stage, noise
added by succeeding stages (except
for the converter) has little effect on
the signal-to-noise ratio.

The random electron motion that
causes the noise occupies an infinite
frequency band—some electrons move
at very slow or audio rates, whereas
others move extremely fast. Therefore, since the noise energy is scattered throughout a very wide frequency band, the amount of noise
energy that we get will depend upon
how much of the frequency band is
being handled by the system at that
time. The wider the pass band, the
greater the amount of noise energy
passed, and hence the higher the noise
voltage. As an example, assuming
room temperature, an amplifier with
an input resistance of 1megohm and
apass band of 10,000 cycles may have

Tube Noise. The tubes also contribute considerably to the total noise.
One cause of tube noise is that the
electrons traveling to the plate have
arandom variation or fluctuation. Instead of moving as a steady, regular
stream, they tend to travel in bunches;
hence, there are variations in the rate
at which they arrive at the plate of
the tube. The average of this electron
flow is the plate current. The fluctuations above this average constitute
noise. When amplified, this noise
sounds as if the plate were being bombarded with pebbles, or as if ashower
of shot were falling upon ametal surface. It is therefore called "shot
noise."
6

The internal tube noise also depends upon the number of elements
that are drawing current. There is a
random distribution of this fluctuating noise energy between the plate and
the screen grid, for example, with the
result that the plate current noise is
doubly varied—in fact, the noise level
in the average pentode is about 3to 5
times as great as that in atriode producing an equivalent amplification.
This has caused many designers to use
triode tubes in input tuners.
These internal tube noises arise in
the plate circuit. In determining the
input signal-to-noise ratio, tube noises
are referred to the grid circuit by the
relationship:
eg =-. i„

matter of fact, both triodes and pentodes have about four times as much
noise when used as mixer-detectors as
when used as amplifiers. The pentagrid-converter tubes commonly used
in sound radio receivers have such
high noise levels that they are not
used in TV sets.
INTERELECTRODE CAPACITIES
At the v.h.f frequencies handled by
the input tuner, the designer has to
worry about tube characteristics other
than mutual conductance, plate resistance, and amplification factor. A very
important consideration is the tube
interelectrode capacity.
You will recall from your fundamental studies that capacities exist
between the tube elements, as shown
in Fig. 2. Considering just the basic
capacities themselves, you can see
from Fig. 2that the capacity Cm; be-

G.

where cg is the equivalent noise volt-.
age that would cause the noise plate
current i
i
,. This voltage cg combined
with the thermal agitation noise gives
the effective noise at the input of the
set. Once again, keeping the input
impedance low reduces the effects of
the noise. Also, notice that tubes with
higher G. (mutual conductance) effectively have less equivalent input
noise, another reason for using such
tubes in TV.

-t

Converter Noise. As we mentioned,
the only amplifier noise of importance
is that generated in the input tube and
its grid circuit, because here the signal
is the lowest. However, there is another troublesome noise source in the
mixer-detector stage. Here the usual
internal tube noise is increased because the oscillator signal varies the
detector plate current so that it is
near zero part of the time, and at
such times the noise component is a
greater portion of the total signal.
Therefore, any tube used as a mixerfirst-detector will have a far greater
noise level than the same tube will
when it acts as an amplifier. As a
7
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FIG. 2. The inter-electrode capacities of
a triode (A) and of a pentode (B).

tween the grid and cathode is across
the input and is itself shunted by several combinations of other capacities.
For example, in the triode in Fig. 2A,
the grid-plate capacity and the platecathode capacity in series are also
across the input. The output of the
stage is similarly shunted, this time

Miller Effect. The input capacity
of a triode is actually far larger than
just the internal tube capacity, because there is an interaction between
the output and input circuits through
the grid-plate capacity. The signal
voltage developed across the load
feeds back through the grid-plate capacity to the input with the result
that the grid-plate capacity acts as if
it were increased by as much as the
amplification factor of the tube. The
exact amount of this increase depends
on the stage gain and on whether the
load is purely resistive or has a reactive component. However, the result
is that if the gain of the stage is high,
the input capacity is effectively much
increased. This apparent increase in
the input capacity is known ,as the
"Miller" effect. This effect is not very
important in the pentode, because it
has only a small grid-plate capacity.
The output capacity is not amplified this way. However, the load is in
parallel not only with the output capacity of one tube but also with the
input capacity of the next tube, so
this shunting capacity can have aconsiderable effect on the load also.

primarily by the plate-cathode capacity with the other two in series.
The input capacity of the pentode
(Fig. 2B) is primarily the grid-cathode capacity shunted by the capacity
CGsG between the grid and screen grid.
This comes about because the screen
grid is effectively tied to the cathode
through a by-pass condenser (C 1) in
all practical circuits. Certain other
capacities are present in pentodes.
These, however, are diminished because of the presence of the suppressor 'grid and screen grid, which is why
they are shown by dotted lines.
At the output of the pentode, the
capacity between the plate and suppressor grid, in combination with the
plate-screen-grid and such platecathode capacity as exists, represents
the output capacity.
At broadcast-band frequencies, these
capacities are troublesome enough,
but in the tuning range used in television, ordinary tube types have far
too much capacity. Even miniature
tubes, in which the capacity is reduced by making the tube elements
physically smaller, by shortening the
leads from the elements to the socket,
and by removing the base dielectric
material, have appreciable interelectrode capacities at television frequencies. Hence, it is customary in most
television receivers to use the internal
tube capacities as the tuning capacities, dispensing entirely with a tuning
condenser. In such cases, variable
inductances are used to get the final
alignment to the desired frequency.
This is the only way that a desirable
L-C ratio can be 'maintained. If we
tried to t.te tuning condensers, there
would be so much capacity in the circuit that we would have to use extremely small inductances—and we
are already down to values that are
represented by straight pieces of wire!

INPUT RESISTANCE
Another problem at v.h.f. is that a
tube often acts as if it had a low resistance between the grid and the
cathode. You may recall from an
earlier Lesson that the feedback
through the grid-to-plate capacity can
cause this effect in atriode. However,
at TV frequencies, transit time and
inductive cathode leads produce far
more trouble of this kind, even with
pentodes.
Transit Time. You will recall that
problems arise because it takes acertain finite time—called "transit time"
—for electrons to move from the cathode to the plate of atube.
8

As long as the frequency is low
enough so that electrons can get
through the tube before the grid can
change appreciably in voltage, the
plate current is unaffected by the
transit time through the tube. However, at very high frequencies, the grid
voltage changes so rapidly that an
electron may be acted on by a considerable part of a grid-voltage cycle
before escaping the influence of the
grid. Thus, an electron being speeded
on its way by apositive grid may not
get so far away that the following
negative grid swing will not slow it
down. Similarly, an electron that is
first retarded by a negative grid action may be speeded up by the following positive swing. As a result, electrons tend to bunch up in the tube
space, traveling in "clouds" rather
than in a fairly steady stream. As a
cloud of electrons approaches the grid,
the negative charge of the cloud
causes electrons to be forced out of
the grid; then, as the cloud moves
away, electrons flow back toward the
grid. A current flow is produced in
the grid circuit by this electron movement, just as if there were alow resistance between the grid and cathode
elements within the tube.

▪

•

fixed rate a shorter length of time to
travel the distance. Making tubes
with smaller cathode-plate spacing is
therefore one way to reduce transit
time. A triode can be made better
than apentode in this respect, because
the pentode must have alarge enough
cathode-plate space to accommodate
three grids. Modern miniature pentodes are still usable at the TV frequencies in use today, but if television
transmission eventually moves up into
the u.h.f. bands around 500 mc., entirely different tube structures will
become popular.
Cathode-Lead Inductance. As you
know, even a straight piece of wire
has some inductance, small though it
may be. At TV frequencies, the inductance of a straight piece of wire
begins to become important.
In one television receiver, for example, a straight piece of wire provides inductive coupling between two
circuits. This piece of wire is in one
circuit, and the second resonant circuit is tapped on the wire about two
inches from the grounded end. These
two inches of wire provide sufficient
common inductance to the two circuits to give band-pass coupling!

This effect is quite remarkable in
atube having along transit time. For
example, apentode tube that is commonly used in sound receivers may
have an input resistance of several
megohms at broadcast-band frequencies, but at around 100 megacycles it
may act as if its input resistance were
only 1000 to 2000 ohms. Such adrop
in the input resistance would obviously load the input circuit heavily.
The answer is, of course, to reduce
the transit time as much as possible.
Obviously, if the spacing between
the cathode and the plate is reduced,
it will take an electron traveling at a
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Because lead lengths are so extremely important in TV sets, the
input tuner has to be designed as a
complete unit, with all wiring carefully taken into consideration. It isn't
practical to replace parts haphazardly
in such a tuner, because any disturbance whatever in the lengths of leads
or their positioning could easily throw
the tuner completely out of alignment
on the upper channels. In fact, many
input tuner r.f. amplifiers are aligned
by bending the inductance wires. (Of
course, this is a factory job—not
something a serviceman should try!)
The tubes used in input tuners today are almost invariably the minia-

ture types so that the lengths of the
leads from the elements to the circuit
are as short as possible. However, as
shown in Fig. 3A, the cathode lead
(between the actual cathode and the
common point of connection to the
grid and plate circuits at the tube
socket) has a certain amount of in-

FIG. 3. To eliminate the coupling between the plate and grid circuits caused
by the inductive effects of the cathode
lead (A), many TV tubes have two
cathode leads (B).
Sketches (C) and
(D) show practical circuits.

ductance. The a.c. plate current flowing through this inductance will cause
avoltage drop across it. This voltage
will reduce the input voltage just as
if the grid were drawing more current.
Effectively, then, the grid input resistance is again reduced, thus further
loading any input device there may
be between grid and cathode.
To reduce the effects of an inductive
cathode lead, many of the tubes specifically designed for use in TV and
f.m. receivers have two leads coming
from the cathode to the tube pins (see
Fig. 3B). Now, if the a.c. plate circuit is attached to one terminal and
the grid return to the other, the inductive drop will no longer matter.
Although there is an inductance in
each lead, the a.c. plate current gets
to the cathode through one lead, and
the grid is connected to the cathode
by the other, so the voltage drop
caused by the plate current is not
applied to the grid circuit.
Practical circuits are shown in Figs.
3C and 3D. Fig. 3C shows the connection used when a separate source
of C bias is employed. Fig. 3D shows
how it is possible to get self bias with
such atube. Remember that it is not
the d.c. plate current but the a.c. or
signal plate current that causes the
trouble. Therefore, as shown in Fig.
3D, B— can be connected to the cathode lead to which the grid circuit is
connected provided the plate and
screen-grid by-pass condensers go to
the other cathode lead. When these
connections are made, the a.c. signal
returned from the plate and screen
circuits goes directly to the cathode,
and only the d.c. plate current is involved in producing the C bias.
In servicing TV receivers, you will
have to watch out for connections like
this. Although both pins 2 and 7 of
the tube are connected to the cathode,
it is very important that the respee10

strong interference, the excessive loading and the high input capacities both
tended to prevent the proper use of a
tuned-grid circuit. However, since
cathode-lead inductance effects and
input capacity effects have been overcome by proper tube design, more
manufacturers have begun to use
tuned-grid circuits.
Now that you understand some of
the problems involved in the design
of input tuners, let's study some practical r.f. and converter stages.

tive grid- and plate-circuit by-pass
condensers be connected to the proper
pins. Hence, in replacing a by-pass
condenser, not only must you position
it properly and keep its leads to the
same length as those of the one you
are replacing, you must also connect
it to identically the same points in
the set.
Originally, input tuners almost always used atuned-plate circuit in the
r.f. stage rather than atuned-grid circuit. Although the latter is preferable
because it makes it easier to eliminate

The R.F. Stage
As you have learned, the r.f. stage
of a TV set must be designed so that
its impedance matches that of the
transmission line, to have as much selectivity as possible, and at the same
time to maintain an adequate pass
band. In addition, it should have as
much gain as possible so that there
will be a good signal-to-noise ratio
when the input is low. Every bit of
gain ahead of the converter is important when weak signals are being received, because any such gain increases
the signal strength so that the converter noise is easier to overcome.
(Even at best, however, the amount
of gain obtainable at the r.f. level is
small—the television set depends on
the i.f. amplifier for most of its gain,
just as sound receivers do.)
Even though the loads used in TV
tuners are much lower than those that
are generally used with pentodes, a
pentode will still give more gain in
an r.f. stage at TV frequencies than
a triode will. However, as we have
pointed out, the triode is far less noisy.
Also, transit time effects are somewhat worse in the pentode, making it

have lower input resistance than the
triode.
Because of the importance of reducing noise in TV tuners, designers
would probably prefer the triode to
the pentode even though the pentode
gives more gain. However, the triode
tube, because of grid-to-plate feedback, either requires neutralization or
must be used in a grounded-grid circuit.
Neutralization. Fig. 4 gives two
examples of neutralized triode amplifiers. In Fig. 4A is a neutralization
system for asingle tube, in which the
condenser CN feeds back part of the
energy from the plate tank to the grid
circuit so as to counteract that coming
through the internal grid-plate capacity.
In Fig. 4B is shown a circuit for a
push-pull triode amplifier. Such pushpull circuits have been used by a
number of manufacturers for several
reasons, one of which is that the input
capacities are in series across the input, an arrangement that effectively
cuts the net capacity in half. This
arrangement also gives a "balanced"
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FIG. 4.

Two kinds of neutralized triode
amplifiers.

input and permits neutralization without the loss of loading that is caused
by the tapped coil in Fig. 4A.
In Fig. 4B, the condensers C, and
C, are the neutralizers. C, is connected from the plate of VT, to the
grid of VT,, and C, is connected from
the plate of VT, to the grid of VT,.
Because of the phases across the resonant circuit Ca-L„ these two condensers provide the proper neutralization
feedback.
Neutralization will work over a
very wide number of channels only if
the different tuning coils are carefully
designed to provide the proper feedback ratio. To avoid such problems,
many sets use the grounded-grid amplifier instead.
Grounded-Grid Circuit. As you
will recall from your studies of fundamental r.f. stages, the standard
(grounded-cathode) stage shown in

Fig. 5A has the signal source between
the grid and ground. In the groundedgrid circuit in Fig. 5B, the signal is
between the cathode and ground, and
the grid goes directly to ground. Insofar as the grid action is concerned,
either position of the signal source
will produce the same result, because
it is the voltage between the cathode
and the grid that matters. However,
the grounded-grid circuit shown in
Fig. 5B has the control grid at ground
potential, so that it effectively acts
as a shield between the signal source
and the plate. As a result, the gridplate capacity no longer provides a
feedback path, so neutralization is
generally unnecessary. However, the
grounded-grid circuit usually gives
less gain than does a neutrodyne, because the signal source is in the plate
circuit and hence effectively feeds into
a low resistance. The signal source
is therefore heavily loaded, and if it
is atuned circuit, its Q and gain will
be lowered.

SIGNAL
SOURCE

FIG. 5. This illustration shows the basic
difference between the common grounded-cathode amplifier (A) and the grounded-grid amplifier (B).
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displaced to the right from it, on the
screen of the picture tube). Of course,
any such blurring and ghosts are very
undesirable. They can be reduced or
eliminated merely by matching impedances at the input of the receiver.

Thus, neither the triode nor the
pentode is markedly superior to the
other for use in the r.f. stage of aTV
set; the pentode gives more gain, but
is noisier. As a result, both kinds of
tubes are used in modern sets. The
pentode is perhaps slightly more popular, but there are anumber of triode
circuits used, which makes the r.f.
circuit of aTV set quite different from
that of asound receiver.
Now, let's study the input and output connections of the r.f. stage.
INPUT CONNECTIONS

•

The input of the r.f. amplifier is
connected to a two-conductor transmission line that is used to feed asignal from the antenna to the receiver.
Another Lesson will go fully into the
theory of television antennas and
transmission lines. Briefly, however,
we can say that the television antenna
acts as a low-impedance source and
that the transmission line has a
"surge" impedance that depends upon
the size of the conductors and the
spacing between them. It is chosen so
that its surge impedance will effect
some compromise match with the antenna impedance for maximum power
transfer.
At the receiver, it is quite important that the surge impedance of the
line be matched by the input of the
set. If the receiver end of the line is
not matched, the energy coming down
the line will not all be absorbed, and
some will be reflected back up the line.
This energy will then be reflected
again at the antenna unless there is a
perfect match here, with the result
that the signal will appear a second
time at the receiver end of the transmission line. This second signal will
at least cause blurring of the original
signal and may produce what is known
as a "ghost" (a second image, much
weaker than the original image and

Types of Lines. Physically, the
transmission lines now used consist of
two types, one known as twin-lead and
the other as coaxial cable.
The twin-lead type consists of two
parallel wires embedded in a plastic
insulation. Each wire goes to one leg
of a dipole or doublet antenna as
shown in Fig. 6A. To reduce interference pickup to aminimum, neither
wire is directly grounded; instead,
they are connected to ground through
equal impedances so as to give a"balANTENNA

ANTENNA

o
FIG. 6. Schematic representation of (A)
twin-lead and (B) coaxial transmission
lines.

anced" input at the set. Any currents
caused by interference picked up by
the conductors in the line will flow in
opposite directions through the input
device to ground, so they will tend to
cancel. The desired signal does not
go to ground so it does not cancel.
Even with this interference cancellation feature, however, these lines still
may feed in considerable interference.
The coaxial line consists of a wire
surrounded coaxially by and insulated
from ahollow flexible braid or tube of
metal. The wire is one conductor and
the outer shell the other. Its connections are shown in Fig. 6B. The outer
shell of the coaxial line is always
grounded; it therefore acts as ashield
and virtually eliminates interference
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pickup. Because one conductor is
grounded, the coaxial line produces an
unbalanced input.
Although the coaxial line has the
advantage of eliminating interference
pickup, twin-lead is preferred in many
locations where interference is not a
problem because it attenuates the signal less. Of course, the impedance of
the line is also an important consideration. Either type could be made
to have almost any desired impedance,
but manufacturers have practically
standardized on atwin-lead having an
impedance of about 300 ohms and on
acoaxial line having an impedance of
72 ohms. Therefore, practically all
television receivers are made for one
or the other of these two values, or
both.
Balanced Inputs. If a balanced
transmission line is used, the lines
must be kept at equal impedances

with respect to ground. The grid circuit of atube is ordinarily unbalanced
in that whatever is connected to the
grid has its other end directly connected or by-passed to ground. Fig.
7A shows how abalanced transmission
line can be fed through atransformer-input to an unbalanced grid circuit.
The primary coil L, has acenter tap 5
that goes to ground, so the impedance
between ground and each wire of the
line is the same. Any noise voltage
that is developed between the line and
ground will cause currents that will
flow from point 1to ground and from.—
point 2 to ground (or vice versa):
Since these currents will flow in opposite directions through the two halves
of L„ their inductive effects will virtually cancel. The desired signal voltage, since it is applied across the
transmission line by the antenna, will
cause current flow through the whole
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FIG. 7.

Methods of coupling a balanced transmission line to various input circuits.
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are energized. When the switch is
thrown, the high-band coils Ls and L,
are connected into the circuit. With
this arrangement, the electrical connections will be like those shown in
Fig. 7A except for the switching.
Fig. 7C shows the means of feeding
from abalanced transmission line into
apush-pull r.f. stage. Here, the centertapped coil L, balances the transmission line to ground. Resistors R, and
Rs are 150 ohms each; their total impedance (300 ohms) matches that of
the transmission line.

of L, (from 1to 2 or from 2to 1, but
not from either point to ground).
This desired signal current will induce a voltage in Ls. (Sometimes a
tank circuit L2-0 1,shown by dotted
lines in Fig. 7A, is placed so that the
signal will be inductively transferred
from L, to Ls and thence to Ls.In this
case, the tank circuit is tuned to the
desired frequency by Ci.)
The load the transmission line
"sees" is the impedance, as• it appears
through the transformer, of R,
shunted by the input impedance of
the tube. If the turns ratio and coupling of the transformer L1-L s are
properly chosen, any value of R, can
be matched to the transmission line.
Since the transmission line impedance
is 300 ohms, the usual practice is to
make R, this value also, in which case
the input impedance of the tube is of
little importance. Then, the L1-Ls
transformer is made to match 300
ohms directly to 300 ohms.
Should Ls be made resonant, R,
would be whatever value was necessary for loading the tuned circuit, and
the transformer would be designed to
provide the necessary match. If Ls is
untuned, it must cover the television
band and must be carefully designed
to prevent the input capacities from
causing resonance at an undesired
point.

Blocking condensers C, and Cs are
needed because again-control voltage
is fed through R, and Rs.
Coil L, is not really necessary in
this circuit, because the resistors could
provide the balance to ground for the
transmission line. However, if it is
properly chosen, the coil can help reduce interference. Since its inductive
reactance depends on the frequency,
it can be made to be practically a
short circuit at frequencies below the
low TV band, thus almost eliminating
signals of these frequencies, and yet
be enough above the resistor values in
impedance at TV frequencies so that
the line will be matched.
Notice that apush-pull input is already balanced, so a transformer between the line and the grids is not
necessary if the resistor values match
the impedance of the transmission
line.

Coil Ls is coupled to the grid
through blocking condenser Cs because a gain-control voltage is being
fed through Ri.We'll go into this gain
control later in this Lesson.
Some manufacturers use different
input coils for the low and the high
television bands, particularly when a
tuned input is employed. In such a
case, .a switching arrangement like
that shown in Fig. 7B is desirable.
When the switches are in the position
shown, the low-band coils L, and Ls
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Fig. 7D shows how it is possible to
get a balanced input to a single tube
without using a transformer. Practically speaking, this is a combination
of agrid-fed and agrounded-grid circuit in that the input signal across the
upper half of L, is fed to the grid and
that across the lower half of L, is fed
to the cathode. Resistors R1 and Rs
together match the transmission line,

COAXIAL
LINE

o

The grounded-grid circuit shown in
Fig. 8B is more commonly used when
an unbalanced input circuit is wanted.
As you will observe, the signal is now
fed into the cathode circuit. A somewhat more elaborate arrangement for
a grounded-grid input is shown in
Fig. 80. Here, coil L, is again used to
act as alow impedance for frequencies
below the TV bands and thus to reduce interference. The load for the
transmission line is a combination of
R, and coil L . This particular combination of an inductance and resistance may be used to eliminate a possible capacitive unbalance, thus keeping the loading on the transmission
line more nearly constant over the
desired frequency range.
2

Of course, the grounded-grid connection is most commonly used with
triode tubes. The circuit shown in Fig.
8A is the one that would more probably be used with a pentode. A coil
like L, in Fig. 80 may be added to
this circuit.
Dual Inputs. In receivers that use
a transformer input, it is possible to
match either the 72-ohm coaxial line
or the 300-ohm twin lead. The arrangement is shown in Fig. 9. The
coupling between L, and L, is adjusted
so that a resistor (not shown) connected to L, appears as a 300-ohm
impedance across L1.Therefore, the
impedance of a 300-ohm line will be

FIG. 8. Ways of coupling an unbalanced
transmission line to various input circuits.

and coil L, provides the balance to
ground, as before.
Although we have shown triode
tubes in these figures, pentodes are
also used in the same circuit arrangements.
Unbalanced Inputs. When a coaxial line having a grounded shield is
to be used, an unbalanced input arrangement is necessary. Since the grid
circuit of a tube is naturally an unbalanced input, it can be connected
directly to a coaxial line as shown in
Fig. 8A. Here, resistor R, is chosen
to match the line impedance, which is
usually 72 ohms.

FIG. 9. Some sets (A) have dual inputs
to which abalanced or an unbalanced line
may be connected. The transformer (B)
can be used to connect an unbalanced
line to a balanced input.
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matched if the line is connected to
terminals 1and 3of L1.
When the impedance appearing
across the whole coil is 300 ohms, the
impedance across half the coil is onequarter this value, or 75 ohms. This
is close enough to 72 ohms for all
practical purposes, so the impedance
of a 72-ohm line will be matched if
the line is connected to terminals 1
and 2 (or 2 and 3) of coil L1.Basically, therefore, areceiver with adual
input is actually abalanced-input receiver so arranged that an unbalanced
line May be matched to it.

each side of the line and ground. Both
traps are tuned to the interfering frequency. Since they are high-Q seriesresonant circuits, they are practically
short circuits at their resonant frequency but offer a fairly high impedance at other frequencies. Therefore,
they short out the undesired signal but
affect other signals very little.

The balanced input of a set having
an input circuit like those in Figs. 70
and 7D can be preserved by interposing a transformer like that shown
in Fig. 9B between the set and the line
when a 72-ohm unbalanced line is to
be used. This transformer matches 72
ohms to 300 ohms. Such transformers
are available because some sets are
designed only for balanced inputs, and
local noise conditions may be such
that a shielded transmission line is
necessary. It is also possible to reverse this transformer if a 300-ohm
twin lead is to be used on a set designed for a coaxial line. This would
happen only if aspecial antenna were
being used.
Wave Traps. Since it is undesirable to amplify interfering signals any
more than is necessary, it is common
practice to place wave traps in the
in_p_Lit coupling to reduce the strength
of such interferences. Such wave traps
are arranged to act as short circuits to
the undesired signal. Fig. 10 shows
how such wave traps may be connected to the input. Fig. 10A shows
a balanced line connection, in which
resistors lt, and R, load the line, and
coil L3 provides the ground connection. There are two wave traps (L 1-0 1
and L2-0 2) used here, one between
17

These traps are sometimes tuned to
interfering signals occurring in the i.f.

LINE

TO GAIN
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FIG. 10.

Two ways in which wave traps
can be used.

pass band, or to f.m. stations, or even
to the second harmonic of the oscillator if co-channel interference is a
problem.
The connection shown in Fig. 10B
is for an unbalanced line. It operates
in the same manner as the one in Fig.
10A, but only a single trap is used.
GAIN CONTROL
You may have noticed that the
schematics given so far of the r.f. stage
usually indicate that the grid return

goes to a gain-control voltage source.
Later, when we take up other stages,
we will show that the gain of the r.f.
stage is not varied in most TV sets
until the input signal is so strong that
it threatens to overload the mixer or a
later i.f. stage. In other words, the
gain of the set is controlled primarily
in the i.f. amplifier. If the signal is
very strong, however, the r.f. stage
gain may have to be reduced to prevent overloading.

COUPLING TO MIXER
Because of the difficulties with input
resistance, and the requirement of
transmission-line matching, many TV
sets do not use input tuning. However,
whether input tuning is used or not,
all TV sets use resonant coupling between the r.f. and converter stages.
Some use only aparallel resonant cir-

Incidentally, many television receivers have amanual control, whereas others use an automatic gain control that is practically identical to
automatic volume control (a.v.c.) circuits used in sound receivers.
Also, when you study antennas and
transmission lines, you will find that
even this method of gain control may
FIG. 12. The desired over-all response
(A) of the r.f. and video id. sections can
be secured by matching the response of
the two sections (B).

cuit as the plate load, but many use
some form of band-pass coupling.

FIG. 11. Two forms of resonant coupling used between the r.f. and converter
stages.

prove unsatisfactory in locations very
near a powerful television station. In
such cases, resistive voltage dividers
called attenuators are inserted in the
transmission line to decrease the signal from the powerful station to a
level that can be comfortably handled
by the set.
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Fig. 11A shows a basic tuned-plate
coupling. We need tuning to give initial selectivity and whatever image
rejection the set may have. Once
again, however, we must compromise
between gain and selectivity. It would
be quite desirable to use a highimpedance load for the r.f. tube so as
to get sufficient gain, but we could not
then get the necessary band width for
fidelity. In the circuit shown in Fig.
11A, the resistor R, loads the tuned
circuit to broaden its response, making
the resultant load for VT, quite small.
If the detector bias is obtained from
agrid-leak action, the grid resistor R,
should have reasonably high resistance. In such cases, the arrangement
shown in Fig. 11B may be used. Here,
the resistor R, loads Ci-L„ and grid
resistor R, can then be ahigher value.

If the i.f. response is properly designed, this problem is not difficult.
We must pass a band of about 6
megacycles, but we need not get flat
amplification over this entire band if
the video i.f. response is designed to
make up deficiencies in the r.f. response. Fig. 12A shows the over-all
response desired for the r.f. and video
i.f. stages. (This curve is non-symmetrical because trap circuits are used
to reject the sound and adjacent-channel signals.) This response can be obtained by a combination of an i.f.
response and an r.f. response like
those shown in Fig. 12B. Notice that
the r.f. response can have a single
peak that is compensated for by adip
in the i.f. response.
Before leaving the parallel resonant
circuit, let us point out that it is important that you realize the effect of
shunting capacities. For example, the
diagram of one set has the circuit
connections shown in Fig. 13, except
that Co is not on the schematic. ConVT2

VTi
C2
CO

Li

+

FIG. 13. Although internal tube capacities are not marked on schematic diagrams, they are actually part of the
circuit in r.f. sections of TV sets.

denser C, is atrimmer condenser and,
with coil L„ apparently constitutes
the tuned circuit. This looks like a
series-resonant circuit, which would
offer minimum impedance at resonance. Actually, however, the internal
tube capacities of tube VT, and the
input capacities of VT 2,which are
represented by condenser Co, are in
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parallel with L,. (Since schematic diagrams do not show internal tube capacities, you must be careful to remember that this capacity exists when
you are analyzing operations at TV
frequencies.) As a result, what appears to be aseries resonant circuit is

FIG. 14.

Basic band-pass circuits.

actually a parallel resonant one,
which it must be to provide the proper
load for VT„.
Even with the tubes used in television sets, the capacity of Co is so
high that it is hard to get reasonable
sizes for L, in the high band. Therefore, condenser C, is added in series
with L, so that it is effectively in series
with Co.Since C, is asmall capacity,
and since the capacity of condensers
in series is always less than the smallest, adding it to the circuit effectively
reduces the capacity of Co enough to
make the combination provide the
proper tuning capacity for a coil L,
of practical size. Because C, is atrimmer condenser, it may be used to compensate for such variations in Co as
may exist in different receivers.
Band-Pass Coupling. Some manufacturers make the r.f. stage have a
band-pass response that is flat-topped
and about 6megacycles wide by using
two resonant circuits that are tuned

to the same frequency and are coupled
to give the appropriate response.
Basic band-pass circuits are shown
in Fig. 14. In Fig 14A, the two resonant circuits consist of L1-C,-C 3 and
L2-0,-C 3. Condenser C3 is common
to both resonant circuits, and the drop
across this condenser provides the
coupling between the two circuits. Resistors load each resonant circuit to
make the over-all response flatter.

Another form of coupling is shown
in Fig. 14B. Here, alink consisting of
coils L3 and L provides the coupling.
4

It is also possible to couple two
resonant circuits through a third one
that is tuned to resonance at a mid
point, thus providing a three-peaked
response characteristic. In general,
however, band-pass units follow the
standard a.m. practice that you have
studied in your fundamental Lessons.

The Converter Section
The converter section of atelevision
receiver, like that of a radio, consists
of a mixer-detector and an oscillator,
which together produce an i.f. signal
from the incoming signal. The pentagrid converter is commonly used in
sound receivers for both these functions, but the oscillator is always a
separate tube in television sets (although it may be in the same envelope
as a mixer-detector), principally because the pentagrid converter is a
poor oscillator at TV frequencies and
is extremely noisy.
Let's study the requirements of a
mixer-detector alittle more fully.
MIXER-DETECTOR
One of the most important sources
of noise in aradio is the mixer-detector. The internal tube noise in this
stage is considerably higher than in
the average amplifier, even when both
use the same tube. Both pentodes and
triodes used as mixer-detectors are
about four times as noisy as they are
when used as amplifiers. Since, as you
have already learned, pentodes are
generally noisier than triodes, the latter are more commonly used in mixerdetector circuits. Pentodes are used
only where there is sufficient gain in

the r.f. amplifier or where the signal is
normally so strong that the converter
noise can be completely over-ridden.
The gain we can expect from a
mixer-detector stage depends upon the
load in the plate circuit and upon
what is known as the conversion conductance of the tube. The conversion
conductance expresses the efficiency of
the tube as adetector; it is equivalent
to transconductance except that it is
always less—only about one-quarter
of the actual transconductance in the
case of triodes. We must use this special term because, when atube is acting as adetector, we are interested not
in the total change in plate current
but in that part of the plate current
that represents the desired i.f. signal.
All other a.c. components of the plate
current, such as signals at the original
and oscillator frequencies, and various
harmonics of all these, are undesirable
and are by-passed. With normal efficiencies of operation, therefore, we
find that a tube used as a converter
gives only about one-quarter of the
gain that it would as an amplifier.
CIRCUIT TYPES
The standard mixer-detector is fed
at its grid by both the oscillator signal
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and the incoming signal from the tuning arrangement at the output of the
r.f. stage. The oscillator signal may
be connected to the grid circuit
through a link coupling to the tuned
circuit, or it may be fed in through a
coupling condenser.
The converter is usually self-biased
by agrid-leak and condenser, because
it is desirable to ground the cathode
circuit. Except for this and for the
use of triode (or pentode) tubes, the
mixer-detector in a TV set is much
like that in asound receiver.

FIG. 15.

The signals from L, and L, are applied to both tube grids simultaneously. When the two signals are mixed
and detected, the beat products (i.f.
signal) at the two plates will be in
phase. Therefore, the tube plates are
connected in parallel to the primary
of T,. As far as the individual input
components (the r.f. input signals and
the oscillator signal) are concerned,
however, the two grids are being fed
in push-pull; therefore, the two plate
current components resulting from
each input component will be out of
phase, and, because the plates are
connected in parallel, these plate-current components will cancel. In other
words, 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 harmonics. This pushpull input, parallel output connection
also tends to cancel any incoming interfering signals at the i.f. frequency,
because they are fed to the grids in
push-pull just as the desired incoming
signal is.

A push-pull input, parallel output converter stage.

An interesting variation is the type
shown in Fig. 15. Here, coil L, is one
of the preselector circuits; it is tuned
by the input capacity of the two tubes
VT, and VT, that together act as the
detector. Coil L, feeds the incoming
r.f. signal into L2,and L, feeds in the
signal from the oscillator. The converter bias is obtained from the drop
across resistor R„ which uses C, plus
stray circuit capacity as its grid condenser. Transformer T, is the first i.f.
transformer, both windings of which
are tuned. The primary of T, is a
parallel resonant circuit that uses the
output capacities of the two tubes as
its tuning capacity.
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I.F. Trap. The combination L1-C,
and the halves of L, form a seriesresonant circuit from each grid to
ground. The upper half of L, plus
li r e, is the circuit for VT,, and the
lower half of L, plus L1-C, is the
series circuit for VT,. These circuits,
which are made resonant to the i.f.
frequency, serve two important purposes.
One is that they keep the two tube
grids at a very low impedance with
respect to ground at the i.f. frequency.
Therefore, interfering signals at the
i.f. frequency cannot drive the grids
much.
Another important purpose they
serve is to prevent oscillation in the
mixer. With triode mixers, feedback
from the plate to the grid circuit could

make the stage oscillate at the i.f. frequency. This could occur because the
resonant input circuit consisting of
coil L2 and the input capacities is
tuned to the incoming signal, which is
higher than the i.f. in frequency.
Hence, this circuit is inductive at the
i.f. frequency, which means that feedback through the grid-plate capacity
will be applied to the grids in the
proper phase to cause oscillation at
the i.f. frequency. As we said earlier,
however, the series resonant circuits
keep the impedances between the grid
and ground very low at the intermediate frequency; therefore, whatever i.f.
feedback exists from plate to grid is
unable to develop more than a very
small grid signal, so oscillation will not
°um%
A similar oscillation problem exists
even with asingle-ended triode stage,
so almost all triode TV converters
have such series trapping arrangements to prevent an i.f. voltage from
being developed at the grid. These
traps are unnecessary in converter
stages using pentodes, since such tubes
have very little plate-to-grid capacity.
t/

OSCILLATORS

The oscillator is inductively or capacitively coupled to the first detector
by the usual methods. In gerif
eral, as
in standard radios, the oscillator signal should be about ten times the
strength of the incoming signal so that
linear mixing will occur without distortion of the modulation of the input
signal.
In most modern TV receivers, the
oscillator is above the incoming frequency by the amount of the i.f. frequency. There are a few exceptions,
however.
In one of these, the oscillator is
above the signals on the low band but
is below those on the upper band. This
switch• is possible only• because the

set in question uses an "intermodulation" sound system, which we shall
study elsewhere. When the "standard"
sound system is employed, the oscillator must either be above all incoming
channels or below all, so that the
proper intermediate frequency will be
produced.
Even though the band widths of
television i.f. amplifiers are broad,
they must have sharp sides to give
reasonable adjacent-channel selectivity. Therefore, since the signal fills
the whole band width, a considerable
portion of the signal would be cut off
if the oscillator frequency should drift
even slightly. Temperature-compensated parts are commonly used in the
oscillator circuit to help minimize this
drift. Most generally, atemperaturecompensated condenser is added to the
tuning circuit. It is possible to make
such a condenser either increase or
decrease in capacity with changes in
temperature. Therefore, the manufacturer determines how the oscillator
circuit of a run of sets tends to drift,
then installs acompensated condenser
that drifts the other way. As aresult,
the net oscillator drift is minimized
(though seldom eliminated completely) .
Tuning. There are two basic tuning systems—continuous tuning much
like the ordinary manual tuning of
sound receivers, and step tuning much
like the push-button systems of sound
receivers.
In the continuous tuning systems,
variations in the oscillator frequency
can be compensated for by retuning.
This may mean that a compromise
position is used that detunes the preselector to keep the oscillator in step,
but this won't matter much if the preselector is sufficiently broad.
When step tuning is used, the oscillator is aligned approximately for
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plate voltages are equal, the diode
currents through R, and 11, are also
equal. Since these currents flow in
opposite directions, and since the resistors R, and R2 through which they
flow have the same resistance, the resulting voltage drops across these
resistors are equal and opposite.
Tube VT 2,the oscillator, is used in
an ultra-audion circuit. Tube VT 5,
the control tube, is connected to the
Instead of a fine-tuning control, a oscillator tank in such a way that it
always draws a current that is out of
number of television receivers use
phase. with its plate voltage—in other
automatic frequency control (a.f.c.)
words, the tube acts like a reactance.
to adjust the oscillator. The control
voltage, which is obtained from the
discriminator in the sound channel, is
coupled to the oscillator tuning circuit. Let's review automatic frequency
control briefly.

each channel by the parts inserted by
the switching mechanism. Then, to get
the oscillator to the exact frequency,
it is standard practice to include some
means of adjusting the oscillator.
Manually, this may be done by what
is called the "fine-tuning" control,
which is a small variable condenser
in the resonant circuit that acts as a
trimmer. This may be adjusted from
the front of the set when necessary.

A.F.C. As you learned in your
fundamental Lessons, an a.f.c. system
consists of adiscriminator circuit that
determines whether the oscillator circuit is producing the proper i.f. frequency with the incoming signal. If
it is not, the discriminator produces a
voltage that can be used to control the
oscillator frequency through what is
called the control tube. This control
tube is atube that is set up to act as a
capacity or as an induçtance; it is
connected across the oscillator resonant circuit and. can therefore be used
to shift the frequency of the oscillator.
A typical circuit diagram is shown
in Fig. 16. Here, VT, is the discriminator in the sound system of the television set. Briefly, the signal from the
resonant circuit C1-L, is coupled by
mutual inductance into the L2-C, resonant circuit, and, through blocking
condenser C5,the same signal is also
applied to coil L5. As a result, two
different voltages are applied to each
diode plate of VT, in such away that
the two diode plate voltages are exactly equal at resonance. When these

FIG. 16.

A typical a.f.c. system.

In the particular circuit shown, it is
adjusted so that it acts like a condenser.
If the oscillator frequency drifts,
the i.f. signal produced in the sound
channel and applied to VT, will not
be the correct i.f. to which the tank
circuits 0,-L, and L2-C, are tuned.
The voltages will then be different on
the two diode plates, with the result
that there will be anet control voltage
across R, and R2. This voltage will
change the bias applied to VT 5,thereby either raising or lowering the plate
current so that the tube acts like a
bigger or smaller capacity, whichever
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is needed to retune the oscillator to
the correct frequency value.
The action of this circuit was covered in detail in one of your earlier
Lessons, to which you should refer if
you wish afuller explanation. At the
moment, all you need to remember is
that adrift in the oscillator frequency
can be automatically corrected by an
a. f. c. system.
OSCILLATOR CIRCUITS
As you learned in your fundamental
Lessons, television receivers most
commonly use the ultra-audion oscillator. This is the variation of the
Colpitts oscillator in which the internal tube capacities set the feedback
voltages. In addition, the tuned-plate
push-push oscillator is used in a few
sets, and the Hartley oscillator in a
very few.
One of the reasons why the ultraaudion oscillator is so popular in television sets is the fact that the Millereffect capacities are small in this
circuit. At the frequencies involved,
the tuning capacities needed are quite
small, so the tube and circuit capacities must be kept down.
For example, in the ultra-audion
circuit shown in Fig. 17A, the internal
tube capacities are across the resonant
circuit L1-C i as shown by the dotted
lines. Effectively, the Cpg and CGg
capacities are in series, so the net capacity is less than that of the smaller
of this pair. The grid-plate capacity
CGp is also across the tank circuit, but
only as it exists in the tube; in a
tuned-grid or tuned-plate oscillator
having an inductive load, this capacity would be multiplied by as much
as the gain of the tube because of the
Miller effect. Therefore, the total
amount of capacity shunting the tuned
circuit in Fig. 17A is less than it is in
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atuned-grid or tuned-plate oscillator,
so, for fixed sizes of the tank circuit
parts, it is possible to tune this ultraaudion circuit to higher frequencies
than can be reached with either a
tuned-grid or atuned-plate oscillator.
Fig. 17B shows the capacities shunting the tuned circuit in the tunedplate push-push oscillator. Here the

FIG. 17. Internal tube capacities in the
ultra-audion circuit (A) and in the tunedplate push-push oscillator (B).

plate-cathode capacities of the two
tubes are effectively in series, an arrangement that reduces their effects
considerably. Although the feedback
condensers 02 and C3 provide paths
for the grid-plate capacities to be in
shunt with the tuned circuits, these
feedback condensers are small enough
to prevent the grid-plate capacities
from having too much effect.
In all TV oscillators, the internal
tube capacity does affect the frequency by being part of the tuning
circuit. When it becomes necessary to
replace an oscillator tube, it is necessary that one be found that has internal capacities not too far different
from those of the original tube, or else
the receiver may not tune over the
proper range. Hence, it may be necessary to try several tubes to find one
that permits the normal tuning range.

Tuning Systems
Now that you have ageneral understanding of the circuits used, let's
study some of the physical details of
input tuners.

denser combination used for parallel
filaments; Fig. 18B shows aseries filament filter. These filters prevent
stray r.f. from traveling through the
filament leads to other sections of the
set.

We have already mentioned that
each of these tuners is on its own subchassis, which is mounted on the main
chassis after the input tuner has been
assembled and aligned. Operating
voltages are obtained from the lowvoltage supply of the receiver. To
prevent leakage of the r.f. and oscillator signals, R-C filters are used in the
B+ leads (and, of course, the unit is
shielded). The by-pass condensers
used must be non-inductive, so it is
fortunate that small by-pass values
are effective at these frequencies. In
the r.f. and i.f. sections, the by-pass
condensers are usually ceramic or
mica types rather than paper. The
ceramic types are preferred because
of their small physical size. Incidentally, these condensers closely resemble resistors in size and shape, so don't
identify them wrongly when you
examine aTV receiver.

Mechanically, tuning systems may
be divided into continuous tuners and
step tuners. A continuous tuner uses
a variable inductance or a variable
condenser and is so arranged that it
tunes over a complete band of frequencies that includes all TV channels.
In one form of continuous tuner,
the tuning mechanism tunes all the
way from about 50 megacycles to the
upper end of channel 13. This means
that it covers anumber of other channels too, including the f.m. band. A
set with this kind of tuner can therefore be used as an f.m. radio receiver
when it is tuned to this band.
Other "continuous" tuners are actually two-band tuners in that they tune
through the low band, and then a
switch is thrown (sometimes automatically) to allow them to tune
through the high band. In these sets,
the intervening bands assigned to f.m.
and other services are not tuned in.
A step tuner has some form of
switching mechanism that throws in
resonant circuits (in both the oscillator and preselector) that are tuned to
the respective television channels.
Some of these switches are rotary
types, some are slide switches, and
some are push-button arrangements,
but they are all arranged to connect
in the necessary resonant circuits,
which have been pretuned to the desired channels.

FIG. 18. Filtering systems used with
(A) parallel and (B) series filaments.

Appreciable by-passing of the B+
leads is secured just by running these
leads next to the chassis, so don't
move leads carelessly in TV sets!
The filament leads of input tuners
are elaborately by-passed and filtered.
Fig. 18A shows the choke and con-

Now let's study
tuner in more detail.
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the

continuous

shoe moves along the coil, thus shorting out an increasing number of turns.
This system of shorting the inductance makes it possible to vary the
total inductance from approximately
one microhenry to .02 microhenry,
which is a change of about 50 to 1.
This provides a very wide tuning
coverage—the unit covers the entire
low and high band as well as the f.m.
band in between.

Courtesy P. R. Mallory and Co., Inc.

FIG. 19. This is the Mallory Inductuner
(Trademark registered U.S. Patent Office) that is used in several brands of
TV sets.

Fig. 20 shows aschematic of an input tuner that uses the system shown
in Fig. 19. The black box encloses the
three coils that are the variable portion of this tuner.

CONTINUOUS TUNER
One of the very popular continuous
tuning systems used by a number of
set manufacturers contains the Mallory Inductuner that is shown in Fig.
19. This tuning unit consists of three
coils wound on ceramic forms that are
mounted on a single insulated shaft.
A sliding contactor or shoe rides in
"trolley" fashion between the coil wire
and aplate, and maintains aconstant
contact between the two. As the tuning mechanism rotates the coil, this

Tube VT, is a grounded-grid r.f.
amplifier. The signals are fed into the
cathode. Since this is an unbalanced
input, a coaxial transmission line will
be used.
The load for VT, is a band-pass
tuner. One section consists of 1, 3-1, 1C,-C 4, and the other consists of
1,4-1, 2-0 5-C 4. Since C4 is common to
both circuits, it provides the coupling
between the two sections. Resistor R3
TO I.F.
TRANSFORMER

El+

FIG. 20.

The schematic of an input tuner in which the Mallory Inductuner is used.

26

loads one section of this tuner, and
R. loads the other. Condensers C. and
C. are d.c. blocking condensers.
Tube VT, is the mixer-detector.
Notice that it is apentode.
The oscillator tube VT3 uses the
ultra-audion circuit. The tuning inductance consists of L, in parallel with
a series combination of L. and L..
Condenser 020 plus the internal capacities of the tube provide the
capacity.
When this circuit is aligned at the
factory, the tuning inductances L.,
L., and L. are set at minimum inductance, and the inductances L„ L2,and
L. are adjusted to bring in channel
13. The oscillator frequency is then
higher than that of the incoming signal. It is possible to get an alignment
at another television channel by adjusting C., C., and C, and then
adjusting C. to change the coupling
between the band-pass sections. Some
of these adjustments can be made
only by the manufacturer.
Obviously, this continuous tuner
provides avery simple front-end construction. The only basic difficulty
with it is the fact that a number of
spurious responses are obtainable at
various points over the tuning range.
Once the receiver owner learns to ignore all but the correct response
points, which
are approximately
marked on the tuning dial, this arrangement is quite satisfactory. Having the device tunable through the
f.m. range means that the receiver
can also be used as a sound receiver
for f.m. signals. When this is desired,
a switch can be thrown to cut off the
picture tube and its associated circuits.
TWO-BAND TUNERS
In the second form of continuous
tuning, the band over which the set
will tune can be selected by throwing

a switch. In this form, all those frequencies between the lower and the
upper band are skipped, a fact that
makes a somewhat different design
possible. Some two-band continuous
tuners of this kind use variable inductances, and some use variable condensers. Let's study both briefly.
Variable Inductance. A variableinductance tuner is shown in Fig. 21.
In this unit, the coils are made of flat
copper ribbons wound spirally around
the coil forms. The tuning arrangement varies the permeability by moving powdered-iron cores in and out of
the coil forms. These cores are mechanically ganged so that they move

Courtesy Bdmont Radio Corp

FIG. 21.

A variable -inductance 2-band
continuous tuner.

in unison as the receiver is tuned. A
spiral gear arrangement, driven from
the tuning knob, moves the insulated
plate on which the cores are mounted
toward or away from the coils.
The schematic diagram of a set
using a tuning arrangement of this
kind is shown in Fig. 22. Starting at
the antenna terminals, you will observe that this receiver is designed
for a balanced input and has a highlow switch that permits the proper
coils for each of the bands covered to
be thrown in. The primary of the
antenna coil feeds into a tuned secondary, which is somewhat unu.snal
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FIG. 22.
The schematic diagram
of a set using the continuous tuner
shown in Fig. 21.

8+

in television. The pentode r.f. tube is
coupled to apentode mixer through a
parallel-resonant circuit. With the
switch in the high position as shown,
the coil T, is the plate tuning inductance; it is tuned by the output capacities of the r.f. tube in parallel with
the input capacities of the mixer. To
reduce the effects of this capacity, and
to make it possible to adjust for differences in tubes, the trimmer CR is
connected in series with T3.
When the switch Si-C is thrown to
the low position, coil T, becomes the
tuning inductance. This is shunted
by additional tuning capacity CR and
is loaded by RR.
The oscillator is again our familiar
ultra-audion type, with a separate
resonant circuit for each band.

Variable Capacity. Fig. 23 shows
atuner that uses variable condensers.
This is somewhat similar to the tuning condenser with which you are familiar on sound receivers except for
the unique arrangement whereby a
large capacity variation is obtained.
As shown in Fig. 24, this unit is so
constructed that there are two tuning
condensers in series for each tuning
section of the condenser. Since condensers in series always have a capacity less than that of the smallest,
and since both of these are varied
simultaneously by the tuning control,
the range is greatly extended over that
of the usual tuning condenser. Furthermore, the amount of capacity is
quite small considering the sizes of
the plates that are used.

facturer to change the electrical circuit. For this reason, it is always
advisable to consult the manufacturer's manuals whenever you have to
service these units.
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STEP TUNERS

There are many different kinds of
step tuners that are designed to tune
directly to specified television channels. All involve some form of switch
—a rotary-selector switch, a slidingwe
•
turret switch, or a push-button unit.
Courtesy Howard W. Stuns and Co., Inc.
Basically, regardless of the switching
FIG. 23. A variable-capacity two -band
mechanism, there must be an arrangecontinuous tuner, made by the General
ment whereby the inductance, the
Instrument Corporation.
capacity, or both are changed in each
resonant circuit to tune in the proper
In the particular unit shown in Fig.
channel for each switch position.
23, a band-change switch is actuated
Incidentally, receivers vary someby the tuning control when the control
what in regard to the number of chanis moved from channel 6 to channel
nels to which they will tune. Most
7 (or vice versa). To mark the proper
manufacturers who use a step tuner
positions for each channel, this tuner
arrange it so that it will tune to all
has a notch or detent cut so that the
twelve of the channels in use today.
person tuning the unit can feel the
This permits them to ship their sets
"bump" as the correct position is
anywhere, with the expectation that
reached.
all the local television stations can be
The particular tuner shown uses a
picked up. However, a few manufacband-pass preselector that has inducturers save alittle on the cost of their
tive coupling between the sections.
Dust and grime must not be allowed
to accumulate on the plates of a variable condenser used in a TV set.
Although ordinary sound receivers
may work satisfactorily with heavy
accumulations of such particles, ateleFIG. 24. This special arrangement provides a large capacitive variation in the
vision receiver can be considerably
tuner in Fig. 23.
upset by their presence. Dust shields
are necessary.
receivers by making them tune to only
seven or eight channels. Since no loThe tuners we have described so far
cality at the present time has more
were originally developed for individthan seven channels assigned to it, the
ual set manufacturers, but most are
manufacturer need supply only this
now used by other manufacturers as
number of tuning circuits. The diswell. Therefore, you can usually extributor or local dealer then adjusts
pect to find the same tuner used in
the set to receive the local channels
several different receivers. Even when
before he delivers it.
the same tuner mechanism is used,
Since adjacent channels are never
however, it is possible for the manu,-
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used in the same locality, most such
sets use a "choice" arrangement. For
example, one switch position may be
adjusted to tune to either channel 12
or channel 13. The local dealer or
serviceman merely makes sure that
whichever of the two channels is in
use locally is the one the set is adjusted for, and so on down the line.
As was mentioned earlier, all step
tuners only approximate the proper
cillator frequency. In order to set the
oscillator exactly to the correct frequency, either afine-tuning control or
a.f.c. will be used.
Let's now look over some typical
step tuners.
ROTARY SWITCHES
Fig. 25 shows one of the most widely used types of rotary switch selectors. In this unit, tuning to lowerfrequency channels adds inductance
to the circuit. The inductance coils
are arranged right on the switch decks.
The schematic diagram of a tuner
that uses this system is shown in Fig.

Courtesy RCA

The side view of the tuner in which the
switch deck in Fig. 25 is used.

26. The selector switch blades slide
along the contacts numbered from
channel 1to channel 13. (Channel 1
is commonly indicated as a"position"
on the selector switches, although it is
no longer assigned to television.)
Let's run through the circuit. Starting at the antenna terminals, we first
come to balanced wave traps L82-C22
and C21-L81. These wave traps are
used to tune to any station that may
be interfering. Choke Ti is used to
reduce signals having frequencies
lower than the lowest television channel. Resistors R3 and R13 load the
transmission line and provide signals
to the grids of the push-pull r.f. triodes. Since triode tubes are used here,
neutralizing condensers C3 and C4
are necessary.

Courtesy Radio Maintenance Magazine

FIG. 25. One of the switch decks used
in the r.f. section of an RCA tuner. The
inductance for the high band is provided
by the semi-circular loop of metal at the
bottom of the deck,
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When the selector switch is set for
channel 13, the tuned circuit in the
plate of the push-pull r.f. stage consists of coils L25 and L26. As the
selector is tuned to other channels
additional inductances are added in

The tube capacities form the capacitive element. The only adjustable
parts are coils L25 and L26 for channel 13 and L11 and L12 for channel
6. To make adjustments for any other
channel, the manufacturer must shorten, lengthen, or bend the wires forming the inductances.

series with each of these coils. The
added "inductances" for the upper
channels (L13 to L24) are actually
just short pieces of wire soldered between the switch terminals.
As the switch is moved from channel 7 to channel 6, the inductances
L11 and L12 provide the rather large
frequency change from 174-180 mc. to
82-88 inc. Then the coils LIO to Li
are added for the lower channels.
Even here, the inductance needed is
quite small, so these coils are wound
in a"figure-eight" form so as to have
minimum inductance. Effectively, this
tuner is just a tuned line except for
the inductances L11, L12, L25, and
L26.

Coupling to the grid circuit of the
converter tube V2 is through coupling
condenser C13 for channel 13. For
other channels, additional couplings
are provided, first through alink coupling and then through two additional
coupling condensers for lower channels (where more coupling is necessary).
TO ANTENNA
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FIG. 26. The schematic diagram of the tuner in which the switch deck shown in
Fig. 25 is used.
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Another kind of circuit in which a rotary selector switch is used.

In addition, since the coils are
mounted on switch wafers, there can
be additional inductive coupling between the coil units if this is wanted.
In any event, the tuned-plate r.f.
circuit is coupled to atuned-grid converter, which forms aband-pass tuner.
The converter input for channel 13
consists of the coils L51 and L52,
which in turn are tuned by the input
tube capacities. The grid resistor R6

has an i.f. wave trap connected across
it, designed so that L80, 014, and the
channel tuner coils act as a seriesresonant circuit at the i.f. frequencies.
The plates of the converter tubes
are connected in parallel. Transformer
T2 is both the i.f. transformer and a
sound trap used to take the sound
signal from the output of the converter. That is, the primary of transformer T2, along with the tube ca32

rangement of the switch and the coils
is otherwise the same.

pacities, is a parallel-resonant circuit
across which the sound and video i.f.
signals are developed. The video signal is fed through coupling condenser
C18 to the video r.f. amplifier, and
the sound signal is taken from the
secondary of transformer T2.

EIGHT-POSITION SWITCH
The same basic switch used in the
last two examples can be used in a
set that is intended for coverage of
only seven or eight bands. An example of such atuner is shown in Fig.
28, and its schematic is shown in Fig.
29. In this particular receiver, the
selector switch is wired to coils that
are mounted individually on the set
chassis. This is one of the few ex-

The oscillator is atuned-plate pushpush type. The oscillator signal is
fed to the converter through a coupling link.
Many other circuits may be obtained using such a rotary selector
switch. One of these is shown in Fig.

Courtesy Motorola. Inc.

FIG. 28. The set in which this tuner is
used can be tuned to only eight channels.

27. In this particular circuit, the input feeds in through an antenna
matching transformer that permits
either balanced or coaxial transmission lines to be used. Then the signal
is fed through aseries of traps into a
tuned-grid circuit in which a pentode
is used. The plate circuit of this tube
also has a resonant circuit, which is
band-pass-coupled to the grid tuning
of the converter stage. The converter
is also a pentode. The oscillator is a
tuned-plate push-push type.
Although the electrical connections
are quite different, the same basic
switching arrangement is used here
that is used in the circuit in Fig. 26.
Extra sections are used to short-circuit unused coils, but the general ar33

amples of this kind of wiring used in
television.
As you can see from the schematic,
the input is designed for either the
balanced or unbalanced type of transmission line. From the line, the signal
is fed through acoaxial loop to abusbar wire that acts as the coupling inductance. That is, the bus-bar wire
acts as the primary coupling inductance, and the secondary windings are
soldered to this wire at carefully calculated spacings along the wire. This
circuit uses a tuned-grid pentode r.f.
amplifier, which feeds into aparallelresonant plate circuit that in turn
feeds the converter.
The oscillator is an ultra-audion
type. The switching arrangement ap-
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FIG. 29.

The schematic diagram of the tuner shown in Fig. 28.

pears somewhat complex because one
section of the switch connects the desired coil into the circuit and another
section of the switch short-circuits all
the coils that are not used, effectively
removing them from the circuit.

As we mentioned earlier, this particular arrangement is such that the
set can be aligned to whatever seven
channels are in use in any one locality.
Turret Tuner. Fig. 30 shows an
example of an entirely different type
of switch selector. In this one, there
is a rotary turret on which several
plates are mounted. Attached to each
plate are the inductances needed to

Notice that the oscillator is somewhat unusual in that a separate coil,
rather than a series-coil arrangement,
is used for each of the bands.

Courtesy Edium 1. Guthman and Co.
Courtesy Philco

FIG. 30.

FIG. 31. Another kind of turret tuner.
In this, the turret moves horizontally.

What a turret tuner looks like.
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Courtesy Ilallicrafters

FIG. 32.

A push-button tuning arrangement that can be used for all channels.

tune the preselector and oscillator to
one channel. These inductances, in
each case, are connected to contactor
points that project through the bottom of the plate. A particular channel
is tuned in by turning the turret until
the plate supporting the inductances
for that channel is in aposition where
contacting springs engage the contactor points of the plate. This connects
the inductances into the circuits. Most
turret tuners of this kind carry only
seven or eight plates, so the proper
ones must be installed for each
locality.

with their associated tuning capacitors, are switched in by an ordinary
push-button arrangement much like
those in a standard radio. It is possible to use a tuner of this type with
any standard circuit ;the push-button
arrangement merely provides the mechanical means of tuning in the desired stations.
Variable-Core Tuner. Figs. 33 and
34 show a final example of a switchtype tuner. This tuner contains two

Fig. 31 shows another type of turret
unit in which the turret moves horizontally instead of rotating. Basically, this is the same as the unit we just
described in that the coils or tuning
circuits are movable. Unless the mechanical design prevents doing so, it
is possible to use tuners of this kind
with any standard circuit.
Push-Button Tuner. It is, of course,
possible to use astandard push-button
arrangement, as shown in Fig. 32.
Here, the desired inductances, along

Courtesy American Steel Package Co.

FIG. 33. A switch tuner in which variable-core tu aa i
ll g is used.
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sets of preselector and one set of oscillator coils; each set consists of two
coils, one for each band. The unit is
tuned by moving the coil cores in or
out in steps. The mechanical arrangement for tuning the unit consists of a
rotating drum fitted with adjustment
screws that bear on a plate. There
are twelve of these screws, one for
each channel. When the tuning shaft
is rotated, the drum turns, causing a
different screw to press against amovable plate C as shown in Fig. 34. The
position of C governs the height of an
insulated strip G to which the coil
cores H are fastened. A screwdriver

adjustment makes it possible to preset
the screws B for any given channel.
A trip mechanism is used to switch
coils for the high and low bands.

FIG. 34. The operating mechanism of
the tuner shown in Fig. 33.

Lesson Questions
Be sure to number your Answer Sheet 52R1I-2.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Which of the following sections of aTV set is supposed to minimize adjacent-channel interference: 1, the input tuner; or 2, the i.f. amplifier?
2. What makes it difficult for the input tuner of aTV set to have good image
rejection?
3. For minimum noise, should the resistances or impedances in the input circuit of an r.f. stage be: 1, /ow; or 2, high?
4. Why are some tubes (designed for f.m. and TV equipment) equipped with
two cathode leads?
5. Name two methods of preventing oscillation when triode tubes are used
as r.f. amplifiers.
6. What is the impedance between one outside terminal and agrounded center
tap on a transformer designed for a balanced 300-ohm transmission line?
7. Where would you expect to find a wave trap designed to eliminate interference from an f.m. station: 1, at the input of the r.f. stage; 2, between
the r.f. and converter stages; 3, in the i.f. amplifier?
8. Give two reasons why aseries-resonant i.f. trap is used in the grid circuit
of atriode TV converter.
9. Why is it frequently necessary to try several tubes when replacing the
oscillator tube in aTV set.
10. In step-tuner systems, what two methods are used to get the oscillator
adjusted exactly to the proper frequency?
Be sure to fill out a Lesson Label and send it along with your answers.
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"All men want to succeed. A few men want success so badly that they are willing to work for it."
Isn't it true that almost every fellow you know
success, wants more money, wants security?

wants

But how many of these men are willing to buckle
down and study—work—think—to get the good
things they want ?

You are one of those few men. You have proved
this fact by enrolling for the NRI course—by working to complete many of your Lessons. You are
taking the first and most important step toward
success.

NATIONAL RADIO INSTITUTE

STUDY SCHEDULE No. 53
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.
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The basic requirements of television i.f. and demodulator circuits and abrief
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Here you learn how i.f. circuits are arranged to give the response needed in
aTV set.

D 3. Typical Video I.F. Amplifiers

Pages 15-21

This section contains descriptions of the basic i.f. circuits and the various
ways in which i.f. circuits are coupled.

D 4. Video Detectors
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In this section, you learn how the output of the ii. amplifier is demodulated
to recover the video signal.
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A PREVIOUS

LESSON has shown
you how the television input tuner
selects the desired signal and, by the
heterodyne process, converts it to an
i.f. signal. Just as in asound receiver,
the video i.f. signal must now be
passed through an i.f. amplifier to a
demodulator (detector). We shall
study the operation of both these sections of aTV receiver in this Lesson,
starting with the video i.f. amplifier.
There are three things the video i.f.
amplifier must do:
1. It must amplify the video i.f.
signal. Most of the gain of aTV receiver is obtained from the i.f. amplifier, just as it is in sound receivers.
Naturally, this amplification must be
obtained over the band width that is
desired. This presents quite aproblem
at the TV frequencies.
2. It must próvide sufficient adjacent-channel selectivity. As we shall
see later, it is not easy to get the
response curve as sharp as is desired if
we use the tuning methods with which
we are familiar, because we have to
use such low Q values to get the de-

sired band width. In fact, it is necessary to use traps to get the selectivity
needed.
3. It must get rid of the sound signal if the sound is not supposed to go
through the video i.f. amplifier.
Sound and Picture Carriers. The
problem of the sound signal brings up
the important point that we have two
separate and distinct signals for each
television program. The video signal
is an amplitude modulation on one
carrier, and the accompanying sound
signal is a frequency modulation on
an entirely separate carrier. BotItsig.---nal frequencies for aparticular station
are located within the "channel" assigned to that station, and, as shown
in Fig. 1, the carrier frequencies are
4.5 me. apart. This figure shows the
arrangement of the signals for all
TV stations.
As you can see from this illustration, the transmitted picture carrier is
1.25 mc. from the lower edge of the
channel, and the sound carrier is 4.5
mc. higher in frequency, leaving about
.25 mc. between the sound carrier and

I

1

the upper end of the channel as a
"guard" band to reduce interference
with the channel next above.
In the converter, the local oscillator
beats with both the sound and the
video carriers and produces two entirely separate i.f. signals. Since the
local oscillator frequency is usually
above the incoming signal frequencies,
the normal arrangement of beating
produces apicture or video i.f. carrier
that has a higher frequency than the
sound carrier—just the opposite of
their relationship when they are transmitted. Channel 2, for example, extends from 54 to 60 mc. The picture
carrier at the transmitter is 55.25 me.,
and the sound carrier is 59.75 mc. (4.5

converter, from which point the sound
signal is fed directly to the sound i.f.
amplifier and the video signal is fed
to the video i.f. amplifier.
In other receivers, the sound signal
may accompany the video signal
through one or two of the video i.f.
stages. The purpose of using this
arrangement is to give the sound signal enough preliminary amplification
so that one or two less tubes may be
used in the sound i.f. amplifier. When
the sound signal is finally separated
from the video amplifier, the following video stages must reject the sound
signal as much as possible. (This is
also necessary in sets in which the
sound is not deliberately applied to

PICTURE

SIGNAL

4PAG.
4.51AG
61AG,

FIG. 1. This illustration shows the relative positions of the picture carrier and
the sound carrier within a 6-mc, television channel. The two carriers are in
these relative positions in all channels.

mc. higher). Let's say it is picked up
by a receiver that has an i.f. range of
about 21-26 mc., the oscillator of
which is set at, say, 81 mc. for reception of this band. The video i.f. carrier in this receiver is then 25.75 me.
(81 —55.25). The sound carrier frequency is 21.5 me. (81 —59.75). Thus,
the heterodyning process changes the
positions of the frequencies—the one
that was higher in the transmitted signal produces the lower i.f. signal.

the video i.f. amplifier.)

Unless the

sound
signalsi.f.
can
signal
get to
is rejected
the video
before
detector,
both
the two carrier frequencies will beat
against each other to produce a 4.5mc. signal. This 4.5-mc. beat sign-al—
will produce an undesirable fine overall dot or grain pattern in the picture
that will make it impossible to get the
maximum of picture detail. Also,
cross-modulation products may produce sound "bars" across the picture.
To prevent such effects from occurring, receivers that have a separate
sound i.f. amplifier that is tuned 4.5
mc. lower than the video i.f. use
sound-rejection traps in the video i.f.
amplifier beyond the point where the
sound signal is taken off.

Since we have two entirely separate
and distinct i.f. carriers at the output
of the converter, it is possible to treat
as independent signals. That is
just what is done in many television
receivers. The two i.f. carriers are
separated right at the output of the
2

Not all sets use this kind of sound
i.f. amplifier, however. Several use a
system known as intermodulation for
producing the sound signal. In this
system (which is used chiefly because
a few less tubes are needed in it than
are needed in other systems), both the
sound and the video signals are allowed to pass through the video i.f.
amplifier and into the video detector.
In the detector, the 4.5-mc. beat mentioned above is produced. This 4.5-mc.
signal constitutes an i.f. carrier, frequency modulated by both the amplitude modulation of the picture and
the frequency modulation of the sound.
To separate the sound from the picture signal, the modulated 4.5-mc. signal is passed through alimiter, which
wipes out the amplitude variations,
leaving the carrier frequency modulated by the sound. This signal is then
fed into a discriminator, which demodulates it and so furnishes the desired sound signal to the audio
amplifier.

that use a 7-inch picture tube, extremely high definition is not an absolute requirement, because a watcher
is not able to see fine detail in asmall
picture at normal viewing distances.
For this reason, some of these sets
have band widths of only about 3mc.)
As you will recall, amplitude modulation produces side bands on either
side of the carrier. If we use a4-mc.
modulation, therefore, we ought to
need aband width of 8mc. Obviously,
it is desirable to avoid using such a
band width, because it would be very
difficult to cover at the i.f. frequencies: we would have to use circuits
that were very low in Q—so low, in
fact, that we would get very little
gain from the i.f. amplifier. Let's see
how we are able to avoid using an
8-mc. band.
VESTIGIAL SIDE-BANDS
When a signal is amplitude modulated, the carrier frequency is mixed
with the modulating frequency in such
a manner that a sum frequency and
a difference frequency are produced
for each frequency in the modulating
signal. Let's suppose, for example,
that we have acarrier of 100 mc. and
that we are using a2-mc, modulating
signal. Two side frequencies will then
exist, one on either side of the carrier:
one will be 102 mc. (100 mc. plus 2
mc.), and the other will be 98 mc.
(100 mc. minus 2 mc.). Similarly,
other modulating frequencies will produce signals on either side of the
carrier.
Half of the modulating energy is
used to produce each of these side
frequencies: that is, one-half of the
modulating energy is in the upper
side band, and one-half is in the lower.
The modulation in each side band is
identical with that in the other; if
we cut off one of the side bands, therefore, the remaining one will contain

Traps are used in the video amplifier to remove the 4.5-mc, beat signal
from the picture signal. Traps are also
used in the video i.f. to reduce the
sound carrier so that it will be easier
to separate the sound and picture signals after the video detector.
For now, let's ignore the problems
of the sound signal (which we shall
study in another Lesson) and consider
the video i.f. signal by itself. Basically, the video i.f. signal is an i.f. carrier that is amplitude-modulated by
frequencies ranging from about 10
cycles to about 4 mc. In this modulation are both the picture signal and
the synchronizing impulses from the
transmitter. If the set is to have high
definition, the video i.f. must be capable of passing all these frequencies—
in other words, it must pass aband of
signals about 4 mc. wide. (In sets
3

all the information that was in the
original modulating signal. However,
we shall lose half of our power in the
process. This loss of power will produce some amplitude distortion; more
important, the loss will reduce the
signal strength and hence cut down
on the reception range.
To avoid this loss of power, it is
common to use double side-band
modulation in all cases where it can
be used. However, if there is a wide
band of signals to be passed, as in
television, or if the spectrum is very
crowded by signals, as in certain commercial services, it is standard practice to eliminate one of the side bands
(it doesn't matter which one) and to
supply more energy at the transmitter
to make up for the loss of signal. At
the receiver, the process of demodulation will reconstruct the modulation
signal from the remaining side band
and the carrier.
In television, however, there are two
reasons why we do not completely
suppress all of the side band we are
trying to get rid of. One is that we
should have to use extremely sharp
filter circuits in the transmitter. Remember, we must not get rid of the
carrier—it is vital that the carrier be
transmitted so that we can regain our
desired modulation. Therefore, if we
were going to remove one side band
completely, our filter would have to
remove frequencies within about 10
cycles of the carrier frequency but
not cut into the carrier or the desired
side band.
It is very difficult to make a filter
that will cut off as sharply as this.
Instead of attempting to do so, we use
a filter that cuts off more gradually,
thus taking out most but not all of the
undesired side band. This is called
partial suppression, since some of the
undesired side band is left intact.

Phase Shift. At the receiver, there
is another reason for not cutting off
the frequencies too sharply. When we
feed adouble side-band signal through
aresonant circuit, the carrier or resonant frequency undergoes no phase
shift, but frequencies above and below
the carrier do: frequencies on one side
of resonance are forced to lead the
carrier frequency, and those on the
other side are forced to lag the carrier.
The phase shift undergone by the
side-band frequencies increases rapidly with their displacement from the
carrier, reaching 90° at frequencies
very close to the carrier. The phase
shift of the frequencies displaced farther from the carrier remains relatively constant at about 90°.
These phase shifts are unimportant
when we have both side bands, because they cancel in the process of
detection. When we suppress one side
band, however, all the remaining sideband frequencies are on one side of
the carrier; as aresult, the phase shift
they undergo will not be automatically cancelled in the detector.
As you will learn later, the problem
of phase shift is particularly important in television, especially at the
lower modulation frequencies. Therefore, it is a good idea to let the lower
frequencies in the undesired side band
stay in the transmitted signal, because
their phase shifts will cancel those of
the equivalent frequencies in the desired side band when detection occurs.
The shift in the higher frequencies will
still be present, but that shift is not
as troublesome.
For these reasons, the filters at the
transmitter are designed to pass all
frequencies in the undesired side band
out to about .75 megacycles from the
carrier, then to introduce a gradual
suppression so that the undesired band
is completely cut off at about 1.25
megacycles from the picture carrier.
4

This is the relationship shown in Fig.
1, where the lower side band is the
one being suppressed.

(

Effectively, therefore, we have
double side-band transmission for frequencies within the range from about
10 cycles out to .75 mc. The amplitude of the lower side band is then
systematically reduced until it reaches
zero at 1.25 mc., beyond which point
we have only the upper side-band frequencies. This system has two advantages: it eliminates the phase shift
of the lower frequencies, and it makes
it possible to use a relatively simple
filter.

4

I.F. RESPONSE
We said earlier that transmitting
two side bands gives double the energy
that single side-band transmission
offers. Since vestigial side-band transmission is actually double side-band

125

4

4I1C.

I.7514C+1

FIG. 3. A receiver would have to have
an i.f. pass band of the width shown here
to pass both the desired side band and
the vestigial side band.

Since a part (a "vestige") of one
side band and all of the other are
transmitted, this system is known as
"vestigial" side-band transmission. If
we want to pass the signal in the form
shown in Fig. 1, we need to pass a
band only about 5 mc. wide instead
of having to pass the 8-mc, band that
would be needed if double side-band
transmission were used. However, as
we shall show, it's possible to get
along with a pass band only about 4
mc. wide.

.75

CARRIER

transmission as far as the low frequencies are concerned, the detector
output for low frequencies (up to .75
mc.) will be twice what it is for the
higher frequencies, as shown in Fig.
2, if the transmitted signal is not
modified before it is applied to the
detector. The output for frequencies
between .75 mc. and 1.25 mc. will
gradually roll off as the one side band
is suppressed; at frequencies above
1.25 me., the detector output will remain constant out to the modulation
limits around 4mc.
This increased detector output at
the lower frequencies can be permitted; we can correct for it easily by
making the low-frequency response of
the following video amplifier fall off
so that the over-all response will be
flat. However, if we were to pass all
the vestigial side band as well as all
the desired one, we would need an i.f.
pass band like that shown in Fig. 3.
In other words, we would need apass
band of about 4.75 to 5mc. (Remember that the "pass band" lies between
the points having 70% of the maximum response, not between the points
of zero response.)
Therefore, what is generally done is
to arrange the video i.f. response so
that the carrier frequency is on the
slope of the response, as shown in
Fig. 4. (Remember that the heterodyne process inverts the frequencies
so that the upper side band in the
transmitted signal is lower in frequency than the carrier in the i.f.
stages.) If the carrier frequency is
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MODULATING FREQUENCY
MEGACYCLES
FIG. 2. The heavy line shows what the
detector output would be if all the transmitted TV signal were applied to the
detector.
The output would be high
at the low frequencies because part of the
lower side band is transmitted.
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at a point where the i.f. response is
50% of the maximum response, and
the curve A-B-C has the proper slope,
the vestigial side band and the corresponding frequencies in the desired
side band will be gradually attenuated. As a result of this attenuation,
the low-frequency response will be no
greater than the high-frequency response if the curve is properly shaped,
though two side bands furnish
the low frequencies. The detector output will therefore be flat.

60% or 70% of the maximum instead
of at the 50% point.
The "standard" i.f. response shown
in Fig. 4is also subject to other variations. It is quite possible that there
may be peaks in the response to compensate for deficiencies in the input
tuner or in the video amplifier. Furthermore, in those sections of the
video i.f. amplifier that pass the sound
carrier as well, the response must be
broad enough to permit the sound
carrier to go through these stages. In
a set in which the intermodulation
system is used, the sound carrier is
passed through the entire i.f. amplifier; the band width of this amplifier
must therefore be greater than 4 mc.
in such aset.

When this system is used, the increased attenuation of the lower side
band means that the frequency at
which phase shift will be troublesome
will be somewhat lower than it would
be if the whole vestigial side band
were passed. However, it will still be

CARRIER
A

B

.

FIG. 4. Arranging the i.f. response so
that the picture carrier falls at the point
shown makes it possible to have a flat
detector output and to pass all the desired side band with an i.f. band width
of 4 mc.

high enough to make correction of the
phase shift arelatively simple matter.
The advantage of this system, aside
from the fact that it can be made to
give a flat detector output, is that it
permits all the frequencies in the
upper side band to be passed with an
i.f. band width of 4mc. (between the
points at which the output is at least
70% of the maximum).

VIDEO I.F. VALUES
There are several conflicting factors
that engineers have to consider when
they select the video i.f. carrier frequency.
The range within which the i.f.
frequency may lie is limited at its
upper end by the fact that the i.f.
must be below the lowest channel that
it is desired to tune to. The wide
range of modulating frequencies used
makes it impractical to have the i.f.
too low. As amatter of fact, the wide
frequency range makes it impossible
to get much gain at alow carrier frequency, because, as you know, the
band width of an i.f. stage is approxi-

If the carrier is placed nearer point
A on the A-B-C section of the curve
in Fig. 4, the low-frequency response
will be higher than it would be with
the carrier at point B. Some manufacturers secure greater low-frequency
response in this way, putting the carrier at a point where the response is
6

mately equal to the quotient of the
resonant frequency divided by the Q
in the circuit. If the resonant frequency is low, the Q must also be low
to create the band width necessary in
a video i.f. amplifier; and a circuit
having low Q has low gain also.
There is one other important factor
that affects the choice of the i.f. frequency. The i.f. band should not be
in a channel that is used extensively
in other radio communications fields;
if it is, undesired station signals at
any of the i.f. frequencies may ride
through the input tuner and cause
serious interference.
In early television receivers, low i.f.
values were used. The video i.f. carrier was about 13 mc. and the sound
i.f. carrier about 8.5 mc. These values
were used because it was extremely
difficult to obtain high gain àt higher
frequencies at that time. Recently,
however, wiring techniques have been
refined. In addition, miniature tubes
have been brought out that have very
high mutual conductances and relatively low interelectrode capacities;
these permit us to secure better L/C

ratios and hence higher load impedances for the same Q. All these improvements combine to make it possible to obtain reasonable gain at high
frequencies.
In the recent past, many manufacturers settled on frequencies somewhere in the range between 21 and 26
me. for the i.f. pass band. However,
image interference difficulties have
produced a movement at the present
time toward even higher frequencies,
because the use of these helps the preselector in its duty of getting rid of
image frequencies. (You will recall
that the image frequency is twice the
i.f. above the desired signal. The
higher the i.f., the further removed is
the image frequency from the desired
one, and hence the easier it is for the
preselector to tune it out.)
Some manufacturers are now using
i.f. frequencies in the region around
40 mc. In the future, more manufacturers may use i.f. frequencies this
high, or input tuners may be redesigned so that the image problem
can be solved with the present 21-26
mc. frequency range.

Getting the Desired Response
A little consideration will show you
that it is not practical to try to get
the "standard" response shown in Fig.
4with just aparallel resonant circuit.
First of all, the band width is so great
that even a heavily loaded singletuned circuit could not give the desired response. Furthermore, we must
use more parts than a single circuit
contains to get the rather peculiarly
shaped edges of the pass band shown
in Fig. 4.

video i.f. of about 25 mc. (which is
what most TV sets have to do) ,the Q
of a single tuned circuit would have
to be about 6. Rather heavy loading
would be needed to make the circuit
have so low aQ.
Although it is possible to load a
single circuit to this extent and thus
get a broad-band response, the gain
would be very low, and the curve
would not have as flat a top as we
want. If we were to add more stages
in cascade to increase the gain, the

Let's learn a little more about the
problem and then see what kinds of
circuits can be used to give us the
response we want.
PARALLEL RESONANT
CIRCUIT RESPONSE
By itself, aparallel-resonant circuit
like the one shown in Fig. 5A will have
a response something like curve 1 in
Fig. 5B. The height of the peak in the
response of this circuit depends on the
Q of the circuit: if the Q is high, the
peak will be too. If we load this circuit by connecting resistances in parallel with it, we can reduce the peak
and at the same time broaden the pass
band, producing aresponse curve that
is much like curve 2. You will recall
that the pass band is considered to be
between those points at which the output is about 70% of the peak value.
Thus, for response curve 1in Fig. 5B,
the pass band has a width approximately equal to the frequency range
between points A-A, whereas the band
for curve 2 has broadened out to the
frequency range between the points
B-B.

FIG. 5. Curve 1 in part B of this illustration represents the normal response of
the parallel resonant circuit in part A.
Curve 2 shows the effect produced on the
response by connecting resistors in parallel with the circuit.

As we increase the loading of the
circuit, the peak becomes lower, and
the pass band becomes wider. To produce a band width of 4 mc. with a
8

response would become more peaked
again, and the pass band would become narrower. If, for example, curve
1 in Fig. 6 represents the response
of a single stage, curve 2 shows the
response that two identical stages
would have in cascade, and curve 3
shows the response that three stages
would have. Obviously, each of these
curves is far from having the ideal
shape shown in Fig. 4, so there is no
combination of parallel resonant circuits all tuned to the same frequency
that will give us the response we want.

However, it is possible to get the
response needed if we stagger-tune
parallel resonant circuits. In fact, that
is the most commonly used way of
producing the desired i.f. response.
STAGGER TUNING '.iIn astagger-tuned system, CfDroad
•
pass band and high gain are secured
by connecting several resonant circuits

FIG. 6. These curves show the effect of
connecting parallel resonant circuits in
cascade. Curve 1 shows the response of
a single stage, curve 2 shows that of two
stages in cascade, and curve 3 shows
that of three stages in cascade.

in cascade and tuning each circuit to
adifferent frequency. Fig. 7shows an
example of the response that can be
secured in this way. If the various
tuned stages in the i.f. amplifier are
each tuned to different frequencies as
indicated in this figure by the curves
a, b, c, d, and e, and each stage has
the response characteristic indicated
(this can be obtained by using the
right coupling and loading), the overall i.f. response characteristic will have
the shape shown by the dotted line.
This system is called stagger tuning
because the various i.f. stages are not
all tuned to the same frequency but to
frequencies that are staggered within
the pass band desired. Of course,
careful engineering is necessary to get
the original responses of the several
stages to fit together properly, and it
is important to choose the proper
loading. Some stages have rather high
Q values and hence high gain; others
(such as the one having the response

shown by curve C) have very low Q
and low gain but are nevertheless
important because they fill in the
over-all response to produce the desired flat-topped characteristic.
This is one of the more popular i.f.
systems and offers several advantages
over other types. First, since each
stage is tuned to adifferent frequency,
such an amplifier system is remarkably free from oscillation. This means
that very little shielding is required.
Second, since the over-all response
characteristic depends upon the combined effects of several stages, it is
relatively easy to vary the over-all
response characteristic to obtain the
best possible response by varying the
responses of individual stages.
Another important advantage of
this kind of i.f. section is that it can

FIG. 7. If the stages in a five-stage i.f.
amplifier are stagger-tuned and made to
have the responses shown by the solid
lines, the overall response of the amplifier will have the form shown by the
dashed-line curve.

be aligned by using an ordinary signal
generator and a multimeter. This is
possible because it is necessary only
to peak the various i.f. stages at their
particular frequencies, which are given
in the manufacturer's instructions, to
get the desired over-all response characteristic.

There are some disadvantages to
the stagger-tuning system, but they
are far out-weighed by the advantages.
One disadvantage is that the over-all
i.f. response will change as the gain of
the individual stages is changed. As
an example, if the gain of one or more
of the i.f. stages should be changed by
varying the bias on the stage (either
by means of a.g.c. voltage or by means
of the contrast control), the over-all
response characteristic may change.
Such a bias change will change the
plate resistance and thus the loading;
it may also detune the circuit, because
the input capacity of a tube changes
with its mu. Of course, the change in
capacity will be small if pentode tubes
are used. The change in loading will
be relatively small, also, because the
loading in a stage generally depends
more on the loading resistors used
than on the plate resistance of the
tube in the stage. Nevertheless, it is
necessary to align these circuits with
the recommended bias applied, and
some variations in response can be
expected when any change occurs in
the bias.

ohmic value of this resistor may be
different in each stage, since different
amounts of loading may be required
for each.
In some receivers, the coil is wound
of resistance wire, an arrangement
that puts resistance directly in the
resonant circuit. Just a few ohms
here can be as effective as several
thousand in the position occupied by
R„ If this method of loading is used,
each coil must be specifically designed
for the particular response wanted;
therefore, it is not as easy to change
the response of this circuit as it is to
change that of the circuit in which
the grid resistor acts as the load. (In
the latter circuit, changing the resistance of the grid resistor will change
the response.) However, circuit requirements may make the resistive
coil winding desirable. You should not,
therefore, assume that there is no
loading if R, has ahigh resistance.
CI

VT1

El+

A practical example of the basic circuit that is used in a stagger-tuned
video i.f. amplifier is shown in Fig. 8.
Here we show part of one i.f. amplifier
stage. The tuned circuit is made up
of coil L„ and the capacity is represented by e, (which is not acondenser
but is a capacity that comprises the
distributed capacity, of the coil, the
tube interelectrode capacities, and the
capacities between the various components and the chassis). The circuit
can be tuned to resonance by adjusting the powdered-iron core of L, and
so changing the inductance of the coil.
The load
principally
which also
turn path

VT

...L

04-+

FIG. 8. The basic circuit of one stage of .
a stagger-tuned video i.f. amplifier. The
other stages are similar.

The response of astagger-tuned i.f.
section is much more like that we
want, but, as we shall show in amoment, it is necessary to add wave
traps to the circuit to produce the
exact response needed.
\-Y
BAND-PASS COUPLLNG

for the VT, stage consists
of the grid resistor R„
serves as the d.c. grid refor the VT, stage. The

A basic band-pass coupling circuit
used in TV sets is shown in Fig. 9A. It
is much like those used in sound i.f.
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we can get the very wide doublepeaked response of curve 4, which has
asharp valley in the center. By loading the resonant circuits (using resistors across both the primary and
secondary windings), the peaks are
5
reduced to the values shown by the
dotted lines, thus producing an over-_-----all response that is relatively flat.

amplifiers except that the coupling is
far tighter. As you have learned, the
response of such a circuit depends
upon the coupling. Thus, curve 1 of
Fig. 9B shows the over-all response
that might be obtained with loose

Such band-pass circuits may be connected in cascade to get greater gain. 1, ,
If they are overcoupled (curve 4),...,:„-...-they may be tuned to the same frequency; if the coupling is less extreme,
they may be stagger-tuned just as
parallel resonant circuits are.
WAVE TRAPS

t.,

By themselves, neither the staggertuned parallel-resonant circuits nor
the overcoupled band-pass circuits will
give sufficient adjacent-channel selectivity and reject the accompanying
sound signal if such rejection is
wanted. The trouble is that the slopes

1
r

FIG. 9. Part B of this figure shows the
effect of varying the coupling in the
band-pass circuit shown in Part A. Curve
1 shows the response with loose coupling,
curve 4 shows the response with extremely tight coupling, and the others
show the response with intermediate
couplings. The dashed-line curve shows
the response that can be gotten by modifying curve 4 by adding resistance to
each tuned circuit.

coupling. Curve 2shows the effect of
somewhat closer coupling—as the coupling is increased, the output will increase (up to a certain maximum)
and the over-all response characteristic will tend to broaden.
With close coupling (or "tight"
coupling), we may get the over-all response characteristic shown by curve
3. This has a double-peak response,
and its over-all band width is much
greater.

FIG. 10. As you can see, the response of
a stagger-tuned system (shown by the
dashed lines) is so broad that it accepts
part of each adjacent channel.

of the "skirts" of the response are
bound to be too gradual when the pass
band is so broad. Fig. 10 compares
the response of a stagger-tuned system (dotted lines) to the response
that areceiver must have (solid lines)
if the sound signal is to be led to a
sound i.f. amplifier right after the .

Finally, at an extreme of coupling,
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divider with the grid impedance.) As
a result, only a negligible voltage at
the trap frequency is applied to the
grid of the next stage.
Most trap circuits are very sharply
tuned, since they are designed to reject either one particular frequency
or, at the most, avery narrow band of
frequencies. For this reason, L1-C,
has a high Q and is not shunted with
aresistance.
FIG. 11. The parallel resonant circuit
Li-C1 is called a series trap because it is
placed in series with the signal path.

converter, and the adjacent carriers
are to be rejected.
The steep skirts needed to produce
the latter response can be obtained by
using trap circuits—high-Q resonant
circuits that are tuned to the undesired frequencies. Any of the traps to
be described may be used either as a
sound trap or as an adjacent-channel
trap. Therefore, we shall first discuss
the electrical characteristics of
the trap, remembering that it might be
used in any one of several ways: as an
adjacent channel trap (either above
or below the i.f.), as asound i.f. trap,
or simply as a "shaping" trap, tuned
so as to aid in shaping the over-all
response curve. We shall cover these
applications later.
Series Traps. The series trap is
shown in Fig. 11. Basically, it consists of a parallel-resonant circuit,
L1-0 1,that is placed in series between
two if. tubes and is tuned to the frequency to be rejected. When asignal
having the frequency to which the
trap is tuned is applied to this circuit,
the impedance offered by Li-C, is so
high in comparison to the grid-toground impedance of VT2 that the
trap absorbs most of the undesired
signal voltage. (It acts as a voltage
12

At all other frequencies, of course,
the tuned circuit (L 1-0 1) will offer
very low impedance in comparison to
the grid circuit and will allow the
signals to pass and be applied to the
grid of the next stage.
Absorption Traps. Another popular kind of trap circuit is the absorption trap (1, 1-C,) shown in Fig. 12.

e
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FIG. 12. Two forms of absorption trap.
The one in part A of this figure is inductively coupled to the circuit; the one
in part B is capacitively coupled to it.

cathode circuit of an amplifier stage
to provide degeneration at the trap
frequency and thus to reduce the gain
of the stage, effectively rejecting the
signal. This arrangement is illustrated
in Fig. 13.
The trap circuit consists of L, and
C1. At its resonant frequency, this
circuit has a very high impedance;
therefore, avery high voltage will be
developed across it at this frequency.
The voltage developed across the
cathode trap at its resonant frequency
is applied to the grid-cathode circuit

This tuned circuit may be inductively
coupled to atuned circuit in the amplifier, as shown in Fig. 12A, or may
be capacitively coupled, as shown in
Fig. 12B. In either case, the operation
is the same. At the resonant frequency of the trap circuit, it acts as
aheavy load on the amplifier, absorbing the signal.
For example, at the resonant frequency of the tank circuit Li-C 2 in
Fig. 12A, a high circulating current
develops in the trap. This effectively
loads the tuned circuit L2-0 2,causing

FIG. 13. This shows two ways in which a trap may be used
in the cathode circuit of an amplifier stage. In each case,
the trap creates degeneration at its resonant frequency and
thus effectively rejects a signal of that frequency.

it to act as aload having an extremely
low Q. As a result, the stage has
practically no gain at the undesired
frequency. The series trap L1-C, in
Fig. 12B is practically ashort circuit
across the load for the frequency to
which it is resonant, so it, too, reduces
the stage gain at this frequency.
The trap circuit may be tuned either
by avariable inductance, as shown in
Fig. 11, or by avariable trimmer condenser, as shown in Fig. 12A.
Cathode Traps.
Occasionally a
tuned trap circuit is inserted in the

in such a way that it is 180° out of
phase with any applied signal of the
same frequency; thus, for this applied
signal, degeneration is produced, and
little or no gain is obtained from the
stage. At other frequencies, the tank
is non-resonant and produces little
degeneration.
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A cathode trap is not always connected to the cathode circuit directly.
Sometimes it is coupled to a coil in
the cathode circuit, as shown in Fig.
13B; its effect when it is used in this

way is the same as that of the trap
in Fig. 13A.
TRAP APPLICATIONS
As many as four or five individual
traps may be used in a particular i.f.
amplifier—perhaps as many as two
traps in a single stage. Several traps
may be tuned to the same frequency
to get better rejection of signals at
that frequency.
When you are aligning the i.f. stages
in a television receiver, you must adjust the trap circuits as well as the
individual tuned circuits. In fact, in
certain television sets that have
broad-band stages, the trap circuits
may be the only circuits you can
adjust.
Now that we have discussed the
various trap circuits as far as electrical characteristics are concerned,
let us see how the trap circuits are
used. There are two primary uses to
which trap circuits are put: sound i.f.
traps and adjacent-channel traps.
Sound Traps. Sound-trap circuits
are placed in the i.f. amplifier to reject
the sound i.f. signal so as to prevent
this signal from beating with the video
i.f. in the second detector stage. Therefore, these traps are tuned to the
sound i.f. and have high Q values.
Also, the sound trap may serve as the
source of signal for the sound i.f.
section, as we will show.

Adjacent-Channel Traps. If you
look back at Fig. 10, you will see that
the skirts of the normal response
curve (dotted lines) of a channel are
broad enough to permit the sound
carrier of one adjacent channel and
the picture carrier of the other to be
passed. By using traps tuned to these
frequencies, however, we can cause
dips in the response curve at these
unwanted carrier frequencies and thus
get the final over-all response curve
shown by the solid curve in Fig. 10.
Notice that the response to the signals
produced by the adjacent channel carriers is now so low that they cannot
cause interference. A dip or "notch"
in the response curve is put in at the
proper frequency by each of the traps.
The solid-line curve in Fig. 10 represents the response we want for a
receiver in which aseparate sound i.f.
channel is used. Therefore, there is a
notch caused by a sound i.f. trap in
this curve. The curve for a set in
which the sound carrier is supposed
to go through the video i.f. would not
have as deep anotch at the sound i.f.
frequency. A trap would probably
still be used to reduce the response at
this frequency, however, to reduce the
strength of the 4.5-mc. beat to such
a level that the traps in the video
stages could remove it.
Now that we have studied the basic
i.f. circuits, let's go on to complete
amplifiers.
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Typical Video I.F. Amplifiers
Since the video i.f. amplifier section
of the television receiver contributes
most of the gain for the video channel,
it is customary to use tubes that give
as much gain as can be secured. Tubes
with a high transconductance (Gm)
are used, because the gain is directly
proportional to the Gm of the tube in
a pentode amplifier. The miniature
tubes used in modern receivers generally have low interelectrode capacities as well.
Since it is customary to vary the
gain of the video i.f. amplifier either
by a contrast control or by an a.g.c.
circuit, tubes with remote cut-off
or variable-mu characteristics are
needed. Instead, however, tubes that
normally have sharp cut-offs are used,
because only the sharp cut-off types
can be made to have very high mutual
conductance. The variable-mu characteristic causes aloss in Gm because
not all the grid is usable at any one
voltage.
Fortunately, a sharp cut-off pentode tube can be made to act as if it
had something of a remote cut-off
characteristic if a series resistor is
used in its screen-grid circuit. If the
/"'proper resistor is used, the d.c. voltage on the screen grid will vary with
the bias on the control grid in such a
way that, as the bias is increased, the
screen current will drop, allowing the
screen voltage to rise and partly counteract the bias change. This arrangement makes bias control reasonably
effective even on sharp cut-off tubes.
Number of Stages. The number of
i.f. stages needed depends on whether
the receiver is intended only for areas
having high signal levels or is designed
for "fringe" areas where weaker signals are the rule. It takes a signal

voltage of 40 to 60 volts to operate
the average picture tube. The usual
video amplifier (the section between
the video detector and the picture
tube) has a gain somewhere between
20 and 50, so the detector output must
be from 1to 2volts to make the video
amplifier output large enough to operate the picture tube.
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The weakest input signal from
which the set can produce a picture
must be at least slightly above the
noise level, which ranges from 50 to
100 microvolts on the average. Hence,
a signal about 100 microvolts is the
weakest that can be successfully applied to a set; reception is impossible
in an area in which the signal level is
lower than this, unless the noise level
is exceptionally low. In strong signal
areas, the signal strength may be 5000
microvolts or more.
Let's assume we are studying a set
that is designed to produce a usable
picture from a 100-microvolt signal.
Let's say the input tuner has an overall (r.f. plus conversion) gain of 10.
The tuner output from a 100-microvolt signal will then be 1000 microvolts. The i.f. amplifier must raise
this to perhaps 2,000,000 microvolts
(2 volts), so the gain needed may be
2,000,000
1000, or 2000. Three
stages with gains of about 13 each
would give more than this if each
amplified all frequencies equally well.
However, with stagger tuning, not all
stages have the same gain at any one
frequency in the pass band. One stage
may have a gain of 30 to 50 for a
particular frequency, but the other
stages may have very low gains for
that frequency and high ones for
others. As aresult, it is usually neces-

sary to have four i.f. stages to produce
sufficient amplification of all frequencies in a100-microvolt signal.
If the set is intended for use in an
area where the signals are always
considerably stronger than 100 microvolts, or if its pass band is restricted
enough to permit the gain of each
stage to be at least relatively high for
all frequencies, only three video i.f.
stages may be necessary.
Now let's turn to typical video i.f.
amplifiers. You can expect to find
either band-pass or stagger tuning
used as the basic method of getting
apass band of sufficient width; stagger
tuning is used in by far the majority
of circuits. A number of traps will be
found, arranged to cut out adjacent
channel signals sharply and usually to
cut down or to eliminate the accompanying sound signal.
The couplings between stages may
be transformer, complex, or impedance coupling, or a combination of
these. Let's study examples of each
in video i.f. circuits.
TRANSFORMER COUPLING
Fig. 14 shows two stages of avideo
i.f. amplifier that uses transformer
coupling. A number of signals are
present in the plate circuit of the
mixer stage VT i,including the video
and sound i.f.'s. These two signals are
selected by tuned circuit L1-C„ which
is broadly tuned and low in Q. The
selected signals are inductively transferred to the secondary circuit 14 2-C 3,
which, in turn, is loaded by resistor
R, so that it has abroadly tuned characteristic. The signal is coupled to the
grid of the first amplifier through
condenser C ; resistor R3 serves as the

:n
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FIG. 14. This is part of the schematic
diagram of the video if. amplifier of an
actual set in which transformer coupling
is used between the stages.
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to this stage. (This is not auniversal
practice: a.g.c. may be applied to any
or all of the stages in a video i.f.
amplifier.)
Tuned circuit L,-C,,, inductively
coupled to the plate tuned circuit LE
,C„,
is
used
to
supply
the
signal
to
the
Amplifier tube VT, may be either a
next stage.
remote-cut-off tube (since we are apWe see that the distinguishing feaplying a variable bias through R3)
ture of a transformer-coupled video
or a sharp-cut-off tube that exhibits
if. amplifier is the fact that the difremote-cut-off characteristics because
ferent stages are inductively coupled
of the presence of the series screen
resistor R5. Condenser C. acts as a —that is, there is actually a primary
and a secondary winding on each i.f.
screen by-pass condenser. The mini"transformer." We make this distincmum bias for the stage (to which the
tion because the single-tuned circuits
a.g.c. voltage is added) is provided
used in the impedance-coupled i.f. amby R., which is by-passed by conplifier are often called "transformers"
denser C. so that there will be no
even
though there are no specific pridegeneration caused by the presence
mary and secondary circuits.
of an i.f. voltage across R..
grid return resistor for this stage and
may be connected to the a.g.c. bias
voltage source.
The R,-C, combination serves as
the decoupling filter for the B supply
of the mixer stage.

Tuned circuit L3-C, is in the plate
circuit of VT,; it may be tuned to a
different frequency from L1-C, to provide stagger tuning, or it may be
tuned to the same frequency if this is
a band-pass circuit. Since the schematic will look the same for either
case, you will have to consult the
service manual on such a set to see
which arrangement is being used.
The signal present across L3-C, is
coupled both to the trap L.-C 3,which
is tuned to the audio i.f., and to L5-C,,,
which is tuned either to some other
frequency within the video pass band
or to the same frequency as L3-C,.
Resistor R, loads the L5-C 9 circuit.
Notice that the sound trap L.-C 3
serves two purposes. First, it reduces
the sound carrier signal strength by
absorbing energy and loading the primary. Also, since it has a maximum
sound signal across it, the circuit acts
as a signal source for the sound i.f.
amplifier.
Tube VT 3 operates in much the
same manner as tube VT,. The chief
difference is that a.g.c. is not applied
17

COMPLEX COUPLING
Fig. 15 shows an example of "complex" coupling. Here, the sound i.f.
signal is developed across resonant
circuit
which is tuned to the
sound carrier. Hence, this circuit acts
both as asound trap and as acoupling
method. Notice that here we tap off
the sound signal from the mixer plate
circuit rather than from the plate circuit of the first video amplifier as we
did in Fig. 14.
A tuned circuit consisting of inductances L, and L, in series, tuned by
the distributed capacities in the circuit (including the plate-cathode capacity in the mixer tube) and loaded
by resistor lt, broadly tunes to the
video i.f. or to somewhere within the
video i.f. pass band. Condenser C„
which is practically ashort circuit as
far as r.f. is concerned, acts in conjunction with R2 as adecoupling network for the B supply voltage to the
mixer stage.
Another tuned circuit is made up
of L2,L„ and the distributed capacities in the circuit, including the grid-

cathode capacity of VT, and distributed wiring capacities. Condenser C,
acts simply as a blocking condenser
to prevent the B voltage from being
applied to the grid of VT,.
Notice that both tuned circuits contain L,; the "primary" consists of
L1-L, plus certain capacities, and the
"secondary" consists of L,-L, and
other capacities. Hence, this is one
form of band-pass coupling. However,
whether we have astagger-tuned or a
band-pass response depends on the actual coupling. If the inductance of L,
is quite large, the circuit is probably
overcoupled, which means that it has
a band-pass response; otherwise, the
coupling is low, and stagger tuning
can be expected.
You can see one difference between
this circuit and the circuit previously
described—in the previous circuit,
each stage was tuned by variable condensers. Here, we use variable inductances. The inductances can be made
variable simply by providing each
with a small powdered-iron core rod
that can be screwed in or out of the
coil. As the core is moved inward,
the inductance increases.
Bias is provided for VT, and VT,
by a combination of methods. First,
the cathode resistor R, provides a
fixed minimum bias for VT,. R1,
serves the same function for VT,. An
additional bias is supplied from a
"bias" source across the R6-11, network through R4-R3 to VT, and
through R10 -L, to VT,. The resistorcondenser combination Re C, serves
simply as a decoupling filter and corresponds to the combination Rio -C„
f
or VT,.
The bias voltage is provided either
from afixed source (such as ableeder
FIG. 15. This figure illustrates the use
of complex coupling between the stages
of the video i.f. amplifier.
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resistor in the low-voltage power supply) or from a combination of afixed
source and a.g.c. The bias voltage
appears across resistor R5.This resistor is apotentiometer, so any portion
of the available bias voltage can be
applied to the tubes by setting the
position of the slider properly. This
arrangement allows the bias of these
two stages to be adjusted so that the
gain can be controlled. Thus, resistor
R, serves as an i.f. gain control or a
contrast control. As the slider is moved
toward the right-hand side of the resistor, the bias voltage will increase,
and the gain provided by stages VT,
and VT, will decrease.
Notice that R, and R„ are not bypassed. By not by-passing these resistors, the designer has introduced a
certain amount of degeneration. This
tends to stabilize the stages and to
make the tube characteristics a less
critical factor in the operation of the
stages. In other words, if one of the
tubes goes bad and is replaced by a
tube that is of the same type but has
slightly different characteristics, retuning will either not be necessary or
not be difficult. Also, because of the
"leveling-off" effect of the un -bypassed cathode resistor, the tube replacement will cause no great change
of gain as far as the particular stage
is concerned.
Screen-grid voltage for VT, is provided through Rs;condenser Cs serves
as the screen by-pass. Similar functions are performed for VT, by R„
and 010, and for VT, by R.,„ and 015.
These tubes may be remote-cut-off
tubes; alternatively, they may be
sharp-cut-off tubes with Rs and Ris
chosen so that the tubes exhibit remote-cut-off characteristics.
In the plate circuit of VT„ we have
a tuned circuit consisting of variable
inductance L, plus distributed capaci-

ties, including the interelectrode capacities of VT,. The signal appearing
across this circuit is applied through
coupling condenser Cs to aseries trap
Ls-C„, and to a resonant circuit consisting of L, and the distributed capacities in the circuit.
The series trap Ls-C 1s is tuned to
the sound i.f. and offers a very high
impedance to this frequency; therefore, most of the sound i.f. present
across L, will be dropped across the
trap and not applied to L,. At frequencies other than the one to which
it is resonant, the trap Ls-C 1s will act
simply as either an inductance or a
capacity having comparatively low
impedance. Thus, the trap will offer
little or no opposition as far as the
picture i.f. is concerned, so most of the
picture i.f. will appear across L, and
be applied to the grid of the tube. Resistor R„ serves as a loading resistor
to broaden the response of the L,
tuned circuit.
The coupling network between VT,
and VT, is quite similar to the coupling network between the plate of the
mixer and the grid of VT,. Therefore,
we shall not discuss it in detail.
A variable bias voltage is not applied to VT,. Because of this fact,
the cathode resistor R„ is somewhat
larger than R, or R„. You will recall
that R, and R,, are not by-passed because it is desirable to have a certain
amount of degeneration in the VT,
and VT, stages. Because R,, has a
relatively high resistance, however,
too much degeneration would be produced if it were not by-passed. Therefore, the by-pass condenser C, is
used in the cathode circuit of VT,.
A complex coupling network is not
used to couple the plate of VT, to the
detector stage. Instead, the coupling
is furnished by asimple tuned circuit
made up of L„ and the distributed
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IMPEDANCE COUPLING
One of the most popular types of
i.f. amplifier circuits is shown in Fig.
16. A four-stage amplifier is shown
here, but the same type of circuit may
be used as a three-stage amplifier.
This circuit is atypical stagger-tuned,
impedance-coupled i.f. amplifier. It
provides good gain, good band width,
and is remarkably free from any tendency to oscillate.
The plate circuit of the mixer stage
is tuned by L, and the distributed
capacities in the circuit.
The signal present across L, is
coupled through condenser C, to the
grid of amplifier tube VT,. Resistor
R, serves as a grid d.c. return path.
A bias voltage is also applied to the
grid of VT, through R, Similarly, a
bias voltage is also applied to the control grids of VT, and VT2 through
their respective grid resistors—R, for
VT, and R12 for VT2.
A trap circuit consisting of variable
inductance L2 and fixed condenser 0, 2
is coupled to coil L, in the plate circuit of the mixer. This absorption trap
circuit is tuned to the sound i.f., and
atap is provided on it from which the
sound i.f. is obtained.
The tuned circuit acting as the plate
load of VT, consists of inductance
coil L2 and the distributed capacities.
These distributed capacities include
not only the capacities between the
wiring and the chassis but also the
plate-cathode capacity of VT, and the
grid-cathode capacity of VT,. The
signal across L2 is applied to the grid
of VT, through blocking condenser C2.
FIG. 16. The schematic diagram of a
typical stagger-tuned video i.f. amplifier
in which impedance coupling is used
between the stages.

o
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A resistive load is also used in the
plate circuit of the last video i.f. amplifier stage. The final tuned circuit
consists of coil L10 and the various
distributed capacities. This last tuned
circuit is loaded quite heavily, since
it feeds the video detector; therefore,
it will have the broadest response of
all.

Coupled to L, is an absorption trap
L,-C„. This may be tuned to an
adjacent-channel sound carrier, for
example, in which case it will serve to
reject signals of this frequency.
Coil L, in the plate circuit of VT,
also has an absorption type trap L,C„ coupled to it. This trap circuit
may be tuned to an adjacent-channel
picture carrier.

Notice that all the tuning in this
amplifier circuit is furnished by variable inductances. This is quite common practice at high frequencies, since
it permits higher L/C ratios (the only
capacities are the distributed ones, so
the minimum possible capacity is
present; this permits ahigher L value
to be used).

Notice that the plates and screens
of the tubes are operated at approximately the same B voltage in this
amplifier circuit. This is fairly common practice when a comparatively
low plate voltage is used (around 125
volts).
. The plate circuit of tube VT, is
different from those of the previous
stages: a resistive load is used here.
The tuned circuit, which consists of
coil L, tuned by the distributed capacities, is placed in the grid of the
next stage.
Because there is a resistor used as
the load in the plate circuit, the plate
voltage of VT, will be somewhat lower
than the plate voltages applied to the
tubes in the previous stages; as a
result, not quite as much gain can be
expected from this stage. The tuned
circuit will also be rather heavily
loaded, since the plate resistor will
normally be fairly low in resistance—
lower, at least, than the grid resistors
that load the previous stages. For this
reason, the response curve of this stage
will not be as sharply tuned as those
of the others discussed, nor will quite
as much gain be obtained.
A coil is provided in the cathode circuit of VT, to which atuned absorption trap L,-C„ is coupled. This trap
circuit may be tuned to the sound i.f.
and thus may serve to provide additional rejection of this signal.

In the stages having avariable bias
supply, small un-by-passed cathode
resistors furnish a small initial bias
and provide some degeneration. The
only bias on VT, is furnished by the
cathode resistor R,..„ which is bypassed. Each plate supply lead is decoupled by R-C filters.
You will notice that none of the i.f.
tuned circuits we have discussed has
been shown as being shielded. Sometimes the i.f. transformers (or coils)
are left completely unshielded in aTV
set. This is particularly true of
stagger-tuned i.f. amplifiers, because
there is little or no danger of oscillation between adjacent stages. When
the stages are tuned to different frequencies, there is practically no feedback between stages that has sufficient
amplitude and the correct phase (at a
specific frequency) to cause oscillation. Thus, shielding is not always
necessary.
In other sets, you may find that
two or more of the i.f. tuned circuits
are shielded but that the others are
not shielded. In still other sets, every
il coil will be shielded.
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Video Detectors
Once the video signal has been built
up by the video i.f. amplifier, it must
be passed through a detector (demodulator) if we are to regain the
modulation. In this case, the modulation consists of the picture components plus synchronizing and blanking
pulses. This intelligence is amplitudemodulated upon the picture carrier, so
a basic rectifier type of detector will
serve to demodulate the signal.
The only requirements made of the
video demodulator that the detector
of an a.m. radio broadcast set does
not have to meet are that the polarity
of its output must be considered and
that more care must be taken to prevent loss of the high-frequency components of the signal. We shall investigate both of these requirements after
we see how the circuit works basically.
THE LE. SIGNAL
The modulated i.f. carrier that is
fed into the video detector is asignal
of varying amplitude like that shown
in Fig. 17A. The "envelope" of this
signal represents the modulation. The
partial suppression of one side band
has served only to reduce the amplitude of the modulation; this has produced a certain amount of amplitude
distortion by compressing the range
between white and black signals, but
since the eye is a very poor judge of
the amount of light and of relative
changes in light intensities, even fairly
large amounts of amplitude distortion
can be tolerated. Therefore, if the previous circuits have not introduced frequency distortion and phase delay, our
signal will be entirely satisfactory.
It is standard practice in the United
States to use "negative" modulation
22

of the picture carrier: that is, the
brighter the image, the less amplitude
of the radiated signal. (The British
system is exactly the reverse.) The
maximum level is reached by the synchronizing pulses; the "black" level is
the blanking pedestal height, which is
about 75% of the maximum amplitude; and the "white" level is at about
15% of the peak level reached by the
synchronizing pulses.
This is, of
course, the opposite of the method
used in a.m. radio broadcasting, in
which the loudest sound (corresponding to the greatest light intensity)
produces the highest modulation peak;
that is why this system is called negative modulation.
As you have learned, this method
of modulation is used because it produces the most reliable synchronization. Since the synchronizing pulses
are transmitted at the maximum amplitude, synchronization can often be
maintained even if there is fairly
heavy interference. Further, any noise
or other interference that increases
the signal amplitude will drive the
picture tube dark instead of appearing as abright flash.
To remove the modulation, it is
only necessary to rectify the signal
shown in Fig. 17A as shown in Fig.
18A and then to by-pass the highfrequency i.f. pulses to obtain asignal
that follows the pattern of the modulation envelope. Thus, a video detector operates in exactly the same manner as the second detector used in an
a.m. sound receiver. This is to be
expected, of course, since the video
signal is simply an amplitude-modulated signal.
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Fig. 18 shows two ways of connecting adiode to an i.f. source Li-C i.It
is important to choose the proper
method of connection, because the
polarity of the output depends upon
the one we choose, and, as we shall
see in a moment, this polarity must
be the right one for the particular set
in which the detector is used.
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In either case, we apply the signal
shown in Fig. 17A to the demodulator
circuit. The arrangement of the circuit in Fig. 18B is such that current
can flow only when point 1 on Li is
positive with respect to point 2, since
the diode plate is then positive. Therefore, the negative alternations of each
cycle are rejected, and only the positive swings pass. This gives us the
output shown in Fig. 17B. Since the
synchronizing pulses reach the maximum in the positive direction, and
the brightest portion of the picture is
the least positive point in the intelligence signal, the rectified voltage produced across R, has anegative picture
phase. This means that the signal
swings in the negative direction for
increases in brightness.
If we invert the diode, as shown in
Fig. 18C, conduction can occur only
when point 1 is negative. Therefore,
this arrangement rejects the positive
swings of the signal in Fig. 17A and
causes the output voltage developed
across R, to have the form pictured
in Fig. 170. Now, the brighter the
picture, the more positive (or, rather,
the less negative) the signal; there-

o

FIG. 17. Part A of this figure represents
the modulated i.f. carrier that is fed
into the video detector. Part B shows
the form of the modulation if the detector is arranged to produce a negative
picture phase. Part C shows the form of
the modulation if the detector is arranged
to produce a positive picture phase.
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fore, the lt, voltage has a positive
picture phase.
This phase is important to us because it is necessary to feed the signal
to the picture tube in such away that
the number of electrons in the beam
will be increased when the scene calls
for a brighter element. Hence, a signal that is applied to the grid of the
picture tube must have a positive
phase so that the grid will go more
positive for increases in brightness.

Swings in the negative direction will
then reduce the number of electrons
in the beam and produce darker spots.
The television signal at the video
detector is not sufficiently strong for
direct application to the picture tube.
This means that there must be a"lowfrequency" amplifier (called the video
amplifier) between the detector and
the picture tube to raise the one- or
two-volt output of the detector to the
40- to 60-volt signal that is needed
to operate the picture tube. Each video
amplifier stage reverses the picture
phase 180°, so if we feed in asignal of
positive phase to a one-stage amplifier, we will get out a negative one,
and vice versa.
Now, if we are going to feed the
signal to the grid of the picture tube,
and if only one stage of video amplification is needed, the second detector
must be connected to give a negative
picture phase. The one stage of amplification will then cause a 180° reversal in the signal, and we will have
apositive picture phase when the signal is applied to the grid of the cathode ray tube.
If two stages of video amplification
are used, on the other hand, the video
detector must be connected to give a
positive picture phase. In fact, we can
make the general statement that if
one or three video stages are used,
the output of the video detector must
be connected to give anegative picture
phase; if two video stages are used,
the video detector must be connected
to give apositive picture phase.

FIG. 18. The detector circuit shown in
part B of this figure will produce an output having a negative picture phase. Inverting the diode as shown in Part C will
give the output a positive picture phase.
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This statement is true if the picture
signal is eventually applied to the grid
of the picture tube. In some television
receivers, however, the video signal is
applied to the cathode rather than to
the grid of the picture tube. If this is
done, the video signal must have a
negative picture phase when it is ap-

plied to the picture tube. It is easy to
see the reason for this if you remember
that driving the grid of the tube more
positive (less negative) is equivalent
to driving the cathode of the tube
more negative (less positive) with respect to ground. In other words, it is
the voltage between the grid and cathode that is important. If the cathode
is made more positive without there
being any change in the voltage applied to the grid, the voltage difference
between the grid and cathode is increased, with the result that the grid
is more negative with respect to the
cathode. This effect is exactly the
same as the one that would be produced by making the grid more negative without changing the voltage on
the cathode.
Therefore, our rule about the detector polarity and number of stages
must be reversed when the output of
the video amplifier is applied to the
cathode of the picture tube. Hence,
once the manufacturer has decided
whether to feed the grid of the cathode of the picture tube, and has decided on the number of video stages,
the video detector must then be designed to deliver the required picture
phase. In one set this may be apositive phase; in another it will be
negative.
FREQUENCY DISTORTION
Like any other a.m. detector, it is
necessary for the video detector stage
to reject the r.f. components—that is,
the high-frequency pulses contained in
the rectified modulated i.f. signal must
be filtered out of the load circuit in
some manner. At the same time, however, all components of the modulation envelope must be reproduced with
the correct amplitude, regardless of
frequency. Frequency distortion can
occur if the amplitude of either the

higher or the lower-frequency video
signals is seriously attenuated. Generally, we do not have to worry about
the lower-frequency components in
the video detector, because these will
normally be reproduced properly.
To reproduce all the high-frequency
components, however, it is necessary
to avoid excessive by-passing. The
basic r.f. •filter in a detector circuit
is a capacity across the load, such as /
02 in Figs. 18B and 18C.
In a TV....->"
set, the distributed capacities in the
wiring and the tube interelectrode
capacities may well be large enough
to supply all the filtering desired; in
fact, they can be large enough to bypass and thus attenuate some of the
•higher-frequency components of the
desired signal. Hence, it is necessary
to keep this capacity as small as possible or to reduce its effects.
If we make the load resistance very
small, the effect of the shunting capacity will be reduced, because the
impedance of the parallel combination
depends more on the low resistance
than on the capacitive reactance. In
addition, high-frequency compensation may be used in the form of
"peaking" coils in the load arrangement. Let's see how these are used by
making abrief study of afew typical
circuits. Much more detail on this
compensation will be given in another
Lesson in which you will study the
video amplifier.
SERIES PEAKING
A typical video detector circuit arranged to deliver a negative picture
phase is shown in Fig.. 19. The modulated i.f. signal is applied to the plate
of the video detector VT, from i.f.
transformer 14 1. Tube VT, will conduct only on positive peaks, so the
signal appearing across diode load re25

sistor R2 will have negative picture
phase. (That is, if a modulated i.f.
carrier signal like that shown in Fig.
17A is applied, the lower half will be
stripped away, and the signal reproduced across R2 will have the form
shown in Fig. 17B.) An odd number
of video frequency amplifier stages
will follow this detector if the signal
is to be applied to the grid of the
picture tube.

resonance step-up. Diode load resistor R2 acts to load this resonant circuit and thus to broaden its peaking
action. When the coil is used in this
manner, it is called a "series peaking
coil."

3

Coil L, may be the last tuned circuit in the i.f. amplifier of the television receiver. The modulated i.f.
carrier signal will appear across this
coil and will be applied to the cathode
of VT,.

7

FIG. 19. A typical video detector circuit.
Its output has a negative picture phase.

Condenser C, represents part of the
distributed capacity, and includes
such items as the cathode-filament
capacity of VT,. To increase its size
and get proper filtering of the i.f.
pulses, asmall by-pass condenser may
be used here in addition.
The rest of the distributed capacity
(in particular, the input capacity of
video stage VT2)is represented by Cs.
Coil L2 serves three purposes. It
separates the capacities C, and CV
reducing their shunting effect across
the load R2.If its size has been properly chosen, it forms alow-pass filter
that further removes the i.f. pulses.
Finally, it can also act as aseries resonant circuit with C, and can thus be
used to boost the higher video frequencies. That is, if we consider that
L, and Cs form a series resonant circuit at a frequency somewhat higher
than the highest video signal, we know
that there will be a boost in signals
around this frequency because of
26

COMBINATION PEAKING
Fig. 20 shows another typical circuit, arranged this time to produce a
positive picture phase.

Tube VT, will conduct only when
the cathode is made negative with
respect to the plate. Thus, the tube
is connected to give apositive picture
phase. (In this case, if a modulated
carrier like that shown in Fig. 17A is
applied to the detector, the upper half

FIG. 20. This video detector circuit produces a positive picture phase. Coil L,
acts as a series peaking coil, and coil La
acts as a shunt peaking coil.

will be stripped away, and the envelope from the lower half of the signal
will appear across the load as a signal having the form shown in Fig.
17C.)
Condenser C, charges on the peaks
of the rectified i.f. pulses and dis-

called a peaking coil. Since it is connected in parallel with the distributed
capacities in the circuit, it is called a
shunt peaking coil.
Since this detector circuit is connected to produce a demodulated
signal having apositive phase, it must
be followed by an even number of
video amplifiers to obtain the proper
positive picture phase for driving the
grid of the picture tube, or by an odd
number if the signal is eventually
applied to the cathode of the picture
tube.

charges in the valleys between the
pulses, thus smoothing out the rectified i.f. signal and producing the video
signal. Acting in this manner, it bypasses the high-frequency i.f. pulses.
Since the i.f. frequencies are quite
high, this condenser has afairly small
value—usually something on the order
of 10 mmf. It acts in conjunction with
other distributed capacities in the
circuit.
Coil L, is aseries peaking coil that
serves to split the distributed capacities, to filter the i.f., and to increase
the strength of the higher video frequenicies by resonance step-up. Resistor R, loads coil L, and acts to prevent transient oscillation. This latter
function is needed because coil L, may
resonate with various capacities in the
circuit at some particular frequency
and tend to set up a damped oscillation at this frequency when apulse is
received. If we load the circuit with
11 1,however, such transient oscillation can be avoided.
Coil L, is chosen to resonate with
the distributed capacities in the circuit (including not only wiring capacities but also the grid-cathode capacity
of tube VT2) near the highest-frequency video signal to be transmitted.
Hence, it forms a parallel-resonant
circuit that is part of the load across
which the signal is developed. Maximum voltage will appear across this
resonant circuit at its resonant frequency, so it tends to boost the signal
at the higher frequencies and thus to
make up for any loss of high frequencies due to distributed capacities in
other parts of the circuit. It is aresonant circuit with a low Q, however,
because of the loading effect of R„ so
asharp peak is not produced—instead,
the circuit boosts arather wide range
of frequencies near the upper limit to
be transmitted.
Because of this action, coil L2 is

DETECTOR VARIATIONS
An unusual video detector circuit is
shown in Fig. 21. Diode VT, in this
circuit has a low ohmic resistance
when it is conducting current; when
it is not conducting, it acts simply as
a low capicity. When the video i.f.
voltage makes point 1 positive with
respect to point 2, diode VT, will conduct and will have a much lower resistance than R1. The signal voltage
will then be divided in such a way
that practically all of it will be
dropped across R, and practically

FIG. 21. Another form of video detector.

none across VT,; as a result, only a
negligibly low i.f. signal voltage will
be applied to the grid of the first
video-frequency amplifier tube.
However, when point 1is negative
with respect to point 2, diode VT,
will be an open circuit, and the complete negative half-cycle of the video
i.f. signal across L, will be applied
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diode VT, to a safe value during the
half-cycles on which VT, conducts.
Crystal Detector. Still another
video detector circuit is shown in Fig.
22. Here the diode detector tube has
been replaced by a germanium crystal (type 1N34). A germanium crystal
will allow current to pass better in one
direction than in the opposite direction. Because of this action, it can be
FIG. 22. A video detector circuit in
used as arectifier and thus as asecond
which a germanium crystal is used indetector. It occupies less space than
stead of a diode.
a vacuum tube and does not require
heater current.
through R, between the grid and cathWhen agermanium diode is used as
ode of VT2.Thus, only the negative
adetector, it is customary to build the
alternations will act upon the grid of
entire second detector circuit (includthe video amplifier tube; this means
ing the peaking and filtering coils L,
that we shall obtain apositive picture
and L2 as well as condensers C, and
phase from the video detector.
C2 and the diode load resistor R1)
When the negative alternation of inside a shielded can. Therefore, if
the i.f. signal is applied to the grid of you encounter atelevision set that apthe video amplifier tube, the combined pears to have no video demodulator,
capacity between this tube and ground careful investigation may well prove
(the capacity of C, in parallel with that the entire second-detector stage
the plate-cathode capacity of diode has been built into asmall shield can
VT, and the grid-cathode capacity
from which only the output and input
of the first video amplifier tube) is leads project beneath the chassis.
charged and discharged through 11, 1.
In the circuit shown in Fig. 22, conThis action makes the net voltage on denser C, acts as ablocking condenser
the grid of the video tube follow the to prevent the application of d.c. to
desired modulation envelope, and at the 1N34 crystal. Resistor R, is the
the same time removes i.f. components diode load resistor, and the detected
more or less completely. Resistor R, video signal appears across its teralso serves to limit the current through minals.
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Lesson Questions
Be sure to number your Answer Sheet 53RH-3.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Are the sound and the picture signals from a TV station on the same
carrier or are they on separate carriers?
2. When a TV set does not use an intermodulation sound system, why is it
desirable to eliminate the sound carrier in the video i.f. amplifier before
the carrier can reach the video detector?
3. If the i.f. carrier is located on the slope of the i.f. response at apoint higher
than that giving 50% carrier response, will the over-all low-frequency
response be: higher than; lower than; the same as; that for other frequencies in the pass band?
4. Name the two basic ways of getting the broad-band i.f. response needed
in avideo i.f. amplifier.
5. What happens to the response when resistors are used to load both the
primary and the secondary of an overcoupled band-pass video i.f. transformer?
6. How are the steep slopes on the response curves of the video i.f. section
obtained?
7. In addition to reducing the response (to the sound carrier) of a video i.f.
section, what other use frequently is made of the sound trap?
-‘

8. How is a remote-cutoff characteristic obtained when sharp cutoff pentode
tubes are used in the video i.f. amplifier?
9. If the signal is to be applied to the grid of the picture tube, and there are
two video stages, what must be the phase of the signal at the output of
the video detector—positive or negative?
10. Why is it necessary to use a low capacity as the r.f. by-pass across the
diode load in the video detector?

Be sure to fill out a Lesson Label and send it along with your answers.
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In a recent study covering the activities of several
hundred successful men, this question was asked:

man—must get along with other people, if he is to
gain the greatest success, and earn the greatest profit
from his technical abilities.

getting along with people.
our

abilities

in

this

We can all improve

"art"—and

will

profit
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NOW that you have followed the
video signals through the r.f. section (the input tuner and i.f. amplifier) and have studied the video detector, you are ready to make a
detailed study of the video amplifier.
This video amplifier can be compared
directly to the audio amplifier of a
sound receiver; it is the "low-frequency" section of a television set—
the section that takes the signal from
the detector and delivers it to the picture tube. It is necessary because the
signal output of the detector is insufficient to operate the picture tube.
The early history of the development of video amplifiers is much like
that of audio amplifiers. Originally,
the gain obtainable in the r.f. section
was low, so anumber of video stages
had to be used, even though fidelity
was sacrificed thereby. Then, as developments in tubes and circuits permitted more amplification at high
frequencies, the• number of video
stages was decreased, thus permitting
wider frequency response. Today,

many TV sets have only one video
stage, although most use two, and a
very few use three.
Basically, the video amplifier stage
is either a resistance-coupled or a
direct-coupled stage. The transformer
coupling commonly used in audio amplifiers is completely impossible in
video amplifiers because the very wide
frequency range present in video signals simply cannot be passed through
audio transformers. Hence, the maximum gain can be no more than the
mu of the tubes; actually it will be
far less than this because the load
values must be kept small.
To get a general idea of the gain
needed, we can assume that the output of the video detector will be somewhere around 2volts in aset installed
within afew miles of atelevision station. The amount of signal required
to drive the picture tube may be anywhere between 40 and 100 volts, depending on the tube type. This means
that the video gain necessary will be
between 20 and 50.

There is no question of delivering
power—the picture-tube grid operates
from avoltage, so all the video stages
in a TV set are essentially just volt) age-amplifying stages. The tubes used
--are either high-mu triodes or pentodes,
because the load values are so low
that very little net gain would be obtained if tubes of lower mu were used.

liver the correct phase for the number
of stages or by feeding the signal to
the cathode instead of to the grid of
the picture tube.
With picture phase out of the way
as a problem, there remain, in addition to gain, the problems of passing
the desired band width with minimum
distortion and of either maintaining
the d.c. level of the signal or restoring
it. Before we get into the problems of
band width, let's learn something
more about the signal we must handle.

Because of the far higher mutual
conductances available in the miniature tubes designed for TV use, a
gle pentode may give enough video
gain. However, the designer may use
two triodes or even two pentodes in
cascade instead of a single pentode,
because it is easier to adjust the
two load circuits to give the required
band width than it is to adjust the
single load circuit of asingle stage.

SIGNAL CHARACTERISTICS
The signal at the output of the
video detector contains both the video
and synchronizing signals. The complete video signal, including the sync
pulses, is fed to the picture tube. It
is not desirable to separate the synchronizing signals from the picture
signal in the video amplifier, because
the sync pulses help to blank out the
tube during sweep retraces, as we will
show elsewhere.
At some point between the detector
and the picture tube, a copy of the
entire signal is taken off to be fed
through the stages engaged in controlling the sweep circuits. The exact
point depends on the sync level and
phase, as another Lesson will show.

Picture Phase. When the signal is
fed to the grid of the picture tube, it
must have a positive picture phase—
that is, the signal voltage must go increasingly positive as the scene increases in brightness. Each video
stage reverses the phase 180°, so when
an odd number of video stages (one
or three) is used, and the signal is fed
to the picture-tube grid, the detector
must deliver anegative picture phase.
On the other hand, when an even
number of stages (two) is used, and
the signal goes to the picture-tube
Frequencies. The video amplifier
grid, the detector output must have a must pass signals ranging from about
positive picture phase. At one time
10 cycles to as much as 4.25 megathis had to be taken into consideracycles in high-definition systems. The
tion; today, however, the detector out- upper limit is subject to some variaput can be of either phase because it tion; when small picture tubes are
has been found possible to secure a used, it is impossible to see fine details
positive picture by feeding a signal
at normal viewing distances, and fur, of negative picture phase( to the caththermore, such sets are frequently inV ode of the picture tube.) Therefore,
expensive types. In such cases, the
regardless of the number of upper frequency limit may be cut to
stages used in the video amplifier, the
be only about 3 mc. Receivers with
medium definition may cut off around
picture phase is adjusted properly
either by setting the detector to de3.5 to 3.75 mc.
2

A good low-frequency response is
necessary so that the system will reproduce slow changes in brilliancy or
gradual changes in shading from light
to dark. On the other hand, a good
high-frequency response is quite necessary so that the set will be able to
reproduce satisfactorily the sudden
and sharp changes that occur when
the scanning spot moves from a light
to adark object in ascene.

three a.c. signals may represent two
scanning lines crossing the same object: for example, they may be scans
of ascene that shows ahouse in darkness, in moonlight, and in sunlight.

D.C. Component. In addition to
having an extremely wide frequency

Examining these three signals, you
will see that the only basic difference

For simplicity, let's wipe out the
variations in the a.c., thereby getting
the signals shown in Figs. 1D, 1E, and
1F. (These could well represent scenes
having a solid over-all dark, gray, or
white tone respectively.)

BLACK LEVEL

WHITE

I:LACK
0

WHITE
SCENE

DARK
SCENE

FIG. 1. How the d.c. component affects the video signal.

between them is in the amplitude of
the video portion, which is shaded in
this figure. Thus, as we move from the
dark scene to the gray scene, the amplitude represented by the shaded
area increases. It increases more as
we move from the gray to the white
scene. However, this increase is all on
one side of the black-level line. That
is, the synchronizing pulses are not
changed in amplitude at all; we have
merely changed the amount of video
signal by adding a d.c. to our a.c.
signal.

range, the video signal differs in one
other important respect from the
sound signal with which you are familiar. The video signal has a d.c.
component; it is actually a pulsating
d.c. signal rather than atrue a.c. one.
The effect of the d.c. component is
shown in Fig. 1. In A, B, and C of this
figure we have the same a.c. signal,
except that in each instance the level
about which it varies is different. In
A we have the signal for adark scene,
in B that for a gray scene, and in C
that for a brightly lighted scene. All
3

amplifier, the d.c. component will be
wiped out, and we will have only the
a.c. component of Fig. 2A. There is
no way for us to regain the d.c. component here, because the signal, after
a.c. amplification, contains no component that indicates what its previous
d.c. level was.

o

In a TV signal, however, the presence of the pedestal and sync pulse
does let us regain the d.c. component
after it has been wiped out by a.c.
amplification. Let's see why it is important to regain this d.c. level and
learn how it may be done.

•

o

Figs. 3A, B, and C show the pulsating d.c. forms of the TV signals we
had in Fig. 1. In Figs. 3D, E, and F
are their respective a.c. equivalents.
Notice that the pedestals of the a.c.
signals do not line up, although they
do in the d.c. signals. This change has
occurred because the areas of an a.c.
signal on either side of the zero line
are always equal (or, in other words,
the average of an a.c. signal is always
zero). The pedestals of signals having
large d.c. components must therefore
shift considerably below the reference
line when the signals are converted
to a.c.

o

o

FIG. 2. What happens when a d.c. component is added to an a.c. sine-wave
signal.

If we add ad.c. to an a.c. sine-wave
signal, as shown in Fig. 2, the effect
produced is the same as that shown in
Fig. 1. That is, the addition of the
d.c. moves the a.c. signal with respect
to the zero reference line.
If we pass the combined a.c. and
d.c. signal of Fig. 2C through an a.c.

I
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o
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o

o

PEDESTAL
LEVEL

PEDESTAL
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o

FIG. 3. Pulsating d.c. signals (top) and their a.c. equivalents (bottom).
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It is possible to apply these a.c. signals to the grid of the picture tube
without first lining up their pedestals.
If this is done, however, improper
operation will be produced, as you can
see from Fig. 4. Here, a dark scene
(Fig. 4A) has been lined up so that
its pedestal coincides with the operating point X on the tube curve. Video
signals now swing to the right to give
increases in brilliancy, and sync pulses
go to the left into the blacker-thanblack region to cut off the tube during
retraces. A bright scene, however, as
shown in Fig. 4B, would give but little
increase in over-all illumination, because the effect of any swing in the
direction to the left of the operating
point would be lost. On the other
hand, if we arrange the circuits so
that the pedestal of a bright scene
(Fig. 4C) lines up with the operating
point of the tube, even the sync pulses
of adark scene (Fig. 4D) will be well
to the right of the operating point;
the retraces of the dark scene will
therefore be visible in the picture, and
the scene would be very much brighter
than it should be.
All this wouldn't matter if all scenes
had the same background brilliancy.
Since they don't, however, the pedestals of the signals applied to the picture tube must be lined up, as shown
in Fig. 5, so that changes in background illumination will be reproduced accurately and so that the retrace lines will not be visible. In other
words, the signals applied to the picture tube must contain ad.c. component that will permit alignment of
the pedestals.
Since the signal is produced in the
proper form (with the d.c. component
so that the pedestals are aligned) at
the video detector, we must somehow
get this signal to the picture tube
unchanged.

One way of avoiding a.c. amplification is to use ad.c. amplifier (one that
does not have coupling condensers).
A single-stage d.c. amplifier is relatively simple—the grid of the tube is
fed directly from the video detector
load, and its plate circuit is directly

eg

o

o

o
o
FIG. 4.
pens if
are not
to
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This illustration shows what hapthe pedestals of the a.c. signals
lined up before they are applied
the grid of the picture tube.

coupled to the grid circuit of the picture tube.

voltages required for each stage. In
the early days of television, this was
a real stumbling block because of the
tube types available. However, the
tubes now used operate at relatively
low voltages and do not draw excessive
plate currents, so two-stage directcoupled amplifiers are practical. They
are used to a considerable extent, as
we shall see later in this Lesson.

When we get into more stages, however, a number of major problems
arise. A high-voltage power supply is
required; if it is not furnished, the
tubes must operate at reduced voltages, because the total supply voltage
needed is the sum of the maximum

With the d.c. amplifier, special precautions must be taken to prevent
low-frequency oscillation (corresponding to motorboating in a sound receiver). Also, there is a high
cathode-to-heater voltage in the final
stage of the d.c. amplifier, which may
lead to tube leakage difficulties.

Cc"

Eg

These problems, particularly the
one of instability, make a.c. amplifiers
quite desirable. Fortunately, we can
use a.c. amplifiers even though they
do wipe out the d.c. component of the
signal, because it is possible to restore
the d.c. component, using a circuit
known as the d.c. restorer, so that the
signal fed to the picture tube grid or
cathode will have the pedestals lined
up again properly. When this arrangement is used, the video amplifier does
not require such extremely high voltages and is in general much more
stable. For these reasons, a.c. amplification with d.c. restoration is more
common than d.c. amplification. We'll
study both types, but first let's go into
the distortions that are troublesome
in video amplifiers.

o
}GRAY
LINE

1
.WHITE
LINE

}. DARK
LINE

FIG. 5. How the pedestals of a.c. signals
should be lined up to produce the proper
variation in the relative brightness of the
scene reproduced on a picture tube.

6

Video Signal Distortions
Video signals can be considerably
upset by improper phase relationships
as well as by frequency and amplitude
distortion. Let's review these distortions and learn of the new requirements.
FREQUENCY DISTORTION
As you will recall, frequency distortion occurs whenever an amplifier
does not amplify equally all the frequencies in the desired pass band. An
amplifier that is defective in this respect may amplify some frequencies
more than is desired and some less, or
may not pass some frequencies at all.

for deficiencies in the responses of
preceding sections, thereby creating
an approximately flat over-all characteristic for the entire set.
AMPLITUDE DISTORTION
When the wave shape of the output
of a radio circuit or device is not
exactly proportional to the wave shape
of the incoming signal, we have what
is known as amplitude distortion. This
distortion results in the production of
harmonics that were not present in the
original signal. Such changes in the
shape of the signal are commonly pro-
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FIG. 6. The solid line shows the frequency response that the video section of
a TV set should have; the dotted line
shows the response of the average audio
amplifier.

Fig. 6shows the frequency response
that the video section of a TV set
should have. (Compare this with the
frequency response of the average
audio amplifier, shown by the dotted
line.) It is not absolutely necessary
that the response of the video amplifier alone be as flat as this. If there is
aloss of high frequencies in the video
i.f., for example, it can be compensated for by having apeaked response
at these frequencies in the video amplifier. Similarly, any peaking in the
r.f. or i.f. sections can be compensated
for by areduced response in the video
amplifier at the appropriate frequencies. Thus, the response of the video
amplifier can be adjusted to make up

duced by operating an amplifier too
near one of the bends of its characteristic; they may also be produced
by overloading. Overloading is commonly avoided in television through
the use of a gain control in the i.f.
amplifier or in one of the video stages.
Set designers are always careful to
choose operating voltages and loads
such that amplitude distortion is not
appreciable when a set is operating
as it should.
While we are on the subject of amplitude distortion, we might mention
intermodulation distortion as well.
Intermodulation
distortion
occurs
when two signals are mixed and their
beat (sum and difference) frequencies

are produced. These sum and difference frequencies are not harmonics,
but they are produced by operation
over abent characteristic just as amplitude distortion is. Therefore, intermodulation distortion is low whenever
the amplitude distortion is low, and
vice versa.
PHASE DISTORTION
Phase distortion exists in all amplifiers—sound as well as video. It is
of no particular importance in sound
amplifiers, but it is extremely important in video circuits.
Phase shifts occur because there is
some reactive component in the cir-

output would be in the same phase as
are the input components.
If, on the other hand, one frequency
gets more of ashift than another, the
resultant output wave form will be
quite different from the input. In Fig.
7, the output signals show that the
higher frequency has been shifted 90°
in phase with respect to the lower one.
The resultant of the two input signals is shown in Fig. 8A; the 90°
phase shift produces the resultant output shown in Fig. 8B. By comparing
the two resultant waves, you will see
that the over-all wave form of the
output is quite different from that of
the input, which means that distortion
has been introduced.
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FIG. 7. The phase relationship of the
components of a complex wave can he
altered by a video amplifier. This causes
"phase distortion."

cuit. Even in adirect-coupled amplifier, the tube capacities shunting the
load introduce a certain amount of
phase shift. This comes about because
the impedance of the load circuit
changes as the frequency of the signal
changes. Therefore, in most cases, the
amount of phase shift changes as the
frequency of the input signal changes.

One effect of this distortion is shown
by the change it causes in the displacement from the zero line of points
on the resultant wave. As you can
see, point X in Fig. 8A is at a considerably greater distance from the
zero line than is point X in Fig. 8B,
although the two occur at the same
time in the cycle. Since its displacement from the reference line determines the shade (relative grayness) of
apoint in asignal, phase distortion is
thus capable of changing the shade
of various parts of apicture.

A phase shift causes the wave form
of the signal to be changed because
the relative positions of the various
components in the signal are changed.
For example, in Fig. 7, we are applying to the amplifier an input signal
consisting of two components, 1 and
2, with the second having twice the
frequency of the first. If there were
no phase shift, the components in the

At first glance, it might appear that
we could avoid difficulty if we could
arrange for the same phase delay at
all frequencies. However, another factor is involved here—the fact that a
8

phase delay results in adelay in time.
Any time delay in the application of
a signal to the picture tube will, of
course, cause the part of the scene
represented by that signal to appear
in the wrong place. Hence, a phase
shift may not only change the shade
of parts of the picture, but may also
produce an actual physical distortion
by causing some portions of the image
to be out of place. The image blurring
caused by time delay is even less desirable than changes in shade are, so
television circuits are arranged to produce a constant time delay rather
than a constant phase shift. If all
components of the signal are time
delayed the same amount, the entire
picture is shifted slightly to the right
or left, which doesn't matter. We get
into trouble only when some elements
of the picture are shifted more than
others.

TIME DELAY
To get an idea of how the phase
shift and time delay are related, refer
to Fig. 9. In Fig. 9A, we have assumed
that we have a 100 cycle-per-second
sine-wave signal. If this signal is
shifted 90° (one-quarter cycle), as
shown by the dotted-line wave, there
will be a certain definite delay between the time that the original signal
performs some action (such as going
through zero) and the time that the
phase-shifted signal performs the
same action. After it has passed
through zero, for example, the original
signal will go through a quarter of a
cycle before the phase-shifted signal
goes through zero. The time delay
suffered by the shifted signal is therefore equal to the time duration of a
quarter-cycle. Since the time for one
cycle of a 100-cycle signal is 1/100
of asecond, the time delay caused by
a phase shift of one-quarter cycle is
1/400 of asecond.
4-----RESULTANT
WAVEFORM

RESULTANT
WAVEFORM

X
FIG. 8. If two input signals are applied simultaneously to an amplifier, and one is
shifted more in phase than the other is, the resultant waveform of the output (B)
will be quite different from the resultant waveform of the input (A).
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Now let's see what happens with a amount of phase shift at 100 cycles.
200-cycle signal. As shown in Fig. 9B,
Therefore, if phase-shifted signals of
the time for one cycle is 1/200 of a various frequencies are to undergo a
second, so the time delay for aphase
constant time delay, the amount of
shift of one quarter cycle would be
phase shift must increase as the frequency increases. In other words, the
phase shift must vary linearly with
frequency.
As an example, if an amplifier has
a phase shift of 6° at 500 cycles, it
must have a 60° phase shift at 5000
cycles and only a .6° phase shift at
50 cycles if it is not to produce timedelay distortion of the amplifier signal. The formula that shows the relation between time delay (t) and phase
shift (0) is:
t
200 SECOND

200 C.P.S.
SIGNAL
•
•
•
•

EGON')

o

FIG. 9. How phase shift and time delay
are related.

1/800 of a second. Thus we see
that the time delay for a phase shift
of 90° at 200 cycles is one-half as long
as the time delay caused by the same

10

0
360 f

where tis in seconds, fis in cycles per
second, and 0is in degrees.
We will give asomewhat better idea
of the effects of time delay later, when
we consider the effects of such delay
at low and at high frequencies. (Incidentally, this really should be called
atime shift rather than atime delay,
because it is possible for there to be
speeding up or advance in time of
some components, however, since it is
customary to refer to it as "time delay," we shall use that form too.)
Let's now turn to a.c. amplifiers to
learn of their characteristics, then go
on to d.c. amplifiers.

Fundamental A.C. Video Stages
Let's start our study of a.c. video
stages by reviewing the resistancecapacitance-coupled amplifier shown
in Fig. 10, which is much like the
audio amplifier with which you are
familiar. Briefly, you will recall that
the gain of the VT, stage depends on

FIG.

10.

A fundamental resistancecoupled amplifier.

the amplification factor of the tube
and on the load used with that tube.
At middle frequencies in the pass
band, the load is the parallel combination of resistors R, and R2.If R, is
fairly high in value compared to R„
the load is approximately the value of
R, alone.
If such a stage contained no reactive components, its frequency response would be flat from zero to
infinity. This is shown by the horizontal line in Fig. 11. As amatter of
fact, however, the frequency response
of an amplifier of this kind rolls off
in both the low- and the high-frequency regions, as indicated by the
dotted lines in Fig. 11. The fall-off
in the response at the low-frequency
end, in the region marked X, is chiefly
caused by the coupling condenser C,
in Fig. 10, which acts as avoltage divider with Rs. As the frequency decreases, the reactance of C, increases,

and less signal appears across R2 for
application to the next tube.
The low-frequency response is further reduced by the cathode by-pass
condensers Cs and C, in Fig. 10, because their reactances rise so much at
low frequencies that they are not
effective by-pass condensers, with the
result that degeneration occurs.
At the high frequencies, the response falls off because the load is
shunted by the output capacity of
VT, (marked Cpg in Fig. 10), by the
input capacity of VT, (marked CO];
in Fig. 10), and by such distributed
capacities as exist from the plate and
grid wires and from C, to chassis. The
reactances of these capacities fall as
the frequency increases, so they shunt
the load at high frequencies. This
reduction in the net load causes the
high-frequency roll-off marked Y in
Fig. 11.

7.c
FREQUENCY
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FIG. 11. The frequency response of a
simple R-C amplifier rolls off at both the
low and the high frequencies.

Thus, we have two different problems—we have to extend the lowfrequency roll-off so that the gain will
be reasonably high at the lowest frequency we want, which is around 10
cycles in the case of the video amplifier, and we must also keep up the
high-frequency response out to about
4 megacycles. Let's investigate both
these problems.
11

LOW-FREQUENCY RESPONSE
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As we just mentioned, the primary
reason for the roll-off in the low-frequency response is that the coupling
condenser and the following grid resistor form acapacity voltage divider.
The action is brought out more clearly
in Fig. 12. When we apply the voltage
e, (from the load for VT,) to the
combination shown in Fig. 12A, a
current will flow through C, and R.,;
the current through R, produces the
voltage drop e,, which is the grid voltage for the following stage.
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When the frequency is so high that
the capacitive reactance of C, is negligible with respect to the value of
R,, e, and e, are equal, as shown in
Fig. 12B.

e,
LOSS --•1

As the frequency decreases, however, the reactance of C, increases. As
it becomes larger, the current flow
through the series circuit of C, and
R, causes an increasing voltage drop
ec across the condenser. The same
current flows through both C, and R,,
but the voltage drop across R, is in
phase with the current, whereas that
across C, is 90° out of phase with the
current and lags behind it. Hence, as
shown in C, D, E, and F of Fig. 12,
when the drop ec increases, the voltages e, and e, are pulled out of phase,
and e, decreases. Eventually, at very
low frequencies, the reactance of C,
becomes so high that practically all
the voltage e, is dropped across the
condenser, and there is virtually none
left as e,. Therefore, this voltage divider reduces the output at low frequencies. In addition, as you can see
from Fig. 12, the phase difference between e, and e, increases as the freFIG. 12. These vector diagrams show why
a roll-off occurs in the low-frequency
response of an R-C amplifier.

e
c
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the condenser becomes charged, however, the current flow into it decreases,
so the voltage across R gradually
drops, producing asloping top on what
should be a square wave. When the
voltage suddenly changes to the black
level, the signal produced by the current flow through R goes to the black
level at first, but the charging of the
condenser produces a sloping bottom
on what should be a square wave.
When this signal is applied to the picture tube, the highest swing at the
bright level will produce awhite backAnother way of looking at this acground, but since the voltage does not
tion is to consider it as atime-constant maintain this level but gradually
problem. Let's suppose we have a fades off into the gray region, the picscene like that shown in Fig. 13A. At ture will gradually get gray as the

quency decreases, eventually reaching
approximately 90° at the low-frequency extreme of the frequency range.
The amount of this phase shift is
very important. If it is as much as
45° or 1/8 of a cycle at 10 cycles,
the time delay will be 1/80 of a
second or .0125 second. This is 12,500
microseconds, which is almost equal
to the time it takes to scan an entire
field! Obviously, the phase shift must
be kept very small if the amplifier is
to handle very low freq4encies.
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FIG. 13. These diagrams shown how an R-C coupling circuit produces background
distortion. A long time constant for the coupling circuit minimizes the distortion.

the top of the picture, the signal voltage should rise to the white level. It
should remain there until the middle
of the picture is reached, when it
should instantly shift to the black
level, remaining there until the end of
the picture. Hence, the signal applied
to the grid of the picture should be
like that shown in Fig. 13B.
If this signal is fed through an R-C
coupling circuit like that in Fig. 13C,
the signal at the output of this circuit
will be like that shown in Fig. 13D if
the time constant of the circuit is too
short. At the instant the voltage
changes from zero to the bright level,
maximum current flows through R. As

center of the screen is approached. At
the center, the signal will suddenly
produce ablack picture, but this will
become gray towards the bottom of
the picture.
It would appear that we could prevent this graying of the whites and
blacks by increasing the time constant
of the coupling network—that is, by
using large values of C and R so that
it would take longer for the condenser
to charge. This would keep the output
more nearly constant by reducing the
amount of slope in the top of the
wave.
By increasing the values of either
R, or C, in Fig. 10, we can keep the
output more nearly constant and also
13

reduce the phase distortion that occurs
in such acoupling. However, there are
practical limits to the values that may
be used. If the resistor R2 has too
high a resistance, gas in VT 2 may
cause difficulties; this resistor is in the
grid circuit of VT2,and ahigh resistance develops an unwanted positive
"bias" when even small amounts of
gas current flow through it. Increasing
the value of condenser C, may also
cause trouble, because this increases
the capacity between the condenser
and ground and therefore reduces the
high-frequency response, as we shall
show later. Furthermore, high-capacity condensers are likely to have relatively high leakage, which may upset

first glance, this looks like an ordinary
decoupling network, and in fact it acts
like one at the medium and high frequencies. By-pass condenser C2 offers
negligible impedance at high frequencies, so it prevents signals from getting
either into or out of the VT, stage
through the B+ lead.
The value of C2 is chosen, however,
so that it is somewhat smaller than it
would be in asound receiver, with the
result that it becomes part of the load
at medium-km, frequencies. In other
words, at these frequencies, the load
for VT, is made up of R, and C2,since
this condenser completes the a.c. plate
circuit back to the cathode. The voltage developed across both R, and C2

FIG. 14. A circuit that is often used for
low-frequency compensation.

the C bias in the following stage. Finally, and perhaps most important,
making the time constant of the coupling circuit too long will make it
impossible for the following stage to
recover from transient voltages quickly, with the result that sharp changes
in voltage may cause motorboating.
Because the use of along time constant has so many drawbacks, designers use other methods to compensate
for low- and high-frequency roll-off.
Low -Frequency Compensation.
Fig. 14 shows the low-frequency compensating arrangement that is normally used in video amplifiers. This
consists essentially of the by-pass
condenser C2 and the resistor It,. At
14

is applied to Ci-11,2.Effectively, therefore, we have a circuit in which the
load increases in impedance as the
frequency decreases. As a result, the
voltage applied to Ci-R, increases as
the frequency decreases, which makes
up for the increased voltage drop
across C„.
Fortunately, this also compensates
for the phase shift that we described
earlier. The capacitive reactance of
C2 causes aphase shift in the source
voltage for the 0,-R2 divider of such
a nature that the voltage at the grid
of VT, is kept in nearly the proper
phase.
The resistor 11 5 is needed to make
C2become part of the load. The value

of R„ should be as high as possible;
if it is made too high, however, there
will be too great adrop in the B supply voltage. Therefore, in most practical circuits of this kind, R, has a
resistance about 20 times as great as
the reactance of C, at the lowest frequency the circuit is designed to pass.
If the C1-R, phase shift were the
only shift of importance, it could be
removed by making the time constant
of R, and C, equal to that of C, and
R, (the time constant R X C).
However, you won't always find these
two products equal in practical circuits, because there may be other
phase shifts that must be compensated
for. For example, the cathode by-pass
condenser C, is supposed to prevent
degeneration at all frequencies. However, at very low frequencies, the reactance of even a very high capacity
will be appreciable in comparison to
the low resistance it by-passes. Hence,
there will be a certain amount of degeneration in the VT, stage in Fig. 14
at low frequencies, reducing the gain
of the stage at those frequencies.
Some of this effect can be compensated for by the 0,-R, combination,
because the increase in the load will
counteract the drop in gain.
Although we have shown triodes,
pentodes are quite commonly used in
video amplifiers because of their
greater gain. The screen-grid circuit
of a pentode introduces a low-frequency drop, because the screen-grid
by-pass condenser is not large enough
to be a completely effective by-pass
at these low frequencies. This drop
must also be compensated for by the
0,-R, combination.
The values used for C, and R.,
therefore have aconsiderable effect on
the low-frequency response of the
video amplifier. In replacing these
15

parts, it is important to use exact
duplicates to avoid upsetting the
compensation.
More low-frequency compensation
can be obtained, if desired, by allowing more of the vestigial side band to
pass through the r.f.-i.f. sections. This
will cause the output of the video
detector to be higher in the lowfrequency region.
HIGH-FREQUENCY RESPONSE
At the higher frequencies, ranging
from about 15,000 cycles to 4 megacycles, compensation is absolutely
necessary if we are to obtain areasonable response. As a matter of fact,
most engineers consider it more important to get the high-frequency response ironed out than to compensate
the low-frequency response. Although
it is true that the background brilliancy may be disturbed if the lowfrequency response is poor, the detail
in the picture is determined by the
high-frequency response.
The low-frequency response is dependent on three items (the coupling
condenser, the cathode by-pass condenser, and the screen-grid by-pass
condenser), but the response at the
high frequencies is dependent primarily only on the capacity that is in
shunt with the load. In other words,
the parts that cause the low-frequency
roll-off play no part in causing the
high-frequency roll-off, because the
condensers involved have such low
reactances at high frequencies that
they act as short circuits and introduce no drop.
Therefore, at high frequencies, the
typical circuits shown in Figs. 10 and
14 can be resolved into the equivalent
circuit shown in Fig. 15. Here, the
load resistance R„ the grid resistance
R,, and the shunting capacities are all

5

in parallel and make up the net load.
The capacity we have marked as CpK
represents not only the plate-cathode
capacity of VT, but also the stray capacities to the chassis of the load resistor and of the tube socket. The
capacity CGK represents not only the

FIG. 15. The equivalent circuit of an
R-C amplifier at high video frequencies.

input capacity of the following tube
but also the stray capacities to the
chassis of the grid resistor and of the
coupling condenser.
If we combine the parallel resistors
and the parallel capacities, we get the
equivalent circuit shown in Fig. 16.
You can see that, as the reactance of
the capacity decreases, the net impedance of the parallel combination of C
and R will drop. This means that
more and more of the source voltage
e, will be dropped in the plate resist-

FIG. 16.

fore, as the capacitive current increases because of the reduction in
reactance, the total current becomes
increasingly out of phase with the
output voltage e2.This is the same as
saying that the output voltage is becoming increasingly out of phase with
the input voltage, because the input
voltage and the total current are in
phase. Hence, the variation in the
load introduces a phase shift.
Since this difficulty is caused by
shunting capacities, the most direct
remedy is to reduce these capacities
as much as possible. Miniature tubes
and sockets are used to reduce the
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FREQUENCY IN KILOCYCLES
FIG. 17. These curves show that a reduction in the plate-load resistance of an
R-C coupled stage improves frequency
response at a sacrifice in gain.

tube capacities, and the parts are
mounted well away from the chassis
to reduce the capacity of the resistors
and of the coupling condenser to the
chassis. Even when these capacities
have been reduced as much as is practical, they are still too high for the
very wide frequency range we need.
As Fig. 17 shows, it is possible to
reduce the effects of these shunting
capacities further by reducing the
plate load resistance. In drawing this
figure, we assume that the shunting
capacities had the same value in each
case. (The actual point at which the
curves begin to slope will, of course,

The circuit in Fig. 15 can be
simplified to this form.

ance Rp of tube VT,. Hence, the output voltage e2 will be reduced with
increases in frequency.
This variation in the load impedance with frequency also causes phaseshift difficulties. The total plate current must equal the vector sum of the
currents through the resistive and capacitive portions of the load; there16

reasonable value so that normal gain
can be obtained. The high-frequency
response must therefore be extended
in other ways. There are two basic
methods of doing this; let's study
them now.

depend on what the capacity is. The
larger the capacity, the lower the frequency at which the roll-off will occur.
In general, however, the curves will
have the same shape regardless of
capacity.)
You will recall from your studies of
wide-band amplifiers that the pass
band is considered to extend out to
the point where the relative gain is
about 70% of the maximum gain. If
we follow this principle in examining
the curves in Fig. 17, we find that the
pass band extends to point A when the
load is 50,000 ohms. When the load
is reduced to 10,000 ohms, the response

SHUNT COMPENSATION
One of the basic ways of extending
the high-frequency response is shown
in Fig. 18. An inductance coil L, is
added in series with the plate load
resistor. This coil increases the highfrequency response because it forms a
parallel-resonant circuit with the

FIG. 18. Coil L, in this R-C coupled amplifier provides shunt compensation to
offset attenuation of high picture frequencies by C.

extends to point B; reducing it to
5000 ohms extends the response to C;
and reducing it to 1000 ohms extends
the response to point D. In other
words, reducing the load gives an increasingly wider pass band, because
the response is extended toward the
high-frequency end of the band.
As you can see, however, this extension of the pass band is accompanied
by areduction in gain at all the other
frequencies. There is, therefore, a
definite limit to how far we can reduce
the load impedance. Even though we
use tubes of high mutual conductance,
the load resistance must be kept at a
17

shunting capacity. This is called
"shunt compensation" because the inductance is in shunt (in parallel) with
the capacity (represented as C). The
coil is selected so that the circuit is
made resonant at a frequency at or
above the highest picture frequency
to be passed. The resulting over-all
response of the stage is then the combination of the resonance curve and
the normal response curve.
If the capacity remains fixed, the
resonant peak can be moved to the
right or left by choosing different
values for the coil L„ as shown in
Fig. 19. The actual height of the peak

depends on the Q; if we increase the
Q by increasing the inductance without changing the load resistance, we
will get ahigher peak at alower frequency. The choice of the coil therefore depends on the frequency range
desired and on whether the compensation should raise the high-frequency
response above normal.
Since the effect of such a coil is
to give a peak in the response, it is
known as a "peaking" coil.
The introduction of the coil to cause
resonance at the higher-frequency end
of the pass band tends to reduce the
phase shift. Unfortunately, the values

That is, the output capacity of VT,,
represented as CA,and the input càpacity of VT, (en)are separated by
coil L,. (Insofar as R, is concerned,
therefore, it is now shunted only by
CA.) These two shunting capacities
and L, now form a low-pass filter of
such anature that all frequencies are
passed that are below the frequency
at which L, and CB become series resonant; above this point, however, the
frequency response is cut off sharply.
Since R, is now shunted by amuch
smaller condenser than the one that
shunted it before L, was installed, the
frequency response is extended con-

FIG. 19. These curves show how the highfrequency response of the amplifier shown
in Fig. 18 depends upon the Q of coil 1, 1.
Curve 1 shows the effect of a low-Q coil.
Curve 5 the effect of a high-Q coil; the
other curves show the effect of intermediate values of Q.

of inductance and load resistance that
give the best phase characteristics are
not the ones that give the best peak
output, so acompromise is necessary.
SERIES COMPENSATION
Another system of compensating for
the roll-off in the high-frequency response is to install an inductance in
the position occupied by L, in Fig.
20. This system is known as "series
compensation," because the coil is in
series with the signal path.
The effect of this inductance is to
split the shunting capacity in half.
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siderably. As a matter of fact, the
characteristics of the filter are such
that it is superior to shunt compensation with respect to frequency response, minimum phase shift, and
output.
The exact response obtainable with
series peaking depends on where coil
L, is located. As shown in Fig. 21,
there are three possible positions for
coil L1.In Fig. 21A, it is located between the load resistor and the coupling condenser, aposition that makes
the capacity CB include that between
the coupling condenser and ground.
In Fig. 21B, the coil is on the other

than either alone, it is very common
to find both used together in a circuit
like that shown in Fig. 22. Here,
shunt peaking coil L, is shunted by R,
to give alower Q than is provided by
R1. (This is necessary in this par-

side of C,; now the Q .-to-chassis capacity is part of CA.
In Fig. 210, the coil is located between the plate of tube VT i and the
entire coupling network. Now the capacity CA is just that of the tube VTi,
whereas CB includes all other shunting capacities.
In each of these cases, the position
of the coil determines how much capacity CA has and how much Cg has.
Since the relative capacities of these
two have a pronounced effect on the
action of the filter, it is possible to
change the resonant point by changing the position of the coil in the
circuit.
You will notice that a resistor R3
is in parallel with the series peaking
coil in each case in Fig. 21. In a
shunt compensating circuit, the load
resistor controls the Q, but the Q for
a series peaking coil is not similarly
controlled. Therefore, a resistance is
added in parallel with the inductance
to adjust the Q properly. As amatter
of fact, the coil is made with aresistor
as an integral part of the assembly:
the coil itself is wound right around

FIG. 21. Three possible positions for the
peaking coil in a series compensation
circuit.

FIG. 20.

A series-compensation circuit.

the resistor so that the two form a
single unit. This adjustment of the
Q affects the response to frequencies
near the resonant cut-off frequency.
Since a combination of series and
shunt peaking gives better response
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ticular circuit because the value of R,
is fixed by other requirements at a
resistance that is too small to give the
Q desired.) The combination C2-R,
gives low-frequency compensation in
this stage also.
One stage usually cannot give all
the compensation needed, so, to even
out the response, it is fairly common
to use more than one stage of amplification and to equalize them differently. Thus, you may find two triode

stages used to get this equalization,
even though the net amplification is
no more than could be obtained from
asingle pentode stage.
Summing up for a.c. amplifiers—
one to three stages of resistancecapacitance coupled amplifiers are
used in modern sets. Several forms of

ages can be fixed in each stage independently. However, coupling condensers affect the low-frequency response and remove the d.c. component
of the video signal. Since, as we
showed in Figs. 4 and 5, it is necessary to have this d.c. component of
the video signal, we must either use

FIG. 22. A combined shunt-peaking and
series-peaking coupling circuit. Coil
is the series-peaking coil; coil L, is the
shunt-peaking coil.

low- and high-frequency compensation are used with these amplifiers to
extend the frequency range and remove frequency and phase distortion
as much as possible.
The use of coupling condensers provides an advantage in that it makes
each stage independent of all others
in its operating potentials. Bias volt-

d.c. amplification or restore the d.c.
component if we are to get the pedestals lined up again so that the circuit
will respond properly to any changes
that may occur in the background
illumination.
Let's first see how the d.c. amplifier
differs from the a.c. form, before we
study the restorers.
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Fundamental D.C. Amplifier
Basically, a d.c. amplifier is one
that does not contain blocking condensers or transformers. (The "d.c."
in this name can mean either "directcurrent" or "direct-coupled"; both
names are applied to this amplifier.)
This makes it possible to pass along
the d.c. component of the signal as
well as the a.c. component.
The d.c. component acts throughout
ad.c. amplifier as avariable bias that
accompanies the signal and arranges
the operating points of the amplifier
so that the pedestals in the signals will
be lined up regardless of the average
brightness or darkness of the particular scenes.
Fig. 23 shows a basic circuit of this
kind. Here, tube VT, is the video detector, which is fed from the i.f. coil
1, 1.Its load resistor R, has the shunt
peaking coil L, in series with it to
increase the high-frequency response.
Notice that the control grid of VT,
is directly connected to this load; no
coupling condenser is used. Hence,
the d.c. level of the signal is passed

right on to tube VT,. That is, the d.c.
drop across R, acts as avariable bias
that follows the signal brightness
level. This bias is applied to VT, and
causes its operating point to shift as
the brightness changes.
You will observe that the plate circuit of tube VT, contains the seriespeaking coil L, shunted by R,, and
that its load resistor R7 has L, as a
shunt-peaking coil in series with it.
R, and C, provide a low-frequency
compensation as in other circuits we
have studied.
The control grid of the picture tube
is connected directly to the plate end
of the load for VT,; again, there is no
intervening coupling condenser. The
picture tube cathode is connected to
the chassis by condenser C,, so the
a.c. signal across the L,-R 7-C, load is
applied between the grid and cathode
of the picture tube. There is also a
path from the grid to the cathode
(through L,, R„ and 11. 8)across which
is developed a d.c. that varies as the

FIG. 23. A basic d.c. amplifier.
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brightness changes. Therefore, both
the d.c. and a.c. components of the
signal are applied to the picture tube,
with the result that the pedestals
stay lined up.

not be sufficient high-frequency compensation. For these two reasons, it
is sometimes necessary to use a twostage direct-coupled amplifier.
At once we run into a supply voltage problem. Since the stages are
directly coupled, the plate supply of
the first stage affects the bias of the
second, and the plate supply of the
second must be higher than that of
the first to get normal operation. Let's
run through this problem before studying a typical two-stage amplifier.

The absence of coupling condensers
removes one of the factors that can
cause alow-frequency roll-off, but we
still have the cathode circuit of VT 2
to worry about, plus the fact that the
over-all design may be such that the
low-frequency response is limited.
Therefore, although low-frequency
compensation is not as necessary in
the direct-coupled amplifier as it is in
an a.c. amplifier, a certain amount of
this compensation may be needed.

'Power Supply. Fig. 24 shows an
elementary two-stage direct-coupled
amplifier. Let's assume that the voltages marked on the diagram are those

413 V

FIG. 24. The power-supply arrangement
used for a basic two-stage d.c. amplifier.

TWO-STAGE AMPLIFIER
The single-stage direct-coupled amplifier in Fig. 23 has several factors
to recommend it. We do not need
voltages as high as are needed in
multi-stage d.c. amplifiers, and the
likelihood of motorboating is not great
in asingle stage. Further, there is no
need for d.c. restoration, since the d.c.
component of the signal is kept
throughout.
The only things wrong with the circuit are the facts that there might not
be enough gain and that there might
22

we require for operation. That is,
tube VT, requires a 3-volt bias for
100 volts on the plate. The normal
VT, plate current through load resistor R, causes a50-volt drop. Therefore, the total supply for this tube is
50 4- 100 -I-- 3 or 153 volts. This is
obtained from the voltage divider between terminals A and C.
For tube VT 2,we need a 10-volt
bias and 200 volts on the plate, and
the plate current causes a 100-volt
drop in the load 11 4.First, we have to
get the 10-volt bias. We have a 50-

volt drop in R,, which has the right
polarity but is 40 volts too much.
Therefore, the cathode of VT, must
be returned to point B on the voltage
divider so that it will be 40 volts
negative with respect to point C. Then,
the 40 volts developed across R6 will
be opposed by the 50 volts across R,
with the result that the difference of
10 volts will appear as the bias for
tube VT,.
Next, we require atotal of 300 volts
between the cathode and B+ for this
tube (200 volts for the plate plus 100
volts that is dropped across R4).
Hence, 300 volts must be developed
between point B and point D of the
voltage divider. Since there is a 40volt drop between B and C, avoltage
of 260 volts is needed across R7.The
total voltage must therefore be 260
plus 153 or 413 volts. Notice that
this direct coupling of two stages
makes it necessary to have a high B
voltage available even though the
plate voltages needed are quite ordinary.

terminal of the power supply. In addition, R„ acts as a bleeder to cause
additional current to flow through Re.
The total drop across R„ is therefore
more than 215 volts; it is actually
225 volts, which makes the junction
of R„ and R„ be at apotential of —10
volts with respect to ground. There is
an additional 9 volts across R„, so
the plate of VT, is —19 volts and its
cathode is —117 volts with respect to
ground. The plate voltage is the difference between the two, or 98 volts.
Although both the plate and the cathode are negative with respect to
ground, the cathode is more negative
than the plate, which means that the
plate is positive with respect to the
cathode, as is required.
The bias needed for tube VT, is
about 4 volts. The grid of this tube
is at a potential of —10 volts with
respect to ground, because it is connected to the junction of R„ and R„.
To produce the proper bias, the cathode of VT, is tied to a terminal that
is —6 volts with respect to ground.

Typical Circuit. A typical twostage d.c. amplifier circuit is shown
in Fig. 25. We can break down the
supply circuits of this amplifier into
the basic elements shown in Fig. 26.
The total supply here is 215 plus 120
or 335 volts. We can analyze this circuit in much the same way as the
circuit of Fig. 24 by noticing that the
voltages are all measured with respect
to ground.
The cathode of VT, is tied through
R5 and R1 to apoint that is at —120
volts with respect to ground. There is
a 3-volt drop across R5,which becomes the bias for the grid of VT,,
since the grid returns to this point
through R,.

The plate voltage needed for VT, is
about 134 volts, and there is a drop
of 81 volts in its load resistor. The
total supply needed for VT, is therefore 6 + 134 + 81 or 221 volts. The
total B supply is 120 -I- 215 or 335
volts.
As you can see, high power-supply
voltages are required for multi-stage
direct-coupled amplifiers — so high
that practically all circuits use only
one or two stages. Occasionally three
stages are used, but any more than
this would be impractical because of
the excessively high voltages that
would be needed.
Signal Operation. Returning now
to Fig. 25, we can analyze the circuit
in regard to its operation on the signal. Tube VT i,the video detector,

'The plate current of tube VT 2 flows
through R„ and R, to the +215-volt
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+135V
FIG. 25. The schematic diagram of a typical two-stage d.c. amplifier.
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feeds into load R., shunt compensating coil L., and series compensating
coil L.. The signal from this stage is
fed directly to the grid of VT,.
In the plate circuit of VT, are a
coil L, and condenser C. that together
form a4.5-megacycle trap. This trap,
which is called a "grain" trap, eliminates whatever beat there may be between the sound and video carrier
signals; such a beat, if not removed,
would cause afine-grained dot pattern
N)
on the picture.
/
The plate of VT, is directly coupled
through Ri0 to the grid of VT., and
the plate of VT, is in turn directly
connected through its load and a filtering circuit to the grid of the picture
tube. Effectively, R„, C., and Ca
form a low-pass filter that tends to
eliminate components that are higher
in frequency than the desired signal.

Although triode tubes are shown in
this circuit, pentodes might equally
well have been used. Also, separate
tubes might have been used instead of
the dual triode shown here. Such
minor changes could be introduced
without making any basic modification of the circuit.
From what we have said, you can
see that the direct-coupled amplifier
works much like an a.c. amplifier. Its
advantages are that the d.c. component of the signal is not removed and
that the elimination of coupling condensers helps to maintain agood lowfrequency response.
•
Its disadvantages are that a high
operating voltage is needed and that
the very good low-frequency response
makes motorboating likely to occur.
Motorboating may result from the
fact that any slow supply-voltage
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FIG. 26. The power-supply circuits of the amplifier shown in Fig. 25 can be drawn in
this form to make it easier to understand the requirements the supply must meet.
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change in the first tube will affect the
bias on the second, causing a plate
current change in the second tube that
will aid the change in the first tube.
For example, suppose the plate current of the first tube drops. This will
reduce the bias on the second tube;
its plate current will consequently increase, causing a greater drop in the
power supply. This drop will reduce
the plate voltage on the first tube
decreasing its plate current further
and thus continuing the action of decreasing the bias and increasing the
current in the second tube. An opposite series of actions will occur if the
plate current of the first tube increases.
Once this action starts, the circuit is
likely to go into oscillation or to
motorboat, because the plate current
of the second tube can be driven between saturation and zero alternately.

which the pedestals line up; the video
signal swings the grid toward zero to
give increases in brilliancy, and the
sync signals make it more negative so
that the screen is blanked completely
during the sweep retraces.
Let us momentarily assume that we
can couple the signal to the picture

To prevent this from happening, the
power supply must be carefully designed to have good regulation. This
means it must have low internal resistance and use high-capacity condensers, which makes it more expensive to build.
The a.c. amplifier does not have
these two disadvantages, and d.c.
restoration will give back the d.c.
level. Before we go on to d.c. restorers,
however, let's learn more about brilliancy and contrast controls.

BRILLIANCY CONTROL
The picture tube must have an initial bias that will set its operation at
the proper point on the brilliancy-grid
voltage curve. The operating point is
set at the point of greatest curvature,
as at point X in Fig. 27A. This point
then represents the "black" level at
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FIG. 27. Basic methods used in a.c. amplifiers for setting the operating point of
the picture tube at the desired point on
the tube characteristic (A) are shown in
(B) and (C).

tube through acoupling condenser
as shown in Figs. 27B and 27C. The
initial brilliancy bias must then be obtained from the power supply. The
variable bias control resistor R, in
both these figures can be used to adjust the bias to cause operation at the
proper point on the curve. The fixed
resistor Rs is added to prevent the
setting from ever being reduced to
zero; this is necessary because the
tube might be ruined by the excessive
current flow if the bias became zero
for very long.
Since any change in the setting of
the variable bias control changes the
average brilliancy of the scene by
moving the "black" level, it is known
as the brilliancy control. If the brilliancy control is set so that the bias
is not sufficiently negative, the overall picture will be light; the retrace
lines can be seen if the control is far
enough from the proper setting. If the
control is set so that the operating
point is too far in the negative direction, the darker portions of the scene
will be telescoped together, with the
result that some portions that should
be gray will be black. On some sets,
the brilliancy control is ascrew-driver
adjustment; on most, however, it is
operated by a front-panel knob so
that the set owner may adjust the
brightness of the picture to a level
that suits him.

FIG. 28. Two methods of obtaining the
initial bias on the picture tube when a
d.c. amplifier is used.

affect the bias of the picture tube.
Thus, in the direct-coupled system,
the inital bias (the bias when no signal is being received) is obtained from
the d.c. voltage drop across R„ as
shown in Fig. 28A. The drop across
this resistor is determined by the plate
current of VT2;with usual current
and load values, this drop is normally
more than is wanted.

Of course, ad.c. restorer (which we
will study later) would be needed in
circuits like those in Figs. 27B and C.
However, these are the basic methods
used in a.c. amplifiers for getting the
initial bias for the picture tube.
The absence of acoupling condenser
in ad.c. amplifier means that the drop
in the load of the last video stage will
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In the circuits in Figs. 23 and 28,
therefore, there is a control in the
cathode circuit of the picture tube
that makes it possible to apply abuck-

ing voltage that will reduce the bias.
When the slider on R„ is all the way
to the left in Fig. 28A, the bias is
that across R, alone. However, when
the slider is moved toward the right,
avoltage of opposite polarity is added
between the cathode and grid of the
picture tube, thus reducing the bias.
Resistor R, thus acts as the brilliancy
control.

creases the bias on the picture tube,
an effect that is compensated for by
adjusting R, so that it provides a
greater bucking voltage. If the tube
VT, becomes defective, there will still
be a drop across R, because of the
bleeder current. The values of the
various resistors can be so chosen that
this drop will keep the grid of the
picture tube at asafe voltage.

The arrangement shown in Fig. 28A
has one serious defect. If tube VT2
ever became defective so that its plate
current was cut off, there would be no

A basically similar arrangement was
shown earlier in Fig. 25. Here, the
voltage fixing the initial operating
point of the picture tube is determined
by the d.c. drop in 11.„ and R1,caused
by the plate current of VT, and also
by the voltage division along the path
R18 ,R„, R„, R, 4,L, from the —120volt to the +215-volt terminal of the
power supply. If tube VT, should fail
for any reason, the drop across
and R„ caused by the flow of its plate
current through them would disappear, but the voltage resulting from
current flow through the other path
would keep the tube safely biased.
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FIG. 29. Two kinds of contrast controls.

voltage across R1,in which case there
would be apositive voltage applied to
the grid of the picture tube from the
drop across R„. Since apositive voltage on the picture tube grid could
ruin the picture tube, the circuit is
sometimes modified as shown in Fig.
28B to prevent such an occurrence. In
this latter circuit, ableeder resistor R.
draws an additional current through
resistors R, and R,. The drop across
R, is dependent on both the plate
current of VT, and the size of the
bleeder resistor 11 4. When the set is
operating normally, this drop in28

In normal operation of the circuit
in Fig. 25, the picture tube grid is
slightly positive with respect to
ground, but its cathode is considerably more positive. As a matter of
fact, under normal operating conditions, the grid-to-ground potential is
about + 14 volts and the cathode-toground potential is about +42 volts.
The difference represents a bias of
approximately —30 volts on the grid.
The brilliancy control R„ permits adjustment of the cathode potential, so
this bias level can be varied.
Service Hint. When d.c. coupling
is used, any defect that reduces the
plate current of the output video amplifier, or that increases the plate current of the first video stage, will cause
abright screen. Conversely, either an

Figs. 30B and 30C. Thus, with the
signal shown in Fig. 30B, we have a
certain range from light to dark. If
the gain of the set is increased, the
value S is increased (Fig. 30C). As
you can see, we have the same basic
signal form, but its amplitude has
increased. If the black level remains
the same, the peak value will show up
as awhiter signal.

increased plate current in the output
video stage or a decreased plate current in the first video stage will reduce
the screen brilliancy.
Notice that this applies ONLY to
(d.c.-coupled video stages. If a.c. coupling is used, the coupling condensers
'block the d.c. path, so each stage is
independent as long as there is no leakage in the coupling condensers. Hence,
in a set using a.c. video coupling,
changes in video amplifier plate current cannot normally affect the initial
brilliancy setting of the picture tube.

Eg -B

CHARACTERISTIC
CURVE

CONTRAST CONTROL
The contrast control is basically the
"volume" control for the picture signal. When the set does not have a.g.c.,
the contrast control is always arranged
so that the gain of the i.f. and r.f.
stages can be varied with it. When
a.g.c. is used to control these stages
and prevent overloading, the contrast
control is in either the a.g.c. circuit or
the video amplifier.
In any case, the contrast control is
used to increase gain on weak signals
and to reduce gain on signals strong
enough to overload the set. When used
in the video amplifier, it may be
either acontrol used to vary the signal itself (see Fig. 29A) or one used
to adjust the gain by varying the
operating bias (Fig. 29B). The latter
control is favored because it introduces fewer difficulties with the shunting capacities across the control and
its terminals.
The contrast control gets its name
from its effect on the signal. When
the gain of the receiver is increased,
the signal is "stretched" so that the
contrast range from white to dark is
increased. The contrast control is
therefore used to adjust the peak voltage value S of the signal, as shown in
29
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o
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FIG. 30. What the contrast control does
to the video signal (B) is shown in (C).

Notice, however, that the stretching
of the signal has also increased the
amplitude of the sync pulse, with the
result that the pedestal level has
moved. In other words, the pedestal
level in Fig. 30C no longer lines up

with the operating point and with
the pedestal level in Fig. 30B. Therefore, if it is necessary to increase the
contrast control setting, it will also be
necessary to vary the brilliancy control to bring the pedestal levels back
into line with the brilliancy cut-off X
the curve. If this is not done, dim
retrace lines may be visible in the
picture.
In general, this "interlock" between
the brilliancy and contrast controls
occurs regardless of where the contrast control may be.
However, when the contrast control
is in a direct-coupled video amplifier
like that in Fig. 23, adjustment of the
control automatically tends to reset

the brilliancy properly. In this circuit, adjustment of resistor R2 varies
the contrast by changing the bias on
tube VT2 and hence changing the gain
of this stage. At the same time, this
adjustment changes the plate current
through R. and thus changes the bias
applied to the picture tube, thereby
resetting the brilliancy level. The
circuit arrangement is such that increasing the contrast also tends to
move the brilliancy cut-off point in a
more negative direction, which automatically tends to line up the pedestals. This is adesirable feature if the
parts values used in the circuit can be
selected so that the compensation is
exact.

D.C. Restorers
the pedestals and sync pulses of the
a.c. signals do not line up if they are
associated with lines of different
brightness: those representing the
brightest lines go farthest below the
zero reference line. The displacement
of the peak of each sync pulse from
the zero line is proportional to the

To review briefly, Fig. 31 shows the
difference between the a.e. and d.c.
types of video signals. You will recall
that in the a.c. versions shown in D,
E, and F of this figure, the areas on
either side of the reference line are
equal (because the average of an a.c.
signal is always zero). As a result,
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FIG. 31. This is the same illustration that was shown earlier in Fig. 3; it is repeated
here for your convenience.
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brightness of the scanning line with
which that pulse is associated.

A positive with respect to terminal B
is merely applied across R1to the picture tube. On the negative alternations, however, when the sync pulses
make terminal A negative with respect
to terminal B, diode D conducts
heavily and puts a charge on condenser C, that is proportional to the
peak value of the negative swing of
the a.c. signal.

This last fact makes d.c. restoration
possible. Fundamentally, we can secure d.c. restoration by applying the
a.c. signal to a rectifier circuit that
can develop a d.c. voltage that is
proportional to the peak values
reached by the sync pulses. This d.c.
voltage can then be added directly to
the a.c. signal to produce the original
pulsating d.c. signal form, examples of
which are shown in A, B, and C of
Fig. 31.

On the following positive swing condenser C, discharges as well as it can
through Ri;however, the time constant of C, and It, is chosen so that
it would take several lines and hence
several sync pulses of time before C,
could discharge completely. Usually,

BASIC D.C. RESTORER
An elementary d.c. restoration circuit is shown in Fig. 32. The a.c.

e

FIG. 32. Simple d.c. restoring circuit in
which D is a diode tube. In some television receivers, a germanium crystal
rectifier of small area may be used in
place of the tube.

signal voltage is applied to the input
terminals of this circuit from the last
video amplifier.
This a.c. signal
passes through coupling condenser Ci
and develops across resistor Ri a duplicate of itself for application to the
grid of the picture tube.
The diode rectifier tube D is connected so that it will conduct only
when terminal A is negative with
respect to terminal B. Therefore, when
the a.c. signal is applied, that portion
of the a.c. signal that makes terminal
31

the time constant of C, and R, is
made approximately equal to the time
required to scan about ten to twenty
lines, because this has been found sufficient for the normal changes in brilliancy that occur in the average scene.
The time constant cannot be much
longer than this, because then it would
tend to hold over from one brightness
level to the next. If it were made too
short, changes in brightness level
along a scanning line would begin to
affect the background brightness.

When the time constant is correct,
conduction of the diode puts a charge
on C, that is proportional to the average scene brightness. A d.c. voltage
resulting from this charge is across R,
when the diode is cut off; it therefore
varies the operating point of the picture tube, thus moving the a.c. signal
so that the pedestals line up with the
cut-off point of the tube. The brighter
the line, the greater the d.c. voltage
developed across C„ and hence the
greater the sum of the d.c. and a.c.
voltages. That is, the d.c. voltage
added to the a.c. signal of a bright
scene is much higher than is the d.c.
added to the signal of a gray or a

diode capacity would then be shunting
the amplifier plate load. This would
seriously reduce the high-frequency
response of the system.
A basic circuit that is typical of
those actually found in TV receivers
is shown in Fig. 33. Here, VT, is the
tube in the output video stage. The
plate load for this tube consists of the
series-peaking coil L„ the shuntpeaking coil 14 2,and the load resistor
R4. Low-frequency compensation is
not added in this stage; it probably is
used in preceding stages, however.
The a.c. signal that is developed
across the load resistor and shunt-

FIG. 33. Schematic of atypical practical d.c. restorer.

black scene. This means that brighter
scenes will drive the grid of the picture tube harder in the positive direction, as they should.
PRACTICAL DIODE RESTORER

peaking coil is applied to the grid of
the picture tube through coupling
condenser C,. The a.c. grid circuit for
the picture tube consists of the resistances R6,R„ and 11 6 and the bypass condenser C4.

In an actual receiver, the diode d.c.
/restorer would not be connected across
the entire grid resistor of the picture
tube as shown in Fig. 32, because the

The internal capacity of the diode
restorer VT, acts as aby-pass across
11 7, but the high-frequency components of the signal coming through C,
32

are developed across R, and Rs,which
are sufficiently high in resistance to
act as a normal grid resistance.
However, VT, must charge a condenser if it is to operate properly as a
restorer, and it is isolated from C, by
R,. Therefore, the signal is fed to it
through condenser Cs. The Cs-todiode path is isolated from the plate
load resistor R, by the resistance R,.
However, since most of the high frequencies appear across L,, there is
little other than the middle and low
frequencies across R4;therefore, the
by-passing action of the diode on R,
is small, and R, need not be high in
resistance.
The d.c. restoration action is much
like that in the circuit in Fig. 32. The
negative swings of the pedestal and
sync pulses are applied to the diode
through Cs (and also through the path
C2-R,, but this path is not considered
to be very effective). When the diode

conducts, it charges Cs (through a
path consisting of Rs,R9,R10 ,the B
supply, R,, and R5). When the diode
ceases to conduct, R, is added to the
other resistors in the d.c. path between
the terminals of C. Since the resistance of R, is high in comparison to
that of the other resistors in the path,
most of the voltage across Cs is developed across R7.The time constant of
Cs-R, is such that Cs is held at a
charge that corresponds to the average brightness of ten to twenty lines.
Hence, the d.c. voltage across R, corresponds to the average brightness of
the scene, and, since it is applied to
the grid of the picture tube, it acts to
line up the pedestals.
R, and 04 isolate the grid circuit of
the picture tube from the brightness
control, which is a part of the power
pack. The a.c. signal path is through
C, to the cathode, and R, acts as a
blocking resistance.

FIG. 34. How d.c. restoration can be produced in the last video stage.
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RESTORATION IN
LAST VIDEO STAGE
It is possible to make the last video
stage do its own restoring as long as
it is directly coupled to the picture
tube. Fig. 34 shows atypical example
of a circuit of this kind. Here, the
signal is fed to the grid of VT, through
the coupling condenser C1.This is an
a.c. coupling, since any d.c. that may
be in the signal from the preceding
stage will be wiped out by C1.

positive direction for increases in brilliancy. Therefore, the signal applied
to the grid of VT, must have anegative picture phase, because VT, inverts the entire signal 180°. (This is
not the same kind of phase shift that
we studied earlier, because here the
action occurs on the entire signal. All
frequencies are held in their same
relative positions with respect to each
other—the entire signal is "flipped
over" as aunit.)

The plate load for VT, is the seriespeaking coil L,, the shunt-peaking
coil Ls,and the load resistor R,. Resistor R, and condenser Cs provide

Since the signal applied to the grid
VT, has anegative picture phase, the
sync signals drive the grid in the positive direction, and the picture corn-

FIG. 35. How d.c. restoration can be produced in the picture-tube circuit.

low-frequency compensation. The signal developed across Ls,R,, and Cs is
applied directly to the grid of the picture tube.

ponents drive it in the negative direction.

Restoration. The restoration in
this stage occurs in the grid circuit of
VT,. This tube has no initial operating bias; it gets the bias for operation by grid rectification. The action,
which is much like that of agrid-leak
detector, occurs as follows:
To begin with, you know that the
signal applied to the grid of the picture tube must have apositive picture
phase—that is, it must swing in the
34

Since VT, has no initial grid bias,
the sync signals drive the grid positive, and the grid draws current
through R,. This current flow sets up
a bias voltage across R, that is proportional to the amount the grid is
swung positive by the sync signal
peaks. This puts a charge on condenser C, that creates a d.c. voltage
across it having the polarity indicated
in Fig. 34. This d.c. voltage acts as a
varying bias on VT, during the negative part of the signal, moving the

operating point of the tube in accordance with the brightness level of the
picture to make the pedestals line up.
Basically, the only difference between the grid circuit of the VT, stage
in Fig. 34 and any similar grid circuit
in an a.c. amplifier is the fact that
there is no (or little) initial bias in
this circuit, which means that the grid
of VT, can go positive on the signal
swings. The time constant of C, and
R2 must equal the time of several
lines, but this is needed anyway to
give reasonable low-frequency response.

nal to the cathode of the picture tube
this way as long as it has a negative
picture phase. Then the cathode will
be swung more negative by brighter
elements of the picture; since this is
the same as making the grid more
positive, we will have normal a.c. signal action.

In addition, d.c. restoration occurs
because of a shift in the bias developed across R,. When the pedestal
and sync pulses drive the cathode
positive (which is the same as making
the grid more negative), the beam current through the picture tube is cut
down. This reduces the bias that is
Since the pedestals are aligned in
produced across 11 2. An increase in
the grid circuit, they remahi aligned
brightness therefore causes areduction
in the plate circuit. The plate of VT,
in
the beam current and in the bias
is directly coupled to the picture tube
applied
to the grid of the tube. This
grid, so the restored signal is applied
to the picture tube much as it is in a allows the grid to go less negative (by
making the cathode less positive with
d.c. amplifier. In fact, the output courespect to the grid) and thus produces
pling is practically identical with that
abrighter picture.
.
of the d.c. circuits we have studied.
The coupling condenser C, prevents
the bias from following changes in the
D.C. RESTORATION IN
signal too rapidly. The time constant
PICTURE-TUBE CIRCUIT
of C, and R2 is such that the bias is
It is also possible to obtain a d.c.
determined by the average brilliancy
restoration action in the picture tube
of several scanning lines, as it is in
circuit itself when the signal is fed to
other d.c. restoration circuits.
the cathode. (We cannot obtain resOne manufacturer calls this partictoration by grid rectification in the
ular arrangement "automatic brightgrid circuit of the picture tube, beness control," and another refers to it
cause we cannot allow the grid to go
as "stabilized brightness control." Alpositive.) The circuit in Fig. 35 is
though it is true that this and all other
used for this purpose.
d.c. restoration methods are effectively
In this circuit, the initial operating variable brightness controls, we usupoint is set by the bias developed
ally consider the brightness level to
across R2.This bias is determined by
be set by the initial adjustment of the
the beam current of the picture tube,
operating point of the picture tube.
which flows to the cathode through R2.
Resistor R, is a vernier brightness
CONCLUSION
control that is used to provide an
additional bias to set the final operIn the last several Lessons, you have
ating point.
followed the video signal through the
r.f.-i.f. section, the video detector, and
It is possible to feed the video sig35

the video amplifier. This completes
the journey of the video signal—it is
now applied to the grid of the picture
tube and serves to vary the brightness
of the spot produced on the face of the
tube. However, having avarying spot
is not enough; we must move this spot
to the proper position to reproduce
each element in the scene. Therefore,
in addition to varying the content of
the electron beam, we must sweep it
horizontally and vertically across the
face of the tube. Furthermore, it must
be kept in step with the transmitter
so that each line will start at the
proper time.
In the next Lessons, we shall study
the circuits that produce sweep voltages and those that synchronize the
sweeps with the transmitted signal.
These are sections of a TV set" that
have no counterparts in a sound
receiver.
As you will 'learn, the sweep circuits basically consist of an oscillator,
followed by a special wave-shaping
circuit or network that is employed to
give a voltage of a particular shape.
In turn, this voltage is fed through

an output or amplifying stage to the
deflectioh plates or deflection coils of
the picture tube. One sweep chain
operates to sweep the electron beam
in the picture tube from left to right
in a horizontal direction to form the
lines, while another entirely separate
sweep chain produces the deflection
signal for moving the beam from top
to bottom of the picture-tube face.
In the sync-control circuits, the
control signal is stripped from the
video signal, and then the vertical and
horizontal control pulses are separated
from each other. These signals are
then used to control the frequencies of
the oscillators in the sweep circuits so
that each line and each frame starts
exactly in step with the scanning at
the transmitter.
After you have studied sweep circuits and synchronizing control circuits, you will study receiver power
supplies, the sound channels, and special systems used in receivers. This
will complete your basic theory of
television, after which you will go into
the study of television antennas, and
the installation, adjustment, and servicing of television receivers.
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Lesson Questions
Be sure to number your Answer Sheet 54RH-3.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Is the final video ampliiier apower or voltage amplifier?
2. If the signal available at the output of the video amplifier has anegative
picture phase, how must it be fed to the picture tube?
3. Why is good low-frequency response necessary in avideo amplifier?
4. What causes the high-frequency response of avideo amplifier to fall off?
5. Is the detail in the picture determined by the high-frequency response or
by the low-frequency response?
6. What is done in the video section to eliminate the beat between the sound
and video carrier signals?
7. Why does an increase in contrast control setting make it necessary to
vary the brilliancy control?
S. Why is it not practical to connect adiode as ad.c. restorer directly across
the entire picture tube grid resistor?
9. Which of the following statements is correct: the time constant in the d.c.
restoration circuit is such that the condenser is held at acharge that corresponds to the average brightness of: one line; several lines; several frames?
10. If atwo-stage video amplifier is a.c.-coupled throughout, and the first tube
burns out, will the picture tube bias be affected?
Be sure to fill out a Lesson Label and send it along with your answers,
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Here is a quotation from the Santa Fe Magazine
which appealed to me as containing much good, common sense. I hope you too will enjoy it—perhaps
profit by it:
"Take time to live.
Killing time is suicide.

That is what time is for.

"Take time to work. It is the price of success.
"Take time to think. It is the source of nower.

"Take time to look around. It is too short a day
to be selfish.
"Take time to laugh. It is the music of the soul.
"Take time to play with children.
of joys.

It is the joy

"Take time to be courteous. It is the mark of a
gentleman."
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For each study step, read the assigned pages first at your
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with one quick reading to fix the important facts firmly in
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in which electromagnetic deflection is used.
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APPLYING avideo signal between

the grid and the cathode of the picture tube varies the number of electrons
in the beam through the picture tube
and thus varies the brightness of the
spot struck by the beam on the face
of the picture tube. As a result, the
brightness of the spot at any instant
corresponds to the light level at some
point on the mosaic of the camera
tube from which the video signal originates. To reconstruct the original
scene, we must move (or sweep) the
picture-tube beam across the face of
the tube line by line in synchronism
with the scanning of the camera tube
so that the spot of varying brilliance
will always be at the right point in the
picture. Only in this way can we reconstruct the scene from its elements
into acomplete picture.
The human eye is capable of seeing
an entire scene at one time because
each tiny portion of the scene is carried over aseparate nerve path to the
brain. There are thousands of nerve
channels from the eye to the brain, so
it is possible for the brain to recon-

1

struct an entire scene from the individual elements delivered to it over each
nerve path. In television, it is impossible to transmit an entire scene as a
single unit this way, because there
would have to be a separate channel
for each element of the picture. Instead, a televised scene is broken up
into its individual elements, which are
sent consecutively.
When the transmitter has sent a
signal corresponding to all the elements along one line, it starts to send
one that corresponds to those of the
next line. Therefore, we must have
some means of moving the electron
beam within the picture tube across
the face of the tube as each line signal
is received and some way to move it
down the face so it will be in position
for the next line. In this way, we can
reassemble the signals from the various scene elements in their proper
order to give us apicture.
To get apicture, therefore, we must
have a spot whose brightness corresponds to the brightness of an element
in the original scene, and we must

also have a sweep system that will
move this spot to the proper point on
the face of the tube.
The range of adjustment of the
brilliancy control is limited so that as
long as the beam is in motion and the
energy in the beam is distributed over
the face of the tube, there is no danger
of burning the fluorescent screen material. If the beam is allowed to stand
still, however, all the energy of the
beam will be delivered to asingle spot
ther than spread over the entire tube
face. That particular spot will be
burned so that it can no longer
fluoresce and hence will no longer

In one, sweep voltages are applied to
deflecting plates within the picture
tube; in the other, sweep currents are
applied to deflection coils that are
around the neck of the tube. Let's

FIG. 1. Basic design of an electrostatic
tube.

produce light. Therefore, we must
have a sweep system that will keep
the electron beam in motion whether
we have a signal or not. Then, when
asignal is tuned in, the sweep system
must fall under the control of the sync
pulses that accompany the video signal, so that the lines can be made to
start at the proper time. Before going
on to learn more about sweep systems,
let's see how the beam is moved inside the picture tube.

briefly review these.
Electrostatic Deflection.
Fig. 1
shows the basic design of an electrostatic tube. The plates labeled V,
and V, are used to deflect the electron
beam vertically, and those labeled H,
and H, are used to deflect the beam
horizontally across the face of the
tube. These sets of plates get their
names from the directions in which
they deflect the beam and not from
their physical positions. (Notice that
the horizontal deflection plates are
vertically mounted and the vertical
deflection plates are horizontally
mounted.)
Since the electron beam consists of
negative particles, it will be attracted
toward any positive element within
the tube. Therefore, let's assume that
we are facing the front of the tube
and have the conditions illustrated in
Fig. 2. Let's first just apply avoltage
between the horizontal deflecting
plates H, and H, that makes the
plate H, positive, as shown in Fig. 2A.
The electron beam (indicated by a
dot) will move toward this plate, the
distance it is moved depending on the
voltage applied between the plates.
(Of course, the distance the beam is
moved also depends on its stiffness,
which is determined by the accelerating voltage applied to the second
anode.)
If we reverse the polarity (Fig. 2B) ,
the electron beam will move toward
plate H2. Therefore, if we alternately
make first one and then the other plate
positive, the electron beam will be

DEFLECTION METHODS
As you learned in your study of the
picture tube, there are two basic methods of deflecting the electron beam.
2

FIG. 2. How the electron beam is swept across the face of an electrostatic tube.

swept back and forth as shown in Fig.
2C, thus producing aline.
Similarly, the electron beam can be
deflected up and down by voltages applied to the vertical deflecting plates
Vi and V2,as shown in Figs. 2D, E,
and F. When the proper voltages are
applied to both sets of plates, the electron beam will be swept over the entire
tube face, as shown in Fig. 3.
Electromagnetic Deflection. The
other system of deflection makes use
of amagnetic field set up by two sets
of coils (called deflecting coils) that
are at right angles to each other. The
moving stream of electrons within the
picture tube constitutes acurrent flow,
and therefore it has a magnetic field
associated with it. As these electrons
flow through the magnetic field set up

deflecting coils, which is proportional
to the current through them.
The vertical deflecting coils are
mounted horizontally, and the horizontal or line deflecting coils are
mounted vertically. The two sets of
coils are arranged as shown in Fig.
4A when you look from the face of
the tube toward the cathode. These
coils are actually wound flat (Fig. 4B)

i
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by the coil systems, the interaction
between the field of the electron beam
and that of the coils will cause the
electron beam to move. For any particular accelerating voltage, the distance of movement will depend on the
strength of the magnetic field of the

FIG. 3. This enlargement of a section of
aTV picture shows that it is made up of a
series of lines of varying brightness separated by fine black spaces. (Look at it
from 10 feet away and you will see that
the lines blend together.)

3

should not have to worry much about
the shape of the scanning signal. Since
we are going to reproduce a picture,
however, it is very important that the
scanning signal have exactly the same
characteristics as the signal that is

o

`
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used to sweep the face of the pickup
tube at the transmitter. The control
pulses that come from the transmitter
determine only the frequency or rate
at which the scanning occurs, not the
wave shape. Fortunately, however,
as we will show shortly, it is relatively easy to get the right scanning
wave shape in the receiver.

IRON SHELL
VERTICAL
DEFLECTING COIL
HORIZONTAL
DEFLECTING COIL
PAPER TUBE

CUT-AWAY VIEW OF
ASSEMBLED YOKE

FIG. 4. How an electromagnetic deflecting yoke is made.

and then curved as shown in Fig 40.
Then the two sets are interleaved
(Fig. 4D) into asingle yoke assembly
that slips around the neck of the picture tube.
With this brief explanation of the
actual mechanics of getting the electron beam to move, we can now return
to a study of the shape of the sweep
signal that is needed and can learn
more of its characteristics. Keep in
mind that the deflection in an electrostatic deflection system is proportional
tp voltage, whereas the deflection in
an electromagnetic deflection system
r\e
is proportional to current. This important difference has much to do with
the design of the sweep circuits, as
we shall show later in this Lesson.
`I

THE SCANNING SIGNAL

If we were interested only in protecting the fluorescent coating of the
tube by causing the electron beam
to be swept over the entire face, we

At both the receiver and the transmitter, the scanning signal must move
the electron beam linearly with respect to time. If the scanning signal
is non-linear, so that the beam deflection is slow part of the time and fast
the rest of the time, more electrons
will hit the spots over which the beam
travels slowly and less will hit those
over which the beam travels quickly.
The brightness of a spot on the tube
face depends on the number of electrons hitting it; therefore, non-linearity in the scanning signal will produce
brightness variations in the raster
(the pattern formed when no picture
is being received). If we use a sinewave signal for scanning, for example,
the beam will move slowest at the left
and right of the screen and fastest
in the middle, with the result that
the raster will be dim in the middle
and excessively bright at the sides.
To get an even distribution of the
brilliancy, the scanning signal must
change so that the distance moved
by the beam is exactly proportional
to time, as shown in Fig. 5A; the
"curve" followed by the signal must
be a straight line.

This means that
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the rate of movement of the beam
across the screen should be absolutely
uniform; if it moves acertain distance
in acertain time, it should move twice
as far in twice the time.
Once we have moved the electron
beam from left to right across the
face of the tube, we must then get it
back to the left to start the next line.
The ideal action would be to make
the electron beam snap back to the
left instantly, because then the full
scanning time could be used to transmit a signal. In this case, the movement of the beam would be as represented in Fig. 5B. The electron beam
would move steadily from the left (L)
through the center (C) to the right
(R) as the scanning signal changed
from W to X. At point X, the end
of one line would be reached. Instantly, the electron beam would move
from the right to the left as the scanning signal snapped from X to Y.
The beam would then be back in the

o

same relative position at the left of
the tube face as it was at W. The
next line would then be scanned from
Y to Z, and so on.
Unfortunately, such a very abrupt
change in the position of the electron
beam from right to left would call for
extremely high-frequency components
in the scanning signal, which would
not be easy to handle. In practice,
therefore, a certain amount of time
is allowed for the beam to move back
to the left-hand side of the screen; a
scanning signal having the shape
shown in Fig. 5C is used. (This is
called a "sawtooth" wave, because its
shape is somewhat like that of atooth
on a handsaw.) Notice that the "retrace" signal from X to Y (that is,
the signal that moves the beam from
right to left on the picture tube face)
now has an appreciable slant. Although the retrace (X to Y) is faster
than the scan (W to X), it nevertheless takes an appreciable length of
time to make the retrace. It is standard practice to arrange for the retrace
from X to Y to occur in about 8% to
10% of the total time required to reproduce one line. This means the
scanning from left to right (W to X)

TIME

must now occur somewhat faster than
it did in Fig. 5B to complete each line
in the same line period. This is indicated by the fact that X in Fig. 5C
occurs sooner than in Fig. 5B.

a

To prevent the retrace (X to Y)
from being seen as astreaky line from
right to left, the screen of the picture
tube is blanked out by the blanking
pedestal and the sync pulses that accompany the signal. To be sure that
the retrace will occur during this
blanking, the retrace is started slightly
after the blanking has begun and is
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FIG. 5. Evolution of a saw-tooth scanning
signal.
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finished well before the blanking period ends. This means that the blanking period, which uses up 14% of the
time allotted to the reproduction of
one line, cuts aslight amount off each
line at both ends.
Of course, we don't want the lines
to occur right on top of each other—
they must be spaced down the tube
face so that each line will be below
the one preceding. Therefore, a vertical scanning signal is applied to the
beam simultaneously with the line, or
horizontal, scanning signal. As a re-

FIG. 6. Defects caused by scanning signal
variations.

suit, the beam is moved slowly downward as it moves across the screen
during the transmission of a single
line, producing a slight slant in each
line. Then, when one line is finished
and the retrace (or "flyback," as it is
sometimes called) snaps the beam
back to the beginning of the second
line, the second line will occur underneath the first.
The vertical scanning signal has
exactly the same shape as the horizontal or line scanning signal. The
only basic difference between them is
that the vertical scanning occurs at

amuch lower frequency. Under present standards, there are 525 lines for
each complete frame of the television
signal, and there are thirty frames per
second. Because of the use of interlaced scanning, this is broken so that
there are 262.5 lines per field, and 60
fields per second.
Therefore, the
frequency of the line scanning signal
is 15,750 cycles per second (262.5 X
60), and the field frequency is 60
cycles per second.
Let's sum up what we have learned.
To produce the desired scanning, we
must use two scanning signals, one
that will move the electron beam at
a constant velocity along each line,
and one that will move it downward
to produce succeeding lines. The lines
must be linear with respect to time,
and both the scanning and retrace
must be identical from line to line.
Finally, we must control either the
number of lines or the frequency
(which effectively controls the length
of each line). This control is produced
with the aid of the synchronizing
pulses sent out with the video signal.
Fig. 6 shows the effects of several
possible variations in the scanning
signals. In Fig. 6A, for example, we
have a nonlinear horizontal scanning
signal.
Since it moves the beam
slower at the left and faster at the
right, the picture appears brighter at
the left side. In Fig. 6B, the horizontal scanning signal moves the beam
at the normal rate first, slows it down
near the center of the picture, then
moves it much faster than normal, and
finally makes it travel at the normal
rate again; this produces a bright
vertical area followed by a dark vertical area in the center of the picture.
Fig. 6C shows the effect of one kind
6

of non-linearity in the vertical scan.
Here the vertical signal is such that
the beam moves at the normal rate
first; then it moves slowly, producing
closely spaced lines; then it moves
rapidly, widening out the spacing; and
finally it moves at the normal rate

vision receiver: the synchronizing
pulses that accompany the signal from
the transmitter serve only to signal the
end of aline and thus start the retrace
for the next line. As amatter of fact,
the sweep circuits must operate all the
time (whether a signal is tuned in or
again. Fig. GD shows what happens
not) to protect the picture tube.
if each horizontal scanning signal is
Therefore, a television receiver must
not the same length; as you see, a
contain circuits that will generate the
ragged edge is produced at the right.
proper sweep signals at approximately
These are not, of course, the only
the right frequencies by themselves.
troubles that might occur.
In addition, these circuits must be
In this introduction, we have shown
arranged so that they can be locked in
that the scanning signals or sweep
with the synchronizing pulses when
signals must have a certain basic
a signal is received. In this Lesson
shape. Although these signals exactly
we shall cover only the production of
duplicate the sweeps used at the transthe sweep signals—their synchronizamitter, they are formed in the teletion will be covered in another text.

Generating aSaw-Tooth Voltage
The oscillators you have studied in
other Lessons all generate either asine
wave or some form of square-wave
signal. To get from such oscillators
the saw-tooth sweep signal we need,
therefore, we must use awave-shaping
circuit. Fortunately, it is simple to
get the desired saw-tooth by taking
advantage of the manner in which a
condenser charges through a resistance. Let's see how.

condenser. It takes the condenser a
certain length of time to charge; this
time is determined by the values of

R1
SW2

T
o

VOLTAGE ACROSS CI

SAW-TOOTH GENERATORS
To see how it is possible to get a
saw-tooth wave, let's start with the
circuit shown in Fig. 7A. Suppose we
first close switch SW, (leaving SW2
open). At the instant SW, is closed,
current will start flowing through the
circuit. However, the battery voltage
will not appear instantly across the

TIME
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FIG. 7. A basic saw-tooth generator.

resistance and capacity in the circuit.
(As you know, the product of the
resistance and the capacity is called
the time constant of the circuit; it is
equal to the time it takes the condenser to charge to 63% of the maximum voltage it can reach in that
circuit.)
The left-hand curve in Fig. 7B
shows how the voltage across the condenser varies with time. At the instant that SW2 is closed, the voltage
across condenser C2 builds up almost
linearly with time. However, as C1
becomes charged, the rate of charging
gradually tapers off.

FIG. 8. Discharge circuit having a sawtooth output.

We aren't at all interested in the
full-charge condition, nor in any of
the portion of the curve above the
point (a) where it bends. However,
the fact that the first portion of this
curve is reasonably linear makes it
possible for us to get our saw-tooth
voltage.
All we need to do is open SW 2 and
close switch SW2 after C2 reaches an
appreciable charge. C1 will then be
discharged through the short-circuit
path provided by SW 2. If we then
open SW 2 and close SW I again just
when C1 is completely discharged, it
will charge again. If we repeat the

action over and over, we will get the
series of curves shown at the right
in Fig. 7B. Therefore, if we operate
over the linear portion of the charging
curve of the condenser and use the
right value of resistance for R1,
we can
get asaw-tooth voltage.
Of course, it isn't practical to use
mechanical switches this way. Instead, we use electronic switching.
DISCHARGE CIRCUIT
In another Lesson, you learned that
a special gas-filled tube was used as
a sweep generator with cathode-ray
tube test equipment. Such tubes are
unsatisfactory for television, however,
because the tube characteristics change
with age and are affected by temperature.
Therefore, in television, the "switch"
we need to discharge the condenser is
provided by a vacuum tube that is
biased so that plate current is cut
off and the tube cannot conduct until
asufficiently large pulse is applied to
the grid. Fig. 8shows the basic circuit.
In the absence of an applied signal,
the C bias prevents the tube from conducting, so C1 charges through R.1.
When an unblocking pulse is applied
to the grid, the grid is driven sufficiently positive for the tube to conduct;
C1 then discharges through it. As
soon as the unblocking pulse is removed, the tube cuts off, and C1begins
to charge again. The rate of discharge
and hence the retrace time depend on
how far positive the grid is driven;
an unblocking pulse of sufficient amplitude will cause the tube to conduct
heavily so that C2 will be rapidly discharged.
In this circuit, the discharge time
8

can be made short, and the operation
is relatively independent of the tube
characteristics and of temperature
variations. However, it does have a
very important disadvantage: this circuit is not free-running.
In other
words, the circuit will not produce a
sweep voltage at all until unblocking
pulses are fed to it. Therefore, we
cannot use the circuit shown in Fig. 8
by itself, because we would have no
sweep until the proper signal voltage
was applied to the grid of the tube.
Another difficulty with this circuit
is that it is greatly dependent upon
the amplitude and duration of the unblocking pulse fed to it. This means
that we cannot operate it directly from
the sync pulses that accompany the
signals, because these pulses may vary
in either amplitude or duration. For
instance, the sync pulse may be small
if the signal is weak: a small pulse
would not make the tube conduct
heavily, which means that C1 would
not discharge completely before the
pulse ended. On the other hand, the
sync pulse might be increased either
in height or in width by, let us say,
noise pulses: awide pulse would make
the tube conduct for a longer period

of time than is desired, thus delaying
the start of the next line.
Both these difficulties are overcome
in television sets by using this circuit
in conjunction with an oscillator that
feeds it regulated unblocking pulses.
This makes the sweep generator free
running because the oscillator works
whether there is a signal tuned in or
not, and the pulse amplitudes are independent of the incoming signal. In
such use, the circuit shown in Fig. 8
is known as a wave shaper, or as a
discharge circuit. Some manufacturers
call it the saw-tooth generator, but
most reserve the name saw-tooth generator for the combination of oscillator and discharge circuit.
Basically, therefore, the sweep generator in the average television receiver consists of an oscillator that
operates all the time plus a discharge
circuit that produces asaw-tooth wave
from whatever the output of the
oscillator may happen to be. The
sync signal is used to control the frequency of the oscillator and thus to
control the output of the shaping circuit.
Now, let's study the oscillators used
in these sweep generators.

Basic Sweep Oscillators
The standard oscillator with which

In addition, we want these pulses all
to be of the same amplitude and the

you are familiar produces sine-wave
oscillations. Other basic types are

same width so that the discharge circuit will always operate in the same

usually set up to produce square-wave
outputs. Neither of these wave shapes

manner, line after line and frame after
frame.

is ideal for operating a discharge circuit, because we want pulses having

Blocking oscillators and multivibrator oscillators, which have the

shapes somewhat like the sync pulses.
9

ability to produce pulses of the right
kind, are most commonly used in
television sweep generators. It is also
possible to use a sine-wave oscillator
in a sweep generator circuit, as we
shall show after we have described
these basic pulse-producing oscillators.

across the grid resistor furnishes the
unblocking pulses that constitute the
output of the circuit.
The oscillator operation may be explained briefly as follows, using Fig.
9B to represent the changes in the
grid voltage:
Initially, plate current flowing
through transformer Ti induces a
voltage in the grid that drives the grid
highly positive. In other words, the
circuit starts to oscillate vigorously.
At the same time, this positive-swinging grid voltage makes the grid draw
a high current; as a result, electrons
flow through Rs and Rs and develop
a voltage across them having the
polarity shown in Fig. 9A. This current flow also charges C. to avoltage
that is far beyond the cut-off bias for
the oscillator tube VT 1.
The grid-voltage curve in Fig. 9B
shows what happens. Initially, the
positive pulse (point 1to point 2) appears on the grid. When the grid

BLOCKING OSCILLATORS
In television, one of the most frequently used oscillators for producing
rl
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FIG. 9. Schematic diagram of a blocking
oscillator.

the discharge of unblocking pulses is
the blocking oscillator shown in
Fig. 9A.
The circuit associated with VT 1
here looks at first glance like an ordinary oscillator, and as matter of fact
it is basically a standard sine-wave
oscillator except for the unusual values
chosen for the grid condenser Cs and
the grid resistor Rs-Rs. These parts
values are so high that the oscillator
blocks and is forced to operate intermittently. Notice that the voltage

As soon as the grid voltage falls below
the cut-off level, the plate current is
cut off completely, and no further current can flow until the grid voltage
once again gets above the cut-off level.
However, when the plate current is
cut off, no further voltage is applied
to the grid, so the grid current ceases.
As a result, condenser C, can discharge through the resistors R1) R2,
and Rs,and through the secondary of
transformer T1. The resistances of
R, and of the transformer secondary
are small, so the time it takes condenser Csto discharge depends mostly
on its capacity and on the values of
resistors Rs and Rs. Therefore, the
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rate of change from point 3 to point

4in Fig. 9B is determined by the time
constant of 0,-R,-R..
As soon as C2 has discharged sufficiently for the grid voltage to be above
the cut-off level, plate current will
again start. The feedback to the grid
circuit will then instantly build up
another positive pulse from 4 to 5,
and the action will repeat itself. The
high grid current will produce a bias
that will once again block the circuit
for atime represented by the distance
from point 6 to point 7 in Fig. 9B.
Here, therefore, we have a circuit
that will produce a pulse and will
then cut off. The spacing between
the pulses is determined by the time
constant of the grid leak and grid
condenser.
The pulse width and
height are basically determined by
the initial frequency of oscillation
and by the supply voltages.
The
shape and size of this pulse will therefore remain relatively fixed once the
frequency and the voltages have been
set.
The frequency at which this oscillator would oscillate if more normal
grid-leak and grid-condenser values
were used is relatively immaterial
except for its effect in fixing the shape
of the pulse. Generally, it is chosen

nearly the right frequency will cause
the oscillator to lock in with the sync
pulses.
How lock-in is produced is shown
in Fig. 9C. The frequency of oscillation determined by the R-C time constant is made slightly longer than is
desired.
Then, when a sync pulse
comes along at S, (between points 3
and 4 on the grid voltage curve), it
will instantly force the grid to apoint
above cut-off. Plate current will start
to flow at once, so the positive pulse
produced by the circuit will occur at
the same time as the leading edge of
the sync pulse. Instead of the grid
voltage changing from 3 to 4 to 5,
in other words, it changes from 3to S1
to 10. The grid voltage pulse is produced exactly as before; it is again
controlled by the 02-R2-R 3 time constant until the next sync pulse S, arrives, when once again the circuit is
kicked off in synchronism with the
pulse.
Notice that all that the sync pulse
has to do to produce lock-in is to drive
the grid of VT, slightly above the cut-

(by choice of transformer inductance
and distributed capacity) to be some

off level. Once this has been done, the
oscillator will take off by itself. The
height and width of the sync pulse are
unimportant as long as it is high
enough to drive the grid of VT, above
cut-off.

frequency about 10 or more times as
high as the spacing wanted between

The hold control, R., must be set so
that the frequency of the circuit will

pulses, thus making the pulses narrow.
Since the spacing between the pulses
and hence the sweep time is determined by the time constant of C2-R2R., the variable resistor R3 acts as an
adjustable frequency control. This is
usually known as a "hold" control,
because proper adjustment of this
resistor to a value that produces
11

be lower than the desired frequency...>
The sync pulses will then take over
and force the blocking oscillator to
lock in with each succeeding sync
pulse. If the sync pulse amplitude is
reasonably high, R3 can be varied over
a fairly wide range without causing
a loss of sync. The frequency set by
R3 cannot be made too low, however,
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FIG. 10. Part A of this illustration shows a complete blocking oscillator-discharge tube circuit.
Part B shows another form in which the same
blocking oscillator may be drawn on a circuit
diagram.

UNBLOCKING
PULSES

because then it would take avery high
sync pulse to drag the frequency to
the proper value. It cannot be made
too high, either, because then the unblocking pulses would occur before the
sync pulses, and the sync pulses would
no longer be effective.
Now that we can produce controllable unblocking pulses, we can feed
them into adischarge circuit as shown
in Fig. 10A. The blocking oscillator
in this circuit duplicates that in Fig.
9A. VT 2 is the discharge tube. No
grid bias is necessary for VT 2,because
the bias voltage developed across R2

and Rs (which is applied to this tube
directly) will block it. While VT, is
cut off by this voltage, Cs will charge
through resistor R4 to produce the
sweep portion of the saw-tooth wave.
Then, when the voltage on the grid of
VT, swings suddenly positive, VT,
will conduct and discharge Cs. This
gives the retrace portion of the sawtooth wave. Since the amplitude of
the pulses received from the blocking
oscillator is fixed, this circuit produces
saw-tooth pulses that are alike; and
the blocking oscillator-discharge combination circuit will be self-operating
and will supply the necessary sweep
even if no sync pulses are tuned in.
Variable resistor R4 controls the
height of the saw-tooth pulse; varying
its resistance changes the charging
time of C3-IL and thus determines the
voltage to which the condenser will
charge before the discharge tube operates. Thus, this control can be used
to vary the length of a line or the
height of the picture, depending on
whether the circuit generates the horizontal or the vertical sweep.
12

The circuit in Fig. 10B shows another variation of the blocking oscillator. The operation is the same; the
only difference is in the positions of the
components, which bear the same
labels as their equivalents in Fig. 10A.
This circuit is shown to give you an
idea of some of the variations you may
expect in schematic diagrams.
Combination Generator. Many
receivers use a combination of a separate discharge tube and a separate
blocking oscillator like that shown in
Fig. 10A because doing so permits the
shape of the saw-tooth wave and of
the control pulses to be individually
adjusted. However, since the plate
current of VT, flows in pulses that are
exactly like the grid-voltage pulses, it
is possible to use a single stage, as
shown in Fig. 11, to produce both the
pulses and the saw-tooth waves reasonably well. In this circuit, the sawtooth-producing condenser Cs and its
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FIG. 12. A basic nusitivibrator circuit.

shape that the use of separate circuits
permits, and it requires a somewhat
more critical adjustment of part values. However, it is an arrangement
that is used in many receivers.

associated charging resistance Rs-R s
have been moved to the plate circuit
of the blocking oscillator tube VT,.
When this tube is allowed to conduct,
it will discharge condenser Cs at the MULTIVIBRATOR OSCILLATORS
same time; when it is not conducting,
Another quite commonly used means
Cs will charge through Rs and Rs just of generating the control pulse is the
as it would in a separate discharge multivibrator oscillator. As shown in
circuit.
Fig. 12, this is basically just a twoCombining functions in a single stage amplifier in which the output
stage this way does not allow quite of the second stage is fed back to the
the fineness of adjustment of the wave input of the first stage. The arrangement is such that the signal fed back
from VT 2 to VT, through Cs is in the
proper phase to produce oscillation.
If tuned circuits were used somewhere in this arrangement, this would
be a sine-wave oscillator. However,

FIG. 11. A one-tube saw-tooth generator.
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because R-C elements are used instead
of tuned circuits, the multivibrator
basically produces the square wave

signal shown in Fig. 12B. Let's first
see how it produces this signal, then
learn how it is possible to get the
desired series of pulses shown in Fig.

The conditions then will be like those

shown in Fig. 13A.
Condenser 02 is connected across
the B supply through resistors Rs, R4,
and R2. The voltage applied to 02
120.
The basic operation of this circuit when VT1 is conducting is equal to the
is that the tubes conduct alternately, difference between the B voltage and
with conduction of one causing cut-off the voltage drop across R2 caused by
of the other. The increases and de- plate current flow through it. When
creases in the plate current of each the plate current of VTi decreases
(this is what we have assumed is
tube occur very quickly, with the
happening),
the drop across R2 will
result that these currents are pulses
decrease.
02
will therefore start to
having very steep sides.
charge,
causing
an electron flow
When the circuit is turned on, one
through
the
grid
resistors
for VT2 in
of the tubes will draw slightly more
the
direction
shown
that
will
make the
current than the other and thus initigrid
of
VT
2
positive.
With
a
positive
ate the action. To understand the
grid,
there
will
be
an
appreciable
grid
operation, let's assume that both C2
current
flow;
in
other
words,
the
interand C. have an initial charge and that
the plate current of VT 1 is decreasing. nal resistance between the cathode and
grid of VT 2 will become a low resistance through which 02 can and will
charge rapidly.
At the same time, this positive grid
potential will make VT 2 pass a high
plate current, so the drop across
resistor R. will increase greatly. As
you can see, condenser 08 is connected
across the B supply through Ri and
R.. Since the voltage drop across R.
caused by plate current flow is opposed to the B voltage as far as C. is
concerned, this increase in the drop
across R. will cause a decrease in the
net voltage applied to 02. Therefore,
C. will start to discharge, causing an
electron flow through Ri in the direction shown. This will drive the grid
of VT, negative, thus making the tube
cut off.
Since R, is a high resistance, 08
will discharge slowly. When it even8+
B-

FIG.
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13. how a multivibrator works.

tually reaches a voltage equal to the
difference between the B voltage and
the drop across R., its discharge cur14

rent will cease to flow, and the voltage
across R, will disappear. VT, will
then be able to conduct again, so it
will draw current through R2.
The conditions in the circuit when
VT, conducts again are shown in Fig.
13B. Since there is now avoltage drop
across R2 caused by the plate current
flow, the voltage across condenser C2
is reduced. Therefore, it will discharge
through Rs and R4 in the direction
indicated, thereby making the grid of
VT, negative. Since this will cut off
the plate current of VT 2,the drop
across Rs will disappear. The voltage
applied to Cs will therefore increase;
consequently, Cs will begin to chgge,
causing an electron flow through R,
in the direction indicated. This will
make the grid of VT, positive, thereby
creating a low-resistance grid-cathode
path in VT, through which Cs can
charge rapidly.
At the same time, C2 will discharge
relatively slowly through the high
resistance Rs-11 4. It will eventually
become stabilized, whereupon its discharge current will cease. The grid
of VT 2 will then change from a negative potential back to zero, and VT2
will again begin to conduct. The circuit conditions will then become those
shown in Fig. 13A, and the cycle of
events will start again.
You can see from Fig. 12A that the
output pulses of this circuit are produced by the flow of the VT, plate
current through Rs. If both tubes conduct for equal periods of time, the
output will consist of the square-wave
pulses shown in Fig. 12B. To get the
pulses we want (Fig. 12C), we must
make VT, conduct for amuch shorter
period than VT, does. We can do so
by making the time constant of Cg
15

and R, far shorter than that of C2-11 3114. Check back through the preceding description of the action of the
circuit, and you will see that adjusting the time constants this way will
permit VT, to conduct for only relatively brief periods.
The voltage
across Rs will then consist of the unblocking pulses we need to operate a
discharge circuit.
A separate discharge circuit may be
used with this oscillator, or the circuit can be made to act as its own
saw-tooth producer. We can produce
the latter circuit by adding acondenser C4 across the output as shown by
the dotted lines in Fig. 12A. This condenser will charge through Rs,the
value of which can be adjusted to give
the required charging time, and it will
be discharged when tube VT, conducts: this charge-discharge action
will give us the saw-tooth output we
want.
Sync pulses may be fed in across R1
as shown in Fig. 12A. If they occur
at the proper time, they will drive
the grid of VT, negative just before
it would normally go in this direction,
thus initiating the charging action of
C2 and hence causing plate current to
flow through VT,.
Cathode-Coupled Multivibrator. A
simpler and somewhat more common
variation of the multivibrator is shown
in Fig. 14. This is known as acathodecoupled multivibrator because the
feedback voltages are produced across
the bias resistor R4, which is in the
cathode circuits of both VT, and VT,.
The action is basically like that
just described except for the way in
which VT, is prevented from conducting.
Briefly, the action is as
follows:

FIG. 14. A cathode-coupled multivibrator.

Condenser C2 charges from the B the voltage across 02, which then besupply when the circuit is turned on, gins to discharge. Its discharge curproducing an electron flow upward rent, produces a voltage drop across
through R. that makes the grid of R. that keeps VT2 cut off.
When the discharge of 02 ceases, the
VT2positive and makes the grid-cathode path of this tube conductive. drop across R3 disappears, and VT2
Condenser 02 thus charges rapidly is again able to conduct. As soon as
through alow-resistance path consist- it does, a bias is built up across R.
ing of R., the internal grid-cathode that begins to cut off VT1. When this
happens, condenser 02starts to charge,
tube resistance of VT 2,and R2.
While 02 is charging, VT 2 passes a and the cycle repeats.
Since VT2 cannot conduct while 02
high plate current. The grid and plate
currents of VT2 passing through R. is discharging, we can control the
create ahigh bias voltage drop across interval between the plate current
this resistor having the polarity shown pulses of VT2 by varying It2,the high
in Fig. 14. Since the grid of VT 2 is resistance through which 02 distied to the negative end of R., this charges. R3 thus acts as ahold conbias cuts off the plate current of VT2. trol for the circuit.
The output of the circuit consists
(VT 2 conducts because the voltage
drop across R., produced by the charg- of the voltage pulses developed across
ing action of C2,is greater than the R. by the plate current pulses of VT 2.
Once again, we can either feed these voltvoltage developed across R..)
When 02 approaches a full charge, age pulses to a discharge tube circuit
the current flow through R2 becomes or use a condenser C2 in conjunction
less; the bias voltage across 11.4 then with R. to generate asaw-tooth output.
becomes greater than the voltage drop
SINE-WAVE GENERATORS
across R., so VT 2 is cut off. Current
Sine-wave
oscillators are used in
flow through R. then ceases; the bias
some
television
sweep circuits. Bevoltage across 11.4 vanishes, and VT 2
cause
of
the
extra
effort needed to
is able to conduct. Conduction of
convert
a
sine
wave
into• the right
VT 2 causes adrop across R., reducing
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wave form, such oscillators are used
only if another advantage, such as
better synchronization, can be obtained through their use.
Fig. 15 shows asomewhat idealized
sine-wave oscillator.
Here, VT 1 is
used in a Hartley oscillator circuit,
with the screen grid acting as the
plate. The signal produced across the
L-C circuit is asine wave (Fig. 15B).
However, the bias and strength of
oscillation are adjusted so that the
tube reaches plate-current saturation
early in each cycle; as a result, the
plate current of the tube is squared off
into the form shown in Fig. 15C.
This nearly square-wave pulse is
fed into C8 and R.4. Since these have
avery short time constant, C3 charges
or discharges very rapidly, producing
abrief pulse across 11 4,every time the
applied voltage charges. As a result,
the square-wave voltage from VT1
is converted into a series of sharp
pulses as shown in Fig. 15D. These
pulses can be used to operate the discharge tube VT3.

Such sine-wave oscillators are allowed to operate at exactly the frequency desired for the sweep.
So
elaborate an oscillator chain is practically never used for frame scanning;
only the horizontal or line sweep must
be controlled so accurately that such
an arrangement is desirable.
When asine-wave oscillator is used,
a sine-wave signal is coupled from
L into afrequency-discriminating network where it is mixed with the sync
pulses. An automatic frequency control (a.f.c.) arrangement is then used
to set the sine-wave oscillator exactly
on frequency, as you will learn when
we study control circuits. This arrangement permits very accurate control of the fundamental frequency.
SUMMARY
We have learned that a saw-tooth
voltage is produced by charging acondenser fairly slowly through aresistor
and discharging it rapidly through a
tube. Pulses obtained from one of
three basic oscillators are used to con-

VT1
C3

El+

of\,

o
FIG. 15. A sine-wave sweep oscillator.
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trol the discharge. This arrangement
makes it possible for the circuit to
produce the sweep voltage even when
no control pulses are fed in from an
external signal. Each of the three
oscillators is arranged so that it will
lock in with the signal when one is
received and will therefore operate in
synchronism with the lines or frames
of the incoming signal.

The saw-tooth voltage that we have
produced so far has nearly the right
shape for use in all electrostatic systems and in certain electromagnetic
circuits.
(In •other electromagnetic
deflection systems as you will learn
farther on in this Lesson, additional
shaping of the wave is necessary.)
Let's see how such a voltage is used
to produce electrostatic deflection.

Electrostatic Sweep Circuits
The saw-tooth voltage that we
described in the previous section is
of the proper shape for an electrostatic
deflection system, but it has two things
wrong with it. First, it is not of sufficient amplitude, which means that it
requires amplification. (Incidentally,
the amplitude of asaw-tooth voltage
is always measured from peak to peak
—that is, from its least amplitude to
its greatest amplitude.) Second, each
discharge circuit we have pictured
so far has one end of the wave-forming condenser going to ground, so one
of the deflection plates to which the
saw-tooth voltage is fed would have
to be grounded also—an undesirable
arrangement. Let's briefly study both
of these problems.
Deflection Voltage. The voltage
needed to deflect the electron beam
in an electrostatic tube depends on
the velocity attained by the beam,
which is determined by the voltage
applied to the second anode. In fact,
there is a direct relationship between
the second anode voltage and the deflection voltage needed: in a typical
tube, the horizontal deflection voltage
needed is about 30 volts for each inch

of deflection, per kilovolt of second
anode voltage.
To produce the 51/
2-inch line commonly secured on a 7-inch tube, assuming the tube has this 30-volts-perinch rating, we need 165 volts per
thousand volts on the second anode.
This means that the horizontal deflection voltage must be 3 X 165 or 495
volts if the second anode is run at
3000 volts—and 990 volts if the second anode is run at 6000 volts!
We want high second-anode voltages to improve the picture brightness,
and we want large picture tubes so
we can have a big picture. We are
limited in both respects, however, by
the deflection voltages that it is possible to get. As amatter of fact, the
deflection-voltage problem has limited
electrostatic tubes to amaximum size
of 10 inches. All picture tubes above
10 inches in diameter (and most of
the 10-inch ones) use electromagnetic
deflection.
Since the sweep voltages needed are
much higher than the discharge circuit
can furnish, there must be voltage
amplifiers between the discharge circuit and the picture tube deflection
18

plates. We'll study deflection amplifiers in amoment.
Balanced Deflection. There are
several reasons why it is desirable to
feed a pair of deflection plates with
equal and opposite voltages with respect to ground rather than to have
one plate grounded.
One reason stems from the fact that
the second anode must be connected to
the deflection plates so that the deflecting voltage will add to and subtract
from the second anode voltage, rather
than be entirely independent of it.
This arrangement is necessary to minimize the electric field that forms between the second anode and the deflection plates and causes defocusing. If
one of the plates were grounded,
therefore, the second anode would have
to be grounded also, which would
mean that the cathode would have to
be highly negative with respect to
ground. The tube would operate all
right this way, but the filament of the
tube could not be operated from the
same filament supply as other tubes,
because it would not be safe to have
a great difference in potential between
the cathode and the filament of the
picture tube.
A separate filament
winding would therefore be necessary,
which is undesirable.
Hence, the
usual practice is to ground the cathode
so there is a minimum difference between the cathode and filament potentials; this means the second anode
cannot be grounded, and because of
the common connection, the deflection

ment. The advantage of the pushpull drive is that one plate goes
positive at the same time that the
other goes negative, so the effective
voltage between the plates at any time
is twice as large as the voltage output
of either tube alone. Remember, the
deflection is proportional to the difference in voltage between the deflecting
plates; for a given input signal to the
driver stage, therefore, the push-pull
circuit gives us twice as much deflection as a single-ended driver stage
would.
Fig. 16A shows the basic connections
for abalanced deflection system. The
vertical sweep is applied to plates Pi
and P2 through coupling condensers
Ci and C2. The a.c. sweep voltage is
developed across resistors R1 and R2.
Similarly, the horizontal sweep is
applied to plates P2 and P4 through
O'
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plates cannot be directly grounded
either.
More important, not grounding
either deflection plate makes it possible for us to supply them from a
FIG. 16. The elements of an electrostatic
push-pull stage in abalanced arrangedeflection system.
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in their complexity. In general, however, all of them have these features:
1. There is a d.c. path from the
deflection plates to the second anode
so that the deflection voltage will add
to and subtract from the second anode

condensers Cs and C. and appears
across Rs and R4.
The return circuits for both sets
of deflecting plates are tied to the
high voltage, which is applied directly
to the second anode. Insofar as the
sweep signal is concerned, the path is
completed to ground through Cs.Since
the impedance from each of the deflecting plates to ground is the same,
this is a balanced system.
The actual connections are somewhat more elaborate than those shown
here; Fig. 16B is more realistic. In
this case, plate P, (through Rs) and
plate Ps (through R4)are tied to the

voltage.
2. There is some means of varying
the d.c. voltage applied to the plates
to center the image.
3. The sweep voltages are applied
to the deflecting plates through coupling condensers (such as Ci,02,Cs
and C. in Fig. 16), which must have
voltage ratings high enough so that
they can withstand the voltage applied
to the second anode. These coupling
condensers are special oil-filled paper
types having voltage ratings of as
much as 10,000 volts.

TO
DEFLECTING PLATE

DEFLECTION AMPLIFIERS
TO CENTERING
D.C. VOLTAGE

TO
DEFLECTING PLATE

FIG. 17. A basic vertical deflection amplifier.

second anode, which goes to a junction of resistors Rs and Rs across a
section of the voltage divider on the
high-voltage supply. Shunting these
two resistors are two variable resistors,
R., and Rs,to which the other deflection plates are connected.
These variable resistors serve as
centering controls; adjustment of
either applies a d.c. voltage between
the plates with which it is associated
and thus moves the picture horizontally or vertically. In this circuit,
adjustment of It, will move the picture
horizontally, and adjustment of Rs
will move it vertically.
Electrostatic deflection systems vary

The high sweep-voltage requirement means that we must have an
amplifier following the discharge circuit. Therefore, in all practical television receivers, the sweep circuit is
actually a chain of stages that include a sweep oscillator, a discharge
circuit, and an amplifier. The amplifier stage of the sweep chain in the
electrostatic system uses a push-pull
arrangement to get abalanced output.
Since it is necessary to use a great
many tubes in a television receiver,
every effort is made to reduce the
number of tubes needed in the sweep
chains; as a result, there are some
rather unusual designs in use. Let's
study some of these.
Vertical Deflection Amplifier. Fig.
17 shows abasic amplifier of the kind
used in the vertical or frame sweep
chain. Tubes VT, and VT 2 are in
push-pull. In a sound receiver, this
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stage would be preceded by aseparate
tube used for phase inversion, but here
tube VT i acts as acombination amplifier and phase inverter. Its load is
the combination of resistors R. and
R5,which act as avoltage divider and
are arranged so that the signal voltage
drop across R, applied through C5 to
the grid of VT, will feed just enough
signal to the grid of VT, to cause its
output across R, to be equal to that
across R.-R 5. Of course, VT, inverts
the phase of this signal 180°, so we
get normal push-pull operation—at
the moment the plate of one tube is at
its maximum positive point, the signal

the picture height by aratio of 4to 3,
more voltage is needed for the horizontal sweep than for the vertical
sweep.
However, the output voltage can
reach such levels only if the B supply
voltage is high enough to provide the
plate voltage needed to deliver the
high signal we want and also to make
up for the loss in the high-resistance
load.
The B++ voltage applied
through 11 7 may be as high as 500 to
1000 volts; such voltages are usually
obtained from the high-voltage supply
that operates the picture tube.

output of the other is reaching amaximum negative value.
This one amplifying stage is all that
is needed. We have areasonably high
input from the discharge circuit—perhaps as much as 100 volts is available.
It is customary, however, to take only
about 20 volts from the discharge
stage and then to use high-gain triodes
or pentodes in the amplifier to give a
stage gain of at least 20.
FIG. 18. Diagram of a horizontal deflection amplifier.
Of course, the amount of gain in an
amplifier stage depends on the load—
The amplified sweep voltage that
the higher the load resistance, the exists across 11.-R, and R. is apmore nearly the gain equals the ampli- plied to the deflecting plates. These
fication factor of the tube. If, for voltages are balanced with respect to
example, we feed avoltage of 20 volts
ground; the ground circuit for the a.c.
into VT1 by adjusting the input con- sweep signal is from the common point
trol R., properly, and the stage has a of the load resistor through C. to
gain of 20, the voltage across the load ground. The filter circuit (C. and
will be 400 volts. The exact amount 11 7) keeps the sweep voltage out of
we want depends on the needs of the the B supply.
picture tube, of course; we can get
Condensers C5 and Cg are coupling
what we want by adjusting R1 to procondensers used to feed the sweep sigvide the proper input. Hence, this nal to the deflecting plates. Because
control will set the picture height or of the high voltages that come from
width, depending on whether this is a the anode supply to the deflecting
vertical or a horizontal sweep chain.
plates, these condensers must have
Since the picture width is greater than
high voltage ratings.
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Horizontal Deflection Amplifier.
The circuit shown in Fig. 17 can also
be used for the horizontal sweep, but
the one in Fig. 18 is more commonly
used for this purpose because it is better able to deliver the high voltages
needed for horizontal deflections. In
this circuit, inductances L, and L,
serve as the loads. These choke coils
are made to have very high reactances
at the sweep frequencies, so the tubes
are offered a full load and therefore
deliver maximum signal output. The
only d.c. voltage loss occurs in the
relatively low resistances of these
coils, so not much of the B supply
voltage is wasted.
G
5

fiers in Figs 17 and 18 are usually
preceded by asweep oscillator (either
a multivibrator or blocking type and
by a discharge circuit that may be a
part of the oscillator. In the unique
circuit shown in Fig. 19, however, a
single tube acts as a combination
blocking oscillator-d is ch arge-pushpull amplifier 1
In the blocking oscillator section of
this circuit, transformer T, provides
the feedback path from plate to grid,
and condenser 02 along with resistors
R, and R, provide the blocking action
in the grid circuit. It 1 and R., are
damping resistors that smooth out the
oscillatory pulse produced by the
blocking oscillator.
The sync pulses necessary to control

the oscillator are fed in through C.
Instead of being produced by the
44
usual R-C charge circuit, the sawtooth wave is formed by a resonant
Te
circuit that, by resonance step-up,
ril!
1.
o
gives the needed amplification. Let's
R
3
start our study of the action of this
F-- circuit during a time when VT, is
R4
G
6
cut off or not conducting. At such
FIG. 19. Single-tube sweep circuit.
times, condenser 02is charged through
R, and L, because it is across the B
The network of RI,blocking consupply, as shown in Fig. 20A. (Notice
denser Ci,and R2 acts as a voltage
that B± is connected to R3.) The
divider to supply the signal necessary
charging current for 02 that flows
to operate tube VT 2. Resistor R2,
through L3 induces a voltage in Li,
connected from the plate of VT 2 back
with the result that condenser C, is
to this network, provides degeneracharged at the same time and to the
tion by feeding back avoltage to the
same voltage as 02. The polarity of
grid of VT 2 that is out of phase with
the condenser voltages is such that the
the incoming voltage. This degeneràtion not only flattens the response of voltage applied between the deflection
VT 2 but also makes the gain of the plates through the coupling condensers
stage more independent of minor C, and Ce is the sum of the two conchanges in the characteristics of the denser voltages.
Returning now to the blocking osciltube. This is one form of balanced
lator action, when the charge stored
phase inversion.
Single-Tube Sweep. The ampli- in the grid condenser C2 (Fig. 19)
_o--
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leaks off enough so that VT i suddenly
starts to conduct, it effectively ties
the upper end of Cs to the lower end
of C. through the combination L1-R1
and through the tube resistance (see
Fig. 20B). Since the positive terminal
of one condenser is thus tied to the
negative terminal of the other through
this low-resistance path, the condensers discharge rapidly; this gives the
retrace portion of the cycle. Then,
when the tube cuts off again, condenser

Cg

again starts to recharge and

the scanning voltages build up again.
In this circuit, resonance step-up
is used to make the output voltage
several times that of the B supply so
that sweep voltages of 800 to 1200
volts can be obtained with aB supply
of 250 volts.
The tube and blocking oscillator
parts effectively disappear on the
charging cycle, so the circuit is then
like that in Fig. 20A. The parts Cs,
Ls,and Rs form aseries-resonant circuit across the B supply. This is a
high-Q circuit, capable of producing
a sine-wave voltage across Cs of five
or ten times the supply voltage if it
were allowed to reach its peak. However, the parts values of the circuit are
chosen so that resonance is at a frequency far lower than the horizontal
sweep frequency: long before the voltage across Cs can reach its peak sinewave value, therefore, the discharge
action is initiated. As a result, only
the relatively straight portion of the
sine-wave voltage across Cs is used
(Fig. 20C). Even so, the peak reached
can be two or three times the supply
voltage. This peak voltage is applied
across each condenser (remember, C.
is charged to the same voltage as Cs
because of the interaction between Ls
and L.). This circuit is normally used
for horizontal deflection because of
its ability to deliver such ahigh voltage from a normal plate supply.
If the blocking oscillator should fail
to discharge Cs and C., they could
charge to the high peak value determined by the Q of the resonant circuit. For this reason, the condensers
used in this circuit must have high
voltage ratings to prevent breakdown

FIG. 20.

How the single-tube sweep
works.
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if the blocking oscillator should fail
to function.

Resistor R5 is the horizontal size
control; its setting determines the
amount of the B supply voltage applied to the circuit and hence controls
the amplitude of the sweep voltage.
Resistor R4 (Fig. 19) is the hold
control.
From the foregoing, the number of
tubes used in an electrostatic deflection system may be as few as one (in
a circuit like that in Fig. 19) or as
many as five (two tubes in amultivibrator, one in a discharge circuit, and
two in a push-pull amplifier.
Of
course, these can be multi-purpose

tubes, with at least two in the same
envelope). The practice of using a
separate discharge tube is gradually
dying out; most commonly, deflection
circuits now consist of a single-tube
blocking oscillator or adual-tube multivibrator with a built-in discharge
circuit driving a dual-tube amplifier.
In any case, the output will be a
saw-tooth voltage of rather high peak
value. The frequency of the output
will depend upon whether it is for horizontal or vertical deflection; this frequency will be controlled by the sync
pulses.

Basic Electromagnetic
Sweep Circuits
In an electromagnetic deflection
system, one pair of coils is used for
horizontal deflection and another pair
for vertical deflection. These coils,
which are wound around the neck of
the tube, establish a strong electromagnetic field within the picture tube.
This deflection electromagnetic field
does not have any relationship to the
focusing and accelerating fields, so it
is unnecessary to tie the coils to the
second anode. This is a major difference between the electrostatic and
electromagnetic systems that simplifies the latter considerably, because it
allows the deflection coils to be operated more nearly at ground potential
and makes for simpler connections to
them. It also permits the use of single-ended output stages, which proves
quite helpful in the design of these
circuits.

Another important basic difference
between electromagnetic and electrostatic deflection is the fact that the
deflecting field in the former is proportional to the number of turns in
the coils and to the current through
them—not to the applied voltage.
Therefore, we don't need particularly
high voltages across the deflection
coils, but we do need high currents.
The driving tubes in an electromagnetic system must therefore be power
tubes instead of the voltage amplifiers
used in electrostatic systems.
As a matter of fact, the power demands in an electromagnetic system
are rather considerable, particularly
in the horizontal sweep circuit. Here,
a rather husky power tube is always
used, and sometimes two are used in
parallel.
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TRAPEZOIDAL WAVES
Since the deflection field in an electromagnetic system is proportional
to the current through the coils, we
need a saw-tooth current to produce
the proper deflecting action. Because
a coil resists sudden changes in voltage, such a saw-tooth current cannot
be produced by applying a saw-tooth
voltage to the coil. Let's see what
shape the applied voltage must have
to make the coil current a saw-tooth
current.
Let's suppose we have a perfect
coil (no resistance) as shown in Fig.
21A and want the saw-tooth current

hand edge of the wave more nearly
vertical.
A voltage having the form shown in
Fig. 21G will do the trick. The high,
short negative pulse will make the
coil current drop suddenly, producing
the saw-tooth current in Fig. 21H.
The voltage shown in Fig. 21G is
very similar to the output from a
blocking oscillator or multivibrator.
Therefore, if the output of one of
these devices could cause enough current to flow, and if the coil had negligible resistance, we could get asawtooth coil current without using a
discharge circuit.
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FIG. 21. How asaw-tooth current can be made to

shown in Fig. 21B to flow through it.
If we apply a d.c. voltage (Fig.
21C) to a coil, the current through
the coil will build up as shown in Fig.
21D. 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
current could reach infinity if the

flow In a perfect coll.

However, the coils with which we
are dealing have appreciable resistance

(which, as we shall show later, is
needed to damp out oscillations). A
practical coil is therefore like the
combination shown in Fig. 22A.
A voltage having a rather unusual
wave shape must be applied to get a
saw-tooth current to flow through this
voltage were applied long enough.
combination. A voltage having the
If we apply the voltage for just a
form shown by curve 1 of Fig. 22B
short period of time, then cut it off must be used to create a saw-tooth
for an equal period of time (Fig. 21E),
current in an inductance, and one havwe will get the triangular current flow
ing the shape shown by curve 2 must
shown in Fig. 21F. We can change
be used to create such a current in
this into asaw-tooth current by find- a resistance; therefore, the two volting some way of making the rightages must be combined, producing the
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FIG. 22. A trapezoidal voltage wave must be applied to a practical coil to produce a
saw-tooth current.

"trapezoidal" wave shown in Fig. 220,
to create asaw-tooth current through
a combination of inductance and resistance.
The proportion of pulse voltage to
saw-tooth voltage needed in the trapezoidal wave depends on the relative
proportions of inductance and resistance in the coil. Therefore, the circuits 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.
The trapezoidal wave shape wanted
can be obtained by making a simple
modification in the discharge circuit
that we studied earlier. A typical arrangement is shown in Fig. 23. This
is astandard discharge circuit except
that resistor R. has been added in
series with C2. The effect of this addition is to produce the trapezoidal
output voltage e0 shown in Fig 23B.
Let's see why.
When the circuit is turned on, condenser 02 starts to charge through
R2 and R. in series.
The condenser

voltage drop that is in series with the
saw-tooth condenser voltage and is
maximum when the circuit is
turned on. This voltage drop gives us
our initial vertical rise in e0 from
point 1to point 2 in Fig. 23B, after
which the condenser charges in anormal manner from 2 to 3. Of course,
as the condenser charges, its current
continues to flow through R2,maintaining the drop across the resistor.
When VTi suddenly conducts to
discharge 02, the discharge current
flows in the opposite direction through
R., reversing the polarity of the drop

current flowing through R. causes a
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FIG. 23. Trapezoidal discharge circuit.

across it. Since a maximum current
flows at the start of the discharge
cycle, the output voltage drops suddenly down from its highest peak value
(3) to value 4. Condenser C2 then discharges rapidly through the relatively
low resistance Rs,and the tube to
form the portion 4-5, which is the retrace part of the saw-tooth cycle. The
cycle then starts over again when VT1
is cut off.
The slopes of the saw-tooth portions of the wave depend on the values
of R2 and Co, and the heights of the
vertical rises and drops depend on the
value of Rs. (Because of the special

TO
DISCHARGE
TUBE

MAGNETIC SWEEP CIRCUITS
FOR VERTICAL DEFLECTION
The wave produced in Fig. 23 has
the right form, but it must be amplified to furnish the fairly high current
needed to deflect the electron beam.
A power amplifier much like the output stage of a sound receiver is used
to produce this amplification. A typical circuit is shown in Fig. 24.
The vertical deflection coils, 1,8
and L., are not high inductances because there is practically no iron in
their core—only that provided by a
bundle of iron wire that is wound
around the deflection yoke assembly.
TI

C2

VT1

8+

L3

L4

8+

FIG. 24. A typical vertical deflection sweep amplifier.

shape of the output, the resistor R.
is known as a"peaking" resistor.) If
the proper values are chosen for these
parts, it is possible to produce the
exact wave shape required for the
particular deflection coils that are
to be used.
Although we have shown aseparate
discharge tube in Fig. 23, the action
might equally well be produced by
modifying abuilt-in discharge circuit.
Now that we have the required
trapezoidal wave, we need a power
amplifier to get the current we need.
Since the vertical or frame sweep is
simpler in design than the horizontal
sweep, let's study it first.
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Common inductance values for these
coils are around 50 millihenrys. At 60
cycles, this inductance has areactance
of only about 20 ohms—in fact, the
resistance of one of the coils may
easily be 3 or 4 times its reactance.
Notice that the screen grid and the
plate of the pentode power tube VT1
are tied together. This lowers the
plate resistance of the tube enough
to permit it to be matched to the lowimpedance coils by atransformer having a reasonable turns ratio.
Let's run through the operation of
the circuit in Fig. 24 briefly:
Condenser C and resistor Ri are
the basic wave-shaping parts, and

considerable distributed capacity in
the circuit and in the deflection coils;
this capacity forms a resonant circuit
with the inductance of the deflection
coils and the transformer secondary.)

peaking resistor R, produces the trapezoidal wave shape from what would
otherwise be asaw-tooth wave. This
circuit is operated by adischarge tube
(which may be a part of the sweep
oscillator).
The signal is applied to the grid
of the power output tube through
coupling condenser C2 and appears
across R3. Resist9
L is a_linearity
r,..contising- it changes the bias
on VT, and thus makes it possible
to find the most linear part of the
characteristic of the—tiibè. incèvary-

Instead of going to great trouble to
avoid this oscillation, it is permitted
to exist during the retrace, so the
retrace may be half a sine wave in
shape rather than linear with respect
to time. As shown in Fig. 24B, the
retrace may follow the dotted line
instead of the straight line from the
end of one scanning sweep to the beginning of the next.

ig the bia
change the gain of
this stage and therefore change the
SAWTOOTN
INPUT

This doesn't matter, because we
must have linearity only during the
actual sweep. It is perfectly all right
for there to be distortions in the shape

V

L,

L.

of the retrace as long as the distortions -repeat themselves exactly (so

.[==

that each line will be of the same
length) and are completely wiped out
before the beginning of the next sweep.
To meet these requirements, the

8.

coils are made with inductance and
capacity values such that ahalf cycle
of the oscillation will be completed

FIG. 25. Pentode vertical sweep amplifier.

height of the picture, the height control R, must be readjusted whenever
R, is adjusted until the best compromise between aperfectly linear sweep
and the desired picture height is

within the desired retrace time. The
oscillation is then forced to die out

s,ecured.
During the sweep portion of the
cycle, the current through the deflection coils I., and L, steadily increases
in a linear manner, just as it should.
When the end of the sweep period is
reached, however, and the voltage
suddenly changes to produce the retrace portion of the cycle, we do not
get the normal retrace shape, because
the deflection coils have a tendency
to self-oscillate under the shock of
the sudden voltage change. (There is

before the next sweep by the resistive
loading in the circuit. There are three
forms of loading here: 1, the resistance
within the coils provides a low Q; 2,
the coils are shunted by resistors R.

28

and R,, which further load them and
control oscillations; and 3, the low
plate resistance of the tube appears
across the coils through transformer
T, and also tends to load them.
Thus, although we use the proper
trapezoidal voltage, the current is not
exactly a saw-tooth; however, it is
linear during the sweep, and the re-

trace variations are controlled so that
they do no harm.
The circuit in Fig. 24 is the basis
for most electromagnetic vertical
sweeps. There is one important exception, however, which we shall now
describe.

separate voltage supply so that atrue
pentode action is obtained.

This connection leads to several
basic differences in operation.
To
begin with, we now have the extremely
high plate resistance of the pentode
tube in series with the relatively small
load reflected into the primary circuit
PENTODE VERTICAL OUTPUT
by transformer Ti. This makes the
In a few instances, a true pentode
effective inductance in the plate circonnection has been used for the outcuit of VT i so small that the circuit is 7
put in the vertical sweep chain of an basically resistive, as shown in Fig..'
electromagnetic set. The basic circuit 26. Since the circuit appears to be
is shown in Fig. 25. The most impor- resistive, it is possible to produce a
tant difference between this circuit
saw-tooth current in the plate circuit
and that in Fig. 24 is the fact that here
by feeding the grid of VT 1 with asawthe screen grid is brought back to a
tooth voltage, just as we would in an '—
electrostatic system.

FIG. 26. Equivalent circuit of the pentode
vertical sweep amplifier.
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Since the plate resistance of the tube
no longer acts to damp oscillations,
the resistor R5 (see Fig. 25) is connected across the primary of T, to
serve this purpose. 'to stabilize the
circuit further, the screen-grid voltage
is supplied through resistor 11 4. Condenser Cs is a by-pass for the screen.

Horizontal Electromagnetic
Sweep Circuits
Although the horizontal deflection small transmitting tube is commonly
system may seem at first glance to be used for the horizontal deflection outquite similar to the vertical deflection put, and in some receivers a pair of
system in electromagnetic units, there these tubes are used in parallel.
Since it is practically impossible to
is quite a difference in the actual
prevent oscillation completely, dedesign of the circuits used.
Since the picture is wider than it signers have compromised on reasonably small coils that can produce a
is high, the horizontal lines are longer
frequency high enough for ahalf cycle
than the height of the picture. The
horizontal deflection field must there- to be over in the retrace time, but not
so small that the current requirement
fore be stronger than the vertical one.
is unreasonable.
Values around 8
However, the horizontal deflection coil
millihenrys are used.
cannot be as large as the vertical deThis oscillation must be damped
flection coil, because the inductance
out during the retrace time (about 6
and distributed capacity in the normal
coil and output transformer would microseconds). To provide this highcause the retrve oscillation to be at speed action, the circuit is arranged
too low a frequency. We want ahalf so that there is no damping except
the internal resistance of the deflection
cycle of the oscillation to be over
within the retrace time, which is about coils during the first surge of the
oscillation. Then, when a half cycle
6micro-seconds; since the line rate is
has been completed, a "damping" or
15,750 lines per second, this oscilla"reaction scanning" tube closes alowtory cycle must be about 71 kc. (The
resistance path across the horizontal
field rate is only 60 cycles, so the halfdeflection
coils, killing the oscillation
cycle oscillation need not be completed
very
rapidly.
Let's see how this dampfor about 800 microseconds; hence, the
frequency of the vertical retrace oscillation need be only about 600 cycles.)
As a further handicap, a large inductance will have a reactance (at
15,750 cycles) that will be high compared to the resistance. This makes
damping more difficult.
We cannot use too small ahorizontal
deflection coil, because then an excessively high current would be required
to produce the magnetic field needed,
which would mean that the driving
tube would have to deliver extremely
high amounts of power. As it is, a

ing circuit works.
HORIZONTAL DAMPING
A basic horizontal deflection output
is shown in Fig. 27A. The power output tube VTi is connected to the
primary of transformer T1. The secondary coil L, is connected to the
horizontal deflecting coils L, and L..
A diode damping tube VT, and aload-
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ing resistor Ri are connected across
the deflecting coils.
Let's start our study with the action
shown in Fig. 27B. Let's assume that

the scanning current is progressing
from M to N. At the time it reaches
N, the output tube (VT i) current is
suddenly cut off because its grid is
driven sharply negative by the trapezoidal voltage applied to it. This produces a sudden and sharp voltage
change across the deflection coils L8
and Li,with the result that oscillation develops. With no damping other
than the coil resistance, the oscillatory
cycle would go through the points
N-O-P-Q-R. We want only the half
cycle from N to 0 of this oscillation
(which gives us the retrace that we
want), so we have to find some way
to get rid of the energy that would

continue the oscillation beyond O.
When the current through the coils
reaches its negative peak 0, it reverses
in its direction. Since the voltage
across an inductance is 90° ahead of
the current, the voltage across the
deflection coil goes through zero at
this instant and starts to make the
plate of the damping tube VT2 positive with respect to its cathode. Hence,
when the current has reached point 0,
tube VT2 begins to conduct, permitting current to flow through Ri. The
value of resistor Ri is chosen so that
the circuit is critically damped; the
oscillations therefore cease at once,
and the current flow through the coil

FIG. 27. How the horizontal sweep current for an electromagnetic sweep circuit is
produced.
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decreases toward zero along the line
O-S-T.
To produce the proper deflection,
the current through the deflecting coils
must have the form shown by the line
0-S-U-V. The energy stored in the
coils that is released by the damping
action supplies the first part of this
current (from 0 to S). Beyond this
point, however, the stored-energy current dies off along the line S-T, rather
than moving from S to U.
Here the output tube begins to come
into play, as shown in Fig. 27C. Just
at the time the stored-energy current
begins to die out, the tube begins to
deliver current along the line W-V.
These two currents added together
produce the desired deflecting current

must be shaped very accurately so
that the current flow produced in the
secondary circuit will join smoothly
with that flowing in the damping tube
circuit to give the required deflection
current. Therefore, we need some
means of adjusting the characteristics
of the output tube to make it deliver
a plate current having the proper
peak value and the proper shape.
We'll show how this is done in a
moment.
A TYPICAL DIODE DAMPER
Now that we have studied separately the various actions that occur
in the output section of a horizontal
electromagnetic sweep circuit, let's
see how the whole section works. A
typical practical circuit is shown in

On succeeding cycles, the action is Fig. 28.
The oscillator and discharge cirrepeated. Tube VT 1 supplies power:
through transformer T1 during the cuits are not shown here. For our
discussion, let's just say that they
shaded portion of each cycle shown in
Fig. 270. When the tube is cut off furnish a trapezoidal wave of accusuddenly (point V), an oscillatory rate frequency to the grid of the power
action is started that produces the output tube VT,..
This tube is usually a small transretrace and stores energy in the resonant circuit that is dissipated gradu- mitting tube, the plate connection of
ally to give the start of the next trace. which is brought out to atop cap. A
The grid voltage applied to output high-powered tube is needed to handle
tube VT 1 is shown in Fig. 27D. This the current, and the unusual plate
•tube can pass current only when the top-cap connection is needed because
grid voltage is above the cut-off value the inductive kick-back through the
shown by the dotted line. (The rest transformer from the oscillatory acof the input wave merely keeps the tion of the deflection coils produces a
momentary peak plate voltage of 5000
tube from conducting; the trapezoidal
wave shape is needed so that the plate to 10,000 volts, which the ordinary
current can be cut off sharply.) There- tube socket and base cannot withstand.
Putting the plate connection on top
fore, the plate current for this tube
of the tube makes the envelope act as
has the form shown in Fig. 27E. The
an insulator. Since such high peak
curvature in this plate current is
voltages
exist on the plate of the tube,
caused by the fact that we are operatyou
should
never touch the plate ciring over the knee of the characteristic
cuit
while
the
set is in operation.
curve of the tube. This plate current
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Many receivers use this high peak
pulse to supply the high voltage necessary for operating the picture tube.
•In such cases, the output transformer
has the additional windings L. and
L. (Fig. 28), which are connected to
a rectifier-filter system that furnishes
a d.c. output to the picture tube of
from 7000 to 15,000 volts, depending
on circuit design. We'll study such
high-voltage supplies elsewhere in the
Course.
The plate supply path for VTi is
somewhat involved. Moving from the
plate of the tube, it goes through LI,
through coil Ls, and then either
through resistor R. or through the
damping tube VT2. From here, there
is a parallel path through the deflection coils Ls or through the secondary
of the transformer L4 to the B+ ter-

The deflection circuit is somewhat
more involved than the one we described earlier. The deflection coils
are lumped together here as Ls. An
additional condenser C. is connected
across apart of the winding to supply
additional capacity to get resonance
at the proper point. Resistor R. is
acentering control; it can be adjusted
to change the d.c. current through the
L.-L8 path and thus to center the
picture on the face of the tube.
Coil L, is known as the width control. By varying the inductance of
this coil, we can control the amount
of signal applied to the deflection
coils, thus controlling the width of
the picture.
Adjusting this control to vary the
width of the picture may make the

lines non-linear. This lack of linearity
minal (+280 volts). Since the cathode
can be corrected by changing the input
of the power tube is returned to a voltage fed to VTi and by adjusting
point that is at —100 volts with respect
L6,which is in the plate supply of
to ground, the total plate voltage this tube.
applied to the tube is 380 volts (280
The control that varies the input
+ 100).
voltage on the VT i grid is known as

Ls

J

1.

4.)%

L2 f4;

i
t
g-3

HIGH
VOLTAGE
SUPPLY

+275

+280
8+

FIG. 28. The output
section of a typical horizontal electromagnetic sweep circuit in
which a diode damper is used.
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inductance of L6,we can shift the
phase of the a.c. voltage across C5
with respect to the time that it is applied to the plate of VT,; this lets us

the "drive" control because it changes
the peak value reached by the grid
voltage and hence controls the peak of
the plate current.
Coil Le is used to adjust the plate
voltage applied to VT, and hence

control to some extent the shape of
the plate current pulse.
All of the controls associated with
this circuit are interlocking to a certain extent; in other words, adjusting one usually makes it necessary to
adjust one or more of the others also.
Adjusting the width control LTchanges

affects the shape of the plate current
pulse. For this reason, it is known as
the "linearity" control.
Let's run
through the operation to see how Le
works.
The plate supply circuit of VTi
must be completed all the time, so
resiâor R4 is included to complete the
path from Le back through the deflection network to Bi-. Since R4 is a

the width but also causes the right
side of the picture to stretch slightly
by effectively speeding up the scanning in this portion of the scanning
cycle.
Adjusting the drive control
that varies the input to the tube VT,
also increases the width somewhat
but crowds the right side of the picture and stretches the left side. Thus,
these two controls tend to off-set each
other to some extent. Adjusting the
linearity control L6 does not appreciably effect the width but does correct
to a small extent for other irregularities. Rotation of the control in one
direction causes the second quarter
of the picture to stretch and the first
quarter to crowd, and vice versa. In
other words, adjusting this control

fairly high resistance, it does not act
as aload on the resonant circuit, which
includes the deflection coils Le,the
condenser C6,the inductive effects of
the transformer secondary, and the
width control L7.
At the end of the oscillatory cycle,
when damping is desired, tube VT,
begins to conduct. The current that
is passed by this tube is used to charge
condenser C5. As you can see from
Fig. 28, the full B supply voltage (380
volts) is always applied across this
condenser. When VT, is passing current, the voltage across C5 rises to
about 430 volts; when tube VT, starts
drawing current, and VT, cuts off,
C5 discharges back to the 380-volt
B-supply level. Effectively, therefore,
there is a pulsating or a.c. voltage
having the sweep frequency across
this condenser.

mostly affects the first half of the
scanning sweep.
TRIODE DAMPING
The diode damping tube circuit that
we have just described is used by a
great many manufacturers.
Some
others use a triode tube connected as
shown in Fig. 29. Here, tube VT,
is a dual-triode power tube arranged
with the sections in parallel. The

(This voltage is sup-

plied by the energy stored in Ls that
is released when VT, conducts.) As
you can see, this a.c. voltage is applied
to the plate of VT,.
Connected to C5 is aphase-shifting
network consisting of condenser C,
and inductance L6. By adjusting the
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parallel connection of the two triode
sections gives them a very low plate
resistance that loads the deflection
coils during the damping portion of

FIG. 29. Bow a triode damper is used in the output section of a horizontal electromagnetic sweep circuit.

the cycle. Since the tube is a power
output tube, it is able to conduct a
high current during the damping portion of the cycle.
In Fig. 29, the output tube VT,
operates the deflection coils L. and
Ls through transformer T1. Coil Lie
is awidth control.
The same oscillatory action occurs
during the retrace in this circuit as in
the one previously described. When
the oscillatory cycle reaches the point
at which the current through the deflection coils is at its maximum negative value, the voltage across the coils
reverses polarity, making VT, start
to conduct. This coil voltage also
passes through Cs and appears across
R., Rs,and Rs as a positive voltage
on the grids of VT,. This makes the
plate resistance so low that VT, acts
practically as ashort circuit. During
the initial portion of the cycle, therefore, the tube passes a very high current into the damping resistor R,.
The network Cs-R.-Rs-R s is arranged to have avery short time constant with respect to the oscillatory
cycle. Condenser Cs charges rapidly,
with the result that the voltage across
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the grid resistance network falls
quickly from its highly positive value
back towards zero bias. As a result,
the plate resistance of VT, increases
rapidly but smoothly as the retrace
cycle progresses.
This arrangement tends to smooth
out the sweep cycle. Furthermore,
since the rate of change of the plate
resistance of VT2 depends on the R-C
time constant of the grid circuit, it
is possible to vary the damping by
changing the setting of resistor Rs in
the grid network. Since the damping
action controls the amount of current
in the deflection coils during the first
part of the sweep cycle, Rs is a linearity control for the first part of the
sweep.
As you can see, there are no controls
in the plate supply of tube VT,. However, there is a drive control (not
shown) at the input of tube VT,.
Notice that the cathode resistor of
VT, is not by-passed. This introduces
degeneration, which improves the linearity of the sweep.
Although it is not shown here, there
is an extra primary winding on T1
from which the high voltage needed

for the picture tube is secured. The
circuit is like the one in Fig. 28 in
this respect.
VARIATIONS
Most receivers in which electromagnetic deflection is used get the high
voltage for the picture tube by the
method just mentioned (that is, by
using the high voltage peak that occurs
across the primary of the output transformer). An added advantage of this
system is that it protects the picture
tube, because the high-voltage supply
to the tube is automatically cut off
if anything happens to the sweep circuit. However, a few receivers (particularly early ones) have been made
that use other methods of getting the
high-voltage supply.
In general, you will find that the
deflection coils for the horizontal deflection system will have low inductance and that an output transformer
will be used. However, there is even
an exception to this—one manufacturer has made a circuit using horizontal deflection coils of high inductance, thus eliminating the need for
an output transformer. This circuit
is carefully designed to have very
low distributed capacity so that it is

still possible to get a fairly high frequency and thus obtain the retrace
action in the same manner as in other
receivers.
You can always expect to find variations of this sort where design engineers are trying to eliminate some
particularly costly part or are trying
to get around some patent restriction.
In general, however, no matter how
the circuit is changed, it must perform the functions we have described
if it is to have the proper sweep
characteristics.
In the next Lesson, we shall show
how the sweep chain can be controlled
either directly by the synchronizing
pulses that come in with the television
signal or indirectly by a "lock" arrangement that in turn operates from
these sync pulses. Just remember that
the sweep circuits we have described
all have the important characteristic
of providing a continuous sweep so
that the raster will be produced
whether a signal is tuned in or not.
This protects the picture tube. Then,
when the signal is tuned in, the hold
controls can be adjusted to make the
sweep circuits lock in frequency with
the sync pulses and thus scan in synchronism with the transmitted image.
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Lesson Questions
Be sure to number your Answer Sheet 55R113.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule.
This will give you
the greatest possible benefit from our speedy personal grading service.
1. Why is it necessary to have asweep system that will keep the electron beam
of the picture tube in motion whether we have asignal or not?
2. In which type of sweep is the deflection voltage-operated?
3. If one bright vertical or horizontal band is observed in a raster when no
signal is being received, is the trouble caused by: (a) poor screen; (b) insufficient high voltage; (c) a.c. hum; or (d) non-linear sweep?
4. Is the frequency of a blocking oscillator adjusted to be higher or lower
than the desired frequency?
5. If the second-anode voltage applied to an electrostatic picture tube is
increased, will the amount of sweep voltage needed: (1) increase; (2)
decrease; or (3) remain the same?
6. What voltage wave form must be applied to the input of the sweep amplifier to create asaw-tooth current through electromagnetic deflection coils?
7. Why does the use of apentode as the vertical sweep amplifier make it possible to apply a saw-tooth voltage to the grid of the tube and yet produce
a saw-tooth current through the vertical deflection coil?
8. When electrostatic scanning is used, why is it necessary to have more
horizontal sweep voltage than vertical sweep voltage?
9. Is a damper tube needed in the vertical sweep circuit?
10. Why does the C-bias adjustment in a vertical sweep amplifier (Fig. 25)
act as a linearity control?

Be sure to fill out a Lesson Label and send it along with your answers.
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The ability to observe intelligently— to learn—to
gain information—depends greatly upon your willingness to ask WHY.
Don't simply take things for granted. Get in the
habit of asking other people WHY. And most important 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 aman 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 telephone, because he asked WHY. Marconi discovered
much about Radio because he had the habit of asking WHY.
And so I advise you—a man who wants to know
more and more about Radio and TV—to develop the
lifetime habit of asking WHY.
much to your eventual success.

This will contribute
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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.

1. Introduction

Pages 1-6

In this section, you first learn the general methods
sync signals from the video signal and to use them
oscillators; next, you review the operation of R-C
widely used in sync separator circuits; and finally,

used to separate the
to control the sweep
networks, which are
you learn what con-

stitutes a transmitted television signal.

E 2. Sync Clippers

Pages 6-12

You study the various kinds of clipper circuits in this section'.

E 3. Sync Amplifiers and Segregating Circuits

Pages 12-18

In the first part of this section, you study the amplifier chains that are
often used in networks; in the second part, you learn how the horizontal
and ,vertical sync pulses are segregated.

4. Sync Locking Circuits

Pages 19-28

Here you study various a.f.c. systems and a pulse-width system that are
used to lock horizontal oscillators to the horizontal sync pulses.

E 5. Answer Lesson Questions, and Mail your Answers to NRI for
Grading.

E 6. Start Studying the Next Lesson.
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TELEVISION PICTURES can be
produced properly only if we are
able both to modulate the electron
beam in the picture tube and to sweep
the beam vertically and horizontally
with sweep systems that can be locked
with (controlled from) the transmitter. In previous Lessons, you have
followed the picture signal to the grid
of the picture tube and have learned
how the sweep circuits operate. Now
we are ready to see how it is possible
to control the sweep circuits with the
synchronizing pulses that are a part
of the television signal as it comes
from the transmitter.
As you have learned, the oscillators
of television sweep circuits are made
free running so that voltages will be
produced to protect the face of the
picture tube when no signal is tuned
in. The frequency at which each runs
free is approximately the correct one
for the sweep circuit in which it is
used. These oscillators are arranged
so that they can be made to fall in
step with the synchronizing signal,
thus making the sweep generators follow the transmitter scanning and reconstruct the picture properly, element
by element and line by line.

POWER
SUPPLIES

The signal at the output of the
video detector contains the picture information that is used to determine
the brightness of the spot. It also
contains blanking pedestals, on each
of which are the synchronizing pulses
—one set of pulses for horizontal or
line synchronization and another set
for vertical or frame synchronization.
Therefore, we must separate these
pulses from the picture signal and
then separate the line pulses from the
vertical pulses. Once we have done
so, we can obtain synchronization by
applying the pulses to the sweep circuits.
As we shall show in this text, it is
possible to separate the synchronizing
pulses from the picture signal in a
separator stage. Filter circuits may
then be used to separate the two kinds —
of pulses from each other. Since there
is more than one separation involved
here, it is common practice to call the
first operation "clipping," since effectively we "clip" the sync pulses from
the rest of the signal. The operation
of separating the two kinds of pulses
is usually called "segregation."
The synchronizing pulse amplitudes
may not be as high as is desired, the
polarity may be wrong, and it may
1
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FIG.

1.

o

Two forms of the basic R-C
circuit.

be desirable to shape the pulses somewhat, so amplifying stages are commonly used either before or after clipping to amplify and correct the sync
pulses.
In the simplest kind of synchronizing systems—known as "trigger" systems — the vertical and horizontal
pulses are fed directly to the sweep
oscillators after they have been segregated. These simplified trigger systems
work satisfactorily as long as there is
not a great amount of noise interference and not too much variation in
amplitude between pulses coming from
stations of different strength. Even in
the face of considerable interference
and signal variation, the vertical or
field sweep can usually be made to
lock satisfactorily with a trigger system, because the low-frequency vertical oscillator is relatively stable, and
the kind of pulse that is used for controlling the vertical oscillators is of
such shape that minor interferences
are not too troublesome.
The horizontal sweep is much more
susceptible to variations in the controlling pulse, because loss of synchronization for even one line produces a
"tearing" across the picture. Therefore, in many receivers you will find
that the horizontal sweep oscillator is
fed control pulses through a locking
or automatic frequency control arrangement of such a nature that the
average sync pulse spacing over several lines is used in acomparison sys2

tern to lock the horizontal oscillator
to the proper frequency.
In this Lesson, we are going to learn
all about the clipping and segregating
of pulses, sync amplifiers, and the
special locking circuits that are used
to control horizontal sweep oscillators.
However, before we get into these
subjects, let's learn something more
about the operation of an R-C charging circuit. This rather simple network
shows up in several different forms in
the sync control chain.
R-C RESPONSES
The simple R-C network shown in
Fig. 1 is used in a great number of
ways in television because of the
amazing variety of responses this circuit has to waves of different shapes.
We have shown two circuits in this
figure. As far as a.c. is concerned,
their actions are the same. In most
cases, the circuit in Fig. 1A (in which
the lower end of the resistor is grounded) is used; sometimes, however, it
is necessary to ground the condenser,
in which case the circuit in Fig. 1B is
used. You may, therefore, find either
arrangement in television circuits.
Just remember that the response of
each is the same.
When the input voltage e applied
to the circuit in Fig. lA is asine wave,
the only effects produced on the voltage are that it is divided and is
shifted in phase. That is, as the frequency decreases, more voltage appears across the condenser and less
across the resistance, and the resistance drop gets more out of phase with
respect to the source voltage. However, the wave shape is still that of a
sine wave. It is important for you to
remember this fact—the response of
this network to a sine-wave voltage
is that a sine-wave voltage appears
across each of the parts. The relative
amplitudes of these voltages depend
on the ratio of the reactance to the
resistance. When we apply a voltage

that is not a sine wave, however, the
response of this circuit becomes very
different.
Square-Wave Response. Let us
briefly review the response of a circuit of this sort to the kind of wave
shapes used in the sweep chain. You
will recall that if a d.c. voltage is applied suddenly by turning on aswitch,
the condenser will charge up at arate
determined by the time constant of
the R-C parts. Therefore, when ad.c.
voltage is applied suddenly as in Fig.
2A, there will be at first a rush of
current to charge the condenser. This
current flow is limited by the series
resistor R. Initially, the condenser
will have no voltage across it, but the
charge will build up until eventually
the condenser voltage equals the voltage of the source. Thus, the condenser
voltage curve is somewhat like curve
1in Fig. 2B.

The current through the circuit
(curve 2) goes down as the condenser
voltage goes up. The voltage drop
across the resistor is in phase with
the current flow through the circuit,
so that curve 2can also represent the
voltage across the resistor. Thus, the
resistor voltage is maximum and the
condenser voltage is minimum when
the circuit is first turned on; the condenser voltage then goes up, whereas
the resistor voltage goes down.
Since the rate at which the condenser charges depends on both the
size of resistor R and the size of the
condenser, the charging curve changes
in shape if different part values are
used. For example, if either the condenser or the resistor (or both) is
made larger, it will take longer for
the condenser to charge, so the charging curve will be flatter. Fig. 20 shows
curves for the condenser charging action in circuits having different time
constants. Curve 1 is the curve for
the circuit having the shortest time
constant, curve 4 that for the circuit
having the longest time constant.
From these curves, you can see that
the voltage across the condenser at a
particular time depends on the time
constant of the circuit: shortly after
the switch is closed, the voltage can
be high if the circuit has ashort time
constant but fairly low if the time
constant is long. After a while, of
course, the condenser in either kind of
circuit will charge to approximately
the source voltage.
If the applied voltage is turned off
and the circuit is short-circuited, it
will discharge along acurve much like
the charging curve except that it will
be inverted. If we apply power and
turn it on and off regularly, or apply
a square-wave a.c. signal, we will get
a charging action that begins at the
start of each pulse and a discharging
action that starts at the end of each
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LAGGING EDGES

FIG. 2. Response of an R-C circuit.
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condenser is charging very slowly,
there is practically a constant voltage
across the resistor during the charging time.
If the circuit has a medium time
constant, the condenser charges more
rapidly, and the voltage across the
resistor drops more rapidly. The
curves for such acircuit are shown in
Fig. 3C.
If the time constant is very short,
the voltage curves are like those
shown in Fig. 3D. Notice particularly
the resistor voltage. Effectively, what
we get is a very high, sharp pulse
(point 1) in step with the leading edge
of the applied square-wave voltage,
and another similar pulse (point 2)
at the time of the lagging edge of the
LEADING EDGE
square-wave voltage.
ec
AGGING EDGE
This ability to produce avery sharp
pulse in synchronism with the leading
INPUT PULSES
R
eR
and lagging edges of the applied pulse
is quite important, as we shall show
later.
Incidentally, the low -frequency
e
components of the signal appear
across the condenser because the condenser reactance becomes higher at
these frequencies. Therefore, the reQMEDIUM RO
oSHORT RC
O LONG RC
sistor voltage represents the high-freFIG. 3. Variations in output voltages proquency elements in the applied signal.
duced by changing the time constant of
If this network is arranged so that the
an R-C network.
desired output is taken from across
the resistor, it is known as a "differthe square wave, then drops off gradentiating" network, whereas if the
ually. At the lagging edge, the curoutput
is taken from across the conrent flow reverses its direction, and
denser, it is called an "integrating"
since the condenser voltage adds to
network. These terms will be met
the supply voltage on each alternaagain later in this text.
tion, the resistor voltage changes
Special Wave Shapes. There are
sharply to the opposite polarity.
occasions in the circuits we are going
Therefore, when the time constant is
long, the voltage across the condenser to study in which more than one of
these R-C networks may be used in
and that across the resistor have the
cascade. In particular, you may find
shapes shown in Fig. 3B. During the
time the pulse is applied, the voltage two or more integrating circuits used
across the resistor will remain at a after one another to get a wave of
some particular shape.
high value because there is current
For example, Fig. 4A shows a kind.
flow through it all the time until the
of pulse that is applied to an intecondenser is fully charged. Since the

pulse. Thus, if we have the pulses
1-4, 5-8, and 9-12 shown in Fig. 2D,
the condenser will start to charge
when the "leading" edge of each pulse
(the change 1-2, 5-6, or 9-10) occurs,
and will start to discharge in step
with the "lagging" edges (3-4, 7-8, or
11-12).
Fig. 3shows the action for different
time constants. Notice how the voltages across the condenser and resistor
depend on the time constant of the
circuit.
If the time constant is long, the condenser can charge but slowly. Hence,
the resistance voltage rises to amaximum in step with the leading edge of
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FIG. 4. Responses of integrating circuits
to various wave forms.

grating circuit in one part of a TV
set. The very high swings in the negative direction are sufficient to force
the discharge of the circuit; as a result, the voltage across the condenser
has the saw-tooth form shown in Fig.
4B. Then, this saw-tooth voltage can
be fed into another integrating circuit
from which we will get the parabolic
curves shown in Fig. 4C.

It is important when we consider
the operation of a circuit like this to
realize that the pulses shown in Fig.
4A are actually squared pulses. For
example, the wave form in Fig. 4D
looks very much like that in Fig. 4A
until you realize that the pulses in D
are really halves of sine waves. Since
a sine wave comes through an integrating circuit unchanged, the result
of feeding pulses like those in D to an
R-C circuit is much as is shown in
Fig. 4E. Here, integration occurs during the flat portions of the wave, but
the "dip" in the wave E looks exactly
like the sine-wave portion of the original signal in D.
Naturally, the exact wave shape
produced by an R-C circuit will depend upon whether it has ashort, medium, or long time constant, and hence
there are very many different possible
shapes that are obtainable.
STANDARD TV SIGNAL
The various signals that are sent
out by the transmitter in the region of
the vertical blanking during the scan
of one frame (two fields) are shown in
Fig. 5. Among these is the picture
signal for each line, at the end of
which there is a blanking pedestal.
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This blanking pedestal represents a
voltage that is capable of cutting off
the electron beam when it is applied
to the picture tube; therefore, the pedestal represents a "black" signal. On
this pedestal is the line (horizontal)
sync pulse.
The vertical blanking period starts
when the bottom of the picture is
reached. It exists for the time that
it takes to seen about nineteen or
twenty lines. At atime approximately
three lines from the beginning of the
vertical blanking period, the vertical
sync pulse begins. It lasts for atime
duration of three lines. It is followed
by horizontal synchronizing pulses
during the vertical blanking period in
which the vertical retrace carries the
beam back up to the top of the picture. At the top of the picture, several
lines are blanked out; during this
time, the circuit settles down and
prepares for the actual visible portion of the picture.
You can see from Fig. 5 that the
horizontal and the vertical sync pulses
are on blanking pedestals; therefore,
they extend above even the signal
levels that represent a black picture,

and, as a result, cannot produce a
visible picture on the face of the picture tube. A further examination of
the sync pulses will show that the sections of the vertical pulse are quite
broad compared to the horizontal
sync pulses.
Pulses of athird kind—the equalizing pulses — also exist in the transmitted signal. These are even narrower than the horizontal sync pulses
and occur at half-line intervals rather
than at one-line intervals. These
equalizing pulses, as we shall show
elsewhere, are needed so that we can
maintain horizontal sync during the
vertical sync pulse; they break up the
otherwise solid vertical sync pulse
into segments, and exist for a time
before and after the vertical sync
pulse. Therefore, we have three different kinds of pulses, all of the same
amplitude but of quite different
widths, in the transmitted signal. All
these pulses are capable of being separated from the signal by an amplitude clipper, because each of them is
above the level of the highest signal
voltage. Let's go on to see how this is
done.

Sync Clippers
The job of separating all the sync
pulses from the picture information is
made easier by the fact that the former are all above and the latter are
all below the level of the blanking
pedestals. If we feed asignal like that
shown in Fig. 6A into aproperly designed clipping circuit, it can cut off
the picture information from the sync
pulses, producing an output like that
shown in Fig. 6B. All pulses above
the pedestal level can be removed in
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FIG. 6. How sync pulses are clipped.
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FIG. 7. The d.c. and a.c. forms of a TV
signal.

this way—it does not matter to the
clipper circuit whether they are horizontal sync, vertical sync, or equalizing pulses.
It is possible to use diode, triode,
or pentode tubes in clipper circuits.
Before we study the many different
kinds of clippers, let us learn a little
more about what the requirements for
clipping are.
D.C. Level. The first requirement
is that the pedestals must be lined up
before a television signal can be
clipped. That is, we must have the
signal in its d.c. form. You will recall
t at all the pedestals are at the same
evel, as shown in Fig. 7A, when the
signal is in its d.c. form. When it is
in the a.c. form, on the other hand, the
pedestals are not at the same level.
As a simple example, let us suppose
that we are using aclipper stage that
has an operating curve like that
shown in Fig. 8. When the signal is
in the d.c. form shown in Fig. 8A, and
the pedestals are lined up with the
cut-off bias value, the plate current
will contain only the sync pulses (Fig.
8B). On the other hand, if we apply
the signal in its a.c. form (Fig. 80),
the output will have the form shown
in Fig. 8D. In this case, if we set the
bias so that the pedestals for a gray
line match up with the cut-off value,

we will get the pulses from this line.
However, the black line pulses will be
rejected completely, and part of the
video signal will pass along with the
white line sync pulses.
From the foregoing, you can see
that we can get clipping quite easily
by lining up the pedestals with the
cut-off point of a tube as long as we
have a d.c. signal form. Therefore, as
a requirement for clipping, either the
clipper must be d.c. coupled to some
point in the video amplifier where the
signal exists in ad.c. form, or we must
introduce restoration to get it back to
this form at the input of the clipper.
BASIC DIODE CLIPPER
Fig. 9 shows a basic diode clipper
circuit. As you will recall, it is possible for a television picture to have
either anegative or a positive picture
phase at the output of the video detector or in the video amplifier.
Let us suppose first that we have
the negative picture phase shown in
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FIG. 9. Basic diode clipper circuits.

Fig. 9A. (The whiter the scene, the
more negative the voltage in this
case.) If we apply this to the diode
circuit shown in Fig. 9B, we will get
an exact replica of the signal across
the load resistor R. In this case, clipping has not occurred. However, if
we introduce abias at point X of such
apolarity that point G is made negative with respect to ground, the picture signal must overcome this bias
before any current can flow through
the diode tube. Hence, if we arrange
this bias so that only the sync pulses
can make the diode plate positive and
cause current flow, we can secure the
form of clipping that was shown in
Fig. 8. Of course, we must start with
• a signal in which the pedestals are
lined up.
If the signal has a positive picture
phase (Fig. 9C), we must invert the
diode as shown in Fig. 9D. With this
arrangement, terminal G will always
be negative with respect to A when a
signal is applied, so no current will
flow. However, the pulses are in such
a direction that the terminal G will
become less negative during the sync
pulses. Therefore, we must introduce
a bias voltage at point X of such a
polarity that point G will be made
negative with respect to ground. If

this bias voltage is properly adjusted,'
the sync pulses will drive the plate of'
the diode sufficiently positive with respect to the cathode for current tol
flow, but the rest of the signal will,
overcome the bias and cut off current'
flow.
• I
With these diode circuits, the output pulses will have the polarities in- I
dicated across the load resistor R in,
either B or D in Fig. 9. In both in- I
stances, we need to apply a bias voltage to the diode so that it will conduct'
only on the sync pulses. Of course,'
this bias voltage need not come from;
a separate source—it is possible to,
obtain it as aresult of signal rectification in the diode itself. A more typical
diode circuit arrangement in which'
self-bias is used is shown in Fig. 10.
With the arrangement shown here, I
the tube VT, acts as a clipper and is
independent of the video detector and I
video amplifier. It gets its signal from '
the i.f. transformer L„ which is tuned
by condenser C. This signal is applied to the video detector and also
to the clipper VT,. On the positive
pulses of the signal, rectification takes
place in the clipper tube, and con-

FIG.
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Practical

self -biased
clipper.

diode

denser C2 becomes charged with the
polarity shown. It cannot discharge
rapidly through the high resistance
R„ so its voltage becomes an average
bias value that follows the signal
levels. Hence, we have effectively a
form of d.c. restoration that lines up
the pulses. At the same time, this
bias voltage is of such value that only
the sync pulses can overcome it and
cause current flow through resistor R2.
Here, condensers C, and C, and resistor 11 2 act as a low-pass filter to
remove any r.f. that appears across
R2; thus, the output of the clipper
contains only the sync pulses. These
pulses may be fed to either a sync
amplifier or asegregation network. If
the polarity of the pulses is wrong for
the sweep oscillator, either an amplifier must be used to invert the polarity, or tube VT, must be inverted so
as to obtain pulses having the opposite
polarity.
Since the clipper tube VT, can act
as its own d.c. restorer, we are now
free to connect it to any point we wish
in the video amplifier, whether the
pedestals are lined up at that point or
not. This allows us to take advantage
of the extra gain of the video stages.
It is becoming common practice to
take the sync pulses from the output
of the video amplifier. However, it is
possible to take these pulses from another stage if polarity is aproblem.
It is even possible to d.c. couple, as
shown in Fig. 11, to some point where
the video signal exists. Here, the signal exists across R„ which may be a
grid resistor or even a load resistor
in the video circuit. Tube VT, is arranged in a network such that the
bias developed by R, and C, will
either act as abias to provide clipping
(if the signal across R, is in the d.c.
form) or act as arestorer if the signal
across R, is in the a.c. form. The sync
pulses are produced across the resistor
R..

Although the diode clipper is perfectly satisfactory as a means of separating the picture signal from the
synchronizing pulses, it does not amplify; also, it tends to load the source,
thus affecting the frequency response
of the video amplifier. Clipper circuits
in which triodes and pentodes are used
have been developed that do not have
these disadvantages. Let us see how
they work.
TRIODE CLIPPER
A simple triode clipper is shown in
Fig. 12B. When the signal shown in
Fig. 12A is applied to this circuit, grid
current will flow, charging condenser

VT1

R3

SYNC
PULSES

FIG. 11. D.C. coupling to a diode clipper.

C1.If the proper values are used for
C, and R1,this charge will reach such
a point that all of the signal below
the clipping level will be beyond cutoff, and only the sync pulses will drive
the tube into the conducting region.
The amplification of the tube will
cause the output pulses developed
across R, to be larger than the original
sync pulses. Since it is quite desirable
to have large pulses, circuits of this
sort are frequently used in TV sets.
Of course, such a tube inverts the
phase of the pulses 180°. If the input
pulses are going in the positive direc-
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tion as shown in Fig. 12A, they will
be going in the negative direction
across R2.Pulses of this polarity can
be used to operate a multivibrator
oscillator but not a blocking oscillator; if the latter is used in the sweep
circuits, therefore, it will be necessary
to invert the phase of the sync pulses.
Such phase inversion may be obtained by following this clipper stage
with an amplifier or by inverting the
phase of the signal at the input to the
clipper. If the latter method is used,
some changes must be made in the circuit. That is, if a signal of the kind
shown in Fig. 12C is applied, the circuit must be modified as shown in
Fig. 12D, and the tube must be made
to operate at the plate current saturation point at the upper knee of its
characteristic curve. When this operation is used, signal swings will drive
the grid more positive, but no more
plate current can flow. On the other
hand, the sync pulses will decrease the

8+

grid voltage and thus reduce the plate
current.
The operation of this circuit over
the upper knee of the charactertistic
curve is shown in Fig. 12E. The bias
applied through resistor R, from a
separate source must hold the tube
grid near zero bias or even slightly
positive to produce this operation. In
VT

TO HORIZONTAL
SYNC AMPLIFIER
TO VERTICAL
SYNC AMPLIFIER

FIG. 13. Typical pentode clipper circuit.

addition, the plate voltage in this
stage is made low so that saturation
occurs near zero bias.
Resistor R2 is added to the circuit
shown in Fig. 12D so that if the tube
should draw an abnormally high grid
current, as it may when astrong noise
pulse comes through, the circuit will
not be blocked and rendered inoperative.
The output pulse is of course opposite in polarity to the plate current
change—a drop in the plate current
causes arise in the plate voltage, with
the result that the sync pulses
positive at the output of this circuit. (
8
PENTODE CLIPPER

El+

triode clipper
arrangements.

circuit

The pentode tube lends itself very
well to use as a clipper. A typical
circuit arrangement is shown in Fig.
13. The initial bias that produces tube
cut-off is obtained by grid rectification
—condenser C, charges when the grid
goes positive and then must discharge
through the relatively high resistance
Therefore, the basic clipping action of this circuit is much like that
of those we have already described.
However, we can get another action
from the pentode circuit by reducing
10

the plate and screen grid voltages to
very low values. The voltage division
produced by resistors R, and R6 in
the circuit in Fig. 13 is such that the
plate voltage is quite low—it may be
only about 5 to 10 volts. The screen
grid voltage, which is determined by
the voltage division between 11 6 and
R.„ is also low.
With both these voltages very low,
the circuit will saturate quite easily,
producing the action shown in Fig. 14.
Once the initial clipping bias has been
set up, the picture signal (which
swings below the cut-off point) will
cause no plate current. The sync
pulses will cause plate current, but,
because of the upper saturation bend
of the characteristic, there is a limit
to the amount of plate current they
can cause. If the sync pulses are
higher than the saturation level, they
will be cut off as shown here. Therefore, the circuit can take sync pulses
of different amplitudes and produce
pulses of constant amplitude from
them. Hence, noise pulses and increases in the signal strength that
might change the amplitude of the
pulses will all be wiped out by
this circuit. This feature makes the
pentode clipper rather popular. With
other clippers that do not have this
limiting feature, you will generally

To

find that one or more of the associated
amplifiers (we are going to study
these) will be arranged to provide a
limiting action like the one that is
obtained in the pentode stage.
Resistor R, is added in the circuit
of the pentode clipper in Fig. 13 so
that strong noise pulses will not cause
excessive grid currents and thus develop ablocking bias.
DOUBLE CLIPPER
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FIG. 15. A double clipper circuit.
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The same clipping plus arglitilde-limiting that is obtainable with a
pentide can be obtained with two
triodes used in the circuit shown in
Fig. 15. These two triodes can be in
the same envelope in the form of a
dual triode.
Initially, the basic clipping occurs
in the grid circuit of VT„ where the
grid current flow charges condenser
Cl.
The pulses existing across R, are
therefore separated by VT, from the
video signal, but the pulses may be
of unequal amplitudes. However, VT,
has inverted the phase, so that the
pulses are now swinging in the negative direction. When these pulses are
applied to tube VT„ the pulses above
a certain amplitude will be beyond
cut-off, so amplitude limiting (or second clipping) occurs. VT, inverts the
phase again, so that the output pulses
across R4 now swing in the positive
direction.
Notice that the grid circuit of VT,
does not provide a bias to follow the
pulses. Such a bias is unnecessary
because the pulses swing negative.
This is fortunate, because it makes it

5

FIG. 16.

Sync-damper circuit.

possible to use alow resistance as grid
resistor R3;it is necessary to use alow
resistance here to provide wide band
response so that the sync pulses can
get through without distortion.
Sync Clamper. Although it is possible to produce d.c. restoration in the
clipper circuit quite simply by grid
rectification, it is sometimes undesirable to do so, particularly when we

want the clipper to act reasonably
well as an amplifier. In such cases,
often a fixed bias is applied to the
clipper; a separate diode rectifier is
then used for d.c. restoration. A typical circuit is shown in Fig. 16. The
diode rectifier VT, acts in conjunction
with C, and R, as a d.c. restorer just
like those used in the video amplifier.
The restored signal across R, is fed
to the clipper tube VT,. This tube is
so biased that the pedestals line up at
the cut-off point, and plate current
will flow only on the swings of the
sync pulses into the less negative grid
region.
Although tube VT, acts exactly like
any other d.c. restorer, it is given the
name of "clamper" to distinguish between it and the true d.c. restorer that
operates on the picture signal.

Sync Amplifiers and Segregating
Circuits
in the video amplifier where the pulses
are swinging in the positive direction,
and conversely for a clipper that requires negative pulses.
The strength of the sync pulses (and
consequently the definiteness of the
control action) depends upon the
point in the video amplifier from
which the signal is taken, increasing
as the point is moved farther along.
Therefore, there is agrowing tendency
to get the signal for the clipper from
near the output of the video amplifier.
In most modern receivers, in fact, you
will find that the sync pulses are obtained either from the plate circuit of
the output video stage or from its
grid circuit, depending upon the point
at which the signal phase is proper for
the clipper circuit.

As we have pointed out, it is possible to obtain the desired signal for
the clipper (the picture signal plus the
sync pulses) anywhere in the video
amplifier, from the second detector to
the grid of the picture tube. Whether
or not the signal is in its d.c. form at
the point from which it is taken is
not particularly important; as we
have shown, it is always possible to
produce d.c. restoration in the clipper
circuit if necessary. Of more importance are the phase of the signal and
the level of the sync pulses.
The picture phase on which the
clipper is designed to operate restricts
the number of points from which the
signal can be taken. Obviously, if
the clipper requires positive pulses, we
must take the signal from some point
12

Many manufacturers do not feel
that even the signal from the video
amplifier is strong enough for best
clipping. For this reason, they very
frequently include an amplifying
stage ahead of the clipper. This amplifier may be either a triode or a
pentode tube. When such an additional amplifying stage is used, the
fact that it inverts the picture phase
180° must be taken into consideration
so that the clipper itself will be fed
with signals having the proper phase.
It is also common practice to include amplifiers following the clipper.
There may even be amplifiers following the point at which the synchronizing signals are segregated—an amplifier for the vertical pulses being entirely separate from one that is used
for the horizontal sync pulses.
As a matter of fact, the double
clipper shown in Fig. 15 acts as a
double amplifier. It is possible to set
the bias so that the second tube will
serve only as an amplifier rather than
as a second clipper (amplitude limiter). Usually, however, the circuit is
arranged so that the amplifier gives
the second clipping and thus removes
noise pulses that might drive the sync
pulses to amplitudes that would be
higher than normal.
Fig. 17 shows a typical chain consisting of an amplifier, a clipper, and
a second amplifier. In this circuit,

tube VT, is biased for normal operation as an amplifier. In this example,
instead of using self-bias, the grid
bias is obtained from a voltage divider arrangement that operates from
taps on the power supply. This voltage divider is adjusted so that the
proper operating bias is obtained.
Manufacturers use arrangements like
this rather than furnish additional
taps on the voltage divider in the
power supply.
The sync pulses obtained from the
video output in this instance are in
the negative direction. Tube VT, amplifies both the pulses and the signal
components. However, the arrangement is such that if any sync pulses
are driven very far negative by noise
pulses, they will be beyond the tube
cut-off point. This tube therefore provides an initial clipping of the amplitude of the pulses.
Since VT, inverts the phase of the
pulses, it feeds positive pulses into
tube VT,. The operating voltages applied to this tube are such that the
picture signal is cut off at the pedestal
level because all the picture signal is
below the cut-off level set for the
tube. D.C. restoration occurs in the
grid circuit of this tube to align the
pedestal levels.
At the output of VT,, the pulses are
again negative. If positive pulses are
needed—for application to the grid of
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FIG. 17. Typical sync amplifier-dipper chain.
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FIG. 18. Circuit furnishing positive and
negative pulses.

ablocking oscillator, for example—an
additional amplifying tube VT, is
used to increase the strength of the
pulses again and to invert their phase
to give an output of the proper polarity. At the same time, any pulses that
swing too far negative will be clipped
again by VT3;at its output, therefore, the pulses are restricted and are
practically all of the same amplitude.
This removes any increases in the
pulse levels caused by noise or other
interferences.
Although we have spoken of the
"proper" polarity for the pulses, it
may be that we want pulses of both
polarities after clipping, since one of
the sweep chains may use a multivibrator and the other a blocking oscillator. Fig. 18 shows a circuit that
will furnish pulses of both polarities
at the same time. The amplified pulses
across R., in the cathode circuit of the
tube have the same phase as the signal that comes from the clipper,
whereas the phase of the voltage in
the plate circuit, across R3,is inverted
180°. Thus, if the pulses from the
clipper have apositive phase, the output from terminal 1will also be positive, but that from terminal 2will be
negative.
14

To sum up, the chain of stages used
to extract the sync pulses from the
transmitted signal may consist only of
aclipper, but it is more usual practice
in the receivers of today to have at
least one amplifying stage in addition
to the clipper and possibly to have as
many as three or four amplifiers—one
ahead and one after the clipper, plus
an additional one either in the horizontal or in the vertical chain, or in
both. One or more of these amplifiers
may serve as an amplitude limiter
(second clipper) as well as perform as
a normal amplifier. In addition, you
may find aclamper tube used to give
d.c. restoration.
SYNC SEGREGATION
The final product at the output of
the clipper or at the output of a following amplifying stage consists of
three kinds of pulses. We have the
line pulses that occur at the end of
each line. Then, we have the vertical
pulse, which exists for a space occupied by three lines, but which is cut
up at half-line intervals so that the
horizontal or line synchronization
may be maintained during it.
For a space of three lines before
the vertical pulse and for another
three-line space after the vertical
pulse, there exists aseries of equalizing pulses. These pulses occur at
twice the horizontal or line pulse rate
—at half-line intervals, in other words.
These equalizing pulses serve to cut
up the vertical pulse and to provide
line synchronization at the end of
each field. You will recall that one
field ends in the middle of aline, but
the next one ends exactly at the end
of a line. Therefore, there is a halfline difference in the two fields, acondition that is necessary for interlaced
scanning. Since the equalizing pulses
are at half-line intervals, alternate
equalizing pulses are used just like

_f
UNE PULSES

ECLIAUZINO

PULSES

VERTICAL

PULSE

EQUALIZINS

PULSES

LINE PULSES

FIG. 19. The line, equalizing, and vertical sync pub« in aTV signal.

the line pulses to control the horizontal sweep chain. One set of equalizing
pulses is at the end of one field and
the other set at the end of the next,
but the action is the same.
The various pulses are shown in
Fig. 19. This figure shows the relative
widths of the pulses; as you can see,
they are different in their widths as
well as in their frequencies.
Once the sync signal containing
these three kinds of pulses has been
separated from the video signal, we
must separate the line and equalizing
pulses from the vertical pulse so that
the horizontal pulses can be applied
to the horizontal sweep chain and the
vertical pulses can be applied to the
vertical sweep chain. To separate
these two types of pulses, we use R-C
networks.
Horizontal. Separation. We can
obtain a control pulse that will be
timed exactly by the leading edge of
the horizontal pulses by using a differentiating network like that in Fig.
20 having ashort time constant. Fig.
21 shows what happens when the
group of pulses in Fig. 19 is fed to
such anetwork.
In Fig. 21A, we have repeated the
group of pulses that we had in Fig.
19. When the pulses are fed into the
differentiating network, the output
across R, will be like that shown in
Fig. 21B. Every time there is asharp
change in the voltage caused by either
the leading or lagging edge of apulse,
a corresponding sharp pulse will be
developed across R1. As Fig. 21B
shows, these pulses will be caused by
the edges of each pulse in the output
of the clipper, whether the original
15

pulse is a horizontal (line) pulse, an
equalizing pulse, or the serrations in
the vertical pulse.
Notice that the leading edges produce pulses having a polarity that is
opposite to that of the pulses produced
by lagging edges. Only the pulses produced by the leading edges (the pulses
numbered from 1 to 22 in Fig. 21B)
are properly spaced to be usable for
horizontal synchronization, because
they are spaced so that they are either
one-half line or one line apart. The
space from pulse 1to pulse 2 in Fig.
21B, for example, is equal to one line.
The same is true of the spacing between pulse 2and pulse 3. The pulses
from 3 to 21 are a half-line apart,
because they occur in step either with
the equalizing pulses (those from 3to
8 or from 15 to 21) or with the halfline intervals in the vertical sync
pulse (those from 9to 14).
On the other hand, the pulses produced by the lagging edges in Fig.
21B cannot be used, because they are
upset at the beginning and end of the
vertical pulse. They are spaced properly from pulse 23 to pulse 24, but
the space from pulse 24 to pulse 25
is not equal to either one line or a
half line. Then, the space from pulse
26 to pulse 27 is less than ahalf line.
Of course, since the pulses produced
by the leading and lagging edges are

e.
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FIG. 20. Typical differentiating network.

o

FIG. 21.

o c)
The pulses in B are produced by feeding those in A into a differentiating
network.

however, these half-line pulses take
opposite in polarity, it is simple to
over control of the horizontal oscillaarrange for only those produced by
tor. This occurs because alternate
the leading edges to be used. For example, let's assume that the pulses 1 fields end in the middle of aline. During one vertical sweep, therefore, the
through 22 are all in the positive direction, which makes the other pulses
pulses S, and S, occur at the wrong
times to exert control; during the next
extend in the negative direction. If
field, however, they occur at the right
we apply these pulses to the input of
times and trigger the horizontal oscilablocking oscillator, only those movlator.
ing in the positive direction will be
able to set off the circuit. Suppose,
If the horizontal system uses a
multivibrator, we need pulses with a
for example, that the pulse chain
shown in Fig. 22 is applied to the grid
negative polarity if the signal is to
be applied to the grid of the first tube.
of a blocking oscillator. Since the
As you saw amoment ago, the negapulses S„ S2,and S, swing in the positive direction, they will force the grid
tive pulses (Fig. 21B) produced by the
voltage above the cut-off level, so that
trailing edges cannot be used because
the blocking oscillator will produce its
they are not properly spaced. Hence,
pulses in step with these synchronizeither we must invert the clipper so
ing pulses. Pulses of the opposite poas to produce pulses of the opposite
polarity, or we must feed the pulses
larity (S,-ST-S,-5 9-S 12 ) will be igshown in Fig. 21B through an amplinored by the circuit.
We mentioned that there are pulses
fier stage to invert the phase 180°
and therefore make the positive pulses
at half-line intervals during the equalbecome negative ones. In this case,
izing and vertical pulse intervals.
we don't want the pulses that go in
However, as Fig. 22 shows, half-line
pulses S, and S„ although of the right
polarity, are not of sufficient ampli12
14
10
5
tude to drive the blocking oscillator
grid voltage above the cut-off level.
Hence, these pulses are simply ignored
—only those occurring at the right
time (that is, near the time when the
sio
oscillator would operate by itself) can
control the horizontal blocking oscillator.
FIG. 22. How alternate positive half-line
At the end of every alternate field,
pulses can control a blocking oscillator.
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the wrong direction, so this amplifying
stage can act as a clipper, as shown
in Fig. 23, to remove the pulses that
swing in the wrong direction. If we
overdrive this amplifier and use alow
plate voltage, the pulses will be reshaped and limited in amplitude and
thus be better for use as control
pulses. Since the use of such acircuit
makes it necessary to have one more

R1

INPUT

OUTPUT

FIG. 24. Typical integrating network.

vertical pulse interval.
When the pulses shown in Fig. 25A
are fed into this circuit, its output
will be like that shown in Fig. 25B.
Because of the long time constant, the
condenser is charged only slightly
during each horizontal line pulse, and
somewhat less during each of the narrower equalizing pulses. The voltages
produced by these chargings are ignored by the circuit to which the signal is fed, because they are too small
in amplitude to affect the circuit.
During the vertical pulse interval,
however, there is time for the charge
across C, to build up to amuch higher
FIG. 23. Using a horizontal sync amplilevel. (Since the vertical pulse shown
fier as a clipper.
in Fig. 25A is much wider than the
horizontal pulses, the vertical pulse
tube, it is more common to arrange
is applied to condenser C, for amuch
the clipper to give pulses of the proper
longer period of time, so the condenser
polarity.
is charged much more by the vertical
Vertical Separation. Now that we pulse than it is by the horizontal
have satisfactorily arranged for get- pulse.) Naturally, C„ discharges a
ting the horizontal pulses, we need to little during the gaps in this pulse, but
get the vertical control pulse. We can since these gaps are of relatively short
do so by using an integrating circuit duration, the long time constant keeps
like the one shown in Fig. 24. If the the discharge slight. Therefore, the
time constant is made long enough, voltage across C, builds up as shown
the horizontal pulses will be ignored in Fig. 25B from the value at 1to the
(they produce little charge), but a peak value at 2 during the vertical
control pulse is produced during each sync pulse interval. When the verti-

o.
o

(i)
FIG. 25. The long pulse in B is produced by feeding those in A into an integrating
network.
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and curve 2 approximates that of the
second network. Although the peak
value produced by double integration
is lower than the one a single network
gives, the curve is smoother and therefore produces more precise synchronization. When a single integrating
FIG. 26. Sync-segregation circuit.
circuit is used, there is a chance that
the synchronization may be uneven,
cal sync pulse stops, the condenser dis- because one of the teeth in the curve
charges from the value at 2 back to may happen to fall at a time when
the vertical synchronization should
its original value at 3.
occur.
From this, by the use of an inteYou will notice that there is a difgrating R-C circuit, we can arrange a
ference
between the times when the
gradual charging action on the pulses,
and by having asufficiently long time vertical and horizontal circuits "fire."
constant, the horizontal pulses can be In the case of the horizontal circuits,
the synchronizing pulse that is fed to
ignored (they produce little charge)
but the desired vertical control pulse the sweep oscillator occurs exactly in
step with the leading edge of thJLne
is produced.
(horizontal) p
liTééS.
On the other hand,
All we need to do now is to arrange
the
vertical
oscillator
is not fired until
to feed this pulse into ablocking oscillator or amultivibrator and to see to some time late in the vertical pulse
interval, the exact time depending
it that this pulse is high enough to
upon
the R-C time constant. The preinitiate the oscillator action. Thus,
cise
point
in the vertical pulse at
we can arrange matters so that whenever the voltage across C, gets above which the vertical oscillator is set off
is not particularly important as long
the value represented by the line X-X,
the oscillator will operate and start as it is always at the same point in
each succeeding frame. If this is acthe retrace.
Generally, both the horizontal dif- complished, vertical synchronization
will be obtained.
ferentiating network and the vertical
integrating network are connected in
parallel, as shown in Fig. 26, to the
output of the clipper or of an amplifying stage. Then, when the pulses are
fed in, the respective outputs are led
off to either the horizontal or the vertical sweep chains.
In some receivers, you will find that
a chain of integrating networks, as
shown in Fig. 27, will be used to separate the vertical pulse from the other
pulses. This double integrating network (or atriple one) serves to smooth
out the "teeth" in the pulse that a
single integrating network produces.
Curve 1 in Fig. 27B represents the
FIG. 27. Effect of double integrating
output of asingle integrating network,
network.
INPUT PULSES •

OUTPUT TO
HORIZONTAL SWEEP

OUTPUT TO
VERTICAL SWEEP
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Sync Locking Circuits
In the preceding sections of this
Lesson, we have shown how it is possible to separate the sync pulses from
the picture signal and to segregate
them into vertical and horizontal control pulses. These pulses may be used
to trigger the oscillators in the vertical

CLIPPING
LEVEL
A

B

FIG. 28.

CI
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Clipping removes amplitude
changes.

and horizontal sweep circuits. This
method of triggering the sweep circuits is entirely satisfactory for the
vertical synchronization; it is also satisfactory for horizontal synchronization provided there is not any great
amount of interference being picked
up along with the signal.
Even if there is interference, the
synchronization is not greatly affected
as long as only the amplitudes of the
pulses are changed by the interference.
The use of double-clipping or clipperamplifier combinations that square off
the pulses in both directions will prevent any amplitude changes in the
pulses from being passed on. Thus, if
we feed the pulses shown in Fig. 28
through such an arrangement, the
pulses will be cut off along the dotted
line marked "clipping level." Should
any interference or noise signal come
along as is shown on pulses C, E, and
F, it will automatically be clipped off.
As a matter of fact, even the normal
pulses A, B, D, and G will thus be
reduced somewhat in height.
However, noise and interference
pulses can also change the pulse
widths. This doesn't matter much as
far as the vertical pulse is concerned,
because it is already so wide that it
19

would take avery long burst of interference to increase its width much,
and if the interference is that steady,
the picture probably will not be very
good anyway. Therefore, the vertical
sync system will ordinarily hold, even
on an interference that changes pulse
widths.
This is not true of the horizontal
sweep, however. Should any interference broaden the pulse in such a way
as to change the time of the leading
edge of the pulse, the horizontal sync
will be thrown out for that line.
Fig. 29 shows what may happen.
The normal pulse A is clipped in amplitude and is otherwise not affected.
The noise interference on pulse B
has changed its amplitude, but the
change does not matter because it will
be removed by the clipper action. It
has also widened the pulse so as to
move the trailing edge: the pulse
should end along the line 4, but it has
been widened so that it extends out
to position 5. This broadening of the

CLIPPING
EEVEL
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FIG. 29. Clipping does not remove width
changes.

pulse is also unimportant, because the
trailing edge is not used for synchronization.
However, the interference on pulse
C has affected the leading edge. The
pulse should start at 7, but actually
starts at point 6. Therefore, the spacing from leading edge 3to leading edge
6 is not correct for a line, so the circuit is kicked off too soon. This puta

/'

one line out of position and results in
a tear across the picture. If several
lines are affected this way, the picture
will be torn up to a considerable
degree; if they happen to be consecutive lines, it may well be that the horizontal oscillator will get out of synchronization altogether, making it
necessary to readjust the hold control
to bring the set back into sync.
Therefore, if there is any appreciable local interference or noise, it may
well be that the horizontal oscillator
cannot be properly operated from the
simple trigger system we have described so far. Remember, this system
will work where there is freedom from
such interference, so it is still. quite
widely used. However, a more complicated system is necessary if the set
is to work properly in areas where the
interference level is fairly high.
There are, in common use, three
basic locking circuits designed to solve
this interference problem. They all
,------operate-oe-the-principle that it is possible for the horizontal oscillator to
0 operate by itself and stay in sync for at
least a few lines before it drifts off
synchronization. Each system is then
designed so that the average of the
pulses for several lin,es is used instead
of individual pulses so that abnormal
pulses are ignored.
Each of these locking arrangements
makes use of some form of comparator
circuit in which the output of the
oscillator is compared with the sync
pulses. The difference (if any) between the two is used as a control
voltage that ultimately causes the frequency of the horizontal oscillator to
shift to the proper value. First, however, this control voltage is applied to
filter circuits that tend to cause it to
follow the average of the difference
between the sync and oscillator pulses.
Therefore, if the difference between
them is only momentary (caused by
adisturbance that lasts for only aline

1

or two), there will be practically no
average difference between them, and
the oscillator frequency will therefore
not be affected.
HORIZONTAL A.F.C.
One of the most popular means of
controlling the horizontal oscillator is
through the use of a standard automatic frequency control (a.f.c.) network like that shown in Fig. 30.
Here, tube VT3 is the horizontal
sweep oscillator. This is a sine-wave
oscillator in a relatively stable Hartley circuit. The tank circuit consists
of coil L3 plus the distributed and
other shunting capacities. This oscillator is designed to operate at exactly
the line frequency of 15,750 cycles.
Shunted across the sweep oscillator
tuned circuit is areactance tube Vn.
You will recall that in a.f.c. systems,
the reactance tube is made to draw a
plate current that either leads or lags
its plate voltage by 90°. Thus, the
tube can be made to act either as a
capacity or as an inductance, whichever is needed. The amount of reactance simulated by the tube depends
on the amount of its plate current.
Therefore, the frequency produced by
the sweep oscillator depends on how
much current the reactance tube is
drawing at any particular moment.
This current can be controlled by
varying the bias on VT4;in fact, this
is the method of control used in the
a.f.c. system.
To get this control voltage, astandard discriminator circuit using diodes
VT 1 and VT 2 is employed. The differentiated horizontal sync pulses are
fed from the sync amplifier through
C, and developed across R3;they are
thus applied through the the coil L,
to both diodes simultaneously. Coil
L, is coupled to the oscillator inductance L1. A resonant circuit, tuned
to the sweep oscillator frequency, is
formed by C2 and variable inductance L2.
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The voltages at the two ends of
coil L, are 180° out of phase—as one
end of coil L, is going positive, the
opposite end is going negative. Also,
as you will recall from your study of
discriminators, these voltages are mutually 90° out of phase with the voltage that is applied through the coil
center tap to both the diodes.
In this arrangement, the sync pulses
across R, are applied to the diodes in
series with the sine-wave voltage
across L,. Thus, we have the voltages
shown in Fig. 31 on the plates of the
diodes. When the sweep oscillator is
operating at the proper frequency, the
phases are such that the pulses occur
just as the sine waves go through zero.
Therefore, the voltage E, applied to
one diode is exactly equal to the voltage E, applied to the other (since both
these voltages at this instant represent only the pulse voltages, which
are always equal). Hence, the diodes
will pass equal currents through their
load resistors (R, for VT, and R, for

VT2);and since these are equal resistors, the voltage drops across them
will therefore be equal. Since the current flow is in opposite directions
through the two resistors, their drops
will exactly cancel.
The bias applied to tube VT, comes
through these resistors to the grid of
this tube. Therefore, when the phase
relationship is that shown in Fig.
31A, the only bias on tube VT, is
made up of the fixed bias coming from
the power supply plus the small additional bias drop across R, in its cathode circuit.
Let us suppose now that the frequency of the sweep oscillator changes
slightly so that it is lower than the
correct frequency. The incoming sync
pulses continue to occur at exactly the
same time, but the sine-wave voltage
now lags behind. As a result, the
pulses no longer occur just as the sinewave voltages go through zero (Fig.
31B); and the voltages E, and E,
therefore consist of the algebraic sum

wcr

TO SYNC
, AMPLIFIER

7

8+

FIG. 30. Horizontal oscillator controlled by an a.f.c. network.
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of a sine-wave voltage and a pulse
voltage. In this case, E, consists of
the pulse voltage plus the sine-wave
voltage, and E, consists of the pulse
voltage minus the sine-wave voltage
(since this latter sine-wave voltage is
going through the negative part of its
cycle at this instant). Voltage E, is
therefore larger than voltage E2.
Since the voltages applied to the
two diodes are no longer equal, the
currents through their respective load
resistors are also no longer equal. If
E, is applied to diode VT„ the drop
across R, will be greater than that
across R2,with the result that there
will be anet voltage across the series
combination of R, and R, having the
polarity of the drop across R,. Therefore, a positive voltage will be added
to the bias of VT., causing this tube
to draw more plate current. This circuit is arranged so that tube VT4 acts
as an inductance (the plate current
lags behind the a.c. plate voltage).
The addition of a positive voltage to
its bias will make it act as a smaller
inductance in parallel with L1,thereby raising the frequency of the sweep
oscillator and causing the sine-wave
signal to speed up so that the pulse
will return to its proper position shown
in Fig. 31A.
Conversely, if the local oscillator
operates at ahigher frequency than it
should, E, will be alower voltage than
E2,as shown in Fig. 310. As aresult,
the net additional bias applied to VT.,
which will be the difference between
the two drops across R, and R2,will
have the polarity of the voltage across
R2.This added bias will increase the
negative bias on VT., thereby reducing its plate current, making it act
like a higher inductance, and therefore shifting the oscillator to a lower
frequency.
Thus, if the frequency of the horizontal oscillator becomes higher or
lower than that of the incoming sync

pulses, the action of the circuit is to)
bring the oscillator back to the cor—
rect frequency. This is accomplished'
automatically.
The circuit is insensitive to pulse
amplitude changes because the same
pulse is applied to both diodes, and
should its amplitude change, bc•tliu
voltages would change to the same de—
gree. If the pulse width should be:
changed by noise, however, the pulses
may effectively occur either sooner or
later than they should, causing ashift
in the frequency of the sweep oscillator. That is, such achange could occur
if the control action were instantaneous. However, the control is not
exerted instantaneously; instead, the
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Possible phase relationships in
discriminator output.

output voltage of the discriminator
circuit is fed to the R.-C. network
(Fig. 30), and the voltage built up
across C. by this control voltage is
what is applied to VT4 as a control
bias. Since the R.-C 4 network has a
fairly long time constant, a voltage
difference must exist across R1-R 2 for
several lines before the voltage across
C. will change appreciably; and, of
course, tube VT4 does not learn of the
change until the voltage across C. has
reached its new level. Therefore, if
only one or two pulses get out of line,
normal pulses will come along to restore conditions to what they should
be before the bias on tube VT4 can
change appreciably. The effect is that
one or two bad pulses may change the
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bias very slightly, but not enough to
make any real difference in the operation of the circuit.
Should the sweep oscillator drift off
frequency, however, it will get out of
step with anumber of the pulses, with
the result that there will be time for
the voltages across C. to change and
hence for the reactance tube to pull
the sweep oscillator back into frequency. Effectively, therefore, we
have acircuit that uses the average of
the sync pulses to control the output
of the sweep oscillator. Because of
the time constant network through
which the control voltage is applied to
the reactance tube, the circuit will
tend to ignore irregularities in just a
few of the pulses.
SAW-TOOTH A.F.C.
The a.f.c. system we have just described operates with a sine-wave oscillator. To get the sweep signal, this
sine wave must be "treated" specially
—it is squared and differentiated before application to the dischargeshaping network. To avoid this, many
manufacturers desire to operate from
either ablocking oscillator or amulti-

vibrator circuit rather than a sinewave type. Therefore, a somewhat
different form of a.f.c. system has been
developed for use with these oscillators. Since both these oscillators can
be controlled by varying the bias voltages applied to them, it is unnecessary
to use a variable-inductance or variable-capacity tube; instead, the simpler system shown in Fig. 32 is usable.
Here, the sync signals are fed
through the transformer T, and are
applied to the two diodes VT, and VT2
in such a way that the voltages applied to the tubes are equal and of
opposite polarities. (Some manufacturers use triode tubes instead of diodes as VT, and VT 2;in such a case,
the grid is tied to the plate to make a
diode of the tube.) The circuit is
arranged so that the plate of VT, is
made positive at the same moment as
the cathode of VT 2 is blade negative,
so both tubes conduct strongly when
the sync pulses are applied. As a
result, the condensers C, and C2 are
charged. They then place a bias on
the system such that the plates of
both VT, and VT 2 are negative with
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FIG. 32. A saw-tooth a.f.c. sync-locking network.

respect to their cathodes except when
the pulses are applied.
A small saw-tooth voltage is applied
to the center tap of the secondary of
T1.This saw-tooth voltage can be obtained from anywhere in the sweep
circuit beyond the wave-shaping circuit; it is customary to use a portion
of the sweep output voltage for this
purpose.
The bias produced by the charges
on C, and 02 is just enough to prevent
tubes VT, and VT 2 from conducting
when only the saw-tooth voltage is
applied to them. Thus, this voltage
has no effect on the circuit except
when the sync pulses are applied.
In fact, the saw-tooth voltage has
no effect at all when the sweep system
is operating properly, because the circuit is arranged so that the sync pulses
occur just as the retrace of the sawtooth crosses .the zero axis—at the
points marked X in Fig. 33. Hence,
the saw-tooth voltage has no effect
on the diodes even when they are conducting as long as the sweep oscillator
is operating at the proper frequency.
Because of the symmetry of the circuit, the mid-point between the plate
of VT 2 and the cathode of VT, will
be at ground potential as long as the
two tubes conduct equally. Therefore, no voltage will be applied to the
filter R2-C 2-0,.
However, if the saw-tooth gets out
of step with the sync pulses, the tubes
will no longer conduct just as the retrace of the saw-tooth voltage goes
through zero but will instead conduct
when the retrace is above or below
zero. If, for example, a sync pulse occurs when the retrace has not yet
reached zero, the saw-tooth voltage
and the sync pulse voltage will add
together for VT,, increasing the plate
voltage on this tube and making it
conduct more than usual. On the other
hand, the saw-tooth voltage will subtract from the pulse voltage applied

to VT 2,causing the plate current of
this tube to decrease. As aresult, the
voltage at the mid-point between the
plate of VT 2 and the cathode of VT,
will rise above ground potential, thus
causing a positive voltage (with respect to ground) to appear across the
filter. This voltage will increase the
bias on VT2 in the positive direction,

FIG. 33. The sync pulses occur at points
X when the horizontal oscillator is in sync.

causing this tube to draw more plate
current and hence produce a higher
voltage drop across resistor R,.
On the other hand, if a sync pulse
occurs after the saw-tooth retrace has
gone below zero, the voltage applied
to VT, will be decreased and that applied to VT 2 will be increased. As a
result, the voltage at the midpoint
between the plate of VT2 and the
cathode of VT, will drop below ground
potential, and a negative potential
(with respect to ground) will be produced across the filter. This voltage,
applied to the grid of VT2,will cause
a reduction in its plate current and
so decrease the voltage across R,.
The voltage across R, can be applied either to ablocking oscillator or
to a multivibrator. The VT, circuit
shown here is atypical blocking oscillator; that in which VT,-VT, are used
is amultivibrator. In either instance,
the voltage across R, is applied in
the proper grid circuit as abias. When
this voltage is fixed by the normal
operation, the oscillators will both
operate at the frequencies determined
by the time constants of their grid
circuits. On the other hand, when this
average bias is changed, the oscillators
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L1-C, is tuned to resonate at the frequency of the horizontal sync pulses.
It will therefore be forced into oscillation by the horizontal sync pulses
and will produce a sine wave in step
with each pulse.
This sine-wave voltage that is manufactured from the sync pulses (Fig.
35A) is applied through the transformer to the diode tube VT,.
In addition, the saw-tooth output
of the sweep circuit (Fig. 35E) is applied to the differentiating network
C,-R s;the resulting pulses that are
produced across Rs are in the cathode
circuit of VT,.
Therefore, both the sine-wave sig-

will be forced to fire sooner or fire
later, depending on whether the voltage is more positive or more negative.
Thus, the oscillators can be speeded
up or slowed down and maintained in
step with the sync pulses.
Once again, an important action
occurs in the filter. Condenser C. and
the series combination Rs-C s tend to
delay the application of the signal
change to the amplifier VT,. Irregular
sync pulses and noise pulses cannot
build up sufficient voltage across C.
to cause any great change in the bias
that is eventually applied to the sweep
oscillators, so this system is also relatively unaffected by noise.
SIMPLIFIED SAW-TOOTH A.F.C.
Fig. 34 shows an even simpler a.f.c.
system that may be used to control a
blocking oscillator.
Here, tube VT, is a sync amplifier
tube after the clipper. In the plate
circuit of this tube, the signal path
divides: part of the signal is fed directly from the plate to an integrating
network from which the vertical control pulse is secured, and the rest is
fed to the horizontal pulse circuit
shown in Fig. 34. Notice that no differentiating network is used in this
circuit to separate the horizontal
pulses from the vertical pulses. Instead, the transformer primary circuit

FIG.

34.

Simplified saw-tooth
system.

a.f.c.
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FIG. 35. Possible phase relationships in
circuit shown in Fig. 34.

nal shown in Fig. 35A and the differentiated pulses shown in 35F are applied to this tube. The two will
combine to produce the signal shown
in Fig. 35B. If we choose the proper
value for resistor R., which is in the
grid circuit of the blocking oscillator,
the average voltage produced across
this resistance will be such that the
circuit will stabilize around the desired operating point.
However, if the frequency of the
sweep oscillator drifts in one direction, the pulses will move up on the
sine wave as shown in Fig. 35C, thus
increasing the voltage across R.. This
will increase the bias across R. in the
negative direction, thereby slowing
down the speed of the blocking oscillator so that the pulses can move down
on the sine wave to the proper position.
On the other hand, should the
blocking oscillator shift in the other

direction, the pulse will move down
too far on the sine wave as shown in
Fig. 35D; this will reduce the drop
across R4 and allow the blocking oscillator to speed up.
The circuit is protected from noise
pulses in two ways. Changes in amplitude of the sync pulses caused by noise
have no effect, because the amplitude
of the sine wave that is used in the
control circuit is determined by the Q
of the tuned circuit and not by the
amplitude of the pulse fed into it. The
effect of a variation in pulse width
caused by noise is eliminated by 02
in Fig. 34. Should the pulse width
vary, the position of the sine wave
would shift with respect to the position of the pulse obtained from the
output of the sweep circuit. This
would cause a sudden change in the
voltage across R . However, condenser 02 must be charged by the
average voltage across R before any
change can be produced in the voltage
applied to the grid of the blocking
oscillator; any sudden change in the
voltage across R will be ignored, because the condenser cannot charge fast
enough to follow very sudden changes.
Therefore, only the average change in
4

4

4

the voltage across R. 4 will be passed on
to the grid circuit of the sweep oscillator.
PULSE WIDTH SYSTEM
The next locking circuit we are
going to describe is rather different
from all the others in that it sets up
asystem in which the width of apulse
is used to control the blocking oscillator or multivibrator circuit.
The basic circuit for a typical arrangement of this kind is shown in
Fig. 36. Here, tube VT 2 is the blocking oscillator. The transformer T, is
an auto-transformer rather than the
two-winding type, but otherwise the
circuit is that of aconventional blocking oscillator. The grid condenser is
02;the resistors R2 and R, make up
the grid resistance that determines the
"hold" range of the circuit.
Condenser C, 2 and resistor Ri,make
up the charge-discharge circuit that
is operated by this blocking oscillator.
At the output, across 012 ,there is the
usual saw-tooth voltage, which is applied to the rest of the sweep chain
through coupling condenser C. In
addition, a portion of this saw-tooth
voltage is taken off and brought back

1
1
CII

2

G9

Rio

8+

FIG. M. Pulse-width horizontal sync-locking system.
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FIG. 37. Effects of shaping networks in
Fig. 36.

to point 3, from where an integrated
product of it is applied to the grid of
the control tube VT,. Three different
pulses are applied through R-C networks to the grid of VT,—in addition
to the saw-tooth, sharp pulses are applied to point 2. It is important to
note that these pulses which are obtained from across the yoke of the
electromagnetic sweep system, are not
square—they represent halves of sine
waves. However, they are of high amplitude, because they are produced by
the inductive kick that occurs when
the deflection coil goes into oscillation
during the sweep retrace.
Finally, the horizontal sync pulses
from the clipper circuit are applied
to point 1.
The networks through which these
three different signals are applied to
VT, have the effect of changing the
shapes of the signals. Let's see what
each does.
As shown in Fig. 37A, the network
0,-C, sets up avoltage divider for the
sync pulses, so that sync pulses of
rather small amplitude are developed
across C, for application to the grid
of VT,. Thus, the voltage at point X
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as aresult of the sync pulses is represented by the voltage e, in Fig. 37A.
The sine-wave pulses that are applied from the output circuit through
path 2are applied to what amounts to
an integrating network made up of
R„ blocking condenser C,, and the
condenser Cs.The integration of these
pulses produces the trapezoidal wave
e, in Fig. 37B.
Finally, the saw-tooth wave applied through path 3 is integrated by
11,-C,, with the result that the parabolic wave e, is produced.
These three signals combine into
one before they are applied to VT„
since all are developed across C,. Fig.
37D shows the result of combining
only e, and e,. As you can see, the
resultant signal eB has ashape similar
to the trapezoidal wave, but because
of the parabolic wave, it comes up to
a very sharp peak and then falls off
very abruptly.
The phases of the various signals
are arranged so that the midpoint of
the sync pulse will be at the peak of
the resultant signal eB if the horizontal oscillator is operating at the proper
frequency. Thus, the three signals will
combine to form the signal shown in
Fig. 38B when the sweep circuit is
operating properly. Because of the
extremely steep drop-off in eB,approximately half the sync pulse
(shown by broken lines) is cut off
when the signals are combined.
The lines marked "cut off" in Fig.
38 show the grid voltage level below
which tube VT, is cut off. As you can
see, only the sync pulse portion of
the combined signal is above cut-off;
under normal conditions, which are
shown by Fig. 38B, the part of the
sync pulse that is above cut-off is
only half as wide as the original sync
pulse.
If the horizontal oscillator drops
out of sync, the sync pulse may occur
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FIG. 38. How phase differences change the width of the control pulse in apulse-width
system.

before or after the right position with
respect to the peak of signal ea.Fig.
38A shows what happens whén the
pulse occurs early; as you can see,
the width of the sync pulse above cutoff is increased. If the pulse occurs
late, as Fig. 380 shows, the pulse
width above cut-off is decreased.
The amount of time that tube VT,
can conduct depends on how wide this
pulse happens to be. The wider it is,
the longer the tube conducts, and the
more condenser C, in the cathode circuit is charged. The average voltage
across this condenser is applied in the
grid circuit of the blocking oscillator,
so the blocking oscillator frequency is
controlled as in the other arrangements we have studied earlier. If the
blocking oscillator speeds up, the peak
in ea will occur before the sync pulse,
so anarrower pulse will be fed to VT,.
This means that the drop across R,
will become less, which is the same as
making the grid of the blocking oscillator more negative (less positive) ;
therefore, the oscillator will slow
down. If it runs slow, on the other
hand, the pulse width will increase,
so the drop across R, will also increase. In effect, therefore, apositive
bias will be applied to the grid of the
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blocking oscillator, which will then
speed up.
As in the other control circuits we
have studied, a filter system is used
to make the system follow the pulse
averages. The charging of C, and the
filtering provided by Co and the
It, network serve to prevent any sudden change.
The hold control of this circuit consists of the variable resistor R2,in the
plate circuit of the control tube VT,.
Varying R, changes the normal plate
current of VT, through R, and thus
sets the operating point of VT2.
The range over which the hold control operates is determined by the
setting of adjustable condenser Ca.
Varying 02 will set the amount by
which the grid of VT, can be driven
into the conducting region and will
hence also change the range of the
hold control. Some sets also use a
variable condenser as C„ an arrangement that offers an extra control over
the range of the hold control. When
more than one control of this kind is
used, one of them (usually the variable resistor in the plate supply) is
brought out to the front panel of the
receiver to furnish a fine control for
the range, and the others are used to
give acoarse setting of the range.

Lesson Questions
Be sure to number your Answer Sheet 56RH-3.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson, immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. What is the difference between "clipping" and "segregating" the sync
signals?
2.

If a square-wave signal is fed into an R-C circuit having a short time
constant, will the signal pulses across the resistor be: square; saw-tooth;
sharply peaked; parabolic?

3.

Why must the signal be in its d.c. form before it can be clipped?

4. To get a strong signal for clipping, is the signal usually taken from: 1,
the video detector; 2, the first video amplifier; 3, the output video stage?
5. What advantage does a pentode clipper have over single-triode types?
6.

If the clipper output is to be used to control the grid of a blocking oscillator with no intervening amplifier stage to be used, what phase must
the output pulses have?

7. Why must the RC circuit used for segregating the vertical pulse have a
long time constant?
8. Which edge of ahorizontal sync pulse is used to produce synchronization?
In a simple trigger sync system that uses amplitude limiting in the sync
amplifiers, which of the following will upset horizontal synchronization:
1, noise--'increasing the amplitude of the sync pulse; 2, noise moving the
lagging edge of a sync pulse; 3, noise moving the leading edge of a sync
pulse?
10.

Why are horizontal sync locking circuits designed to operate on the
average of the sync pulses?

Be sure to fill out a Lesson Label and send it along with your answers.
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simple economy is necessary. And economy requires
neither superior courage nor great virtue. It requires
only ordinary energy and consistent attention. Essentially, economy is the spirit of orderliness 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
economy 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.
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STUDY SCHEDULE NO. 57
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.
D 1.

Introduction

-

Pages 1-11

The four major kinds of high-voltage power supplies, basic high-voltage distribution systems, and methods of producing extra-high voltages are described
in this section.

D 2.

Low-Voltage Power Supplies

Pages 11-18

Here you study the power.supplies that are used to furnish plate and filament
power in TV sets.

D 3.

The Sound Channel

Pages 18-27

The characteristics and operation of the sound channel in sets using the standard and the intercarrier sound systems are described in this section.

D 4.

Automatic Gain Control

Pages 28-36

You study the circuits used to produce automatic control of video gain in this
section.

D 5.

Answer Lesson Questions, and Mail your Answers to NRI for
Grading.
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Start Studying the Next Lesson.
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RECEIVERS differ
TELEVISION
from sound receivers rather mark-

small direct-view picture tubes (7
inches or smaller) will operate reaedly in their power supplies. First, a sonably well with voltages under 5000
TV receiver always has two supplies:
volts between the second anode and
1, ahigh-voltage, low-current supply; the cathode, but the larger directand 2, a "low-voltage" B supply that view tubes all require considerably
is required to furnish voltages in the higher voltages—as much as 15,000
range from 100 volts to 400 volts at a volts for a 16-inch tube. The tube in
rather high current level.
a projection system is commonly opThe "low-voltage" supply more or erated at 25,000 to 30,000 volts. A TV
less corresponds to the B supply of set must therefore have a power supsound receivers, but because of the ply capable of furnishing a voltage
large number of stages in the video somewhere between 3000 and 30,000
chain from the antenna to the picture volts, depending on its type. This suptube, plus the sync and sweep stages, ply must be reliable and as safe as
plus the stages in the sound section possible.
(which you are going to study in this
Since it is impractical to get such
Lesson), the current and voltage de- a high voltage from the same power
mands made on it are unusually supply that is used for all the other
large. Later in this Lesson, we are tubes in the receiver, aTV set always
going to study the B supply in detail.
has a separate high-voltage power
First, however, let's learn how the supply. There are four types of these
high-voltage supply operates.
power supplies now in use, and we
shall describe them in turn. They are:
TYPES OF
1. A 60-cycle power supply that
HIGH-VOLTAGE SUPPLIES
uses aconventional power transformer
The electrons in the beam in the
and rectifier-filter system almost idenpicture tube must be accelerated by a tical with the low-voltage types with
high voltage if they are to strike the which you are already familiar.
screen with enough velocity to make
2. A rectified r.f. power supply that
the fluorescent material glow. The uses an r.f. oscillator operating on
1

input type except that a resistor is
used instead of a choke coil. It is
practical to use a resistor because the
current demand is so low that there is
little d.c. drop across it; ,
and it is
desirable to do so because it eliminates
the insulation problem we would have
with a coil and greatly increases the
safety factor of the supply.
This safety factor is important.
Electricity kill3 because of current
flow through certain portions of the
human body. The body possesses a
fair amount of resistance, so ordinarily a reasonably high voltage is
necessary before a lethal current can
be made to flow through the body.
However, people vary a lot in this
respect—people with weak hearts may
well be killed by currents that would

some frequency between 50 kc. Eind
300 kc., followed by a rectifier-filter
arrangement.
3. A pulse supply that uses ablocking oscillator, an amplifier tube, and
arectifier-filter.
4. A kick-back supply (also known
as a fly-back supply) that operates
from the high voltage kick-back from
the horizontal scanning yoke of an
electromagnetic system.
60-CYCLE SUPPLY

As you know, it is possible to get
any voltage we want from a 110-volt
a.c. power line by the use of the proper
power transformer. To get a high
voltage, all we need is a secondary
with a sufficient number of turns to
give the proper step-up ratio between
the secondary and primary. Of course,
R
the secondary windings must be insulated to withstand the high voltage,
making such atransformer costly and
bulky.
The number of secondary turns
needed depends, as Fig. 1 shows, on
whether full-wave or half-wave rectification is used. A full-wave rectifier
(Fig. IA) delivers a voltage equal to
half the voltage across the secondary,
because only half the secondary is
used at a time. The same secondary
winding in a half-wave rectifier circuit delivers twice as much voltage,
because the voltage across the entire
winding is used. Of course, the fullwave output is easier to filter, and a
higher current may be drawn from it
6000V.
for agiven regulation; but these char3000 V
acteristics are not important in a TV
high voltage supply, from which very
3000V.
little current is drawn.
At such high voltages, there must
be a maximum spacing between the
filament and the plate leads to preFIG. 1. For the same number of turns
vent breakdown. For this reason, the
on the secondary of the power transplate lead is brought out through a former, a half-wave supply (B) gives
twice the output voltage of a full-wave
top cap on the tube.
The filter is a standard condensersupply (A).
1

o
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the voltage division in the circuit. As
Fig. 2B shows, the load voltage will
drop to about 100 volts, and all the
rest of the voltage will be dropped
across Ri,the filter resistor.

FIG. 2.

The use of the series resistor,

Therefore, the power supply is made
safer if ahigh-resistance R-C filter is
used with it. For extra protection, additional resistors may also be added in
series with the plate lead going to the
rectifier tube, and the power transformer secondary may be wound with
very fine wire so that it will have considerable resistance.

These precautions all help, but they
still do not make this kind of power
supply completely safe. Even though
the current drain on such a supply is
not have much effect on others, and of very small, it may be necessary to use
course the body resistance changes condensers having capacities of as
drastically with the state of the health,
much as .1 mfd. in the filter circuit to
the dryness of the skin, and other remove all traces of hum ripple. A
such factors. It is possible to get a condenser of this size charged to 5000
severe and even dangerous shock from or 6000 volts contains enough stored
the voltages present in an ordinary
energy to kill. Therefore, NEVER
radio set; obviously, the danger from
touch a power supply of this type
the high voltages of a TV set is even under any circumstances while it is
greater.
operating. In fact, the supply is not
This danger can be reduced very
safe even when it is turned off unless
considerably by using a high resistthe filter condensers have been comance instead of a choke coil in the pletely discharged. All sets using
power-supply filter section. If any
power supplies of this kind have safety
attempt is made to draw much current interlocks so arranged that the power
from acircuit of this kind, the output is automatically cut off if the shield
voltage will be drastically reduced
around the high-voltage supply is
because of the large drop across the opened. Some even use relays to shortseries resistor of the power supply.
circuit the filter condensers. It is never
This effect is illustrated in Fig. 2.
safe to assume that these safety deIn Fig. 2A is shown a simplified cirvices are operating, however. If you
cuit in which a6000-volt power supply
work on such a power supply, short
having an internal or filter resistance,
the filter condensers individually with
11 1,of 1 megohm is delivering power
a test lead having high-voltage into aload of 20 megohms. Under these
sulation.
conditions, there will be a voltage of
Because it is so dangerous, the 605700 volts across the load.
cycle
power supply was used only reNow, suppose a person having a
luctantly by set manufacturers. Just
body resistance of about 20,000 ohms
as soon as the types we are now going
happens to get across the load. This
will reduce the load resistance to about to describe proved practical, the 60cycle power supply fell into disuse.
20,000 ohms, thus causing achange in

Ft1, gives the power supply very poor
regulation, thus making it safer to work
with.

3

You are likely to find it now only in
some of the older sets that may come
in for service.
V

R.F. POWER SUPPLIES

The amount of current needed from
the high-voltage supply for the picture
tube is exceedingly small—a matter of
a few microamperes. This low drain
has made it possible to develop several
other methods of obtaining the high
voltage.
One of the simplest of these powersupply systems is shown in Fig. 3. ThE
circuit contains a tuned-plate oscillator in which tube VT, is used. The
tank circuit for this tube is C.,-L 3,and
the feedback tickler coil is L,.
Arranged on the same coil form is a
closely coupled winding L2.This coil
is tuned to resonate with the frequency
of the oscillator by its distributed capacity (C 5)and is designed to have a
high Q. By resonance step-up, the
voltage across this winding can be
made to le anumber of times higher
than that across the oscillator tank
(which is practically equal to the B
supply voltage of the oscillator).
The high voltage produced across
coil L2 is rectified by VT 2 and is applied to the filter C5-R 2-C,. (The output capacity C, may be the capacity
between the inner and outer coatings
on an electromagnetic picture tube. If
r

FIG. 3. A simple form of r.f. power
supply..
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an electrostatic tube is used, it will be
an actual condenser.)
Notice that there are a number of
important innovations in this circuit.
To begin with, this is an r.f. oscillator
that operates somewhere in the frequency range between 50 and 300 kc.,
so r.f. design practices can be followed
in its construction. The coil assembly
is afairly small air-core type rather
than a bulky iron-core transformer.
Insulation is no great problem, as the
spacing between windings gives most
of it. Coil L2 does not need to have a
vast number of turns, because the high
voltage across it is produced by resonance step-up, not by transformer action.
The oscillator tube is an ordinary
receiver-type low-power output tube,
because the high-voltage supply requires a power of only about .5 to 1
watt.
The high-voltage output is dependent upon the tuning of the secondary
coil L2—as amatter of fact, the output
voltage is adjusted by varying the
tuning condenser in the tank circuit to
make its frequency match the resonant
frequency of L2-0 5. If this circuit
drifts off resonance, the output will
drop appreciably. For this reason, this
circuit is commonly modified as shown
in Fig. 4 so that there is a feedback
path from the high-voltage circuit to
the oscillator. A coil of wire or asheet
of tinfoil wrapped around the rectifier
tube VT 2 is used to couple the oscillator grid to the high-voltage output
through the capacity between this
coupler and the electron stream in the
rectifier. The feedback connections
could be made to the end of the highvoltage winding, but using the tube
this way is preferable because it gives
coupling and high-voltage insulation
at the saine time. This coupling makes
the high-voltage secondary L2 become
the frequency-controlling winding be-

VT 1
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FIG. 4. This method of coupling reduces
the possibility of drift in this r.f. power
supply.

•

cause of its high Q, so changing the
tuning of the primary has little effect
on the output. In other words, the
circuits are locked to the resonant
frequency of the high-voltage winding,
with the result that there is much less
danger that frequency drift will reduce
the output.
A rectifier tube that has avery low
filament-power drain is needed for this
circuit. If the rectifier tube filament
were supplied from the power trans.former as other tubes are, its supply
winding would have to have highvoltage insulation, which would make
it necessary to use an expensive transformer of special design. Instead, a
tube is used that has afilament rating
of 1.5 volts and 200 ma. and hence
draws only about .3 watt. This low
power requirement makes it possible
for the tube to get its filament power
from the r.f. oscillator as shown in
Figs. 3 and 4. The filament winding
consists of aone- or two-turn winding
on the coil form that is coupled to the
primary just tightly enough so that
the proper power is removed for lighting the tube filament.
Since there is no way to measure
the heating power of the rectifier tube
filament directly, you must usually
make a visual test to determine
5

whether the tube is operating properly.
Examine a tube while its filament is
lighted from a1.5-volt dry-cell battery
to get a good ;dea of the normal filament brilliancy of the rectifier tube
used in this circuit. If the filament is
not lighted to its normal brilliancy
when the tube is in the power supply,
the r.f. oscillator is not producing the
right output, and it must be retuned
Since this is an r.f. power supply,
the frequency of the ripple is much
higher than that of the ripple in a60cycle supply and therefore can be
filtered out with much smaller capacities. You will recall that the efficiency
of a filter depends on the ratio of the
choke (or resistor) impedance to the
capacitive reactance. The higher the
frequency, the less the reactance of a
condenser, so asmall condenser can be
used to filter out high-frequency ripple; in fact, the filter condensers
needed here may be as small as .0005
mfd. Such low-capacity condensers
are incapable of storing enough charge
to be very dangerous. The use of a
high series resistance and low-capacity
condensers makes this power supply
far safer than the 60-cycle types. Of
course, this kind of power supply can
still give you a nasty shock, but a
person in reasonably good health is
not in extreme danger from its output
voltage.
The r.f. 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 atelevision set, however, this signal will
produce avisible interference with the
picture if it gets into the video system.
(Remember that the video amplifier is
capable of passing frequencies from 10
cycles out to 4megacycles, so the r.f.
oscillator frequency is well within this
range.) Careful shielding and filtering
of the supply leads are necessary to

keep this interference at a minimum.
(In addition, the shielding serves as a
safety device by preventing accidental
contact with the high-voltage circuits,
which could cause shocks or r.f. burns,
but this is merely incidental to its
primary job of eliminating interference.)
Another fault is that the highvoltage supply is independent of the
sweep circuits. Should the sweep system fail and the high-voltage supply
remain on, the electron beam would be
concentrated in a single spot on the
face of the picture tube. This concentrated beam would burn the fluorescent screen away and thus ruin the
tube. (This disadvantage is also possessed by the 60-cycle supply.) '
Both these objections are avoided
in the two types of power supplies we
are now going to describe.

For reasons that we shall give in a
moment, we w.ant this circuit to operate in synchronism with the horizontal sweep. To produce this action,
resistors R2 and R2 are connected
across the B supply. Their resistances
are such that the drop across R2,
which is in the cathode circuit of VTi,
is a bias sufficient to keep the tube
blocked. The oscillator therefore 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 d.c.
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 VT i is unblocked
only during the horizontal retrace. As
soon as it is unblocked, it generates a
PULSE SUPPLY'
pulse. This pulse is completed before
The pulse supply shown in Fig. 5
the horizontal retrace ends; then the
contains a blocking oscillator, an amoscillator is blocked again by the acplifier, and a rectifier. The blocking
tion of R2 and R2 until the next sweep
oscillator produces pulses, just as a
retrace.
similar type does in sweep circuits.
The pulses produced by the oscillaThese pulses are amplified, then
stepped up by transformer T1. Since tor are amplified by VT 2,rectified by
the blocking -oscillator half -wave VT,, and stored in the input filter conpulses have a frequency around 150 denser. Because very little current is
kc., Ti is an r.f. transformer.
needed, it is possible for alow-capacity

CONTROL
PULSE

FIG. 5.

Schematic diagram of a pulse high-voltage supply.
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condenser to hold this charge reasonably well during the long time interval
from pulse to pulse.
Since this power supply cannot operate at all unless atrigger pulse comes
from the horizontal sweep, the high
voltage will be removed from the picture tube at once if anything happens
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 oscillator will .be invisible. Therefore, this circuit eliminates both the objections we found to
the r.f. supply.
Another respect in which this pulse
supply is better than the r.f. 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 T,
depends upon its turns ratio, not on
resonance, for the voltage step-up.
The output is controlled by the variable resistor IL, the setting of which
determines the amount of signal fed
to the grid of the pulse amplifier.
Of course, more parts are used in
this supply than in an r.f. type, but
its advantages have made it popular
in spite of its greater cost.
THE FLY-BACK SUPPLY
You will recall that when the horizontal sweep amplifier tube of an electromagnetic sweep system cuts off, the
energy stored in the horizontal deflection yoke produces a half-sine-wave
oscillatory surge of very high amplitude. This current flows through the
secondary of the horizontal sweep output transformer and induces a high
voltage in the primary. As a result,
a peak plate voltage of 5000 or 6000
volts is applied to the horizontal out-

FIG. 6. Schematic diagram of a fly-back
high-voltage supply. This supply can be
used only in sets using electromagnetic.
deflection.

put tube in the usual circuit arrangement of this type. By adding a few
more turns to the primary winding, as
shown in Fig. 6, we can easily arrange
for a voltage of from 9000 to 12,000
volts to be developed across the full
primary winding. Therefore, in an
electromagnetic system, we can get the
high voltage directly from the horizontal sweep circuit simply by adding
a few more turns to the primary of
the horizontal output transformer and
adding a small secondary to supply
the filament voltage for the high-voltage rectifier. Obviously, this is by far
the most economical power supply arrangement, since it entails mostly only
a redesign of the horizontal output
transformer. The only new parts
needed are arectifier tube and afilter.
Besides being a very inexpensive
power supply, it has the advantage of
operating only during the retrace time,
when the screen is dark. If anything
happens to the horizontal sweep oscillator circuit that makes the sweep fail
to operate, the high-voltage pulse will
not be generated either.
The only basic difficulty with this
power supply is the fact that the
amount of voltage produced depends
on the amplitude of the horizontal
sweep, which of course must be adjusted to get the proper picture width.

In most sets, this problem is solved
by using a dual amplitude control—
one a size control in series with the
deflection yoke, and the other a control that varies the input or drive to
the horizontal sweep amplifier. It is
usually possible to find settings of
these controls that will let you get the
proper high voltage and the desired
picture size.
This system is usable, of course, only
in a set that has a horizontal deflection yoke—it cannot be used with
electrostatic tubes. It differs in this
respect from the other systems discussed, all of which can be used with
either kind of picture tube.
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'When an electrostatic picture tube is
used, avoltage divider is usually connected across the high-voltage supply
to furnish the necessary voltages for
all the elements within the picture
tube. This is almost invariably done
when a 60-cycle high-voltage supply
is used, because this supply can furnish all the required currents very
easily.

FIG. 7.

Typical

voltage-divider

circuits

used with electrostatic picture tubes.

A typical basic voltage divider of
this kind is shown in Fig. 7A. It is
of course nothing but a series of resistances, arranged to give the proper
voltage division, and also arranged to
act as ableeder across the power supply. When the supply is turned off,
this bleeder permits the filter condensers to discharge.
A modification of this circuit is
shown in Fig. 7B. As you know, the
horizontal sweep output tube used
with an electrostatic tube requires a
rather high plate voltage (but very
little current). If the power supply
can furnish the needed current, the
plate supply for this sweep amplifier
can be obtained from the voltage divider.
Of course, all the elements of elec8

tromagnetic picture tubes could be,
similarly supplied. Here, however, it
is much more common to supply the
first anode and the bias voltages of
the picture tube from somewhere in the
low-voltage supply (normal B supply)
and to reserve the high-voltage supply
purely for use between the second
anode and the cathode as an accelerating voltage. This reduces the load on
the high-voltage supply and also insures that the picture tube will go off
if the low-voltage supply fails. A
voltage divider is seldom used with
such a supply. For safety, however,
there may still be a bleeder that will
discharge the filter condensers soon
after the supply is turned off.
EXTRA-HIGH VOLTAGES
The power supplies we have discussed up to now are the kinds that
are commonly used to produce voltages under 10,000 volts. Much higher
accelerating voltages are necessary for
the larger direct-view tubes and for
projection tubes, however. Most of

the larger direct-view tubes require
from 12,000 to 18,000 volts for proper
operation, and most of the projection
tubes used in home receivers need from
25,000 to 30,000 volts. (Voltages as
high as 80,000 volts are used in some
of the very large theater-size projection units.)
Such high voltages are secured in
home receivers by using a pulse or
fly-back supply in combination with a
voltage-doubling or voltage-tripling
circuit. This arrangement makes it
unnecessary to use atransformer and
a rectifier capable of handling extremely high voltages, both of which
would be expensive.
The most popular form of voltagemultiplying circuit is shown in Fig. 8.
Transformer T, is the output transformer for either the fly-back or pulse
circuit and supplies pulses for the
high-voltage supply. The resistance
R, is the low-voltage bleeder; it is so
low in resistance that it serves only
to complete the circuit from C, to T,
insofar as the high-voltage supply is
concerned. Here is how the circuit
works:
On the first pulse, rectifier VT2
charges condenser C, to the full outFIG. 9. This series of drawings shows
put voltage rating of T, through the
how the voltage doubler shown in Fig. 8
path shown in Fig. 9A. When the
works.
pulse cuts off, there is a relatively
long period (during the horizontal trace time) in which there is no voltage pulse. As Fig. 9B shows, C, is
always connected across C2 through
paths consisting of R2 on one side and
R1-T, on the other. During the time
that VT 2 is off, C, discharges somewhat, charging C2 with the polarity
shown. (After several cycles of operation, the voltage across C2 becomes
practically equal to that across C1.)
Now, on the next forward pulse,
when the upper end of transformer T1
et
is positive, VT2 again conducts to recharge C,. At the same time, voltage
FIG. 8. A voltage-doubler circuit comis applied to VT3 through the path
monly used in home projection sets.
TO 110.11120MTA
YOKE
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age across them. The high-voltage
output is the sum of the voltages
across Ci,C3,and C.
Notice that filament-type rectifier
NV
-Cy
tubes are used in the circuits in Figs.
8 and 10, thereby eliminating the
cathode-to-heater leakage problem
FIG. 10. A voltage-tripler circuit.
that would exist if rectifiers having
separate cathodes were used. Separate
shown in Fig. 9C. The voltage ap- filament windings, insulated from each
plied is the sum of the pulse voltage other by high-voltage insulation, must
across' T, plus the voltage across C2 be used to supply these filaments.
and minus the voltage across C1.
In the circuits in Figs. 8and 10, the
Since the voltages across C, and CS
high-voltage
supply usually feeds into
are equal and opposite, the voltage
afilter resistor and from it directly to
developed across T, is what is applied
to VT3.This tube then conducts, al- the second anode of the picture tube.
lowing the full T, voltage to be ap- If the tube is glass, as you know, the
plied to Cs. As aresult, C3 is charged output filter condenser is formed by
the coatings inside and outside the
to the same voltage as C, is.
VT,

As Fig. 9D shows, the high-voltage
output is the voltage across C, and C3
in series. Hence, each condenser supplies half the voltage: if the output is,
let us say, 20,000 volts, the voltage
across C, is 10,000 volts, and the 'voltage across Cs is likewise 10,000 volts.
Hence, neither of these condensers has
to have an extremely high voltage
rating, which means they can be relatively inexpensive. That is an important featüre of this circuit: in some
other voltage-doubling circuits, at
least one condenser 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. 10), is
used to produce such voltages. In the
circuit in Fig. 10, conduction of VT,
initially charges C,. Then, while VT1
is off, Ci charges Cs. On the next
pulse of the input voltage, VT2 conducts, charging 03;on the next, 03
charges 04;and on the next, VT3 conducts, charging Cs. All five condensers FIG. 11. The action of the voltage.
in the circuit then have the same volt- tripler circuit (part A) is shown in part II

vmeins::,e)›z: :1r
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L1 plus that across Ci is applied to
VT s, causing VT s to pass current.
When VT s conducts, 02 is charged;
since the applied voltage is equal to
the sum of the voltage across Ci and
C, is charged to about 17,000 volts
and must be rated accordingly.

funnel of the picture tube, which are
separated by the glass of the funnel.
The inner coating is connected to the
second anode within the tube, and the
outer coating is grounded.
Another form of voltage tripler is
shown in Fig. 11. This circuit uses
fewer parts than the one in Fig. 10,
but two of the condensers must have
twice the voltage rating needed in the
other circuit. This supply, which is
used in a popular projection set, is
unusual in that it is driven by asinewave voltage instead of by pulses. Although the amplifier VT, is driven by
a pulse from a blocking oscillator, it
excites L1,which acts as a resonant
tank circuit and, by fly-wheel action,
produces a sine-wave voltage that is
applied to the tripler circuit.
The voltage-multiplying action is
shown in Fig. 11B. When the polarity
of the oscillatory tank voltage makes
the upper end (X) of L, positive, current will flow through the rectifier tube
VT 2 and thus charge condenser C1 to
avoltage equal to that across the coil
(about 8500 volts).
When the polarity of the oscillatory
voltage reverses so that Y is positive
with respect to X, the voltage across

On the next reversal of the oscillatory cycle, when X is positive with
respect to Y, the conducting path is
from the source L, through condenser
C1,condenser Cs,tube VT,, and condenser 02 back to the source. If you
trace this path, you will see that the
polarities are such that the voltages
across L1 and C, buck each other; as
a result, Cs is charged by the voltage
across 02,meaning that it is charged
to twice the source voltage.
The output high voltage is the sum
of the voltages across Cs and Cl;in
other words, it is twice the source
voltage plus the source voltage, or
three times the source voltage. As we
pointed out earlier, this tripler uses
fewer parts than the one in Fig. 10,
but both 02 and Cs in Fig. 11 must
have at least twice the voltage rating
needed for any of the condensers in
the other circuit.

Low-Voltage Power Supplies
age for the output sweep amplifier.
However, all other stages require normal B supply voltages.
Just as in standard radio receivers,
there are two basic forms of B supplies—one that uses a power transformer and one that does not. Let's
see how the B supply of a TV set is
different from the basic types with
which you are familiar.

The high-voltage power supply that
we have described is intended primarily to furnish the accelerating
voltage for the picture tube. In a set
using an electromagnetic picture tube,
all other stages, including the lowvoltage elements of the picture tube,
require normal B voltages from aseparate supply. In a set in which an
electrostatic tube is used, the highvoltage supply may also supply the
lower operating voltages for the picture tube and perhaps the plate volt-

TRANSFORMER SUPPLIES
Fig. 12 shows abasic full-wave rectifier-filter-divider arrangement like
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should fail, we would get half-wave
rectification and consequently hum
and a considerably reduced output.
With the arrangement shown in Fig.
13, failure of one tube will overload
the other one but will not cause hum,
because we will still get full-wave
rectification. Therefore, the circuit
will continue operating until the second tube fails.

One major difference is that two
rectifier tubes in parallel are used in
the TV supply. This is necessary because aTV set has three or four times
as many tubes as the average radio
has and therefore uses much more
current.

The filter arrangement is standard
except that condensers are used in
parallel to furnish the very high capacity needed to filter when the current
demand is high. Thus, C, and C2 form
an 80-mfd. input capacity, and C3 and
C, give an output capacity of 120 mfd.
The voltage divider is made up of
resistors R1 to R, inclusive, plus the
focus coil. Different amounts of B
supply voltage are available from the
taps that are above ground potential;
the taps below ground potential furnish bias voltages.

Notice that one plate of each tube is
connected in parallel with the corresponding plate of the other tube. It
would also be possible to connect the
two plates of each tube in parallel,
thereby making each tube a highpower half-wave rectifier, and then use
the two tubes in afull-wave circuit. If
this were done, however, and one tube

A large number of electrolytic bypass condensers are used to provide
additional filtering. Notice that nearly
every tap is heavily by-passed. The
bias taps are not by-passed in the
power supply, but additional by-passing is used in the receiving circuits to
which the bias voltages are fed. This
extra by-passing helps to reduce hum

FIG. 12.

Basic full-wave rectifier circuit.

that used in astandard radio receiver,
and Fig. 13 shows a typical transformer power supply of aTV receiver.
Let's analyze the latter supply to see
how it differs from the former.

VT2

6.3V.
E3V

HORIZONTAL
VERTICAL
CENTERING CENTERING
R
2

2V

....

FOCUS COIL
FIG. 13.

+300V
+275 V
+135 V

Typical TV low-voltage supply using a power transformer.
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100V

4

FIG. 14.

Although all the elements of

this tube are connected to negative voltage
sources, there is a normal relationship
between the cathode, grid, and plate
voltages.

and interaction between stages.
The voltage divider resistors are
designed to draw arather high current
so as to stabilize the output voltages
at the various terminals. Since the
focus coil must have a high current
flowing through it for it to be effective,
it is placed in the circuit at a point
where all of the bleeder current plus
the B supply current for all of the
tubes (except for the amount that returns through the —100-volt lead) will
flow through it. In this set, the focus
is adjusted by varying the resistance
in parallel with the focus coil and thus
changing the current through it. This
adjustment is not provided in some
sets; in these, the focus is changed by
moving the coil on the neck of the
picture tube.
Most tube circuits get their B-supply voltage from the +275- or +135-volt
tap, and the cathode returns are made
through ground to the terminal at the
junction of R. and R5. Fixed biases
are usually taken from the —2- and —18volt taps.
The —100-volt tap permits a higher
voltage to be applied to certain circuits, such as the sweep output circuit.
For example, if the plate of a tube is
connected to the +275-volt tap and its
cathode to the —100-volt tap, the total
voltage between these two elements is
275 +100 or 375 volts.
13

Remember that the voltage applied
between any two elements of a stage
is equal to the voltage difference between the elements. For example, it is
not at all uncommon to have an arrangement like that shown in Fig. 14
in which all of the tube elements apparently go to negative voltage terminals. However, this just means that
each voltage is negative with respect
to ground. The plate of the tube is at
—10 volts, whereas the cathode is at
—100, so the plate is 90 volts positive
with respect to the cathode. Since the
grid is at —105 volts, it is negative with
respect to the cathode by 5 volts. It
is not uncommon to find an arrangement of this sort in TV circuits, particularly when a d.c.-coupled video
amplifier is used.
From what we have said, you can
see that atelevision B-voltage supply
in which a transformer is used is not
very much different from those used
in radio sets. Even the filament supply is relatively ordinary. The circuit
shown in Fig. 13 is a little unusual in
that the major filament winding produces a voltage of 12.6 volts. This
winding has a center tap, however, so
each half furnishes 6.3 volts, which is
what most of the tubes in the set use.
This design is used in some sets because there is some economy in making one continuous winding with atap
on it instead of making two separate
insulated windings, although the latter
construction is also common. In some
sets, also, a 12.6-volt supply is needed
for one or two tubes: this can be
gotten by connecting the tube across
the full winding.
'FRANSFORMERLESS SUPPLIES
A power transformer of the kind just
described, which can handle powers up
to 500 watts, is large, heavy, and expensive. Bulk, weight, and manufacturing costs are reduced in many TV

sets, particularly the smaller ones, by
using transformerless supplies similar
to those used in a.c.-d.c. radios. In
such TV sets, the high B-supply current requirements are met by using
rectifier tubes in parallel and by using
selenium rectifiers.
These selenium rectifiers consist of
"washers" coated with selenium, which
has the property of conducting far
better in one direction than in the
other. They are satisfactory, if not
perfect, rectifiers, and they are small

7-7
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FIG. 15. Typical transformerless TV lowvoltage
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voltage-doubler
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and easy to mount in any position on
or underneath the chassis.
A TV receiver requires B voltages
that are at least twice the usual powerline voltage, so voltage doubling is
always used in transformerless TV
supplies. In fact, voltage triplers and
even quadruplers are used.
Fig. 15A shows the usual voltage
doubler, which operates like the one
described earlier. When the source
voltage makes terminal Y positive
with respect to X, VTi conducts,
charging Ci to the source voltage with
the polarity shown. When the polarity
of the source reverses, the line voltage
plus the voltage across C1 are applied
to VT2,causing it to conduct and thus
charging C2 to about twice the line
voltage. Since both Ci and C2 have
relatively high capacities (120 to 150
mfd.), they are able to retain considerable charge and consequently remain fairly constant in voltage even
when a certain amount of power is
drawn from them.
The selenium rectifier circuit shown
in Fig. 15B is exactly like the tube
circuit in Fig. 15A in its operation.
(The "arrow" of the selenium symbol
corresponds to the tube plate; the
"plate," to the tube cathode.) This
latter circuit has been redrawn in Fig.
15C to show how it is usually represented in the schematic diagram of a
set.
Incidentally, the ground symbol in
these circuits represent the set chassis,
not an actual ground. As in any a.c.d.c. power supply, acondenser must be
used between the chassis and any external ground as a protection in case
the wrong side of the power line is
connected to terminal Y.
Fig. 16 shows a somewhat more
elaborate transformerless power supply in which two rectifier tubes and a
selenium rectifier are used. With this
arrangement, it is possible to get four
different B voltages. One is the same
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FIG. 16. A transformerless power supply
that can furnish four different B voltages.

as the power-line voltage; the others
are respectively twice, three times, and
four times the line voltage. Each of
these voltages can be fed independently to the circuits requiring it.
The selenium rectifier Si is used to
provide half-wave rectification in the
circuit from the power plug through R1,
Si,and 01 to ground, and thus back to
the power line. The d.c. voltage developed across C, (which is approximately equal to the line voltage) is
filtered by Li and 02 to produce an
output voltage across 0, that is about
equal to the line voltage.
There is also a connection from the
junction of rectifier S, and condenser
Ci to the plate of diode D2 of the
rectifier tube VT,. The cathode of
this rectifier tube goes tc) an input
filter condenser 06,the other terminal
of which is connected to one side of the
power line. This is a voltage-doubler
circuit: when the polarity of the power
line voltage is such that terminal Y is
positive with respect to X, the line
voltage will add to the voltage across
Ci and charge condenser 06 through
diode D2 to approximately twice the
power-line voltage. The doubled output voltage across condenser 06 is
then filtered by the combination 14-C 7
15

and appears between terminals 2 and
3.
On the next half-cycle, when X is
positive with respect to Y, the powerline voltage will add to the voltage
across 06 to charge 05 through VT2
to three times the power-line voltage.
This tripled voltage appears between
terminal 4 and ground.
Finally, diode D, of VT, acts as a
half-wave rectifier to permit condenser
05 to charge directly from the power
line. The voltage across 05 is filtered
by R2-0 4 and appears between terminal 5 and ground. The connections
are such that terminal 5 is negative
with respect to ground. Therefore,
the voltage between terminals 5and 4
is equal to four times the line voltage.
This quadrupled voltage is used for
the sweep output amplifier in the electrostatic set using this supply.
Fig. 17 is afinal example of an elaborate power-supply system. The trans-

FIG. 17.

A compromise

power

supply

that uses an auto-transformer, principally
to supply tube filament voltages.

8+0

8-0
FIG. 18.

Typical voltage distribution system used with a transformerless supply.

age between them, as shown in Fig. 18.
former used in this circuit is an autoHere, the stages numbered 1, 2, 3, and
transformer, the output of which is
4 are connected directly across the
only slightly higher than the powerfull B supply. Stages 5 and 6, howline voltage. It is used primarily to
ever, are in series across the supply.
supply filament voltages for the tubes
This arrangement is permissible if the
in the set.
The upper two rectifiers act as a two stages are to operate from half
the total supply and draw identical
voltage doubler. One section of one
tube is in parallel with acorresponding currents.
In the remainder of the circuits, the
section of the other tube so that twice
stages 7, 8, 9, and 10 are in parallel,
the current can be handled. On one
and their currents flow through the
half-cycle, condenser C2 is charged; on
stages 11 and 12. In this case, the
the next, the voltage across C1 adds to
plate current sum of the first four must
the line voltage and charges C2 to
equal that of the latter to give the
twice the line voltage. Notice that the
proper voltage division.
output voltage of this section of the
power supply is negative with respect
Fig. 19 shows how two tubes may be
connected in series across the power
to ground.
supply. In this case, the d.c. path,
The lower three tubes also make up
starting from B-, goes to the cathode
avoltage doubler, this time with three
of VT 2,then through this tube and its
sections—one of each tube—in parallel
load resistor R2 to the cathode bias
so that very high currents can be
resistor R4 of VT2. From here, the
handled. This section supplies the
path is through tube VT2 and its load
normal B voltage to the receiver. Since
its output is positive with respect to
resistor R5 back to B+.
Fig. 20 shows a typical example of
ground, a voltage equal to four times
the line voltage is available between
terminals 1and 4 o the supply.
VT2
VTI
B-Supply Distribution. Since the
current available from any voltagemultiplier circuit is rather limited, it
is common practice not to use ableeder
with transformerless supplies but to
C2
C3
arrange the tube circuits insofar as
possible to use the full output of the
B8+
B supply. If some stages are to operate at lower voltages, the stages may
FIG. 19. How two tubes may be connected in series across the B supply.
be connected so as to divide the volt-
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FIG. 20. An example of the use of the
circuit shown in Fig. 19 in a practical
receiver.

this kind of connection in the i.f.
section of a TV receiver. Once again
the two tube plate circuits are in series
across the B supply. (Trace from B—
through R2, VT, R., R5,VT2, and RI3
to B+.) Notice that the contrast control is connected to the grid of VT,.
If you change the bias on this tube by
changing the setting of the contrast
control, the plate current through VT,
will change. The plate current of VT 2
will then also have to change, since
the two are in series, and the same
current must flow through all the elements in a series circuit. Therefore,
adjusting this control changes the current and hence the gain of two stages
simultaneously.
FILAMENT DISTRIBUTION
SYSTEMS
When a power transformer is used,
the tube filaments are usually operated
from filament windings, just as they
are in standard radio receivers. When
a transformerless type .of B supply is
used, on the other hand, the tube filaments are usually in some series-parallel arrangement so that they may be
operated from the power line directly,
as they are in a.c.-d.c. radios.
The power supply shown in Fig. 17
uses a compromise arrangement in
which the filaments of all the tubes

except the rectifiers are supplied from
the 6.3-volt windings on the transformer. The five rectifier tubes, which
have 25-volt filaments, are connected
in series across the "high-voltage"
winding of this transformer—which,
in this case, is practically the same
as connecting the five filaments in
series across the power line.
Notice that the manufacturer has
obviously made a compromise. He
could have used rectifiers having
higher current ratings had he wanted
to use tubes with 5-volt filaments.
Doing, so, however, would have made
it necessary for him to have added another filament winding to the transformer; furthermore, he would have
had to use amuch larger transformer
to take care of the extra power needed.
In those receivers that have no
power transformer at all, the tubes are
of course chosen to have the proper
filament voltage and current ratings
so that a reasonable filament string
can be set up. Of course, it is impossible to connect so many tubes in a
single string, particularly since the picture tube, which has a fairly high
filament-current rating, must be in the
string. Therefore, you will ordinarily
find that the filaments are in some
series-parallel arrangement such as is
shown in Fig. 21. Here, five tubes in
series with R, form one string, and
and eight tubes plus R2 form another.
These two series strings both pass current through tubes VT, and VT2.
Tube VT, has a current rating twice
that of any tube in the series strings so
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FIG. 21. Some series-parallel arrangement of this sort is always used in transformerless sets to supply the proper
filament voltages.

that it can carry both currents. Tube
VT2 does not have as high a rating,
so it is shunted by resistor R2,which
carries the extra current.
The resistors Ri and R2 have the
proper resistances to reduce the supply
voltage to the amount required by
each series string. They also usually
have aballast action so that they will
II protect the tubes when the set is first
turned on. This is necessary because
----thétube filaments have low resistance
when cold, so ahigh current can flow
through them until they warm up. If
this were allowed to happen, the lives
of the tubes would be shortened. To
prevent it, the series resistors used are

usually either ballast tubes or special
"Globar" resistors so made that their
resistances decrease as they get warm.
The cold resistances of these resistors
are high enough to limit the starting
current to a safe value; then, as the
tubes warm up, the resistances of the
ballast resistors decrease enough to
permit the filaments to get the proper'
currents. If these burn out, it is important to replace them with exact duplicates.
The by-pass condensers and r.f.
choke coils shown in Fig. 21 act as
filters on the r.f. and i.f. tube filaments
to prevent stray coupling between
stages along the filament leads.

The Sound Channel
In general, the sound channel of a
TV receiver resembles very closely the
i.f., detector, and audio portions of an
f.m. sound receiver. There are some
differences between them, however,
which we shall now discuss.
First, let's make sure you understand the difference between the socalled "standard" or "conventional"
and the "intercarrier" or "intermodulation" sound systems.

mc. below the video i.f. carrier when
the oscillator is above the frequency
of the incoming signal, as it is in most
receivers. If, for example, the video
i.f. carrier is 25.75 mc., the sound carrier will be 21.25 mc. In most modern
TV receivers the video carrier is somewhere between 25 and 46 me., and the
sound carrier is therefore somewhere
between 21 mc. and 42 mc.
Since the sound and video carriers

STANDARD RECEIVERS
Fig. 22A shows in block-diagram
form the arrangement of stages in the
standard TV receiver. In this set, the
mixer-first-detector
(or converter)
produces two i.f. frequencies—a video
i.f. carrier that is amplitude-modulated by the video signal and sync
pluses, and an audio i.f. carrier that is
frequency-modulated by the sound
signal. The transmitter radiates two
separate carriers with these modulations, and the local oscillator beats
with both to produce the two new i.f.
carriers. The sound i.f. carrier is 4.5
18
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FIG. 22. Block diagram of a standard
TV receiver (A) and of an intercarrier
set (B).

are two entirely separate signals, the' 4.5 me. occurs between the two carriers. This difference frequency is fretwo can be separated by tuned cirquency-modulated by the sound signal
cuits. In some sets, the sound takeoff point is right at the output of the and somewhat amplitude-modulated
by portions of the video signal. This.."
converter. However, if greater gain is
new
4.5-mc. carrier then passes through
desired, the sound may be taken out
one or more stages of the video ampliafter the first or second video i.f. amfier. At some point, it is trapped out
plifier, in which case these stages must
have a sufficiently broad response to of the video path and applied to the
4.5-mc. sound i.f. section. The sound
handle both carriers.
i.f. is tuned to 4.5 mc. regardless
After the sound i.f. is removed from
of
the video and sound i.f. carrier
the video i.f. path, it is applied to a
frequencies. This 4.5-mc. signal with
regular i.f. amplifier having a passits complex modulation is amplified
band of about 300 kc. Usually, there
by the sound i.f. and then fed to
are two sound i.f. amplifier stages,
either
a discriminator or a ratio defollowed by one or two limiter stages,
the latter of which feeds into a dis- tector. Here any amplitude modulacriminator. In some sets, a ratio de- tion is wiped out, with the result that
only the frequency modulation protector is used instead of a discriminator, in which case the limiter stages duces an audio signal. (Of course, if
any stage in the chain handling the
may be converted into regular sound
4.5-mc. signal is overloaded by this or
i.f. amplifiers or may be missing altogether. In general, however, there any other signal, cross-modulation
products will be set up with the result
will be at least three stages in the
that
some of the video modulation
sound i.f. portion of the set, including
may cause a hum from the loudthe limiter (if one is used).
speaker.)
From the discriminator, the sound
The audio amplifier used with the
signal passes through a normal twointercarrier system is just like that
stage audio amplifier before being apfound in the standard system.
plied to the loudspeaker. The power
To sum up, the major differences
output stage may be push-pull in the
between the standard receiver and the
larger sets.
intercarrier type are:
1. In the standard receiver, the
INTERCARRIER SYSTEM
sound take-off point is in the video
At first glance, the only difference
i.f. amplifier, either immediately folbetween the intercarrier system shown
lowing the converter or after the first
in Fig. 22B and the "standard" shown
or second video i.f. amplifier stage. In
in Fig. 22A appears to be that the
the intercarrier system, the sound
sound take-off is at the output of the
take-off is in the video amplifier.
video amplifier in the former. Actu2. In the standard receiver, the
.ally, in the intercarrier system, there
sound i.f. amplifier is tuned to a freis rarely more than one stage in the
quency 4.5 mc. below that of the video
sound i.f. portion, which is why the i.f. amplifier. There are usually two
circuit is popular with the manufacamplifying stages followed by a limturers of smaller receivers.
iter or two in the sound i.f. section. In
In the intercarrier system, the two
the intercarrier system, the sound i.f.
amplifier is tuned to 4.5 mc. and rarely
carriers pass through the video i.f. amhas more than one stage.
plifier together. When both are ap3. Since the video section of a set
plie to the video detector, a beat of
1!

using the intercarrier system handles
the sound signal also, it must have a
greater band width than is necessary
in astandard set.
Whether the standard or the intercarrier system is used, the sound signal must be kept out of the picture as
much as possible. In the standard set,
the video i.f. stages following the point
of sound take-off always have one or
two sound i.f. traps. These traps,
which are tuned to the sound i.f. fre1tecy,
n
are intended to attenuate the
sound signal so that very little of it
will reach the video detector. If even
a small portion does reach the video
detector, the 4.5-mc, beat that is a
characteristic of the intercarrier system will be produced, and in addition,
because of slope detection in the video
detector, the sound modulation will be
converted into an amplitude signal.
Both these signals can appear in the
picture. The 4.5-mc, beat will produce
a very fine-grained dot pattern, and
the audio signal will produce bars
across the picture. Some sets have a
5-mc. trap in the video amplifier to
remove the 4.5-mc. "grain" pattern.
In spite of the sound i.f. traps, the
sound signal may reach the detector if
the set is not properly tuned to the station or the circuits are out of alignment.
This is why sound bars show up when
the fine tuning control is improperly
set.
In the intercarrier system, 4.5-mc.
grain traps are usually found at or
following the point of the sound i.f.
take-off. Some of the small (7") sets
using the intercarrier system do not
use grain traps, since the fine-grained
pattern produced by the 4.5-mc. beat
is not too apparent at the normal viewing distance for a 7" tube.

2

PRODUCING THE
INTERCARRIER BEAT
The f.m. detector is supposed to remove all amplitude variations from
20

'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 approximately equal to the amplitude of the
weaker signal and practically independent of the amplitude of the strong
signal.
2. If either of two beating signals
is frequently-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 aresult, the 4.5-me.
beat has the full f.m. or sound modulation but very little amplitude modulation from the picture signal.
The sound i.f. carrier can be reduced to the desired strength (ab'out
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. 23A. Notice
that this response has a small flat
plateau around the sound i.f. carrier
frequency; as a result, there is little
possibility of slope detection of this
carrier and consequently little chance
of cross modulation. The shape and
amplitude of the response at this frequency are determined by the align- ment 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. 23A, the

SOUND I.F
CARRIER

VIDEO IF
CARRIER

FIG. 23. The ideal video i.f. response of
an intercarrier set is shown in part A.
The response shown in part B is more
commonly used in practice.

one pictured in Fig. 23B is more commonly used in intercarrier sets. There
is no plateau at the sound-carrier frequency in this latter; instead, the response is merely made low at this frequency. Cross modulation can 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 intercarrier system, most of the amplification 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 astage
to the 4.5-mc. amplifier.
There are a few disadvantages to
the intercarrier system that have limited its acceptance. One is that during bright portions of a picture, the
video carrier is low, with the result
that more of the picture signal gets
mixed with the audio signal. During
such bright portions or during any
overmodulation of the picture signal,
therefore, the sound signal may have
hum in it. It will be basically a 60-

cycle hum ;since 60 cycles is the frame
repetition rate of the picture signal,
and the effect causing the hum occurs
in each frame.
Another disadvantage is that if the
picture carrier disappears at any time
because of difficulty with the picture
at the transmitter, the sound will
automatically disappear too.
Furthermore, the picture contrast
control will also control the sound
level. This is not desirable, but there
is no easy way to avoid it unless the
set has a.g.c., in which case the contrast control can perhaps be placed in
a video stage beyond the point of
sound take-off.
An advantage of the intercarrier
system is that it is far less subject to
difficulty because of oscillator drift
than the standard system is. In the
conventional system, any considerable
drift in the oscillator frequency may
shift the sound i.f. outside the pass
band of the sound i.f. section, distorting the sound or wiping it out altogether. If this occurs, it will be necessary to retune the oscillator, which is
done either by adjusting the fine
tuning control or by realigning the receiver.
In the intercarrier system, the 4.5mc. 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 somewhat
weakened. In general, however, the
oscillator can drift far more in an intercarrier system than it can in the
conventional system before the sound
signal is upset to any great extent.
Now that you have ageneral understanding of the two systems, let's look
at the circuits in a little more detail.
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TYPICAL CONVENTIONAL
In the conventional system, as we
have said, the sound i.f. is extracted
from the video signal path either immediately following the converter
stage or after the first or the second
video i.f. stage. It is taken off by inserting a trap circuit tuned to the
sound i.f. in the video signal path and
using the signal developed across this
trap at the source for the first sound
i.f. stage.
Sound Take-off. Fig. 24 shows
several different sound take-offs. In
the arrangement shown in Fig. 24A,
the sound trap L2-C 2 is tuned to the
sound i.f. carrier frequency. This trap
is coupled to the coil 1, 1,which is the
plate load for the mixer stage and
resonates with distributed circuit ca-

FIG. 24.

pacities. The resonant circuit L2 C2
absorbs a consideraLle portion of the
sound carrier energy that is in the
plate circuit of the mixer and therefore reduces the amount of the sound
signal that is applied to the video i.f.
stages.
To have the greatest effect, this trap
circuit should have a high Q, so it
must be loaded as little as possible by
the grid circuit of the first sound i.f.
amplifier, to which it is connected.
This loading is minimized by taking
the input for the sound i.f. stage from
a tap on the coil.
The arrangement shown in Fig. 24B
is somewhat similar. Here, the trap
L5-0 5 is coupled to the primary circuit
L3-C, and once again absorbs the
sound signal. The video signal is
passed on through L4-C4.
In the arrangement shown in Fig.
-

SOUND I.F. SYSTEM

Various sound take-off systems used in conventional TV sets.
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TO VIDEO I.E AMP.

FIG. 25. Typical 3-stage sound i.f. system used in conventional sets.
240, the sound trap L1-C 1 is coupled
to coil L2, which is in the cathode circuit of VT 2. The resonant circuit extracts the sound i.f. signal. Further,
the reflected effect of this circuit
makes L2 a fairly high resistance for
4.5-mc. signals. There is therefore an
appreciable drop across L2 at the beatsignal frequency. Since L2 is in the
cathode circuit of VT 2,this drop produces degeneration; as aresult, only a
minimum of the 4.5-mc. audio signal
is passed on to the following video
stages.
The arrangement shown in Fig. 24D
is somewhat similar to that in B, except that the trap L1-0 1 is capacitively
coupled through C, to the plate tank
coil instead of being inductively coupled to it.
Notice that two desirable effects are
produced in each of these circuits when
the sound take-off trap is properly
resonated: 1, amaximum sound signal
is fed to the sound i.f. stages; and 2, a

minimum sound signal is passed on to
the succeeding video i.f. stages.
If the sound take-off point is at the
output of the mixer or after the first
video i.f. stage, three or four sound
i.f. stages are always used. If the
take-off point is beyond the second
video i.f. stage, however, one less
sound i.f. stage may be used.
Sound I.F. A typical conventional
3-stage sound i.f. system is shown in
Fig. 25. Here, tubes VT 2 and VT 2 are
the sound i.f. amplifiers, feeding
through band-pass tuned circuits that
are 200 kc. to 300 kc. wide. (If the
signal for this sound i.f. section is
taken from the second video i.f. stage,
one of these amplifiers will probably
not be used.) Tube VT4 is a limiter
stage of the sort used in most f.m.
receivers that use a discriminator as
the video detector. Tube VT 2 is the
discriminator. Both the limiter and
the discriminator will be described
briefly later in this text.
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FIG. 26.

Schematic diagram of a typical

f.m. limiter-discriminator section.

A ratio detector is used in some receivers instead of the limiter-discriminator combination. We shall describe
this detector in a moment.
Limiter. Let's review the action of
a limiter and a discriminator very
briefly, using the typical circuit shown
in Fig. 26. (This will be a quick review of a rather complicated subject:
if you do not understand it all, read
the earlier sections of your Course in
which this circuit is described in detail.) Here, the VT, stage is much
like any other i.f. amplifier stage except that the bleeder resistor R, and
the series resistor R, 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 characteristic response of
this stage very low and sharp.
The grid circuit contains the grid
leak and condenser combination R4C2. Condenser 09 tends to keep
charged to the average voltage of the
peaks of the input signal, thus maintaining asteady bias on the tube that
will keep its output constant even if
the input signal undergoes sudden
momentary changes in amplitude.
This condenser therefore minimizes
the effect of noise when the signal is
weak.
When the signal is strong, the low
voltages applied to the screen and
plate effectively wipe out amplitude
changes in the input signal. Because
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these voltages are so low, the output
of the stage will not go above acertain
limit no matter how strong the input
signal becomes. Thus, if the strength
of the f.m. signal is great enough to
drive the stage to its full output, any
increases in signal strength caused by
noise accompanying the f.m. signal
will not affect the output. In other
words, the noise will be wiped out by
the limiter stage. (In an intercarrier
system, this limiting action will also
tend to wipe out any portions of the
video signal that may accompany the
sound carrier.)
Discriminator. The transformer
T, transfers the signal from the limiter
VT, to the discriminator circuit, in
which tube VT 2 is used. The primary
circuit L2-0 2 is tuned to the incoming
signal. This signal is transferred to
the tuned secondary circuit L3-0 2 and
is also fed through C, so that it appears across L1.
The voltage induced in L2 produces
the voltages E, 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
VT 2 consists of E, plus the signal E,
that exists across L1. (The path from
L, to the cathode of this diode is
through the by-pass condenser C.,
which is virtually a short at the frequencies involved.)
Similarly, the
voltage applied to diode 2of VT2 consists of E2 plus E9,the path being
completed through by-pass condenser
C. At resonance and with no modulation, therefore, equal voltages are applied to the diodes; as a result, equal
and opposite currents flow through the
resistors R, and R2.The voltage between the two cathodes of VT2 is zero
under such conditions.
Off resonance (that is, at frequencies other than the resting or nomodulation frequency), however, the

voltages applied to the two diodes are
not equal. When the applied. signal
swings below the setting frequency,
the voltage applied to diode 1of VT2
becomes greater than that applied to
diode 2; consequently, a greater current flows through R, 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 R1. Conversely,
when the applied signal swings above
the resting frequency, a net voltage
appears across R, 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 a.c. voltage across R1-R2.
This voltage feeds through C., 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 frequency from the resting frequency.
Thus, it is an audio signal voltage that
corresponds to the one used to modulate the f.m. transmitter.
THE RATIO DETECTOR
Some manufacturers prefer to eliminate the limiter circuit and instead
use detector circuits that are themselves insensitive to amplitude variations. The only circuit of this kind
that is found commonly in television
sound systems is the ratio detector.
Fig. 27 shows a typical example.
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 condenser C. has been
added to the circuit.
At the resting frequency, the voltage
E„ adds to E, and to E2 to make both
diodes conduct equally, just as in the
discriminator. Because of the way
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VT2 A.F.
FIG. 27.

A typical fait. ratio detector.

they are connected, both diodes conduct at the same time, charging the
equal condensers C2 and C. to the
polarities shown. At the same time,
condenser C. is charged to a voltage
that is equal to the sum of the voltages
across C2 and C3.
The size of condenser C4 is such
that the voltage across it cannot
change very fast. As a result, the
voltage at the midpoint N of the voltage divider R1-11 1 will remain relatively constant at avoltage equal to
half that across C..
To take an example, let's assume
that the voltage across C4 is 10 volts,
and that only the resting frequency is
being applied. In this case, the voltages across C2 and C, will each be 5
volts, so point M will be 5volts negative with respect to point 1, which we
will take as a reference point. Since
point N will also be 5 volts negative
with respect to point 1, there will be
no net voltage difference between
points M and N, as shown in Fig. 28A.
Now let's suppose that the incoming
signal varies in frequency. When it
shifts in one direction, one diode will
conduct more than the other, so that
the instantaneous voltages across condensers C2 and C2 will no longer be
equal. However, their sum will remain
that of the charge across C.—namely,
10 volts—because the voltage across
C. cannot change readily. Let's assume that diode VT 1 momentarily

conducts more current so that the volt- must conduct different amounts of curage across Ci goes up to 8volts, and rent to make any voltage difference
the voltage across Ci drops to 2. appeal: between points M and N, and
There will now be avoltage difference •this difference in their conduction can
of 3volts between points M and N, as be produced only by a change in the
shown in Fig. 28B, because the voltage frequency .of the applied signal.
between point 1 and point M has Therefore, any amplitude variations
changed, while that between point 1 caused by noise or avideo signal acand point N has not.
companying the f.m. signal will not
When the incoming frequency appear in the output of the circuit.
swings in the other direction, the opposite action will occur—the voltage
INTERCARRIER SOUND
across Ciwill become greater and that
I.F. SYSTEM
across Ciwill become less. As aresult,
the voltage relationship shown in Fig.
When the intercarrier system is used
280 will be produced.
for the sound, the 4.5-mc. beat can be
The voltage difference between taken right from the output of the
points M and N will therefore be an video detector, but since it is necesa.c. signal whose amplitude depends on sary to increase the strength of the
the amount the incoming signal de- signal, the usual practice is to take
viates from the resting frequency and this signal from the output of the
whose frequency depends on the rate video amplifier. Trap circuits are
at which the deviation occurs. In commonly used as sound take-offs.
other words, it will be a reconstrucVarious forms of trap take-offs are
tion of the audio signal that was shown in Fig. 29. In the simplest (Fig.
.originally used to modulate the f.m. 29A), a parallel resonant circuit Licarrier.
02
tuned to the 4.5-mc. carrier is
This circuit will not respond to am- placed in the grid circuit of the'sound
plitude variations in the input signal, channel amplifier VT2 and is fed
because such changes will merely through, coupling condenser Ci from
make both diodes conduct either more the plate of the video amplifier VTi.
or less without making them conduct
A disadvantage of this arrangement
unevenly. As we have seen, the diodes is that it does not reduce the amount
of the 4.5-mc. carrier in the video sigt
nal. The circuit shown in Fig. 29B is
by
2
more satisfactory in this respect.
4
Here, the coupling condenser Ci reso-3V
nates with coil Li to form a series
V
resonant circuit at 4.5 mc. At resoV V
nance, this circuit offers aminimum
load for the video amplifier VT i,so the
output of VT2 at the 4.5-mc. carrier
frequency is minimized. On the other
by
hand, since this is a series resonant
circuit, whatever 4.5-mc. signal does
appear across it will produce amaximum voltage across L2 for application
to the sound amplifier.
The arrangement shown in Fig. 290
FIG. 28.
This series of diagrams shows
how a ratio detector works.
also minimizes the amount of the beat
I
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FIG. 29.

Various kinds of sound take-off circuits used in interearrier sets.

signal in the picture signal. Here, a
parallel resonant circuit tuned to 4.5
mc. is connected in series with the
load circuit of VT,. Most of the 4.5mc. beat signal in the output of VT,
is developed across this circuit, so very
little is passed on through Cs with the
video signal. The sound carrier is fed
to the sound amplifier from the resonant circuit Ls-C s,which is tuned to
4.5 mc. and inductively coupled to
In the arrangement shown in Fig.
29D, 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 signal 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
aminimum of interaction between the
sound and video circuits.
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When the take-off systems shown in
Figs. 29A and 29D are used, grain
traps that are tuned to 4.5 mc. 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 mc. 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.
In all TV sets, the sound detector is
followed by a standard audio system.
This is usually ahigh-gain audio voltage amplifier followed by a singleended or push-pull pentode power amplifier that feeds the loudspeaker.
These stages are identical with those
found in the better sound receivers.

Automatic Gain Control
bleeder bias arrangement, as shown in
All TV receivers require again control, just as a sound receiver needs a Figs. 30A and 30B. It may not be possible to use this system to control very
volume control, because the signals
from, different stations are likely to be
strong signals, however, because if the
of different strengths at the receiving bias on the i.f. stages is increased too
location. Within the range of normal much, the stages may be operated so
signal levels, adjusting the gain of a near cut-off that distortion will be inTV set affects the contrast (range of troduced. Therefore, it is desirable to
grays from white to black), so the TV
control the gain of the r.f. stage also
gain control is known as the "con- on very strong signals. The gain of
trast" or "picture" control.
the r.f. stage should not be reduced
on normal signals, however, because
Since most of the video gain is obthe
r.f. gain is needed to overcome contained in the video i.f. amplifier, these
stages are the logical ones in which to verter noise.
control the gain. The simplest contrast control is an adjustable bias on
two or three of the video i.f. stages.
This can be either a self-bias or a

In general, it is desirable to have an
arrangement that permits the bias to
increase first on the i.f. stages, then,
as the overload level is approached, to
increase on the r.f. stage. Manufacturers differ in the ways they arrange
controls to achieve this—some use
dual controls, others use voltage dividing and bleeding arrangements.
Fig. 31 shows one example.
The i.f. bias network is shown in
Fig. 31A. Basically, this consists of a
bleeder R1,R.', and R3 arranged across
aC-bias section of the bleeder resistor
in the power supply. The bias applied
to the i.f. grids is adjusted by the
setting of B,—as the slider is moved
to the right in this figure, the bias becomes more negative.
The voltage divider
is arranged so that the i.f. grid bias can
never be as much as the total voltage
across R2,for reasons that we shall
explain shortly.

FIG. 30.

Two ways of adjusting the bias

on video i.f. stages to control the video
gain.

The complete biasing arrangement
that also supplies bias to the r.f. grid
circuit is shown in Fig 31B. When the
slider on R. 2 is at the left, so that there
is little bias applied to the grids of the
i.f. tubes, the diode VT i conducts
heavily because a positive voltage is
applied to it from the B+ source
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FIG. 31.

These drawings show the work-

ings of a contrast control that affects the
bias on both the r.f. and video i.f. stages.

through R7.Since R, is ahigh resistance compared to the diode resistance,
there is very little voltage drop across
the diode, so the grid of the r.f. tube
(which is connected to the plate of
VT 1)is effectively at ground potential
and has practically no bias.
As the setting of R2 is changed,
however, the negative voltage across
R2is applied to the diode. Eventually,
this voltage will cancel that applied
from the B supply; the diode will then
cease to conduct. When this happens,
the grid of the r.f. tube will be tied
through Re directly to the slider in R2,
and the full voltage at that setting of
R2 will be applied to this grid. As the
slider is moved more to the right, as it
must be if the strength of the incoming
signal is high, the bias on the grid of
the r.f. tube will become greater than
the bias applied to the i.f. tubes; in

fact, it will approach the cut-off bias
for the r.f. tube rather rapidly.
The manner in which the two bias
voltages vary is shown in the curves
in Fig. 31C. As you can see, the i.f.
bias increases gradually and steadily
with the rotation of the contrast control. The r.f. bias is zero for a time,
then increases rapidly with further
rotation of the control. Thus, it is
possible to arrange the circuit so that
overloading can be prevented, yet at
the same time to keep the r.f. gain at
maximum until it is necessary that it
be reduced.
Although this contrast control arrangement permits the gain to be adjusted manually, there are a number
of good reasons why an automatic,
self-adjusting control would be better.
For one thing, it is annoying to have
to readjust the contrast control every
time a new station is tuned in. More
important, many receiver owners find
it difficult to set the control properly.
This means that the receiver must be
designed so that the video and sync
circuits following the i.f. stages will
be capable of operating from signals
that may not be of the optimum
strength, which calls for design compromises. Also, although we do not
have the fading with TV signals that
is common in distant a.m. reception,
we can have avariation in signal due
to swinging antenna and transmission
lines. Finally, the TV signal may at
times undergo violent fluctuation because airplanes or moving automobiles
happen to pass through the signal
transmission path.
For all these reasons, it is desirable
to put into the TV set an automatic
gain control (a.g.c.) system, comparable to the a.v.c. system of an ordinary
radio, that will arrange the gain of the
set so that the signal fed to the video
detector will be relatively constant under all normal conditions. When such
asystem is used, resetting the contrast
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control is an infrequent and simple
operation.
Let's see how practical a.g.c. systems work in TV receivers.
BASIC A.G.C.
An a.g.c. system must operate from
some component of the signal that is
proportional to the strength of the carrier, since it is the carrier strength 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 extend upward from the no-signal or
black level pedestal by a fixed percentage of the carrier strength. (This
percentage may be different for different transmitters, but is always the
same for one transmitter.) If the carrier strength changes, the amplitudes
of the peaks of these sync pulses from
the black level and from the zero level
will change proportionately.
There are two ways in which we can
get a signal voltage from the sync
pulses that we can use for a.g.c. One
way is to strip the sync pulses from
the video signal and use the pulses
themselves, depending on the fact that
their amplitude is proportional to that
of the carrier. The other way is to use
the peak value of the sync pulses
above the zero level, since the height
of these peaks is also proportional to
the carrier amplitude.
Of course, the sync pulses exist during only asmall 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 acondenser in an R-C
network.
A simple a.g.c. circuit that uses the
peaks of the sync pulses is shown in
Fig. 32A. This consists of adiode rec30

FIG. 32.

A simple a.g.c. system.

tifier with atime constant filter Ci-Ri.
When aTV signal like that shown by
curve 1in Fig. 32B is applied to Ri,
VT, conducts whenever the signal exceeds the charge stored in Ci. Since
the diode then has low resistance, Ci
charges rapidly up to the peak voltage
of the sync pulses during the time that
VT, conducts.
When the signal swings below the
peak level, C, must then discharge
through R2. This discharge is slow,
since R2 has ahigh resistance—so slow
that C, discharges very little during
the period of one line. At the end of
this line, another sync pulse recharges
Ci at once to the full peak voltage.
Therefore, the voltage across Ci follows curve 2 in Fig. 32B, and, as you
can see, remains nearly at the peak
value at all times.
We can use the voltage across Ci
as an a.g.c. 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.

Since synchronization is extremely
important, a simple a.g.c. system like
this is usually made slow-acting (that
is, 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 extremely poor when noise is present.
Therefore, it is not used much; instead, more elaborate systems that are
not bothered excessively by noise and
do not interfere with the vertical sync
are preferred. Before we discuss these
et's see why these effects can occur.
circuits, let's see where the a.g.c. sysFirst, let's suppose a sharp noise
tem normally gets its signal and what
pulse that is higher than the peak of is done with the control voltage prothe sync pulse is received. The gain duced.
of the set will automatically and sudObviously, the a.g.c. rectifier can be
denly be reduced by the a.g.c. circuit.
connected to the output of the video
If the time constant is long, CI will detector. However, it is undesirable
hold its high charge for several lines, to load the video detector circuit or
during which time the gain of the set to shunt it by the capacities of the tube
will be reduced. Therefore, the use of
used in the a.g.c. circu:t, so a connecan a.g.c. circuit having a long time tion farther along in the video amplicontant means that there will be
fier is often preferred. An important
"holes" (large blacked-out areas) in
point is that we must obtain the signal
the picture when noise is present,
from a point where it has its normal
whereas the picture on a set with a
d.c. level so that the pedestals will be
manual contrast control would show
lined up (since otherwise the peaks of
nothing more than nearly un-noticethe sync signals will not be proporable short black streaks under the same
tional to the carrier strength). If we
conditions.
use an a.c. coupling, ad.c. restoration
Suppose, on the other hand, that we
circuit must be incorporatéd in the
make the time constant quite short.
a.g.c. circuit or used ahead of the a.g.c.
Condenser C1 will then discharge conrectifier.
siderably in between the horizontal
The d.c. voltage that is obtained as
sync pulses, so the average a.g.c. volta result of the a.g.c. action is usually
age (the voltage across C1) will be
relatively low. When a vertical sync applied as a bias to the i.f. amplifier
pulse (which is much broader than stages, appropriate R-C decoupling
networks being used to prevent coua horizontal pulse) is received, howpling between the stages. The signal
ever, Ci will be charged for a much
may also be applied to the r.f. stage
longer time than it is during the horiahead of the converter, in which case
zontal pulses; consequently, the aversome
arrangement is generally used so
age voltage across Ci will increase
that the bias applied to the r.f. stage
during the vertical pulse. This means
will be unaffected on weak signals but
that the gain of the set will be reduced
during the vertical pulse, an effect that will increase rapidly on strong signals.
There is usually some control in the
may make the set lose vertical sync.

Selecting the proper time constant
for the R2-01 circuit in Fig. 32A 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 avalue of R2 that
will permit Ci to discharge fairly
rapidly), the circuit will be able to
follow more rapid fluctuations in the
o signal and will offer more freedom
1 from noise interference than it will if
t we make the time constant long. On
the other hand, a short time constant
may make the set lose vertical sync.
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a.g.c. netwo-rk to set the threshold beyond which it operates. This may be
the contrast control for the set or may
be a separate non-operating control
mounted at the rear of the set.
In the latter case, acontrast control
is used in the video amplifier at some
point beyond the take-off point for the
a.g.c. voltage. This is generally acontrol that can be used to vary the bias
on one video stage by a limited
amount. When this arrangement is
used, the a.g.c. system is adjusted to
deliver normal signal to this stage; the
contrast control can then be used by
the set owner to adjust the picture to
the contrast he wants. It should not
be necessary to use the control to prevent overloading or to compensate for
changes in signal strength.
NOISE LIMITER A.G.C.
One way of getting the proper a.g.c.
action and a certain amount of freedom from noise at the same time is to
use alimiter circuit in the a.g.c. When
a system of this sort is properly arranged, the a.g.c. circuit responds to
normal signal levels, but any very
sharp and sudden increase is clipped
by the limiter so the a.g.c. voltage
does not rise unduly. The limiter is

esoon

therefore much like the amplitude limiter that is used with an f.m. signal.
A typical limiter a.g.c. system is
shown in Fig. 33. This circuit has
three special features. First, an initial
bias set up by the contrast control
gives an operating point about which
the a.g.c. system performs. Second, it
is arranged so that the a.g.c. bias voltage will be divided between the r.f.
stage and the i.f. stages on strong signals. Finally, it is relatively insensitive to the changes produced when
noise pulses are received. Let's study
each of these actions.
The initial bias (the bias when no
signal is tuned in) is set by R., the
contrast control, which is part of the
voltage divider R5,R9,and 11 7 that is
connected between ground and anegative voltage source. The grid of VT2 is
tied through 11., 11,, and R2 to the
negative terminal of this supply, so
the cathode of VT 2 is made positive
with respect to the grid by an amount
determined by the setting of the contrast control. At the same time, the
cathode of VT 2 is negative with respect
to ground. Since the plate of this tube
is tied to ground through R8 and R9,it
is positive with respect to the cathode;
as a result, there is a plate current
flow through R, and R2 that produces

CONTRAST
CONTROL

e
.R.F.

A G.0

FIG. 33. Typical noise-limiter a.g.c. system.
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voltage drops across these resistors comes stronger, so the voltage drop
across VT, and R1, (in other words,
having the polarities shown. The relatively small voltage across R., is ap- the i.f. bias) will remain constant. The
plied as abias to the r.f. tube; the en- r.f. bias will increase if the signal betire drop across R9 and the larger re- comes stronger, however, since this
sistance R8 is applied through the filter bias is the result of the flow of the
C,-R10 to the i.f. stages as abias. (Of plate current of VT2 through R9.
Thus, the i.f. bias increases in proporcourse, the amount of the bias that is
tion
to the strength of the applied sigapplied to the i.f. stages will be afnal
until a certain critical signal
fected if VT, conducts; but, as we
strength is reached; if the signal then
shall see in a moment, this tube conbecomes stronger, the i.f. bias remains
ducts only when the signal is strong.)
constant and the r.f. bias increases. As
The initial setting can be changed,
you
learned earlier, this is the most
if desired, by adjusting the contrast
desirable
action for a contrast control.
control. Doing so varies the bias on
Now let's see how the noise elimithe grid of VT 2,thereby changing its
nating section of. this circuit works.
plate current and therefore either inThis section makes use of the diodes
creasing or decreasing the drop across
D2 and D,, which form part of VT2.
R. and R., as desired.
As long as the strength of the reNow, let us suppose asignal of norceived signal is normal, the voltage
mal strength is tuned in. This signal
developed by the a.g.c. diode VT,
appears across the video i.f. transacross C2 never equals the bias voltage
former L, and is applied through C,
developed across R, and that portion
to the a.g.c. diode VT,. The basic
of R. that is in the biasing circuit.
a.g.c. action occurs in this diode cirAs aresult, the diode plates D2 and D,
cuit: VT, conducts on the peaks of the
are always at least slightly negative
sync signal; and C2 charges to the
with respect to the cathode, so they
peak voltage each time VT, conducts, do not conduct.
losing only a small amount of its
If a sharp, high noise pulse comes
charge through R2 in between the sync along, however, the voltage across C2
pulses, so the voltage across C2 follows may exceed thi.3 bias voltage momenthe peaks of the sync pulses. As you tarily. When this happens, the two
can see from the diagram, the plate diodes are driven positive, and both
of VT, is usually slightly negative
conduct heavily. In effect, each diode
with respect to its cathode because it
acts as a short circuit across C2 and
is connected to apoint on the voltage thus drains off the additional charge
divider R11-R1 2 that is below ground.
that the noise pulse tries to place on
When the signal is very strong, howthis condenser. As a result, noise
•
ever, the voltage across R. and R.
pulses are unable to produce more than
will exceed the negative voltage apa momentary change in the voltage
plied to the plate of VT., so this tube
applied to the grid of VT2.
will conduct. When this happens, the
Furthermore, the integrating circuit
voltage that is across R8 and R. will
consisting of R4 and C, also helps to
divide between R10 and the resistance
limit noise effects. As you can see by
of VT, and R1,in series, and only the examining the circuit, the voltage
part across R1 1 and VT, will be apacross C, is the bias that is applied to
plied to the i.f. stages as a bias. The
the grid of VT2.The R-C circuit concurrent passed by VT, will remain sisting of R4 and C, has a fairly long
constant even if the applied signal betime constant: therefore, any sudden
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FIG. 34. A relatively noise-free a.g.c.
system that operates from the sync pulses
themselves.

and momentary change in the voltage
across Cs will be unable to affect the
voltage across C. Only an average
change in signal level over aperiod of
several lines will change the voltage
across Cs enough to change the bias
applied to the grid of VT2.
KEYED A.G.C.
Another way to get relative freedom
from noise is to arrange for the a.g.c.
network to operate only from the sync
pulses and to wipe out all the rest of
the signal. This can be done by using
a clipping arrangement very similar
to the sync separation networks with
which you are familiar. A few receivers use a.g.c. networks that operate
from the output of the clipper circuit.
A variation of this idea is shown in
Fig. 34. In this circuit, there are two
separate sources of a.g.c. voltage.
On fairly weak signals, the voltage
across the video detector load RL provides the a.g.c. bias voltage. The
filter R1-C 1 averages this voltage over
anumber of lines (or even fields) so
that the a.g.c. voltage is proportional
to the average signal strength.
However, the voltage developed
across the video detector load is not
high enough to give adequate control

on strong signals. Therefore, the other
end of the contrast control is tied to
the grid circuit of the sync clipper. As
you will recall, the signal applied to
the clipper must be in its d.c. form
(that is, with its pedestals lined up).
The signal is converted to this form by
grid rectification. The grid-current
flow charges condenser Cs,and the
average voltage across this condenser
sends a current through R. and the
contrast control to develop voltage
drops across them having the polarities shown. Since the charge on C2 is
exactly proportional to the peak levels
of the sync pulses, the voltage drop
across the contrast control is always
proportional to the strength of the
signal. The addition of this voltage
drop to the one developed across the
video detector load gives enough bias
voltage to control the gain on strong
signals.
Simpler variations of this circuit
may dispense with the connection to
the video detector load and use only
the bias produced by the clipper tube
for a.g.c;
Another method uses a keyed network arranged so that the a.g.c. system is tied to the horizontal sweep
output and can operate only during
the fly-back period of the horizontal
sweep signal. Thus, the a.g.c. network
is effectively turned on only for very
short intervals of time during the horizontal sync pulse. This makes the circuit ignore all noise pulses that occur
in between the horizontal sync pulses.
Since this a.g.c. system does not •
operate for any increased length of
time during the vertical sync pulse, it
can be made fast acting without affecting the ability of the set to remain
in vertical sync. A fast-acting a.g.c.
system is desirable, as you know, because it can follow rapid changes in
signal level and can also recover
quickly from any noise pulses that
may affect it.
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transformer of the horizontal sweep
circuit. During the fly-back period of
the horizontal sweep (that is, when
the horizontal sync pulse occurs), L2
develops a voltage that drives the
cathode of VT 2 highly negative. This
produces such avoltage difference between the plate and cathode of VT2
that it is able to conduct rather
Ignoring the signal for a moment,
heavily in spite of the high bias aplet's see how this a.g.c. circuit gets a
plied to its grid by the drop across R2.
starting voltage and how it is keyed.
This plate current produces a voltage
As you can see, the cathode of VT 2
pulse across R2 that is fed through Ci
is connected through L2 to a positive
to R4. The polarity of this pulse is
voltage of 150 volts, but its plate is
such that it is able to make VT 2,the
connected to apositive voltage of 300
a.g.c. rectifier, conduct momentarily.
volts, so its plate is positive with reWhen it conducts, a voltage having
spect to its cathode. No current flows
the polarity shown is produced across
through it initially, however, because
R5. This voltage charges C2,which
its grid is heavily biased by the drop
retains its charge well enough during
across R2 that is caused by the plate
the period between pulses to keep a
current of VT i.
bias on VT4 that maintains its plate
The a.g.c. amplifier tube VT4 is
current at a low level, so that there
able to conduct if its grid is properly
is only a small drop across R7. In
biased because its cathode is connected
other words, the voltage obtained from
to a potential of —100 volts and its
the horizontal sweep circuit during the
plate is grounded. (We shall see in a fly-back time sets the initial low a.g.c.
moment what determines the bias apthreshold bias level.
plied to its grid.) The drop across R,
Now let's suppose a signal is tuned
in the plate circuit of this tube is used
in. Since the signal has a positive
as the a.g.c. bias voltage.
picture phase in the plate circuit of
VT„
the horizontal sync pulses across
The pperation of this network starts
R
2
must
go negative. Thus, the bias
as soon as the horizontal sweep cirapplied to the grid of VT2 increases
cuit operates. Transformer T„ which
during a horizontal sync pulse. At
has the winding L3, is the output

Fig. 35 shows one form of keyed
a.g.c. In this figure, tube VT, is the
video amplifier output tube. The circuits preceding this tube must be arranged so that the signal in its plate
circuit, as it exists across its load L2 11 2,is in its d.c. form and has a positive picture phase.

VIDEO SIGNAL
+300

A.G.C.

+150

FIG. 35. A keyed a.g.c. system that is fast-acting and affected very little by noise.
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exactly the same time, however, the higher bias voltage across R2 than do
voltage developed across L2 drives the
the sync pulses. As aresult, the pulse
cathode of VT2 negative. There are,
produced across R2 is so small that it
therefore, two conflicting influences on
is less than the voltage across 02;conthe plate current of VT2:the bias apsequently, VT2 does not conduct, and
plied to the grid tends to decrease the no charge is produced in the bias applate current, the voltage applied to
plied to VT,. Thus, this circuit tends
the cathode tends to increase it.
to ignore noise under any circumWhether the plate current can
stances.
change or not therefore depends on
Naturally, you are going to find
the difference between these two volt- many different kinds of a.g.c. networks
ages. If the signal level is very low,
in TV receivers. In general, however,
the bias developed across R2 will be
each will adjust the gain of the set so
small; then the high negative voltage that the signal applied to the video
applied to the cathode of VT 2will prodetector will be reasonably constant.
duce a large pulse across R2,a large
Each will probably have either a limdrop across R5,and hence asmall drop iter or akeying arrangement to make
across R, as the a.g.c. voltage.
the circuit insensitive to noise.
As the signal becomes stronger,
There may or may not be an arhowever, the bias developed across R2 rangement that will permit the a.g.c.
will reduce the size of the pulse across
bias to be distributed between the r.f.
Rs,thus causing less drop across R,
and i.f. stages. If there is, it will opand so permitting more plate current erate so that the bias applied to the
to flow through VT, to increase the r.f. stage will not increase on weak
drop across R7. Thus, the amount of signals but will increase rapidly on
a.g.c. voltage varies in accordance strong signals to prevent overloading.
with the strength of the signal.
On any set in which a.g.c. is used,
Since tube VT 2 conducts apprecithe contrast control does not need
ably only during the horizontal sync
constant adjustment, but only occapulses, any noise pulse that occurs in
sional re-setting or unusual picture
between these sync pulses is ignored.
conditions. When the set is switched
If anoise pulse happens to occur at from station to station, or when noise
the same time as the sync pulse, the or rapid fading occurs, a good a.g.c.
following action takes place:
system should maintain the output
The noise pulse develops an even almost constant.
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Lesson Questions
Be sure to number your Answer Sheet 5711.11-3.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Why is it necessary to shield an r.f. high-voltage supply?
2. Why cannot ahigh-voltage supply that is locked with the sweep produce
visible interference in the set in which it is used?
3. Why are voltage-multiplying circuits used in preference to conventional
supplies to produce voltages over 10,000 volts in home receivers?
4. Why are ballast tubes or Globar resistors used instead of fixed resistors in
the filament strings of a.c.-d.c. TV sets?
5. In what section is the sound take-off point in (1) a standard TV set and'
(2) an intercarrier TV set?
6. What two effects will be produced on the picture of a standard TV set if
all the sound signal is not trapped out before it reaches the video detector?
7. What two desirable effects result when the sound take-off circuit is properly resonated in astandard set?
8. Why is the 4.5-mc. beat signal usually taken from the output of the video
amplifier instead of from the output of the video detector in an intercarrier
set?
9. Why is it desirable to have the contrast control affect the gain of the r.f.,
stage as well as that of the video i.f. stages?
10. What undesirable effect is produced if the time constant of an a.g.c. system
is (1) too short; or (2) too long?

Be sure to fill out a Lesson Label and send it along with your answers.,
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When you make agood resolution, put it into effect
at once.

To postpone it is deadly.

Anything that can

be done next month or next year can be done NOW—
or at least astart can be made toward it.
Millions of people dream about doing fine, worthwhile things.

But only a few hundred people ever

get around to actually doing these things.
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.
Remember this when you make plans—when you
make good resolutions.
tions into effect at once.

Put your plans and resoluGet started!
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LESSONS

up to now have covered
all the sections of typical home
television receivers that use directview picture tubes. Now we are ready
to study ways in which the basic television circuits are sometimes modified
to fit special viewing conditions or to
meet commercial requirements. We
shall also learn something about extra
equipment often used with TV sets.
Since this Lesson covers a number
of unrelated subjects, let's take amoment to learn what they are. First,
we shall discuss sets in which provisions are made for controlling from
a remote point. This isn't a new
idea; remote control for radio receivers has been offered for years as a
luxury item. There are people willing to pay extra for the ability to
control a television set from a point
other than right at the picture tube,
so some manufacturers offer suitable
equipment.
Another type of remote control consists of television duplicators—systems in which the program is picked
up at one central point and is then
fed to anumber of reproducing units.
Duplicators are of considerable importance in wired-in commercial sys1

tems like those used in schools, hospitals, and hotels. These, too, are
described in this Lesson.
A larger picture is something that
a great many set owners want. Because of lack of funds, many people
buy sets having one of the smaller
picture tubes; after a while, however,
they often become dissatisfied with the
small picture and obtain magnifying
lenses to enlarge the image. Some
people, too, want bigger pictures than
even large direct-view sets can give;
to satisfy this demand, aconsiderable
number of projection television sets
have been put on the market. Both
lenses and projection systems will be
discussed later in this Lesson.
A basic problem for the television
viewer is the fact that light reflections from the surface of the picture
tube or the protective cover glass will
tend to degrade the image and reduce
the contrast range appreciably. To
eliminate such reflections, people purchase filters for installation in front
of the cover glass. We shall discuss
filters later on.
Finally, there are anumber of laboratory efforts being made today to
develop color television, and it is im-

portant for the practising technician
to know just what these are and what
they may foretell for future television possibilities. The basic principles of all modern systems are described in this Lesson.
All of these items operate with or
from the basic receivers that you have

studied up to now. Most of them are
features that are built into the set by
the manufacturer: lenses and filters
are the only things dealt with in this
Lesson that you, as aserviceman, may
add to an existing set. However, it is
of course important for you to know
how all these items work.

Remote Control
There are two general forms, of remote control: 1, a"convenience" type
that makes it possible to tune in stations and adjust the contrast and the
volume from a remote point; and 2,
a"duplicator" system, in which more
than one picture unit is controlled
from a single point. Let's consider
both these systems in order.
REMOTE CONTROL
Fig. 1shows an example of remote
control. The unit shown at the end
of the sofa can be used to change
stations or to adjust the contrast or
the volume control settings. Such a
system is at least a convenience; if
the person operating the set is bedridden or otherwise disabled, it becomes practically anecessity.
There are numerous commercial or
industrial applications that require

somewhat similar remote control units.
In a bar, for example, it may be desirable to mount the viewing unit
high on a wall so that it can be
viewed from the entire room. It is
impractical to tune aset in this position. If the set is remotely controlled,
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FIG. 2. Block diagram of stages in the
control unit and the picture unit.

however, the control unit can be
mounted where the bartender can
operate it.
Many other similar practical applications can be thought of, all involving a control unit that can perform
the normal functions of tuning and
adjusting the set and that can be
mounted conveniently at some point
remote from the picture unit itself.
It would be possible to use some
form of motorized control, but practically all the control units made now
are actually the tuning portion of a
television set. In other words, as

FIG. 1. The remote tuner beside the
sofa permits adjustment of the picture
unit which is located across the room.
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(which are associated with the input
tuner, the video i.f. amplifier, and the
discriminator respectively) are part
of the control unit.
At the picture unit will be found
the brilliancy control, picture positioning controls, linearity controls,
etc., which are usually associated with
the sync and sweep chains. Since these
controls require only occasional adjustment, they may well all be at the
back of the picture unit. The picture
unit may use any size of picture tube,
but in most applications the installaCourtesy Industrial Television, Inc.
tion
will be at some distance from the
A picture unit or duplicator.
viewers, so the larger sizes (15 inches
or more) are most common.
shown in Fig. 2, the television set is
Except for being in two sections, the
split into two sections. The control
only
thing unusual about these remote
unit contains the input tuner and parts
control
units is the coupler stage,that
of the video and sound channels. The
is
necessary
to feed the video signal
video path in the control unit consists
into
the
coaxial
cable that connects
of the video i.f., the video detector,
the two units:A coaxial cable is necesand a coupler stage that feeds the
video signal through a coaxial cable sary to prevent interference pick-up.
It must have very low impedance so
to the separate picture unit. The
that
it can handle the wide range of
sound path is similiarly divided: in
frequencies.
(The video frequencies
the control unit we have the sound i.f.,
range from around 10 cycles out to
the discriminator, and a coupler unit
4me.) If the surge impedance of the
that feeds asound signal over its own
cable is not low, shunting capacities
cable to the audio amplifier and loudwill limit the frequency range.
speaker, which are in the picture unit.
If we tried to feed from the video
In the picture unit, the video signal
goes through a video amplifier and a detector directly into such a low impedance, there would be asevere loss
d.e. restorer to the picture tube. In
of signal, because the line would
addition, both the horizontal and veravery poor load. Hence, the coupler
I
tical sync chains are contained in the
stage acts as an impedance matcher
picture unit. Suitable power supplies
between the relatively high impedance,,'
are in each unit, and of course the
high-voltage supply is in the picture
unit where it will be used with the
picture tube.
Basically, therefore, in units of this
kind, •the television receiver with
which we are familiar is split into two
units, each of which has its own power
supply. A relay is arranged so that
when the control unit is turned on
or off, the picture unit will also be
Courtesy Industrial Television, Inc.
turned on or off. The tuning, conA control unit for a remote-control
trast, and sound volume controls
system.
3

of the detector load (several thousand
ohms) and the 50-to-90-ohm coaxial
cable.
Video Coupler. Schematic diagrams of the control-unit coupling
stage and of the input to the picture
unit are shown in Figs. 3A and 3B.
The stage shown in Fig. 3A is a
cathode follower. The arrangement is
such that the signal from the video
detector that appears across the detector load R, is coupled to the grid
of tube VT, through the normal condenser -resistor coupling. However,
this tube does not have a plate load
resistance in the usual sense; resistor
R2 is a voltage adjuster, and condenser C2 grounds the plate insofar
as the signal is concerned.

FIG. 3. The coupler stage at A feeds
into the picture unit input as at B.

The "load" for the tube is in the
cathode circuit, and consists of the
terminating resistance of the coaxial
cable (about 75 ohms in this case) in
parallel with 14 (about 500 ohms),
making atotal load of slightly under
75 ohms. Such an extremely low load
does not require high-frequency compensation; in addition, the frequency
response is improved by the degeneration that occurs because the load is in
the cathode circuit.

Since the entire load signal is in
the cathode circuit and is applied to
the grid circuit, there is 100% degeneration. As a result, the tube acts as
though its it were less than 1, so there
is aloss in signal level—the output is
less than the input in such acathodecoupled stage. However, the plate
resistance of the tube used in the
coupler stage equals Y,
(p. + 1),
so it is far less than it would be in a
more usual circuit. Also, notice that
in Fig. 3A the tube is connected as a
triode (screen grid and plate tied together) to give an even lower plate
resistance; both these conditions produce an effective match between the
tube resistance and the load. Hence,
this cathode-coupled circuit makes a
very good coupling network for this
application; the signal loss is far less
than would be caused by the mismatched coupling that would exist
without it, and the frequency response
is far superior to that of other couplings.
The coupling used at the picture
unit is shown in Fig. 3B. The switch
SW is provided so that a loading resistor 112 can be connected as the terminating resistance for the coaxial
cable. To prevent reflections, the coaxial cable must be matched at this
end by an impedance exactly equal
to the surge impedance of the cable.
If a 75-ohm coaxial cable is used,
for example, resistor R, must have a
resistance of 75 ohms. If there is
only one picture unit involved, the
switch will be closed so that this load
resistor is connected directly across
the cable.
In parallel with this may be asupplementary contrast control, such as
resistor R„. Alternatively, some means
of varying the cathode bias of VT, or
of afollowing video stage may be used
to furnish a supplementary contrast
control. It is desirable to have this
supplementary control to set the limits
4

may be cases where more than one
picture unit is wanted even in ahome.
In such cases, the basic remote control arrangement we have just described can be used for operating more
than one picture unit. As shown in
Fig. 4, all that is necessary is to run
a coaxial line from picture unit to
picture unit. The switch SW is provided in the circuit shown in Fig. 3B
to make such multiple connections
possible. Since the line must be loaded
only at the end, the load resistor RL
in Fig. 4is added at the unit C at the
end of the coaxial line, but it is disconnected for the units A and B. This
arrangement lets the line be terminated in its own impedance; then the 4/
relatively high-impedance inputs of
the picture units can be attached at
other points along the line without
upsetting the impedance matching of
the line. If the resistor in each of these
units were allowed to be across the
line, on the other hand, the line would
no longer be matched, because the
combined resistance of the resistors in
parallel would be far lower than is
needed. Therefore, when several duplicators are connected to asingle line,
the last one must give the proper impedance match.

Courtesy Olympic Radio and Television Co.

A typical duplicator.

over which the one at the control unit
will operate; in fact, it is almost necessary to have one if more than one
picture unit is used, as we shall see in
a moment.
The coupling from R. in Fig. 3B is
through astandard R-C coupling network to the grid of VT2,which is the
first of the video amplifiers.
The sound coupler is much the same
as the one we have just described—
it is a cathode follower arranged to
feed the sound cable. However, the
far more restricted frequency range
permits the use of aless expensive and
easier matched higher-impedance line
(500 ohms) instead of acoaxial cable.

When more than one unit is connected to a line this way, it is very
important that each unit have its own
contrast control so that, for an initial
setting of the contrast control on the
control unit, the others can be properly adjusted to give the desired response. Usually only the control-unit
contrast control would be used from
then on, although the picture-unit

TELEVISION DUPLICATORS
Hotels, schools, and hospitals may
want units in different rooms, or there
COAXIAL LINE

COAXIAL LINE

COAXIAL LINE

B

A

FIG. 4. How to connect a number of picture units to a coaxial line.
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FIG. 5. Schematic of the Olympic Model RTU-3 duplicator.
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contrast controls can be used if doing
so proves desirable.

changes are furnished by the duplicator manufacturers.
In the circuit shown in Fig. 5, the
Connecting to Receivers. It is also
6AC7 tube in the duplicator drives
possible to add duplicators to standthe picture tube. Remember that the
ard receivers, where more than one
signal is being picked from the cathode
picture is desired. Fig. 5shows ascheof the output tube of the set; therematic diagram of a typical unit of
fore, an additional stage is necessary
this kind. This unit is designed to be
to get avideo signal having the proper
attached to a standard TV set, which
phase, and of course we need the gain
of course is a complete unit by itself.
to make up for the loss entailed in
The only modification necessary in
coupling to the cathode of the output
the TV set to attach such aduplicator
tube of the set.
is to arrange for the picture to be
A d.c. restorer is used in this parpicked up from the video output tube
ticular circuit. The restored signal is
of the set. Cathode coupling is again
also applied to the sync amplifier and
necessary for impedance matching. In
limiter stage. The sync signal then
most receivers, the cathode of the
goes through a clipper and amplifier
video output tube is returned to the
before being separated to drive standchassis either directly or through a ard vertical and horizontal sweep
chains.
bias resistor. To install a duplicator,
The audio signal is obtained from
the connection between the cathode
the primary of the output transformer
of the output tube and the chassis
on the receiver and is fed over asepmust be opened, and the coaxial cable
arate cable to drive the 6K6 power
must then be connected to this point.
tube on the duplicator.
The circuit is completed at the duWhatever system of duplication is
plicator by aspecial plug-in arrangeused,
the sizes of the pictures at the
ment that contains a matching resismain receiving point and at the dutor for the coaxial cable.
plicating points depend entirely upon
If more than one duplicator is to
the requirements. There is no reason
be used, the matching plug is removed
at all why the main receiver cannot
and additional lengths of the coaxial
be a large-screen type and the duplicable are added from one unit to the
tors even as small as 7 or 10 inches.
next. The last one on the chain must
The opposite is also feasible—it is
have the resistor plug still in it, howpossible to operate a duplicator with
ever, to match the coaxial cable and
a large screen from a 7-inch tube set.
to complete the return circuit from
You will notice that the duplicator
cathode to ground for the output tube
contains its own sweep circuits and
of the set. This particular arrangepower supply, so it is independent of
ment does not upset the output tube
the receiver for everything except two
characteristics to any great extent as
signals, the combination video-sync
long as sufficient resistance is in the
signal and the sound signal. Duplicacircuit to give normal biasing. If not,
tors of different sizes may be conit may be necessary to change the bias
nected to the same coaxial line, if
resistor; complete details on such
desired.
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Getting Larger Pictures
tempting to make use of more of the
picture tube screen area, and many
people enlarge the images with lenses.
The television picture that is transmitted has an aspect ratio (ratio of
width to height) of 4to 3; this means
that if the picture is four units wide,
it will be three units tall. If the entire
picture is to be reproduced on the face
20
area of a direct-view tube, it must
16
15
be included within the useful tube face
12
area as shown in Fig. 7A. To get the
10
image out near the edges of the usable
7
screen area, the corners of this kind
of mask are somewhat rounded, so the
area in the original scene shown black
in Fig. 7A is lost. The gray area
represents the part of the picture tube
face that is not used.
This type of mask was the only one
used until recently. Then, a trend
FIG. 6. This shows the relative areas on
started in which somewhat larger picpicture tube faces ranging from 7 to 20
inches in useful face diameter.
ture areas were obtained from the
same tube face by sacrificing slightly
larger and more expensive cabinets, a more of the corners of the image, as
higher voltage from the high-voltage shown in Fig. 7B. Here, the width
supply, and usually a more powerful has been increased so that the width
sweep output. (The use of two output of the picture exactly equals the
tubes in parallel is common in the usable diameter of the tube face, and
the height has been increased correhorizontal sweep for large tubes.)
Fig. 6 gives a relative comparison spondingly to maintain the aspect
between the picture sizes that can be ratio. This gives apicture having the
had on the popular tube diameters of area shown white, and the only thing
7, 10, 12, 15, 16, and 20 inches. It is lbst is the area in the corners of the
obvious that the larger tubes give far original picture that is shown here in
more image area. However, since cost black. Sacrificing these areas, in
prevents many from getting these which very little of the interesting
larger sizes, the manufacturers are at- portion of the television image is ever

Direct-view picture tubes are available today in sizes ranging from 7
inches to 20 inches in diameter. As
you would expect, the larger the picture tube, the greater the cost of a
set: not only does the tube price increase, but also larger sizes require

••

FIG. 7. Comparison of areas obtained with different picture masks.
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present, makes it possible to increase
the picture size somewhat for the same
tube size. For example, with the mask
shown in Fig. 7A, a 10-inch picture
tube may have auseful area of about
52 square inches. An area of as much
as 61 square inches can be obtained
with the mask shown in Fig. 7B.
It is possible to carry this idea still
further and to make use of the full
screen area of the tube, providing we
are willing either to sacrifice a considerable portion of the picturc or to
accept a distorted picture. Thus, if
ye expand both the height and width
as shown in Fig. 7D so that the picture fills the entire screen area of the
tube, we will have a square picture

that the chief object of interest on
the television screen is often a single
individual standing near the center of
the picture area, in which case loss
of the sides of the picture is unimportant. However, if the action spreads
out, such as when a chorus line is
dancing, for example, or if any other
horizontal actions occurs, agreat deal
of the interesting part of the picture
is lost.
For these reasons, the mask styles
shown in Figs. 7A and 7B are the
most popular. The useful areas are
determined by the cut-out opening
in the cabinet of the set; the size and
drive controls on the set are adjusted
until the picture image just fills this
mask area.

3

ZOOM CONTROLS
Since the picture arrangement of
Fig. 70 produces an enlarged center
portion of a picture, and since this is
satisfactory for certain subjects for
intermittent viewing, some receivers
are equipped with systems for changing instantly from one mask size to
another. On such sets, the only physical mask is a circular one—the same
size as the useful area of the particular tube screen. The receivers produce
a smaller picture that does not fill
this mask, like those shown in Fig. 7A
or 7B, until the enlarging switch is
thrown, at which time the picture size
jumps to that of Fig. 70. Fig. 8shows
a typical example. The "zoomed" or
"opera-glass" enlarged picture produces an appreciably larger image of
the scenes on which it can be used,
but of course does not give an enlargement of the entire picture area
unless the system is arranged to switch
to the distorted style of image shown
in Fig. 7D.
To switch the picture from one size
to another, there are two sets of controls for the vertical and horizontal
size controls, two sets for the linearity

Courtesy Westinghouse Elec. Corp.

FIG. 8. A zoom system enlarges the cen' ter of the picture as shown here.

that no longer has the aspect ratio
of 4:3. Not very much of the picture
is lost—just that in the corner areas
that are blackened here—but the picture is distorted because the image
produced is higher than is normal for
its width. In other words, we are
now getting asquare picture from the
rectangular picture that is actually
transmitted.
If we maintain the proper aspect
ratio, but enlarge the picture so that
the height is equal to the useful screen
diameter as shown in Fig. 7C, then
we will get just the center portion of
the picture. It will be undistorted,
but all of the area that is shown in
black here will be lost. It so happens
9

or shaping controls, and two brightness controls.
Usually, a 5-pole,
double-throw switch is used to change
from one set of controls to the other.
Fig. 9 shows two sections of such a
switch. When it is thrown to the
"normal" position, voltage is applied
to the set of controls that is adjusted
to give the normally masked image
with the proper aspect ratio and with
very little loss of the total picture
area. When the switch is thrown to
the other or "zoom" position, the other
set of controls is switched in; the settings of these are such that the verti-

FIG. 9. Schematic showing dual controls
for zoom purposes.

cal size, vertical linearity, horizontal
drive, horizontal linearity, and the
brightness are increased so much that
the image makes full use of the entire
screen area of the tube.
MAGNIFIERS
A way of getting a larger picture
without making any change in the set
is to use a magnifying lens in front
of the tube. This blows up the whole
picture to a larger size. Fig. 10 illustrates atypical installation.
As shown in Fig. 11, when an object
is properly placed behind a doubleconvex magnifier lens, the light rays
from the object are bent. To an observer, however, they appear to be
coming in a straight line from a considerably larger image.
In other
words, the observer in Fig. 11 sees
10

Courtesy Celomat Corp.

FIG. 10.

A typical lens magnifier.

an enlarged image of the object,
rather than the object itself. The
amount of magnification depends on
the curvature of the lens and on the
position of the object behind the lens.
Since the face of the picture tube
represents a fairly large, flat area, it
is not practical to use adouble-convex
magnifying lens like that shown in
Fig. 12A to magnify it: because of the
curvature of the lens, its center will
be closer to the tube face than its ends
will be, and distortion will therefore
be produced. Instead, we use a lens
that has one plane or flat surface as
shown in Fig. 12B. Of course, if we
take a double convex lens and cut it
in half to get this shape, the distance
behind the lens that an object must
be placed to be brought to focus is
greatly increased, because there is
only one curved surface instead of two
to give the enlargement. Therefore, it
is necessary to use a relatively thick

IMAGE

OBJECT

OBSERVER
MAGNIFING
LENS

FIG. 11.

How a magnifying lens produces a larger image.

(
o
FIG. 12.

o
Magnifying lens shapes.

plano-convex lens, as shown in Fig.
12C, to make it possible to keep the
lens close to the face of the picture
tube.
The lens used has to be larger than
the picture tube face. Obviously, it
would be very expensive to cut aglass
lens of this size and grind and polish
it to the proper shape. To reduce the
cost, lenses are instead molded out of
plastics, usually Lucite or Plexiglas.
Some of the earlier plastic lenses
were solid plastic. However, it was
discovered that it was far cheaper,
and just as satisfactory, to mold a
plastic "bubble" that could be filled
with an oily liquid. Two styles of
lenses of this kind are shown in Figs.
13A and 13B. In each case, the lens
consists of a flat plate to which the
molded curved portion is cemented.
In the style shown in Fig. 13A, asmall
filler plug (1) is left open and the
liquid is poured into the space between the flat plate and the curved
face. Then the plug (which is in a
portion of the lens that is not used to
view the picture) is inserted. Ordi-

narily it is not possible to fill the lens
absolutely full of liquid, so a small
air bubble may be observable when
the lens is in the position shown in
Fig. 13A. However, when the lens
is placed upright in its normal position in front of the picture tube, this
air bubble moves out of the way (to
the top of the lens).
In the lens style shown in Fig. 13B,
the curved portion is filled with the
liquid before it is cemented to the
flat plate, or else a small filler opening is left at the joint (2).
Fig. 14 shows three ways of supporting the lens in the proper viewing
position. In the sketch shown in Fig.

o
FIG. 13.

14A, the lens is held in front of the
tube by a cord or strap that goes
over the set cabinet and hooks at the
rear. The lens is spaced out from the
picture tube by small plastic bumpers
behind the lens.
In the style shown in Fig. 14B, the
lens is screwed right to the front of
the cabinet. A third mount, shown in
Fig. 14C, consists of aframe or bracket
that slides underneath the set cabinet.
The weight of the set then holds down
the rear of the bracket so that the
lens is supported in the proper posi-

CORD OR STRAP

SCREWS AND
STAND-OFFS

FIG. 14. Typical lens supports.
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Liquid-filled lens.

FIG.

15.

A lens reduces
angle.

the viewing

tion. Most systems of this kind are
arranged so that the lens can be slid
up and down on the bracket to bring
it into the proper position for the
particular cabinet in question.
-Associated with every lens is adistance called the focal length, which
is the distance from the lens at which
it brings parallel light rays to afocus.
If the distance between the picture
tube and the lens is less than the focal
length, the lens will present amagnified image of the tube face to the
viewer; and the farther apart the lens
and the tube are, the larger this image
will be. If the separation between the
becomes equal to the focal length,
however, the magnification will become infinitely large, and the light
rays coming through the lens will become parallel, thus making it impossible to see the image. At still greater
separations, the image formed by the
lens will be inverted and small. The
lens must therefore always be separated from the picture tube by adistance that is less than the focal length.
As we said, increasing the separation between the lens and the tube

increases the size of the image. However moving the lens away from the
picture tube also greatly restricts the
viewing angle. When no lens is used,
it is possible for people to be at a
rather sharp angle with respect to the
face of the picture and still be able
to see the picture, as shown in Fig.
15A. As soon as a lens is used, however, the people at the extremes of the
sides cannot see all of the image. In
other words, as Fig. 15B shows, the
viewing angle is decreased by the
addition of alens.
This effect of decreasing the viewing angle is made worse as the lens is
moved away from the tube to increase the magnification, as shown in
Fig. 16. If the picture is enlarged
very much, therefore, it may be impossible for more than one or two
people to see it.
Some lenses give somewhat more
magnification than others for agiven
viewing angle, depending on their size
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FIG. 16. As the lens is moved to increase
the size of the image, the viewing angle
is further decreased.

12

and shape. For this reason, you should
check on the viewing angle and magnification of any lens to see if they
are acceptable before buying it.
In an attempt to solve the viewing
angle problem, some lenses are made
as shown in Fig. 17. A rubber sheet

ric.

17. A coupled liquid-filled lens.

or jacket that is secured to the lens
makes a water-tight seal between the
lens and the tube, and the space between the picture tube and lens is
filled with the same kind of liquid
that is in the lens. The result of
directly coupling the lens to the tube
in this manner is that the image seemingly appears to be on the face of
the lens. As aresult, this lens system
gives a very wide viewing angle—
practically the same as that obtainable without alens at all.
A disadvantage of such a lens system is that it is much more difficult
to install. It may be necessary to
modify the cabinet to make it accept
the lens if the masking opening on
the cabinet will not permit the lens
coupling to go in and be fastened
around the tube. Such amodification
of the cabinet may or may not be
practical, depending on the conditions
in each case. Further, the addition
of the lens makes it rather difficult to
replace the tube and to service the
set, because the tube-lens assembly
must be removed as aunit if the liquid
is to remain within the sheath between
the lens and the tube.
An entirely different method of
making alens is shown in Fig. 18. This
lens, known as the "Fresnel" type,
consists of a number of circular en13

gravings on a flat sheet of plastic. As
shown in the enlargement in Fig. 18B,
each succeeding cut on the face of this
plastic is at a different angle, so that
the sum of their surfaces is equivalent
to the surface of a lens having the
thickness shown by the dashed line.
Effectively, therefore, a thin sheet of
plastic can be made to act just like
a very thick plano-convex lens by
shaping it this way.
If the plastic has a sufficient number of these cuts or ridges in it, and
they are accurately cut, this system
proves satisfactory. Because of its
simplicity, and the small amount of
material in it, such alens is somewhat
less expensive than some of the other
types.
It is important that the lens be
mounted accurately with respect to

FIG. 18. A Freund lens.

the face of the picture tube—otherwise a very distorted image will be
produced. In addition to its cost, the
care needed to mount it, and the restriction in viewing angle that it
causes, a lens has the disadvantage
that it absorbs a considerable amount
of the light traveling through it and

The direct-view tubes that are in
use today are about as large as we
can expect to go and still have them
reasonable in cost, size, and weight.
If larger images are desired, it is necessary to turn to projection systems.
As a matter of fact, many home receivers use projection units that give
images not much larger than some
of the direct-view tubes (about 12 x 16
inches). Other units build on up from
this size to the large theatre projection units that produce images around

therefore reduces the brightness of the
image somewhat. Finally, the sharp
curvature of the lens introduces problems because of glare due to reflections from light in the room. (We'll
study glare in more detail later in this
Lesson.) For these reasons, a lens is
by no means aperfect solution to the
problem of getting a larger picture.
Nevertheless, a fairly large number
of lenses are in use, particularly with
7-inch and 10-inch picture tubes. They
are not very frequently used with the
larger direct-view tubes because they
cost so much in these sizes.

18 x24 feet!

Projection Systems
The most obvious projection system
consists of using a projection lens
(like those used in movie or slide
projectors) in front of the picture tube
to throw an enlarged picture on a
screen as shown in Fig. 19. The size
of the image on the screen depends on
the lens used, its position with respect
to the picture tube, and the distance
from the lens to the screen.
The brilliancy of the picture on the
ordinary picture tube is far too low
for a projection system of this sort.
There is a considerable loss of light
in the directions A and B in Fig. 19,
and, in addition, there is more loss in
the transmission through the lens system itself. Finally, when even arather
brilliant small picture is spread over
a much larger area in the projected

PICTURE
TUBE

A LENS

FIG. 19.

Lens projection.
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picture, there is adrastic reduction in
the amount of light per unit of area.
Hence, even though a small directview tube may give apicture of sufficient brilliancy to be easily seen in a
brightly lighted room, this same image
projected on a screen and thus enlarged several times would be difficult to see even in the dark.
The practical solution to the last
problem has been the development of
special projection-type picture tubes.
To begin with, it is desirable to have
a tube of small diameter so that the
original picture will be small; this
simplifies the lens design and allows
the use of aless expensive lens system.
Then, apicture of very high brilliancy
is produced on the face of the tube.
This is done chiefly by using very
high accelerating voltages (they range
from 25,000 to 30,000 volts for home
projection units and are as much as
80,000 volts in theatre systems),
which produce an extremely bright
spot. The brightness of the picture is
further increased by using atube having an aluminum backing behind the
fluorescent screen to reflect forward
through the face the light that would

ordinarily be directed toward the back
of the tube and lost. In this respect,
aprojection tube is like the "daylight"
tubes used in many direct-view sets.
The basic "standard" receiver is
used in such projection sets. The only
modifications consist of using the pro-

Courtesy Bausch and Lomb Optioal Co.

A TV projection lens.

ticular arrangement of elements in
this system is such that more efficient
light gathering is obtained, with the
result that the image is somewhat
brighter than that obtained by the use
of a comparable projection lens.
Furthermore, this system is more desirable for homes because it is far
less costly and much more compact
than the lens system.
MIRROR PROJECTION
Fig. 20 shows the basic details of
the projection system that is used today in most home receivers and also
in many of the large commercial systems. Briefly, the projection tube faces
aspherical mirror, and the image from
the mirror is brought to focus on a
screen at the proper distance away. As
long as the projection tube is placed
within the focal distance of the spherical mirror, the image at the remote
point will be an enlarged one. Whereas the efficiency of a lens system is
only about 5% to 10%, mirrors such
as this have efficiencies much nearer
30%, so that a considerably brighter
image can be obtained.
The spherical mirror by itself will

jection tube, a higher voltage supply
for the tube, and usually an increased
sweep output.
Because the initial picture is very
bright, a lens system can be used to
project it on a viewing screen. Even
so, in the larger screen sizes, the image
is not as bright as that of a directview tube, but many people are willSPHERICAL
ing to accept it anyway because of its
,
MIRROR
SCREEN
large size.
BLACK
ft___
CORRECTOR
SURFACE
LENS
Although the system is practical for
theatre and club use where a very
large image is desired, the system
using an optical projection lens shown
in Fig. 19 is not much used in home
set-ups. One reason is that most of
these systems require a fair amount
of space; another is that the room in
FIG. 20. Spherical mirror projection.
which the set is used must be kept
rather dark, much as it must be for
not bring the image to aproper focus.
home movies. For these reasons, a It is necessary either to grind the mirsomewhat different projection system
ror to a special shape, which would
is more commonly used in home inmake it extremely costly, or to use
stallations.
a corrector lens. The corrector lens
This latter projection system, which
itself has a rather peculiar shape and
was borrowed from the astronomers,
would be costly if it were ground from
makes use of a spherical mirror inglass. However, these corrector lenses
stead of a projection lens. The par- are today molded from plastic mate15

rial so that they are relatively inexpensive.
Fig. 21 shows why the corrector lens
is needed. Let's assume that the point
0 in this figure is a particular spot
that is illuminated on the face of the
projection tube. Notice that light

FIG. 21. How the corrector lens works.

originating at this point will be reflected to different points along the
axis line O-A if the spherical mirror
alone is used (follow the dotted lines).
Thus, light that follows path 1
strikes the axis at a point far removed from the place where light
would fall if it traveled along path 3.
Let's say that we want all the light
rays to strike the axis at the same
point A as the ray following path 2
does. We can produce this effect by
using acorrector lens having the shape
,
shown, which will bend the rays traveling along paths 1and 3so that they
come together with that from path 2
at point A. In fact, if we use a corrector lens of the proper shape, we can
bring all the light rays from the
spherical mirror to a focus at the desired point.
The exact shape needed for the corrector lens depends on where it is
placed in the light path. This lens
does not enlarge the image or otherwise change it—all it does is bend
the various rays of light so that they
all come to the same focal point. The
'magnification that is obtainable in the
system depends entirely on the size
of the spherical mirror and its posi16

tion with respect to the projection
tube and the screen.
• The combination of the spherical
mirror and corrector lens to produce
an enlarged image was first developed
by an astronomer named Schmidt for
use in telescopes. For this reason, you
will sometimes find that a projection
television system of this sort is called
aSchmidt lens system.
If the image is to be projected on
a screen at some distance from the
receiver, the system shown in Fig. 20
is used much as it is shown here. The
tube is mounted with the spherical
mirror and corrector lens in an optical "barrel" that is ma,de light-tight
in all directions except through the
corrector lens to prevent light from
external sources from getting in. The
system is focused by moving the tube
away from or closer to the spherical
mirror, and the entire barrel, including the spherical mirror, can be moved
with respect to the screen to determine the size of the image.
Notice that there is a black surface directly in front of the picture
tube on the spherical mirror. This section is designed so as not to reflect
light at all. This is necessa
so lug,
light cominiriom
e tube will not
be reflected directly back on the face
of the tube; if this were to happen,
the contrast of the image would be
reduced. The rest of the spherical
mirror surface reflects the light from
the picture tube through the corrector
lens rather than back at the tube.
Care of Mirrors. The spherical
mirror used in this optical system is
unusual in that the reflecting surface
is on the face of the mirror rather
than on its back. The ordinary home
mirror has the silvered surface on the
back of the mirror, so that the glass
acts as aprotection for it. If abacksilvered mirror were used in a system
such as this, however, the light rays
from the projection tube would have

to go through the glass, strike the
reflective coating, and then come back
through the glass, with the results
that they would be bent at the points
of entering and leaving the glass, and
that light would be lost in traveling
through the glass. Therefore, the silvering is placed on the top surface of
the mirror, where it faces the tube
itself. It is very important that you
never touch the mirror surface either
with your hands or tools, because the
oil and acids normally present on the
skin will attack the mirror. This will
result in discoloration and corrosion
of the surface with consequent loes of
reflecting ability. If it is necessary
to handle such a mirror, be sure to
touch it only on its rear surface or on
the extreme edges where it is not
coated for reflection.
To prevent dust from collecting on
the mirror, the optical barrel is usually made dust-tight. Should there ever
be any need for cleaning such amirror,
a small, soft, camel's-hair brush can
be used to pick up the dust. It is
important to avoid the use of water
and other cleaning compounds on
these mirrors. Should you by accident touch a mirror, refer to the instructions accompanying the set, because sometimes the manufacturer
will recommend a particular cleaner
that can be used safely. If you find
no such recommendation, however,
contact the distributor for instructions
rather than damage the mirror by attempting to clean it.
The corrector lens is made of soft
plastic material and is very easily
scratched; even rubbing it with a
cloth may mar it. Again cleaning fluid
should be avoided, since the chemicals
in some of them may eat away plastic. tise acamel's-hair brush for dusting; for cleaning, again consult the
manufacturer's instructions.
There are two basic screen arrangements that may be used. In one, the
17

screen is just like amovie screen, and
the image is viewed from the side on
which it is projected. In others, the
screen is a translucent material on
which the image is projected from the
rear. Many of these screens are ground
glass, although other materials (to be
described later) are sometimes used.
THE RCA SYSTEM
Many television receivers use a
projection system to give alarge image
on a screen that is a part of the cabinet. The light path of the system
shown in Fig. 20 must be bent for it
to be used this way in a cabinet of
reasonable depth. In the RCA line
of projection receivers, and in all
others that are adapted from this line,
the system is basically that shown in
Fig. 22. Here, a flat plane mirror is
mounted at a45° angle behind aview-
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FIG. 22. The RCA projection system.

ing screen, and the image is reflected
from this mirror to the screen. Mounting the tube in this way and then
bending the optical path with the flat
mirror makes it possible to use a
cabinet of ordinary depth and not an
unusual height to get the enlarged
image. The viewing screen commonly
CORRECTOR LENS
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CENTERING
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FIG. 23. The RCA optical barrel.

used on cabinets of this kind depends
on the design of the cabinet. Common
sizes are 16 x 20 inches or 18 x 24
inches—either of them larger than the
picture obtainable even on a 20-inch
direct-view tube.
A drawing of atypical optical barrel is shown in Fig. 23. The adjustments on the side of the barrel focus
and center the image by raising or
lowering the tube or by moving it
from side to side. The corrector lens
acts as the top of the barrel and keeps
dust out of it. To keep dust off the
top face of the corrector lens, the
space between the lens and the plane
mirror is usually enclosed in a cloth
jacket.
The connecting leads going to the
base of the picture tube and to the
deflection coils come out through a
cable. Although these leads pass
through the light path, they do not
block any of the image because light
from every point on the spherical mirror is used at any one moment to
illuminate a point on the screen corresponding to the point illuminated

on the face of the picture tube. Therefore, no shadow is cast by these leads.
They do reduce the total amount of
light reaching the screen, but the loss
is very slight.
The cabinet can be kept reasonably
low by arranging it as shown in Fig.
24. The screen of this set is secured
in a vertical track so that it can be
hidden inside the cabinet when the set
is not in use but can be brought up
to viewing position by raising the lid.
In asystem of this kind, the lid must
come up to exactly the right angle,
because the flat mirror is on the lid.
Therefore, stops are used in the cabinet to fix the position in which the
lid remains when it is lifted.
As we mentioned, the screen itself
must be translucent because the image
is projected on it from behind and is
viewed through it. Ground glass has
often been used, but some receivers
have a screen that consists of several
layers of plastic. The center layer is
a diffusing layer. The back sheet of
the combination screen is cut to be a
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Courtesy RCA

FIG. 24.

A typical projection set.

Fresnel lens like the one described
earlier. This lens concentrates the
light so that it goes directly through
the screen. The front layer of the
combination has vertical ribs cut in it
so that the image can be seen from a
somewhat wider viewing angle. This

combination screen and lens transfers
several times more light than an ordinary ground-glass screen does and also
offers a somewhat wider viewing
angle. Even so, however, the image
on such a screen is bright and clear
only within a restricted angle; if one
gets too far to the side, the image will
practically disappear.
Incidentally, it is not easy to adjust
the contrast and brilliancy properly
when you are right next to a screen
of this kind, so some projection sets
have remote control equipment that
permits the contrast and brilliancy to
be adjusted from the normal viewing
position. Such acontrol does not provide tuning; it is still necessary to
operate the tuning control at the set
itself.

TO
AUDIENCE

FIG. 25. The Philco system.
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Keystoning and its correction.

THE PHILCO SYSTEM
Instead of using a translucent
screen and projecting the image on
the rear of it, the Philco system is
arranged so that the image appears
on the front of the viewing screen.
The shape and reflecting qualities of
the viewing screen are such that this
system gives somewhat greater light
transfer than does rear projection.
However, a rather special arrangement is necessary within the set to
avoid distortion of the image.
The basic light path is shown in
Fig. 25. A projection tube is used in
a Schmidt lens system very similar
to that of the RCA receivers. The
image is reflected from a spherical
mirror through a corrector lens to a
flat mirror, which then reflects the
image onto the front of the viewing
screen. In this case the viewing screen
is mounted on the lid of the cabinet
and is raised to an angle of about
67 1/
2° for normal viewing from the
front of the cabinet.
The basic difficulty with this system
is the fact that the optical barrel is
not at an angle of 45° with respect
to the plane mirror and that the light
path is not at right angles to the viewing screen. As a result, arectangular
picture (Fig. 26A) on the face of the
picture tube will produce an image
on the viewing screen having the
shape shown in Fig. 26B, in which the

top of the image is wider than the bottom. (This is called a "keystone"
image because its shape is the same
as that of the keystone of a stone
arch.)
This difficulty can be avoided by distorting the picture on the face of the
picture tube so that it has the trapezoidal shape shown in Fig. 26C. Then

MOUNTING YOKE

BAR MAGNET

would otherwise be directed up or
down is concentrated by the curved
screen into the forward direction. The
screen has vertical ridges in it that
are intended to increase the width of
the viewing angle somewhat and to
decrease glare caused by light that
strikes the screen from the side.
This viewing screen is mounted on
the inside of the lid of the cabinet, so
that the lid must be raised to make
the picture visible. There is aspecial
stop arrangement on the lid that
allows it to be brought up to the
proper position for viewing but no
farther.
THE PROTELGRAM SYSTEM

PICTURE
TUBE

FIG. 27.

Keystoning magnets in place.

the distortion in the picture will exactly cancel the distortion introduced
by the optical system, and the resulting image will appear in the correct
proportions (Fig. 26D).
The required distortion of the initial picture is easily obtained by using
a magnetic field to bend the electron
beams. Two bar magnets are placed
on opposite sides of the tube face as
shown in Fig. 27. The magnets are
held by a yoke that surrounds the
edge of the tube. The positions of
these bar magnets can be adjusted to
produce a picture on the tube that
will be distorted in just the right way
to cancel the distortion in the optical
system. Because these magnets give
the initial picture a keystone shape,
they are known as keystoning magnets.
Since the image is formed on the
front of the viewing screen, the screen
is designed to reflect light rather than
to transmit it. It is curved slightly
to decrease the vertical viewing angle.
This arrangement increases the brightness of the image, because light that

As Fig. 23 showed, the optical barrel in the Schmidt lens system described so far is somewhat bulky. For
this reason, a fairly large cabinet is
needed to house such a system.
The Protelgram system developed
by the North American Philips Company, however, has an optical barrel
small enough to be housed in atable-

FIG. 28. The Protelgram box compared
to a standard barrel.
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model receiver. This reduction in size
is produced by using a "folded"
Schmidt lens system and a 21
2 -inch
/
projection tube. The basic difference
between this and the system used by
RCA and Philco is shown in Fig. 28.
As you can see, the tube is inserted
in the box in front of the curved mirror M in much the same manner as
in the other systems. However, the
light path from this mirror M is to a
plane mirror P mounted at a 45°
angle, which reflects the light up
through the correcting lens L and thus
out of the box. The projection tube
T is inserted through a hole in the

opened view of Fig. 30, you can see
the spherical mirror, the inclined plane
mirror, and the corrector lens at the
top of the box. Notice how just the
tube face protrudes through the plane
mirror.
Fig. 31 shows the tube itself. As
you can see, it is very small in size.

Courtesy North American Philips Co.

FIG. 30. A cut-away view of Protelgram
box.

'
teee'e
Courtesy North American Philips Co.

FIG. 29.

An external view of a Protelgram unit.

center of the plane mirror P. All of
the tube except its face is taken completely out of the light path—the
focusing coils, wiring, socket, etc., are
not in the way at all. This eliminates
some of the light losses experienced in
the other systems.
The use of a small picture tube,
which makes it possible for the spherical mirror to be small also, and the
use of the plane mirror to bend the
light path, result in a compact optical unit. A general idea of this optical
unit's appearance can be obtained
from Figs. 29 and 30. In Fig. 29, the
tube and the deflection coils are shown
projecting out of the box. In the
21

The glass cup on the bell of the tube
near the face is used to insulate the
high-voltage connection from the outside of the tube, which is completely
covered by a grounded conductive
coating. When the high-voltage connection is made inside this glass cup,
the leakage path from this connection
to the outside conductive coating is
the total path up the inside wall of
the cup and down the outside. Hence,
this cup acts as an insulator.

—•
•
Courtesy North American Philips Co.

FIG. 31. A projection tube.

As shown at the left in Fig. 32, the
Protelgram optical unit can be installed in a console cabinet if desired.
Because of its small size, it is also
possible to lay the unit on its side, as
shown at the right in this figure, and
use an additional mirror to get avery

compact unit that will fit into atable
cabinet. Either of these arrangements
in cabinets of the size indicated in Fig.
32 will give apicture of 12 x16 inches.
In addition, this unit can be used for
projection onto a screen on the wall,
VIEWING

SCREEN

VIEWING SCREEN
MIRROR

MIRROR

FIG. 32.

Two ways of mounting a Protelgram unit.

in which case it can be made to give
a picture as large as 3x4 feet.
SUMMARY
From the foregoing details, you can
see that projection sets are basically
much like direct-view sets. The same
receiver chassis can be used in either
—the only basic differences are that
the former use a projection tube and
a higher-voltage power supply and

sometimes need a greater sweep voltage. Also, it may be desirable to use
a somewhat higher signal on the grid
of some projection tubes, in which
case the contrast control setting may
be at a higher level or an additional
amplifying stage may be used in the
video amplifier. In general, aprojection receiver is otherwise identical
with a comparable direct-view set.
You will, therefore, find the usual
TV controls on a projection receiver.
In addition, there will be the controls
that are necessary for proper focusing
and picture centering of the projection
unit. These controls are physical,
rather than electrical; that is, they
move the actual position of the tube
with respect to the mirror (or to the
lens in a lens system). A later text
will give more details about the adjustment of these controls. Since there
are several variations on the basic systems we have described, it is wise to
consult the manufacturer's information for exact details before attempting to adjust one. For example, in
some systems the manufacturer recommends the use of a special lamp,
which is used in place of the picture
tube, to get the optical system lined
up. Once the optical system has been
brought to a proper focus, the lamp
is removed and the picture tube is
installed in its place. In other systems, the optical system is lined up
with the picture tube already installed.

Eye-Strain and Glare Filters
engraving, should appear to the eye
to have a contrast range of approximately 30 to 1. This means that the
highlights or brightest portions of such
pictures, when viewed with normal
surrounding illumination, should be
about 30 times as bright as the darkest shade obtainable.

An important factor affecting the
quality of a television picture is its
contrast range. By "contrast," in this
case, we mean the brightness range
between the lightest and the darkest
part of the picture. Illumination experts consider that a good picture,
whether film, painting, television, or
22

With paintings or photographs, this
is not too difficult a range to obtain,
because dyes, paints, and printing inks
used for black are extremely lightabsorbent. The black level, therefore,
is very low, so a highlight 30 times
as bright can readily be secured by
using good paper or white pigments.
In the television and motion pictures, however, the "black" is actually
just the absence of light, so we can
have no true black. The darkest
shade we can get is determined by
the amount of the surrounding light
that is reflected from the screen surface. Therefore, if we start out with
a "black" that is actually well up in
the gray region, the highlight brightness must be very high if we are to
get our desired contrast range. In the
case of motion pictures, it is not
practical to get such extremely bright
levels; for this reason, motion pictures must be viewed in the dark so
that the dark elements of the scene
will be more nearly black, making it
possible for a reasonable light level to
represent the lighter portions of the
scene.
There are two reasons that make it
undesirable to view a television picture in complete darkness—first, it is
often inconvenient to try to make a
room dark enough, and secondly,
viewing such an image in the dark
tends to produce eye strain. This
strain results from the fact that the
eye becomes tired in attempting to
accommodate for both the bright picture and the surrounding blackness.
For these reasons, it is desirable to
view a television image in a room
that is at least reasonably well lit.
As a matter of fact, it is the opinion
of lighting experts that the amount of
light on the surrounding walls should
be approximately equal to the highlight brightness in the pictures that
are to be seen. This means that the
room should be almost normally illu23

minated for most television picture'
viewing.
As soon as we introduce such light
levels, however, we are back to our
original problem of a "gray" black
and may even encounter cases of a
"mirror" reflection or of glare. Let's
see what can be done to avoid these
difficulties.
SCREEN ILLUMINATION
As apractical example of the effects
of the ambient (surrounding) illumination, let us first assume that we can
have a television picture having the
optimum range of contrast of 30 to 1.
This means that if the brightest point
in the scene has a brightness of 30
foot-lamberts (a foot-lambert is aunit
of brightness used by lighting engineers), the darkest portion of the
scene must have a brightness of only
about 1foot-lambert.
Now, let us suppose that we light
up the surrounding room to abrightness of 20 foot-lamberts, which is the
level that may be found in a fairly
brightly lighted living room. The
viewing screen is necessarily also
lighted to the same level. The viewing screen is not a perfect reflector,
but it may easily reflect half the light
falling on it, so now the lowest level
of brightness of the screen is 1 plus
10, or is 11 foot-lamberts. Since the
minimum blackness we can get is
equal to the lowest light level that the
screen can reach, our "black" level is
now 11 foot-lamberts.
This same 10 foot-lamberts is added
to the highlight brightness also, making the highlight brightness now 30
plus 10, or 40 foot-lamberts. However,
notice what has happened to our contrast range. It is now 40 to 11 (instead of 30 to 1) or only about 3.6 to
1. Effectively, we now have awashedout grayish-white image.
To get back the proper 30-to-1 contrast range, the contrast and bright-

ness controls on the receiver would
have to be turned up to make the
highlight brightness 30 times 11 or
330 foot-lamberts. This would be far
too bright apicture for any degree of
comfort; in fact, it is a higher light
level than the average receiver can
produce.
Obviously, therefore, there are only
two things that can be done if we are
going to get anywhere near the optimum contrast range. One is to
greatly reduce the surrounding light,
with its attendant problems of being
inconvenient and perhaps causing
eye strain; the other is to reduce the
amount of light that is reflected from
the viewing screen. The latter idea
brings up the use of light filters. Let's
take our example and see just what a
filter will do.
In Fig. 33A, we have the screen
that is transmitting ahighlight brightness of 30 foot-lamberts and a"black"
brightness of 1 foot-lambert. Let's
assume that the screen has a50% reflectivity—that is, that it reflects 50%
of the light falling on it. If the light
from the room falling on this screen
is 20 foot-lamberts, the screen will
reflect a total of 10 foot-lamberts.
Our maximum possible contrast range
is now in the ratio of 40 to 11, or
about 3.6 to 1.
Now, let's place a light filter in
front of this television screen (Fig.
33B). This filter is alight gray sheet
of cellophane or similar material of
such a nature that it will pass only
part of the light that is trying to go
through it. Let's first assume that it
passes half the light. In this case, the
39-foot-lambert highlight brightness
of the picture is reduced to 15 footlamberts, and the "black" brightness
will be reduced to 0.5 foot-lambert.
However, notice what happens to the
surrounding (ambient) light. This
light must go through the filter to fall
on the screen and then must come
24

back through the filter asecond time
to come out.---Therefore, if we have a
surrounding light of 20, it is reduced
to avalue of about 10 before it strikes
the viewing screen. Since the screen
reflects half the light falling on it,
this 10 will return to the filter as
5 foot-lamberts and will be reduced
in half again (to 2.5) in passing
through the filter a second time.
Therefore, our minimum light level
has been reduced to 2.5 + .5 or to
3 foot-lamberts. With no change in
the original picture brightness, we now
have aratio of 17.5 (15 + 2.5) to 3,
which is 5.8 to 1instead of our original 3.6 to 1.
Of course, we started with an original picture highlight brightness of 30
foot-lamberts. If this represents the
highlight brightness that we desire,
and if the set has sufficient range, we
now can increase the original picture
highlight brightness to let us say 60
foot-lamberts, increasing the black
brightness to 2 foot-lamberts at the
same time. This will be reduced in
half by the filter so that the highlight
brightness on the viewing side of the
filter will be only 30, but we will now
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FIG. 33. How a light filter reduces
reflection.

have a range of (30 + 2.5) to (1 +
2.5) which is 32.5 to 3.5, or 9.3 to 1.
Notice that we obtain this increased
range with no increase in the actual
brightness of the final picture.
Of course, we could have increased
our illumination to 60 in the first case
(without the filter) and thus could
have nearly doubled the contrast

range, but this would have been at
the expense of producing an excessively bright scene.
Fig. 34 shows what happens if the
filter cuts out even more of the light
—if it only transmits, let us say, 20%
of the light. We now need 150 footlamberts from the screen to give us a
highlight brightness of 30, but our
VIEWING
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themselves. Many television pictures
have low contrast ranges, and these
may be further compressed by improper adjustment of the contrast and
brightness controls on the receiver.
Therefore, it is well to be cautious
about statements that a filter will
increase the contrast in the picture,
because this may not necessarily be
so at all. The filter merely makes it
possible for a full contrast range to
be visible when there would be such
a range in the picture on the tube if
it were not for the ambient light.

Notice that the filter will work satisfactorily only when it is in front
of the picture screen so that the room
F- L
light falling on the screen will be
20
L
doubly cut down. Holding such a
AMBIENT
filter directly in front of one's face
LIGHT
will do nothing except cut down the
FIG. 34. A filter with 20% transmission.
highlight brightness of the picture.
20 foot-lamberts of ambient light goes For this reason, goggles or spectacles
through the filter to appear as only made like sun glasses will not work
4 on the screen. This is reflected as 2 in the manner we have described. Of
course, if the picture brightness is run
and comes through the filter the second time as only .4 foot-lambert. This up to a very high level so as to get
gives a contrast range of 30.4 to 1.4 the highlight brightness as far from
or 21.6 to 1, which closely approaches the minimum level as possible, then
such goggles will cut down the terrific
the desired 30 to 1.
You can see, then, that it is possible brightness that would be harmful to
to get an increased contrast ratio in a the eyes, but this is not as effective
as the use of the filter on the viewing
room that is normally lighted by
using a filter in front of the face of screen itself.
Filters designed for improving the
the viewing screen, whether this viewcontrast by reducing the reflections
ing screen be a direct-view picture
from the viewing screen are usually
tube or the screen on a projection
system. It is necessary to run the neutral gray filters having light transpicture at a higher initial brightness mission abilities ranging between 20%
level to achieve this, however, and if and perhaps 35%. Some of these filthe set is not capable of producing a ters, however, are tinted blue. These
filters are considered desirable by
sufficiently bright picture, the filter is
some because the image produced by
not as effective. For this reason, filters
are less commonly used on projection many picture tubes has a yellowish
or brownish cast instead of being a
sets than on direct-view types.
It is important to realize that this pure black and white picture. This
filter improves the contrast only by may come about because the fluorescent screen materials do not produce
reducing the effect of ambient light.
It can do nothing whatever about limagood white, or because the tube has
ited contrast ranges in the pictures
aged and the screen has become slight30 F-L
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ly burned, or because the high voltage
is somewhat below normal. The use
of a blue filter will tend to wipe out
this color cast and to make the picture appear more truly black and
white.
*
Since people may obj ect to the effects of filters on the color or appearance of the picture, it is always well
to be cautious in recommending the
use of filters except on a trial basis.
A Polaroid filter recently put on
the market uses the phenomenon of
polarization of light to eliminate reflections from the picture tube. As
you know, ordinary light consists of
electromagnetic waves (like radio
waves, but much higher in frequency)

Courtesy Polaroid Corp.
This view shows how a Polaroid filter
cuts down glare. A set is facing a window reflecting a strong light, and the
filter is shown covering half of the tube
face.

that vibrate in all directions at right
angles to the direction of propagation.
Certain natural crystals have the
property of passing practically all
the light that vibrates in one plane,
and of absorbing light that vibrates
in other planes, with amaximum absorption of vibrations that are 90°
from the plane that is passed. Such
crystals are called "polarizers," because the light they pass is polarized
(that is, it vibrates in only one plane).
Polaroid is amaterial that is made
by embedding vast numbers of tiny

polarizing crystals in a sheet of plat>
tic. It acts as an efficient polarizer:
about 50% of a beam of unpolarized
light that strikes a sheet of Polaroid
will pass through it, emerging as a
polarized beam. The rest of the beam
will be absorbed. Its action on polarized light depends upon the angle between the plane of polarization of the
light and the polarizing plane of the
Polaroid. If this angle is 0° (that is,
if the light is polarized in the plane
that the Polaroid passes), the light
will be passed almost completely; if it
is 90°, the light will be almost completely absorbed; and if it is somewhere between 0° and 90°, part of the
light will be passed, the rest will be
absorbed.
In this new filter, asheet of Polaroid is bonded to another material that
has the effect of producing a 45°
rotation of the plane of polarization
of any light that passes through it.
The filter should be placed on a TV
set so that the Polaroid side is farther
from the tube. When this is done, it
will be impossible for ambient light
to be reflected from the face of the
tube. Let's see why.
The light from an ordinary source,
such as an electric light bulb, is unpolarized. When such light strikes
the filter, half of it passes through the
Polaroid, emerging as polarized light.
The plane of polarization of this light
is then rotated 45° by the other material in the filter. Next, the light is
reflected from the face of the tube
back toward the filter. This time, it
strikes the rotating material first, so
its plane of polarization is rotated
45 ° more, making atotal of 90°, before it reaches the Polaroid again.
Since its plane is now 90° from the
plane that the Polaroid passes, the
light is almost completely absorbed.
Thus, no light is able to pass through
the filter, be reflected from the tube,
and pass out through the filter again.
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Half the light from the tube face,
however, which is initially unpolarized, is able to pass out through the
filter. Thus, the filter acts as a 50%
filter as far as the light from the tube
is concerned and as virtually a 100%
filter for ambient light.
ROOM ILLUMINATION
You can see from what we have said
that it is desirable to have normal
room illumination, but it is not desirable to have too much light. If the
light level is too high, it is practically
impossible to get the highlight brightness of the picture high enough to
overcome the surrounding level. It is
all but impossible to see the picture
if direct sunlight is allowed to fall on
the screen, for example.
As a further point, it is of course
undesirable to have the set placed next
to abright source of light. If you can
see a strong light at the same time
you are attempting to watch the
screen, your eyes will become tired
from trying to accommodate intermittently between the strong light and
the less brilliant screen, just as they
would for the opposite condition of a
bright screen and dark surroundings.
That is why it is undesirable to place
the television set next to a window
through which sunlight may come.
In general, therefore, it is desirable
to light the room to a normal level,
preferably by the use of indirect or
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shaded lights during evening hours,
and, in the daytime, to cut down
somewhat on the amount of sunlight
present by drawing the blinds at least
part way. Strong light should not be
allowed to shine directly on the screen
nor to be right beside it.
To make it easier to watch a TV
picture, the lights in the room must
be properly arranged with respect to
the set. Glare can be caused by excessive illumination at the wrong angles
to the viewing screen. As amatter of
fact, the screen is so mirror-like that
it is even possible to get reflections
and to see the light source in the
screen if the former is placed in the
wrong position. In general, therefore,
it is not desirable to have lights directly behind the viewer so that the
light, viewer, and viewing screens are
on the same line, and not to have the
lights beside the set. The light from
all sources in the room should be
practically at right angles with respect
to the line formed by the television
set and the viewer. Under these conditions, with the normal relatively
flat-faced viewing screen, the light
source may produce some glare but
not at least amirror reflection.
If a magnifier lens is used in front
of the set, the problem is quite severe,
because the curved surface of the
magnifier is practically certain at
some point to be of the right shape to
produce amirror reflection.

Color Television
Ever since the beginning of the
idea of atelevision system, many engineers have been working on television in color. Because it is so desirable from the standpoint of natural
rendition of ascene, color television is
almost certainly the system that will
eventually be put into use providing
apractical system that is not too expensive can be developed. Involved
in this cost problem is not only the
initial cost of the receiving equipment,
but also the extra costs at the transmitting end, both in original material
and in operation.
Of course, a color system, to be
practical, must be as reliable in maintaining synchronization as is the modern black-and-white process. As yet,
there has been no standardization on
color systems because no one system
has yet been adopted. In the following, we shall describe four or five
basic color systems that are at least
in the laboratory developmental stage,
so that you will have ageneral understanding of the problem and can see
the direction of thinking of the engineers that are working on this problem. We shall primarily discuss receiving equipment. You can assume
that in all cases, the transmitter must
use corresponding units to pick up
the image.
We cannot say that any one of these
particular systems will ever be the
one that is finally developed—but
from the emphasis on color development in the laboratories today, and
from the great public demand for color
television, it seems quite possible that
the next few years will see apractical
system placed on the market. It is
even possible that more than one system may come into use if the standards for picture transmission can be
set to permit this.

Before we go on to learn about these
basic systems, however, let's briefly
review afew facts about light.
LIGHT FILTERS
What we know of as white light is
actually acombination of all colors in
such proportions as to give the effect
of white to the eye. However, we need
not have all colors to produce white,
because of the way in which the "primary" light colors blue, red, and
green will add together. As Fig. 35
shows, the proper admixture of these
three will produce white. Also, it is
possible to get white light by combining the complementary colors.
Thus, blue and red combined will give
magenta, and magenta with green will
give white. Similarly, blue and green
will give peacock blue, which when
added to red will give white. Finally,
red and green light combined will give

FIG. 35.

The effect of mixing various
colored lights.

yellow, which when added to blue will
give white. Since the three primary
light colors can be combined to give all
the colors plus white, we can reproduce
a full color image if we can have a
system that will break down the original image into these three primary
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colors at the transmitter and recombine them correctly at the receiver.
The process of adding colored lights
together must not be confused with
that of mixing paints or dyes, which
is a subtractive process rather than
an additive process. For example,
when yellow and blue lights are mixed,
the added colors give white as aresult.
On the other hand, if you mix yellow
and blue paint, you will get green
paint as a result. The difference lies
in the fact that the color you see when
you look at paint is the color of light
that the paint reflects or transmits;
all other colors that may be in the
light that strikes the paint are absorbed by it.
Suppose, for example, that ayellow
paint is illuminated by white light.
The paint will absorb or remove from
the white light the blue, purple, and
red components; it will reflect primarily yellow, plus some green and
orange. It will therefore appear yellow to your eyes, which see only the
light reflected from it. Similarly, blue
paint will absorb and remove from
white light the yellow, orange, and
red, reflecting primarily blue and some
green and purple. If we mix these
two paints together, green is the only
color not absorbed by either paint,
and it is therefore the only color reflected to your eyes.
Basically, therefore, from a lighting standpoint, color television can be
obtained simply by taking pictures of
the red, green, and blue components
of the image to be transmitted, and
then, at the receiving end, reproducing each of these three color images
and superimposing them upon each
other on the viewing screen to form
the composite full color scene. Two
mai or problems are involved: first,
the separation of the scene into primary colors; and secondly, the recombination of the different images at
the receiver. It is necessary that these

images be combined at arapid enough
rate to prevent flicker, and the overlapping of the images must be carefully controlled so as to produce the
illusion of a solid colored scene. Fundamentally, therefore, instead of dealing with one scene at a time, we are
actually trying to handle three.
IMAGE TRANSMISSION
There are two basic methods of
sending the colored images as atransmitted signal. First, the respective
color images may be sent one after
another in sequence, or secondly, they
can all be sent simultaneously by using
each to modulate a different carrier.
Sequential Scanning. In the sequential system, a line may be
scanned for the red values in it, for
example, then scanned a second time
for the green values, and finally for
the blue, after which the process is
repeated for the next line. In such a
case, the red image is sent as a line;
the next line corresponds to the green
image; and the next line corresponds
to the blue image (see Fig. 36A).
When all three images corresponding
to a single line of the original scene
have been obtained, the next line of
the scene is scanned in the same sequence.
If the separate frames can be combined at a rate fast enough, it is possible to make this sequential scanning
that of a complete frame or picture,
instead of lines. Thus, the entire picture could be scanned first to get ared
image, scanned again to get a green
image, and scanned yet again to get
a blue image. Then all three of these
images for the complete frame could
be recombined. If this is done, it is
necessary to transmit at a much
higher frame rate, because the color
images must all be recombined at a
fast enough rate to avoid flicker. This
means that about 20 frames per second for each color is about the slowest
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FIG. 36.

Scanning methods.

we can expect, and we would probably have to go to 24 or more. Since
there are three colors, the number of
frames per second would have to be
at least three times the lowest number
that was found acceptable.
On the other hand, if each line is
scanned three times before the next
line is scanned, the same number of
frames may be used; but now we
have three times as many lines. Therefore, no matter how it is done, asequential scanning system would differ
from present-day standards either in
the number of frames or in the number of lines, or perhaps even in both.
Hence, either a frequency channel
wider than the present 6-mc. one must
be useethe image detail must be
ed by reducing the line resolu-

tion (a reduction in the detail because
of the loss of high frequencies).
Whether a poorer color image should
be accepted or achannel about 9-mc.
wide should be used has not yet been
settled.
Simultaneous Scanning. The simultaneous scanning system is one in
which we have three different signals
produced by three different pickup
tubes, each of which scans the scene
all the time. One tube picks up the
red image, another the green, and the
third the blue. The three signals are
then modulated on three separate carriers, or on sub-carriers that are combined into one. Since we have three
entirely separate images from beginning to end, it is possible to use the
black-and-white standards for lines
and frames. However, we must use
nearly three times as wide a channel
to transmit the whole image if today's
standards are maintained. Thus, if a
6-mc. channel is necessary today for
black and white, a simultaneous system using the same standards for each
of the three colors would require an
18-me. channel. Of course, it isn't
quite as bad as this—one or more of
the colors could perhaps be sent in
anarrower channel, and there is only
one sound channel for the entire picture, so arange of from 14 to 16 mc.
would handle such an image. In fact,
it would be possible to handle the
image in a 16 me. channel by using
multiplexing or other tricks of modulation.
The wide frequency spectrum needed
is one of the stumbling blocks that has
prevented the introduction of this
kind of color system. The Federal
Communications Commission has insisted that any color system it is to
approve for commercial use must be
less wasteful of the frequency spectrum.
Another important question not yet
settled is whether a color system
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should exist as an entirely separate
scene were picked up by the camera;
service, or whether it should be able
however, the black-and-white picture
to produce an acceptable image on a produced by, say, the green signal
black-and-white receiver as well. In
should be acceptable, if not perfect.
the case of the simultaneous systems,
Each of the systems to be described
holds promise of being workable. The
any one of the three images can be
used as a black-and-white image. For eventual choice will depend upon cost
considerations and other factors that
example, the green image of a simulwe shall mention.
taneous system, if it were transmitted
according to present day standards,
MECHANICAL SYSTEMS
would produce a satisfactory blackA
mechanical means of getting a
and-white picture representing the
color image has been known and excomplete scene. The receiver in this
perimented with for a long time. In
case would just ignore the other two
fact, the use of a mechanical disc or
color images, which would be supdrum goes back to black-and-white
pressed by its tuned circuits. The
systems that were in use before the
sequential systems, however, can be
development of the electronic picture
received only on a set designed for
tube.
the color image. The ability to operA simple form of this system is
ate both kinds of receivers has always
shown in Fig. 37. The reproduced
been one of the strong points in favor
television image appears on the face
of simultaneous transmission; in fact,
of a standard cathode-ray tube as an
it may eventually outweigh the objecordinary black -and -white image.
tion that a wide frequency band is
However, the light from this tube
necessary for such asystem.
must pass through acolor filter before
Incidentally, you may wonder how
being projected on the viewing screen.
a color image could be reproduced as
A color filter is made up of a disc of
black and white. It is very important
separate filters for red, green, and
to notice in the following discussion
blue light. The disc may have six,
that in all cases we are merely using
nine, twelve, or more segments if dea filter in front of the camera to filter
out lights of all but the desired color,
CATHODE
RAY TUBE
so that only light of this color is registered by the camera tube. However,
the camera tube is the same type as
LENS
that used today, so the image of any
color that is transmitted consists of
SCREEN
SYNCHRONOUS
a voltage variation that corresponds
MOTOR
to the varying brightness level of the
elements of the scene as far as light
COLOR DISC
of that color is concerned. At the reFIG. 37. A mechanical color scanner.
ceiver, if there is no corresponding
color filter, the pickup tube will be
sired, but the number of segments
actuated to reproduce a black-andmust be amultiple of three if athreewhite picture corresponding to the
color system is used.
voltage variations in the transmitted
The disc is rotated by a synchrosignal. Of course, the contrast of this
nous motor so that the color segment
black-and-white picture produced by
in front of the picture tube at any
a color signal may not be the same as
time is the proper one for the color
it would be if white light from the
that is to be reproduced at that time.
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devices that become worn out with
use and therefore require maintenance
and repair.
The problem of getting the synchror
1
nous motor to rotate at the correct
speed and to put the right color disc
in front of the image at the proper
time is not insurmountable. A special
FIG. 38. Another possible mechanical
synchronizing signal can be sent along
color scanner.
with the television image and be applied to the motor circuit through a
This system must be used with the
regulating network that will keep the
sequential method of transmitting the
motor running at the proper speed.
color information; to keep the speed
This is basically quite asimple sysof rotation of the filter disc at some
tem. If the objections to the use of
reasonable fizure, it is necessary to
amechanical system can be overcome,
use frame rather than line sequences.
it may eventually become successful.
In opeTation, the color disc is roColor Drum. A somewhat modified
tated continuously. Its size and speed
form of the system is shown in Fig.
of rotation are such, however, that one
38. Here, alarge drum is used instead
color segment remains in front of the
of a segmented color disc. A short
image for one entire frame so that a picture tube is mounted within the
complete color frame is produced.
drum, and the color filters are
Then, when the next frame starts, the
mounted so that each will pass in
next color of the disc is interposed
front of the tube in turn as the entire
between the picture-tube image and
drum rotates. This construction perthe screen. Finally, when the third
mits a great many filters to be used,
frame is reproduced, the third color
which makes it possible to reduce the
of the disc is interposed. Thus, three
speed of rotation of the drum.
separate color images are reproduced
THREE-TUBE
in sequence on the same screen area.
ELECTRONIC
SYSTEM
The rate at which they are produced
A
completely
electronic
system for
is so fast that the eye blends them all
reproducing television in color has
together as asingle image.
long been the goal of television engiOne of the disadvantages of this
neers. The most basic arrangement
kind of system is that light is lost in
of this kind is shown in Fig. 39.
passing through the filters. This can
be made up for by the use of projecSCREEN
tion-type tubes. A more important
CATHODE
difficulty is that of keeping the synRAY TUBES
FILTERS
LENSES
chronous motor exactly in step with
RED
the one that is used at the transmitter.
Naturally, the color discs at the receiver and the transmitter must be
exactly in step at all times—otherwise a color that is transmitted as
BLUE
blue might appear as red or green at
the receiver, and so on.
A final disadvantage is the fact that
FIG. 39. A three-tube color system
this is a mechanical system—it uses
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Basically, this system uses three
separate receivers, each feeding asignal representing the light value of a
particular color to its black-andwhite picture tube. Light from each
image then passes through a filter of
the right color, after which it is
focused by alens on aviewing screen.
The three tubes are arranged so that
the three images overlap each other
properly to produce acomposite image
that has the correct color at every
point.
Obviously, a device that requires
the use of three separate receivers
would be very expensive. However, a
single receiver can be used if it is
specially designed to have r.f. and i.f.
systems of the proper wide band width
and to incorporate electrical filters to
separate the signals of the three
images from each other. Three picture tubes are still needed, however.
In this electronic system, we use
the same filters used in the mechanical system, but they are now fixed—
they do not need to rotate, because
the tubes are either operated from
entirely separate signals or operated
in sequence so that the proper tube
behind the proper filter is illuminated
at aparticular instant.
Although this basic electronic system does work, its cost is too high.
Several modified forms of the system
have been developed, however, in
which asingle tube is used. These are
considerably less expensive.
SINGLE PICTURE-TUBE
ELECTRONIC COLOR SYSTEMS
The system shown in Fig. 40A is
one that uses a single picture tube to
produce color electronically. In this
particular system, the color image is
broken up into separate small pictures that all appear on the tube face
during asingle vertical scan. In other
words, when the electron beam completes one vertical scan of the picture
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tube face, three separate small, blackand-white pictures will have been
formed, one corresponding to the red
image, another to the green, and the
third to the blue. Light from each
image passes through an appropriate
color filter; then, by means of a prismatic optical system, the three singlecolor images are combined into a
single natural-color image that is projected onto ascreen.
To produce these different pictures
an optical system at the pick-up camera splits the light from the scene
into three parts, each of which is filTO RED FILTER

TO BUJE FILTER

o

OPTICAL SYSTEM
(FILTERS, PRISMS, LENSES)

'

FIG. 40.

A single-tube color system.

tered to produce a single-colored
beam. Each beam is brought to a
focus on a particular area of the
mosaic of the picture tube. Thus, three
separate images, one in each of the
primary colors, are produced on the
mosaic. When the mosaic is scanned
by the electron beam of the pick-up
tube, all three images are converted
into electrical signals for transmission.
The optical system at the pick-up
camera can be made to arrange the
three images one above the other or
side by side on the mosaic of the pickup tube; they will appear in the same
orientation on the face of the picture
tube (see Figs. 40A and 40B). It is

also possible to use an optical system that will produce the image arrangement shown in Fig. 40C. Either
three or four images can be produced:
if only three are formed, one will be
on one line and two on the other.
The chief advantage of the arrangement shown in Fig. 40C is that it permits the individual images to be
larger than does either the horizontal
ELECTRON
GUN
ENLARGED PORTION
OF SCREEN

FIG. 41. The tri-Chromoscope.

or the vertical arrangement. Further,
it makes it possible to use a fourth
color—yellow, say—if it is found that
use of afourth color will improve the
appearance of the final image.
A good feature of this color system
is that it uses only one picture tube
to produce afull-color image electronically. On the other hand, very little
of the face of the picture tube is actually used, and a fairly expensive
optical system must be used to recombine the images. However, this
arrangement does offer one possible
approach to the problem of getting
color television without the use of
mechanical moving parts.
COLOR SCREENS
A basic attack on the problem of
getting color pictures is an explora34

tion into materials that can be made
to fluoresce directly in different colors.
The original cathode-ray tubes used
screens that produced green images,
and it was soon discovered that other
fluorescent materials could be made
to produce yellow or blue images directly. As amatter of fact, our present-day white image is the result of
a combination of several of these
fluorescent materials so that the blue
and yellow lights balance to produce
white.
Therefore, since it is possible with
materials known today to get a green
and a blue, attempts are being made
to find a material that will fluoresce
red. Unfortunately, even the green
and blue images produced have mostly
been pastel rather than brilliant colors,
but it is quite possible that achemist
will some day come up with fluorescent materials that will give brilliant
primary colors. When such materials have been found, some method
must be devised to make the electron
beams of the picture tube strike the
proper screen at the right time. There
are two basic arrangements that have
been suggested for this.
The Tri-Chromoscope. One of
these systems, shown in Fig. 41, uses
a single screen and three separate
electron guns. Each of the guns is
modulated separately by the signal
corresponding to one of the colors,
and each scans the screen or mosaic
on the face of the tube from adifferent
angle. Magnetic deflection yokes on
all three guns are driven in series from
one single deflection generator so that
the three beams can be held in synchronism.
The mosaic screen surface is made
in a series of three-sided pyramids.
The surfaces of the pyramids are arranged so that the beam from any one
gun strikes only one side of each pyramid. All of the sides facing in one
direction are coated with the same

color phosphor; but, of course, there
sort. However, the tube used is relais a different phosphor on each of the
tively expensive, since three complete
three sides of any one pyramid.
gun structures are necessary, and the
Thus, each pyramid on the mosaic
special mosaic must be carefully made.
screen of the picture tube consists of
The Chromoseope. Another apthree separate areas of different mateproach to the same basic idea is that
rials of such a nature that each will
shown in Fig. 42. This tube is much
glow with a different color. To premore like the standard tubes with
vent secondary electrons from one which we are familiar in that it has
phosphor from exciting adjacent phosonly one electron gun. Instead of havphors of different colors, a metallic
ing just one screen, however, the tube
backing is applied over the phosphors. has four. Three of them are coated
In manufacturing the tube, the with phosphors that will produce the
pyramidal shapes are molded into the primary colors. The fourth screen—
back surface of the glass face of the the one nearest the gun—is purely a
tube. The different color phosphors guard screen and may be just ametal
are then settled into place one at a backing on the others.

FIG. 42. The Clwomoseope.

time. When one phosphor is to be
settled, the tube is oriented so that
all the pyramid faces on which that
phosphor is to be deposited are horizontal. A solution containing the
phosphor is then poured into the tube,
the phosphor is allowed to settle out
of solution, and the remaining liquid
is poured out. The phosphor adheres
only to the horizontal faces. The tube
is then rotated 120°, and the next
color phosphor is applied in the same
manner.
In this system, the colors are reproduced directly on the screen surface of the picture tube. It is therefore adirect color system and involves
no expense for filters or lenses of any
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The color screens are made on a
mesh material similar to screen wire,
the openings in the meshes being large
enough to pass light. Each screen is
coated by avery thin coating of fluorescent material. A different material
is used for each screen, of course, so
that the proper color will come from
each.
When this tube is in operation, a
high positive potential is applied to
the various screens in sequence. At
any instant, the high potential is applied to one screen and the others are
kept at low potentials. The electron
beam strikes all three simultaneously
through the openings in each succeeding screen. However, electrons are

slowed down by low potentials and
speeded up by high potentials. Therefore, electrons will have sufficient velocity to excite (cause light from)
the screen that has the high positive
voltage on it, but will be slowed down
and produce but little light from the
other screens. Therefore, the proper
colors can be produced by arranging
for the proper screen to be connected
to the high-voltage supply at the
right time.
A tube of this kind uses the same
gun structure as the present-day types
and differs from them only in the
screen. Therefore, the cost of this tube
should not be much greater than present ones, providing the fluorescent
materials are not overly expensive and
no great difficulty is encountered in
depositing them on the screens and in
subsequently assembling the screens.

The difficulty in designing a set to
use this tube will be mostly in obtaining avoltage switching system and a
suitable control pulse to actuate it.
This arrangement is most readily
adapted to aframe sequential system.
We have been able to do little more
than describe in brief form the possible color television systems, because
none of them has yet been made commercially available. However, as soon
as one or more of the systems can be
produced economically (with respect
to both the transmitter and the receiver), and as soon as it is decided
whether to permit color systems to
require separate receivers or to insist
that they be capable of producing a
picture on ablack-and-white receiver,
we can expect a spurt of further development in these fields.
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Lesson Questions
Be sure to number your Answer Sheet 58RH-3.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1.

In a remote control system, why is it necessary to use a coupler stage to
feed the signal from the video detector to the coaxial line connecting the
control unit to the picture unit?

2. When anumber of duplicators are connected to the same video-frequency
coaxial line, which one uses the line-matching resistance?
3. If the full screen area of apicture tube is to be used to reproduce an image,
what compromise must be made?
4. What two effects are produced when a magnifying lens is moved farther
away from the face of a picture tube, assuming that the separation between the lens and the tube is kept less than the focal length of the lens?
5. What is the purpose of the corrector lens in aSchmidt lens system?
6. Why is the center of the spherical mirror in aSchmidt system made nonreflective (black) ?
7. Why is the reflective coating placed on the face of aspherical mirror instead
of on the back as in an ordinary home mirror?
8. Why should cleaning fluids be avoided when cleaning aplastic correcting
lens in aprojection system?
9.

If alight filter in front of apicture tube reduces the light passing through
it by half, why does it reduce the ambient light reflection to one quarter?

10.

If the present 6-mc. black and white channel is to be used for color, and
either the number of frames or the number of lines are increased, what
must be sacrificed?

Be sure to fill out a Lesson Label and send it along with your answers.
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When acompetitor opens ashop in your neighborhood, 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 mistrust 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 aspur—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 enjoyment
to your work.
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
justified—there is plenty of business for the man
who can deliver the goods!
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STUDY SCHEDULE No. 59
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.

D 1. Introduction

Pages 1-2

You learn here what basic requirements atelevision antenna must meet.

D 2. Behavior of TV Signals

Pages 2-7

This section contains a discussion of the transmission and reflection characteristics of v.h.f. waves. You learn, among other things, why reflections
may cause ghosts and why TV waves are horizontally polarized.

D 3. Types of TV Antennas

Pages 8-29

In this section, you learn the characteristics of all types of antennas commonly used for the reception of TV signals.

D 4. Transmission Lines

Pages 29-36

Here you learn what the three common types of transmission lines are, how
they operate as carriers of r.f. current, why it is important to match their
impedances to the receiver and antenna impedances, and how such matches
can be made.

D 5. Answer Lesson Questions and Mail Your Answers to NR! for
Grading.

El 6.

Start studying the next Lesson.
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ANTENNAS are once again important to the radio man. Just as
every AM broadcast radio receiver
once required agood antenna to bring
in a signal, so now do television receivers require good antennas—sometimes even very elaborate ones.
By radio AM broadcasting standards, the signal strength in the service
area of a television transmitter is
extremely high. However, the transmitted signal covers such an extremely
wide frequency range—almost 6megacycles — that a television receiver
must tune very broadly to accept it.
Consequently, it cannot have as much
amplification as aregular broadcastband receiver does. This means that
arelatively strong signal must be fed
into the receiver from the antenna for
the set to work properly; as aresult,
it is usually necessary to have an
antenna that will be as efficient as
possible in picking up signals.
As amatter of fact, in agreat many
cases, the success or failure of atelevision receiver installation depends
largely on the type of antenna equipment that is used and on the location
at which the antenna is installed. In
a relatively few locations that are

close to television transmitters, there
is usually enough signal strength so
that asimple antenna will work satisfactorily. In general, however, it is
best to be very careful to choose the
right antenna and install it properly
if the customer is to get asatisfactory
picture. No matter how expensive or
well built a television receiver is, it
will not work well unless the antenna
gives it asatisfactory signal.
Let's see what requirements atelevision antenna must meet.
BASIC REQUIREMENTS
As you know, two frequency bande
are now assigned to television. The
low-frequency band extends from 54
to 88 megacycles, and the high-frequency band extends from 174 to 216
megacycles; the frequencies between
the two bands are assigned to f.m.
stations and to other services. (A
third band in the u.h.f. region between
480 and 920 mc. may soon be opened
to television.) The large metropolitan
areas usually have at least two stations in each band. Locations that are
less thickly populated may have only
one or two stations, both of which
may or may not be in the same band.
1

Naturally, the owner of a teleprevent the possibility that image revision set wants to pick up every
ception will cause interference between
station he can reasonably expect to
f.m. signals and television signals
get. If he lives where stations transmit
in the receiver.
in both bands, he will want to receive
In many locations, the television
both bands, or at least those portions
antenna must be directional in its
of them containing the local stations.
reception—that is, it must receive
An antenna installation for such a
better in one direction than in the
location, therefore, must have a freothers. The usual reason for wanting
quency response that is broad enough
directivity in a television antenna is
to cover all the desired channels. Usuthat it helps prevent "ghosts," which
ally the signal strength in such a
are multiple pictures produced on the
metropolitan area is great enough so
face of the picture tube when an anthat the antenna gain is not the major
tenna picks up signals from a station
consideration; however, the gain
over different paths. We shall discuss
should be as uniform as possible over
ghosts in more detail later on.
all the frequencies covered.
A television antenna that is to be
On the other hand, there are many
mounted outside must be proof against
locations at which it is barely possible
corrosion and must be mechanically
to receive just one station. Wide frestrong enough to stand winds and
quency response is not as desirable in
storms. It should also be so conan antenna for such locations as is
structed
that it is relatively easy to
high gain.
mount
and
to orient in the desired
Sometimes it is desirable to pick up
position.
the frequencies between the two
Before we can say much about telebands, sometimes not. If a television
vision
antennas, it would be well for
set is designed for f.m. reception also,
of course its antenna should pick up us to go further into the subject of
the behavior of television signals. This
the f.m. frequencies. If the set is
will make it easier to understand the
not designed for f.m., however, it is
operation of the antenna as it redesirable to have the antenna reject
ceives the signals.
the frequencies in the f.m. band to

Behavior of TV Signals
nounced as the frequency is increased.
By this, we mean that they are transmitted in relatively straight lines outward from the transmitting antenna:
they do not bend around hills or other
obstructions as do the AM broadcasting waves, nor are they reflected
from the Kennelly-Heaviside layer as
sky waves are. Therefore, television
signals are often considered to be "line
of sight"—which would mean, if it

As you know, radio waves transmitted at broadcast frequencies either
travel along the ground or bounce
back and forth between the ground
and the Kennelly-Heaviside layer.
The former are called "ground waves,"
the latter, "sky waves." The veryhigh-frequency signals used in television, however, behave differently.
They act more like light beams, the
resemblance becoming more pro2

e

were strictly true, that you could not
receive television signals at any point
unless you could see the transmitting
antenna from the location of the receiving antenna. (As we shall show a
little later, this is not quite true.)
As a result of this characteristic of
o

TRANSMITTING
ANTENNA

FIG. 1. The slight refraction of TV signals in air permits reception to be had
over distances that are longer than the
line-of-sight path.

television signals, the distance over
which a television signal can be received is severely limited. The distance at which dependable reception
can be obtained depends, of course,
upon the height of the transmitting
and receiving antennas; however, television broadcasts from the tower of
the highest building in the world, the
Empire State Building in the city of
New York, can usually be picked up
reliably only within aradius of about
60 miles.
An illustration of a true line-ofsight signal is shown in Fig. 1A. As
you can see, the signals from the
transmitter travel in a straight line,
P1;those that pass the receiving antenna continue on out into space and
never return to earth. Notice that if
either the transmitting or the receiving antenna were slightly less elevated, the curve of the earth would
interrupt the optical line of sight between them and thus prevent reception of the signals at the receiving
antenna.
As it happens, however, there is a
certain amount of refraction (bending) of v.h.f. radio signals in the air.
••••••'*---- As a result of this bending, television
signals can travel slightly farther than

they could if they were strictly line of
sight. This is illustrated in Fig. 1B,
where P2 is the curved path actually
taken by the signals. Comparing the
length of P2 with that of P„ you can
readily see that the curved path permits signals to be received over a
greater distance. The actual increase
in receiving distance is not proportionally as great as is shown here, because
the curve of the earth has been greatly exaggerated in these drawings.
However, the increase in receiving distance caused by the refraction of
v.h.f. signals is appreciable.
The chart in Fig. 2provides aconvenient way to determine the line-ofsight distance between the two antennas. Assuming normal transmission strength and an average good TV
receiver, reception within this area
should be highly acceptable. Actually,
reasonably reliable reception can be
had beyond these figures for reasons
we have just explained.
To use this chart, mark off the
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FIG. 2. Chart for determining the maximum line-of-sight distance between two
antennas.

height of the transmitting antenna in
feet on the left-hand scale and the
height of the receiving antenna in feet
on the right-hand scale. Lay a ruler
or other straight edge across the two
marked points. The point where the
ruler intercepts the center scale shows

the distance in miles over which lineof-sight reception is possible.
If the area on which the transmitting antenna is erected is at the same
height above sea level as the area on
which the receiving antenna is erected,
you should use the height above
ground of the two antennas in computing the line-of-sight distance. Suppose, for example, that the transmitting tower is 400 feet tall, that the
receiving antenna is 50 feet above the
ground, and that the ground level at
both locations is the same with respect
to sea level. If you lay out these two
distances on the chart and lay aruler
between them, you will find that the
line-of-sight distance between them is
38 miles.
If there is a difference in the average height above sea level between
the two areas at which the antennas
are erected, this difference should be
added to the height of the antenna at
the higher location. Suppose, for example, that the transmitting antenna
is 400 feet high and is on a hill that
is 225 feet higher than the level of
the area on which the receiving antenna is erected. The transmitting
antenna should now be considered to
have an effective height of 625 feet.
Laying out this height on the lefthand scale and 50 feet on the righthand scale, you'll find that the lineof-sight distance is now increased to
45 miles.
Conversely, if the receiving antenna
is on ahill, its effective height should
be increased by the relative height of
the hill in computing the corrected
line-of-sight distance. There is one
limitation that must be placed on this
increase in effective height, however.
The height of the hill or other elevation can be added to the antenna
height only if the area around the
other antenna (the one that is not on
a hill) is free of obstructions in the

line-of-sight direction for a certain
distance.
For example, suppose the transmitting antenna is on a hill. For there
to be an increase in its effective height,
the area around the receiving antenna
must be clear in the line-of-sight direction. To find out how far it must
be clear, lay the ruler from 0 on the
transmitting antenna scale to 50 (the
height of the receiving antenna) on
the receiving antenna scale. The center scale then shows a distance of 10
miles, which is the distance from the
receiving antenna in the line-of-sight
direction (that is, along aline between
the two antennas) in which there must
be no obstructions.
If the receiving antenna is on ahill
and the transmitting antenna is not,
you can find the distance from the
transmitting antenna that will have
to be clear by laying a ruler between
400 (the height of the transmitting
antenna) on the transmitting-antenna
scale and zero on the receivingantenna scale. This will give a distance of 28 miles.
If there are any obstacles between
the two antennas, they will usually
prevent reception if their width along
the line-of-sight path is greater than
one-half wavelength of the transmitted wave. If the width of the obstacle
is less than a half wavelength, it will
not interfere with the reception; the
waves will bend around the obstacle
and continue as though nothing were
in the way.
REFLECTIONS
The waves used to transmit television signals can be reflected from a
conductive material. If they strike a
building, for example, they will be reflected from the metallic structure of
the building just as a light beam
would be reflected from amirror, with
the angle of reflection being the same
4

4

as the angle of incidence. (Some prefer to consider that the metallic structure of the building in such a case
acts as an antenna that absorbs the
waves and reradiates them. Whichever
explanation you prefer, the effect is
the same; the radio waves take on a
new direction after striking the building.)
This re-direction of television signals by conductors (or by natural
objects containing conductive materials, such as hills) is sometimes helpful and sometimes extremely annoying
for the man attempting to erect a
receiving antenna. It is helpful in
those cases in which it permits television reception at points where it
would be impossible to receive signals
without its aid. Suppose, for example,
that there is a large building between
the transmitter and the location at
which you're attempting to install a
television antenna. If you cannot get
the receiving antenna above the obstructing building, direct reception of
television signals will be impossible.
It may well be, however, that signals
will be reflected from some other
building and reach the receiving antenna along an indirect path. As a
matter of fact, this is avery common
occurrence in installations made in
large cities.
An example of another location at
which a reflected signal is very helpful is shown in Fig. 3. Here the receiving antenna is located in a deep
valley. As far as the direct signal
from the transmitter is concerned, the
antenna receives nothing. However,
the water tower on the hill at the left
of this figure is in the line of the direct
signal, and since it is metallic, it reflects the signal (or picks it up and reradiates it, if you prefer) down into
the valley to the receiving antenna.
In such cases, reflected signals are
certainly helpful. Suppose, however,
5

that the location at which you are installing a receiving antenna is such
that you get a perfectly good signal
directly from the transmitter but that
you also get one or more reflected
signals from the same station that
traveled over different paths to reach
the receiving antenna. Such a state
of affairs is illustrated in Fig. 4. As
you can see by examining this figure,
the direct wave from the transmitter
to the receiver travels through a considerably shorter distance than do any
of the waves reflected from the various buildings to the receiver.
Radio waves, even though they
travel at the speed of light (186,000
miles per second), require a measurable length of time to get from one
point to another. Therefore, the reflected waves will arrive at the re.5- SIGNAL FROM TRANSMITTER
-agal,

REFLECTED
SIGNAL

RECEIVING
ANTENNA

FIG. 3. How a reflected signal may give
reception at a location not reached by
the direct signal.

ceiving antenna a short time later
than the direct wave, the time difference depending on the relative lengths
of the paths. A radio wave traveling
at the speed of light moves at the
rate of 985 feet per microsecond (a
microsecond is a millionth of a second), so a wave that travels over a
path that is approximately athousand
feet longer than the direct path would
arrive at the receiving antenna a
microsecond later than does the direct
wave.
This sounds like avery small interval of time, but its effect on a television receiver is quite appreciable.

The scanning beam of a 10-inch picture tube travels across the face of the
tube at the rate of .133 inch per microsecond. Therefore, a reflected wave
that reaches the receiving antenna one
microsecond later than the direct
wave produces a picture on the tube
face that is .133 inch (or alittle more
than 1/
8 inch) to the right of the picture produced by the direct wave. If
you were looking at the tube, you
would see the basic picture—that is,
the one produced by the direct wave
—on which would be superimposed
another image of the same picture
that was shifted about 1/
8 inch to the
right. The effect would be quite noticeable and rather distressing.
A multiple image of this sort is
called aghost. 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 for the time difference between the direct and the reflected signal to be as great as a microsecond
to produce a noticeable ghost: if the
reflected wave arrives .19 microsecond

later than the direct wave, the effect
will be quite apparent. A time difference of .19 microsecond means that
the reflected wave has traveled .19
times 985 (the number of feet per
microsecond that a wave travels) or
187 feet farther than the direct wave.
As amatter of fact, apath difference
of as little as 70 feet will produce a
blurring of the right-hand edge of the
picture, although no distinct ghost will
be produced.
Ghosts are always injurious to the
quality of the received picture. The
injury 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 may be rather poor. If many
ghosts are received, the effect may be
to produce gray outlines of the picture
rather than distinctly separate images.
The only way that ghosts caused
by multiple reception can be eliminated is to orient the antenna so that
it picks up only one signal. This
usually means that the antenna must
be rather directive—that is, it must
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How reflected signals can cause multi-path reception, which may produce
ghosts.
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receive much better in one direction
than in others. We shall learn more
about this later on.

rt

We pointed out earlier that differences in path length between direct
and reflected waves cause differences
in the time of arrival of signals at the
antenna, with the result that ghosts
are produced. Any other effect that
causes a time delay between the application of two signals to the receiver
will also produce ghosts. For example,
ghosting is sometimes also caused by
reflections within the transmission
line that connects the antenna to the
receiver. Suppose that a 100-foot
transmission line connects the antenna to the receiver. 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 instead reflected back up the transmission line to the antenna and then
reflected down the line again to the
receiver. (We shall describe the cause
of such reflections later.) If this happens, the part of the signal that went
up and down the line will have traveled 200 feet more than did the signal
that went straight down the line to
the receiver. As we said before, apath
difference of this length can cause an
appreciable effect on the picture on
the t.c.r. tube.

another. In radio and television work,
we usually consider only the electric
field when we are discussing the direction of the 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.
You know from earlier Lessons 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, we get the maximum efficiency from an antenna if we orient it
so that it is in the same plane as the
electric field of the radio wave.

POLARIZATION OF TV SIGNALS

Television signals are transmitted
so that the electric lines of force of
the wave are horizontal with respect
to the earth's surface. For this reason,
television signals are said to be "horizontally polarized." There are several
reasons for using horizontal polarization, chief of which is that most noise
signals are vertically polarized. Therefore, ahorizontal antenna will pick up
television signals most efficiently, and,
at the same time, will pick up noise
signals poorly. For this reason, television antennas are almost always
mounted horizontally.

As you know, aradio wave consists
of an electric field and a magnetic
field that are at right angles to one

Now, let's learn something about
the basic antennas that are used to
receive television signals.

Types of TV Antennas
Before we start to discuss actual
television antennas, we should review
the subject of radiation patterns,
which you studied earlier in your
Course. The radiation pattern of an
antenna is an important part of the
description of the antenna, so it is
worth while to take amoment to refresh your memory on the subject.
Briefly, the radiation pattern of an
antenna is a graph that shows how
well the antenna receives from each
direction in any given plane. Since
television signals are horizontally polarized, the radiation patterns we are
going to show in this Lesson will be
the patterns for, the horizontal plane.
In other words; each pattern we give
will show how well the antenna for
which it is drawn picks up horizontally polarized television signals coming
from any direction.

FIG. 5. The common figure-8 radiation
pattern.

To understand the meaning of this
plot, imagine that you draw astraight
line from point A in any direction.
The length of this line between point
A and the point where the line hits
either circle is a measure of the receiving ability of the antenna for television signals coming along that line.
As you can see, it is possible to draw
a straight line from A in such away
that it does not strike either circle.
This means that the antenna will not
pick up signals from that direction at
all. Lines drawn in other directions
from A will be of varying length when
they intersect the edge of the circle.
In each case, the length of the line will
show how well the antenna picks up
from that direction; the longer a
given line is, the better the antenna
pickup will be for a signal coming
along the direction of the line. For
example, a signal coming from the
direction of point 1will be picked up
better than will be one coming from
the direction of point 2.
Although the parts of the radiation
pattern in this example are circles, it
is perfectly possible—in fact, much
more common—for them to have other
and less regular shapes. Whatever its
shape, each part of a radiation pattern is called a"lobe."
Now let's discuss each of the major
kinds of television receiving antennas,
starting with the dipole.
DIPOLE

A very common radiation pattern,
usually called a figure-8 pattern because of its shape, is shown in Fig. 5.
For the sake of clarity, we have not
shown the antenna that possesses this
pattern; usually, however, it is drawn
in to show the orientation of the pattern with respect to the antenna.

The dipole antenna consists of two
cylindrical metal rods mounted so
that they are in line with one another
but not in contact (Fig. 6A). As you
learned earlier in your Course, an
antenna of this sort acts as if it consisted of many small elements of in8

ductance and capacity connected as
shown in Fig. 6B.
An exact mathematical analysis of
the behavior of a dipole is both difficult and complicated. Fortunately,
it is not necessary to make such an
analysis for our purposes. As apractical matter, we can consider adipole
(or any receiving antenna, for that
matter) to be a generator having an
impedance ZA,as shown in Fig. 6C.
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
signal.
The impedance ZA of the antenna
depends upon the length of the antenna with respect to the wavelength
(À) of the signal being received. If
the antenna is exactly half a wavelength (À/2) long, its impedance is
approximately 73 ohms; if it is a
wavelength (À) long, its impedance is
approximately 2000 ohms; and if it
is 3/2 wavelengths (3À/2) long, its

FIG. 6.

A dipole antenna and its electrical equivalents.
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DIPOLE

(EQUIVALENT )

TRANSMISSION
LINE

FIG. 7. A two-conductor transmission
line passes signal currents (black arrows)
from the dipole to the receiver but tends
to cancel signals picked up by the line
itself (white arrows).

impedance is approximately 90 ohms.
In each of these cases, the impedance
is apure resistance. If the wavelength
of the received signal is such that the
antenna is between À/2 and À long,
its impedance is a combination of
inductance and resistance having a
value between 73 and 2000 ohms; if
it is between À and 3À/2 long, its impedance is a combination of capacity
and resistance having avalue between
2000 and 90 ohms. (Incidentally, the
easiest way to determine the length
in inches of one half wave in free
space at the desired frequency is to
divide 5900 by the frequency in megacycles.)
A dipole antenna is connected to a
receiver through a2-conductor transmission line, as shown in Fig. 7. As
the black arrows in this figure show,
the flow of signal current through the
two conductors of this line is in opposite directions at any instant.
Because the two conductors are
closely spaced, however, any currents
that flow in them because of direct
pickup of a television signal by the
line itself are in the same direction in
each at any instant, as shown by the
white arrows. These latter currents

flow through the antenna transformer
of the receiver in opposite directions
and cancel. Therefore, 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 the transmission line
theoretically does not affect the signal
pickup. There are practical reasons
for keeping the transmission line as
short as possible, however. We shall
discuss these later in this Lesson.
Radiation Patterns. The radiation
pattern of a dipole that is X./2 long
with respect to the received signal is
shown in Fig. 8A. As you can see, this
is the figure-8 pattern we discussed
earlier. We have drawn in the dipole
to show its orientation with respect
to the pattern.
This figure shows that there is no
pickup off the ends of the dipole and
maximum pickup at right angles to it.
The fact that both halves of the pattern are the same size shows that the
antenna picks up equally well from
the front and the back.
Engineers measure the pickup of
any antenna by comparing it to that
of asimple dipole of this sort. Therefore, the maximum pickup of this
antenna, which is indicated by the
lines drawn from the center of the
dipole to the farthest part of the pattern, is assigned the value 1.

The "dimple" in the radiation pattern shown by the dotted lines in Fig.
8A shows what happens if the wavelength of the received signal is somewhat shorter than that for which the
dipole was cut. Notice that reception
at right angles to the dipole becomes
worse.
If the wavelength of the received
signal is twice that for which the dipole was cut (that is, if the dipole is
À long for the received signal), the
antenna has the radiation pattern
shown in Fig. 8B. This pattern has
four elongated lobes, which are at the
angles shown with respect to the dipole. There is no pickup off the ends
or directly front or back from the
dipole as far as signals of this wavelength are concerned.
The two small dotted lobes at right
angles to the dipole in this figure show
how the radiation pattern begins to
change for signals of still shorter
wavelength. As the wavelength of the
received signal becomes shorter, with
the dipole remaining the same physical length, new lobes begin to appear
at right angles to the dipole. When the
wavelength of the received signal becomes so short that the dipole is 3X12
long, the radiation pattern has the
shape shown in Fig. 8C. Notice that
the reception at right angles to the
dipole is as good as it is for a half-

FIG. 8. In these illustrations of the radiation patterns of a dipole as ahalf-wave, fullwave, and three-half-wave antenna, the dipole remains the same physical length, but
the frequency of the signal it is receiving changes.
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(wave dipole and that the reception
‘0 at angles of 42° from the dipole is
c even bettérT the center line of each of
these side lobes has a value of 1.4,
meaning that pickup in these directions
is 1.4 times as great as the maximum
FIG. 9. A dipole can be considered to be
a resonant circuit.
pickup of a half-wave dipole in its
most favored directions. In other
This relationship between the wavewords, the pickup in the directions of
lengths of the lower and upper bands
the side lobes is about 2 db greater
than the pickup at right angles to a is the reason why it is often possible
to use a single antenna to get recephalf-wave dipole.
tion on both bands even with transRemember, each dipole shown in
mitters in different locations. If we
Fig. 8 is the same length in terms of
use adipole cut for the low band and
inches. Its length in terms of wavefind it possible to orient it so that its
lengths increases only because the
center lobe is toward the low-band
wavelength of the received signal
stations and its side lobes are toward
decreases.
the high-band stations, signals from
If the wavelength of the received
both can be received efficiently. In
signal becomes even shorter, more
the city of Washington, D. C., for
lobes will appear in the radiation patexample, there are many locations
tern; each time the dipole becomes
X/2 longer, one more lobe will be prowhere it is possible to receive all four
duced on each side of the antenna.
local stations (which operate on chanIf adipole is used to pick up signals
nels 4, 5, 7, and 9) with a single
for which it is less than X/2 long, its
dipole.
radiation pattern is afigure 8, just as
Now that you are familiar with the
it is for X/2 operation. However, the
basic television antenna, the simple
lobes of the pattern are somewhat
dipole, we can proceed to study more
smaller than are those of X/2 pattern,
complex kinds. Before we do, however,
which means that the amount of picklet us mention one thing more. We
up is less but that the directions of
said earlier that adipole could be conbest pickup are the same.
sidered to be a generator having an
Because of the distribution of the
internal impedance ZA.It is also posfrequencies assigned to television stasible, and sometimes much more contions, we are chiefly interested in the
venient, to consider it to be a series
operation of dipoles when they are
resonant circuit with an inductance
shorter than X/2, exactly X/2, or 3X/2
L, a capacity C, and aresistance RA,
long. A dipole cut to be X/2 long for
as shown in Fig. 9. The values of L
channel 2 (54-60 mc.) will be only
and C are such that the circuit is
about 3X/4 long for channel 6 (82-88
resonant at the frequency for which
mc.) and approximately 3X/2 long for
channel 7 (174-180 mc.). It will be X the antenna is X/2 long. In the rest
of this Lesson, we shall consider an
long somewhere in the region between
antenna to be either aresonant circuit
the two television bands, which is asor
agenerator, whichever is the better
signed to other services. In fact, a
as
ameans of making it easier for you
dipole that is cut to be X/2 long for
to
understand
the action of aparticuany low-band channel will be more
lar antenna.
than Xlong for any high-band channel.
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FOLDED DIPOLE

You may wonder why we should
bother to use a folded dipole, since
we can always find a simple dipole
that will be its equal as far as radiation pattern is concerned. There are
two reasons: first, the folded dipole
has ahigher impedance than asimple
dipole has at resonance; and second,
the folded dipole has a somewhat
broader frequency response than its
equivalent simple dipole has.
The impedance of a folded dipole
depends upon the spacing between its
two long sides. The usual kind is made
with a spacing of about A./64, which
gives it an impedance of approximately 300 ohms-4 times as great as

A common form of television antenna known as the folded dipole is
shown in Fig. 10. It consists of a
single rod or tube that is bent into the
shape shown. In use, the antenna is
mounted in a vertical plane with its
long sides parallel to the earth and
with the unbroken long side on top.
The transmission line is connected to
the two ends of the antenna as shown.
Such an antenna has the same radiation pattern as does a simple dipole
that is half as long as the perimeter
of the folded dipole. For example, a
dipole cut for channel 2 (54 to 50
mc.) will be about 8.2 feet long. A

1
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LENGTH BETWEEN THESE POINTS SAME AS
OVERALL LENGTH OF SIMPLE DIPOLE.

FIG. 10. A folded dipole antenna.

folded dipole made by bending a rod
16.4 feet long will have the same radiation pattern at the channel 2frequencies; in fact, as far as the radiation
pattern is concerned, we can consider
the two to be the same thing at all
frequencies. In other words, the two
will resonate to the same frequency
and have identical radiation patterns.
We can, therefore, find out all we
want to know about the radiation pattern of any folded dipole by studying
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 aparticular simple dipole, we
can do so by making it out of a rod
that is twice as long as the simple
dipole.

that of asimple dipole—at resonance.
As it happens, 300 ohms is the impedance of one very commonly used kind
of transmission line; therefore, a
folded dipole can be perfectly impedance-matched to such a line for the
frequency to which the dipole is resonant.
We shall discuss the importance of
impedance matching at length alittle
farther along in this Lesson, but right
now we might point out that aproper
impedance match between the antenna and the line permits amaximum
transfer of power from the antenna to
the line. (You are already familiar
with the fact that amaximum transfer of power from a source to a load
occurs when the two have the same
impedance; in this case, we can consider the antenna to be a source and
12

the transmission line to be a load.)
This means that a folded dipole will
deliver a stronger signal to a receiver
than asimple dipole will, even though
the amount of signal each picks up is
the same, if a 300-ohm transmission
line is used with each. (There is also
a kind of transmission line that has
a 72-ohm impedance and therefore
matches a simple dipole perfectly;
however, as you will learn later in
this Lesson, there are often reasons
for preferring a 300-ohm line even
when the antenna is asimple dipole.)
We mentioned earlier that the im,pedance of a simple dipole depends
upon the frequency of the incoming
signal, since it is this frequency that
determines whether the antenna will
be X/2, X, 3X/2, or some other length.
At frequencies above resonance the
impedance of adipole increases rather
rapidly. The impedance of a folded
dipole also depends upon the frequency of the incoming signal; over
a fairly wide range of frequencies
above resonance, however, its impedance does not change as much as that
of asimple dipole does. In other words,
the impedance of a folded dipole is
more nearly constant than that of a
simple dipole over arange of frequencies above resonance.
To see what the practical effect of
this fact is, suppose that we have a
simple dipole 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; consequently, neither will be
perfectly matched to its transmission
line, and the amount of power each
will deliver to a receiver will therefore decrease. Since the relative impedance change of the dipole will be
13

greater than that of the folded dipole,
however, the mismatch between the
dipole and its line will be greater. For
this reason, the power that the dipole
will deliver to areceiver will decrease
faster at off-resonance frequencies.
Over a range of frequencies above
resonance, therefore, a folded dipole
will furnish more power to a receiver
than asimple dipole will.
For this reason, engineers say that
afolded dipole has awider frequency
response than adipole has. This does
not mean that the folded dipole picks
up over a wider range than a simple
dipole does—their pickup is the same
at all frequencies, since they have the
same radiation patterns. What it does
mean is that a folded dipole and its
transmission line will deliver more
power to areceiver than adipole and
its transmission line will over arange
of above-resonance frequencies.
This effect does not hold at all frequencies, because the impedance of a
folded dipole rises very sharply at
frequencies near twice its resonant
frequency — that is, at frequencies
where it is approximately equal to a
X antenna. As we saw earlier, however, X antennas are not particularly
important in television, because the
frequency for which a lowband antenna is 2. long occurs in the band -between the two television bands.
At 3 times its resonant frequency
(that is, at afrequency for which it is
the equivalent of a 3X/2 antenna), a
folded dipole has an impedance of
about 400 ohms. It has a somewhat
wider response than a simple dipole
at frequencies greater than this,
though the effect is not as marked as
it is at frequencies close to resonance.
F.M. RECEPTION
Many television sets are designed
to be f.m. receivers also. The antenna

The antenna therefore has two signals
used with such a set must be able to
pick up signals in the f.m. band (88- induced in it, one the original signal
108 mc.) as well as those in the teleand the other the signal re-radiated
vision bands. From what we said
from the parasitic element; these two
earlier, a dipole cut to be X/2 long may add to produce a stronger comfor channel 2 is between 3X/4 and X bined signal or partially cancel to
long for signals in the f.m. band. This
means that its impedance is high, and,
consequently, there is a considerable
mismatch between the antenna and
the transmission line at these frequencies.
Fortunately, however, an f.m. set
can be made to be much more sensitive than a television receiver is. In
spite of this mismatch and consequent
loss of power, therefore, the f.m. section of an f.m.-television set can generally be operated even by an antenna
that is cut for channel 2. For this reason, it is usually possible to use the
same antenna for both television and
f.m. reception.
DIPOLES WITH PARASITIC
ELEMENTS
A parasitic element is a metal rod
or wire that is mounted near an antenna for the purpose of changing the
DIPOLE

I/4), SPACING
REFLECTOR
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FIG. 11.
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A plain dipole with reflector.

antenna's radiation pattern. Such an
element is not connected to the transmission line, which is the reason why
it is called parasitic. It produces an
effect on the radiation pattern of the
antenna because it picks up the signal
and re-radiates it, changing its phase
in the process. This re-radiated signal is then picked up by the antenna.
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FIG. 12. The radiation pattern for a
dipole and reflector of the dimensions
shown.

produce a weaker one, depending on
the phase relationship between them.
As aresult, the radiation pattern of a
dipole (or a folded dipole; remember,
the two have the same radiation patterns) that has a parasitic element
mounted near it is different from that
of adipole alone.
The effect of aparasitic element on
the radiation pattern of a dipole depends upon the length of the element
(in terms of wavelength), its spacing
from the dipole (also in terms of
wavelength), and the frequency of the
incoming signal. It is possible to get
almost any desired pattern by choosing the proper element or combination
of elements.
One common use of aparasitic element is shown in Fig. 11. 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 X/4 at the frequency for
14

which the dipole is resonant, though
sometimes spacings as close as .15 À
are used.
The radiation pattern at the resonant frequency for adipole and reflector spaced À/4 apart is shown in Fig.
12. As you can see, the addition of
the reflector increases the pickup of
the dipole considerably on one side
and decreases it considerably on the
other, the decrease being on the reflector side of the combination. If the
spacing between them were less than
À/4, the forward lobe would be even
longer and somewhat narrower, and
the backward lobe (the lobe on the
reflector side of the antenna) would
be smaller.
Fig. 13 shows the radiation pattern
for the combination when it is operating at 3 times the resonant frequency (that is, when the dipole is a
3À/2 antenna) .Notice that the spacing
between the antenna and the reflector
is now 3À/4. This is explained by the

DIPOLE
REFLECTOR

FIG. 13. The radiation pattern of adipole
and reflector operating as a three-halfwave antenna.

fact that the spacing between them is
fixed at À/4 when the antenna is
erected; since the wavelength is only
1
/
3 the original wavelength when the
antenna is operating at 3 times the
resonant frequency, the spacing, which
is fixed in terms of inches, becomes 3
times as great in terms of wavelength.
15

As you can see, the center forward
lobe is considerably larger and the
center backward lobe is considerably
smaller than they are in the radiation
pattern of a dipole alone. The side
lobes, however, are very nearly the

FIG.

14.

A dipole with
reflector.

director

and

same size as they are in the dipole
pattern.
Since the combination of a dipole
and a reflector picks up much better
in one direction than in another, particularly at the resonant frequency,
it is said to be a"directional" antenna.
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. 14).
This element, which is called a"director," is about 4% shorter than the
dipole and is spaced À/4 or less from
it. The radiation pattern for a director-dipole-reflector combination at the
resonant frequency is shown in Fig.
15. Notice that the addition of the
director lengthens and narrows the
forward lobe and shortens the backward lobe.
The impedance of a dipole is decreased to about 60 ohms by the addi-

tion of parasitic elements spaced X/4
from it. Its impedance can be brought
back to about 72 ohms by reducing
the spacing to something less than
X/4.
The increased forward pickup
caused by adding parasitic elements
to a dipole makes the combination
very useful in areas that are some distance from atelevision station. However, such antennas are also very frequently used in areas where the signal
strength is high; here, their decreased
backward pickup is the characteristic
that makes them desirable. In alocation where there are strong reflected
signals that cause ghosts in the picture, a properly oriented parasitic
array may be able to pick out the
desired signal and ignore the reflected
one, thus eliminating the ghosts. We
shall go into this matter at greater
length in another Lesson.
Unfortunately, the increased directivity and antenna gain produced by
the use of parasitic elements are accompanied by a decreased broadness
in response. This is generally true of

FIG. 15. Radiation pattern of a dipole
with reflector and director.

any directional antenna array, although some are worse than others in
this respect. Some directional antennas have frequency responses so narrow that they will not pick up equally
all the frequencies in a 6-mc. television signal. This fact, of course,
rules such antennas out for television
use, no matter what their other characteristics may be.

MULTIPLE-CHANNEL
RECEPTION
The antennas you have studied so
far are the basic ones used in areas
where the signal strength is high.
There are several other kinds, which
we shall discuss in amoment, but the
great majority of installations use a
dipole or a folded dipole, with or
without parasitic elements.
Naturally, the demand for television
sets is greatest where television offers
the greatest variety of entertainment;
therefore, most receivers 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
preferably pick them up equally well.
How complex such an antenna must
be depends on the location. Many
things must be taken into account,
such as the signal strength in the area
where the set is, the relative directions
of the stations from the set, whether
or not reflected signals are present at
the location, the sensitivity of the set,
how much electrical noise there is at
the point where the installation is to
be made: all these play a part in determining what antenna will be satisfactory. We shall study all these factors and several others in this and
succeeding Lessons.
Generally speaking, the practice
among servicemen making initial
installations of sets is to use the simplest and least expensive antenna that
will give reasonably good results. As
a result, most set installers attempt
first to use a dipole or a dipole with
areflector to pick up all the available
stations. Very often it turns out that
even a simple dipole will give adequate reception on both the low and
high bands if the signal strength at
the location is high.
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We shall go into the question of
selecting the proper antenna at some
length in a later Lesson, so we shall
not devote much time to it here.
However, we shall give one example of
conditions under which a dipole can
be used to receive several stations.

Notice that areflector could not be
used with this antenna because one
station is on the opposite side of the
antenna from the others. The effect
of a reflector, as you saw earlier, is
to reduce the pickup on its side of the
antenna very strongly. If we used a
reflector on the channel 2 side of the
antenna in this example, therefore,
the channel 2 station would not be
picked up if it were at some distance
from the receiver. If all the stations
were on the same side of the antenna,
however, the use of a reflector might
well result in improved pickup of all
of them.

CHANNEL 9
-r • 1-

5

DIPOLE

CHANNEL 4

j3

CHANNEL

%eh•S
v.11
a1- CHANNEL 5
FIG. 16.

le•

How a dipole can be used to
receive several stations.

This example is pictured in Fig. 16.
Notice that there are four stations
shown: one on channel 2, one on 4,
one on 5, and one on 9. The black
arrows show the directions of the
major lobes of the antenna radiation
pattern for X/2 operation, and the
white arrows show the major lobes for
3X/2 operation.
If the dipole shown in this example
is cut to be a X/2 antenna for the
channel 4 frequency, it will be about
a3X/2 antenna for channel 9. Therefore, in the location shown, it will
have amajor lobe pointing toward the
channel 4 station and another pointing toward the channel 9 station.
There will also be amajor lobe pointing toward the channel 2 station: remember, an antenna operating at a
frequency less than that for which it
is a X/2 antenna has a radiation pattern that has the same shape as its
X/2 pattern, although the lobes are
smaller. Finally, since the antenna is
X/2 long for channel 4, it is reasonably close to being aX/2 antenna for
channel 5; the channel 5 station will
therefore be picked up also, though
perhaps not quite as strongly as the
others.
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A simple dipole could be used in
this example, but a folded dipole
would probably be a better choice.
The reason is that the channel 5 station is being picked up mostly because
it is fairly near the frequency for
which the antenna is cut. Since a
folded dipole has a somewhat wider
frequency response than a simple dipole has, the former would probably
give better reception of the channel
5 station. Then, too, we would get a
better impedance match to a300-ohm
line if we were to use a folded dipole,
with the result that the signal applied
to the receiver would be better for
all stations.
Of course, stations are not always
located so conveniently with respect
to the major lobes of the radiation
pattern of a dipole antenna. If both
low-band and high-band stations are
to be picked up, a dipole will not be
very satisfactory unless it can be
oriented so that it will pick up the
low-band stations as a X/2 antenna
and pick up the high-band stations
as a3X/2 antenna. It often turns out
that such an orientation is impossible,
particularly if a station on channel
11, 12, or 13 is to be picked up-

stations up at this end of the high
band are harder to pick up than are
those operating at lower frequencies.
One way to solve this problem is
to use two antennas, one that will
be aX/2 antenna for the low band and
one that will be aX/2 antenna for the
high band. Fig. 17 shows two common forms of such antennas in which
asingle mast is used to support both.
The one shown in Fig. 17A consists
of two simple dipoles and reflectors;
the one in Fig. 17B is exactly the same
except that the antenna elements are
folded dipoles.

Courtesy JFD Mfg. Co., Inc.

FIG. 17. Examples of two-band antennas.

In most installations, these antennas are connected to the same transmission line. A few sets have an input
designed to accept two transmission
lines; when an antenna combination
of this sort is used with one of these
sets, separate transmission lines are
run from the antennas to the set. A
switch within the set automatically
connects the proper line and antenna
to the input circuit when the channel
selector switch is turned.
When both antennas are connected
to the same line, interaction between
them is prevented by connecting them
with a piece of transmission line that
is X/4 long at the frequency to which
/ the low-band antenna is resonant;
you will learn later in this Lesson
what the effect of such a line is. In
some locations, this method of isolating the two antennas is not effective:

Courtesy Amencan Phenolic, Corp.

FIG.

18.

Another form
antenna.

of

two-band

signals picked up by one of the elements are re-radiated and picked up
by the other, with the result that
ghosts are formed in the picture.
Sometimes re-orientation of one of
the elements or relocation of the whole
antenna will prevent this from happening. If not, some other form of
antenna must be used.
Because of its wider frequency response, the folded-dipole form of this
antenna combination shown in Fig.
17B is usually preferred to the simpledipole kind shown in Fig. 17A. Both
kinds are very common, however.
One feature of both these antennas
is that the high-band and low-band
sections can be oriented in different
directions if it is desirable to do so.
Antennas like these are almost invariably equipped with reflectors,
which, of course, makes them unidirectional in their pickup. If it is
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FIG. 19. How the response of the antenna
shown in Fig. 18 compares with that of
a dipole over the low band.
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As you can see from Fig. 19, the
antenna has a greater pickup than a
standard dipole over most of the low
band, but its pickup is less than that
of the standard dipole at the extreme
ends of the band.

+ 8
+ 6
+ 4
+ 2

o

Fig. 20 shows how the pickup of
this antenna compares with that of a
standard dipole over the high band.
As you can see, the pickup of the antenna is better than that of the standard dipole at all points in this band
and is considerably better around
channel 11.
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FIG. 20. How the response of the antenna
shown in Fig. 18 compares with that of
a dipole over the high band.

The radiation patterns for this antenna at low-band frequencies and
high-band frequencies are shown in
Fig. 21. Since the backward lobes are
quite small, this antenna is very much
one-directional; in fact, it cannot be
used unless all the stations it is to
pick up lie in the same general di-

necessary to use bidirectional antennas
at some location, the reflectors can be
removed without much difficulty.
Their response will be affected somewhat if this is done, because the impedances of the antennas will change,
but the effect on the performance of
the antennas caused by this change
will not be great.

240.

A somewhat different version of the
antenna shown in Fig. 17B is illustrated in Fig. 18. This is awidely used
antenna. Here the high- and low-band
antennas as well as the low-band
reflector are in the same horizontal
plane; the low-band folded dipole is
the reflector for the high-band antenna.
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Fig. 19 shows how the pickup of this
antenna compares with that of a
standard dipole on the low band from
54 to 88 mc. For each channel, the
pickup of a folded A./2 dipole tuned
to that channel is takeni as the standard. The curve shows how many db
up or down the pickup of the antenna
is for each channel, using this standard value as 0 db. Thus, the pickup
of the antenna is greater than that of
the standard dipole at all frequencies
for which the curve is abone the 0db
line.
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FIG. 21. The radiation patterns of the
antenna shown in Fig. 18 for the low and
high bands.

rection from the receiver. Of course,
it is always possible to use two or
more of these antennas, orienting each
for one station or group of stations, or
to use an antenna rotator to point the
antenna at the particular station
wanted at the moment. (An antenna
rotator is asmall, slow-speed, reversible motor that is coupled to the antenna mast in such a way that rotation of the motor will turn the antenna. The direction and amount of
rotation of the motor are controlled
by aswitch or some other control device at the receiver location. Thus,
the person operating the set can easily
orient the antenna to improve the
reception. Antenna rotators will be
described more fully in a later Lesson.)
Rather than use combined antennas
of the kind we have described, you
can erect completely separate antennas for the high band and the low
band, mounting them some distance
apart to prevent interaction between
them and running separate lines to the
set. Unless the set is equipped to
switch automatically from one line to
the other, however, it will be necessary to bring the lines to alow-capacity switch that can be used to connect
the desired line to the set.
Most commercially manufactured
high-low antennas are cut so that
each antenna resonates near the middle of the band for which it is used.
Each will then provide reasonably
good coverage over its band. If there
is only one station in each band in
your vicinity, you can get better reception by using antennas cut specifically for those stations. Some manufacturers offer "custom-made" antennas of this sort. If the signal strength
in the area is high, however, antennas
that resonate near the middle of each
band will usually be perfectly satisfactory.

As a matter of fact, almost any
form of dipole antenna is reasonably
satisfactory in a location where the
signal strength is high. An elaborate
antenna is needed in such a location
only if reflected signals that cause
ghosts in the picture are present. Such
ghosts can often be eliminated, as you
learned earlier, by using adirectional
antenna that does not pick up the
reflected signals.
Antennas for areas where the signal
strength is low are another matter.
In such areas, it is necessary to use
antennas that are as efficient as they
can be made. We shall describe such
antennas in afew moments. Before we
do, however, let us discuss a few unusual kinds that have been developed
to give broad-band response.
BROAD-BAND ANTENNAS
It has been found that an effective
way to broaden the frequency response
of a dipole antenna is to increase the
diameter of the poles. (This is the
reason why a folded dipole has a
broader response than adipole; effectively, its poles are thicker.) Fig. 22

,
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FIG. 22. Forms of broad-band antennas.
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LOOP

FIG. 23.

LOOP

Another kind of broad-band
antenna.

shows several designs of thick-pole
antennas that have rather wide frequency response. The one shown in
Fig. 22A is like an ordinary dipole
except that the diameter of the poles
is many times greater. The one shown
in Fig. 22B has conical poles, and that
shown in Fig. 22C has spheroidal ones.
These three are shown as though they
were made of sheet metal; however,
approximately the same response can
be secured by replacing their solid
surfaces with taut wires run lengthwise. The example in Fig. 22D shows
how the antenna in Fig. 22A would
look if such areplacement were made.
These antennas, although they work
well, are seldom used and are not
commercially available. The reason
is that they are not suitable for outdoor mounting, because they can easily be damaged by astrong wind or by
the formation of ice upon them. The
kind shown in Fig. 22D would not be
subject to damage of this sort as much
as the others would be, but it would
have the disadvantage of whistling as
the wind went through it. In addition, and perhaps more important, it

would be difficult to make one . these
that would be mechanically ›rong.
Another way in which a dipole can
be made to have a wider irequency
response is shown ill Fig. 23. Here,
as you can see, the rods of a simple
dipole have been replaced by rectangular loops. This produces much
the same effect as increasing the diameter of the rods does.
A commercial variation of this antenna, known as the "bat wing," is
shown in Fig. 24. In this form, each
half of the antenna consists of a rectangular loop that is bent about onequarter of the distance from its open

FIG. 25. The di-fan antenna, which has
a broad-band response. All the antenna
elements shown are in the same horizontal plane.

end and is bridged across by a metal
strap near the bend. The two long
closed sections thus formed make up
an antenna like the one shown in Fig.
23, which has a frequency response
that covers the entire low-frequency
television band plus the f.m. band.
The two short open-ended sections
make up a wide-band dipole antenna
that provides reception over the entire
high-frequency band. Since the transmission line is connected to the bridging straps, the low-band and highband antennas are effectively connected in parallel to the line. The
impedance of the combination is approximately 72 ohms over awide frequency range.
Another form of wide-band antenna
is shown in Fig. 25. This consists of

POLYSTYRENE SLOCK

FIG. 24. The bat-wing antenna, avariant
of the one shown in Fig. 23.
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two V-shaped sections, each made up
of five rods of equal length. It is
mounted so that all the rods are in a
horizontal plane. This antenna has
an impedance of about 300 ohms over
a wide frequency range, and offers
good reception over the two television
bands and the f.m. band.
INDOOR AND WINDOW
ANTENNAS

Courtesy RCA

FIG. 27. Another form of indoor antenna.

Many television installations are
made in apartment houses where outside antennas are not permitted. In
such cases, indoor or window antennas
must be used.
An indoor antenna is not usually as
satisfactory as an outdoor one. For
one thing, the incoming signal is attenuated by having to pass through
the structural materials of the building to reach the antenna. This attenuation may be severe if the building
has asteel framework; in fact, it may
be impossible to get enough of a sig-

Courtesy Teeh,nical Appliance Corp.

FIG. 26.

A widely used form of indoor
antenna.
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nal for satisfactory operation if the
building has much steel in its walls.
Another handicap under which the
indoor antenna labors is that its
length is restricted by the fact that it
is used inside ahome. The usual lowband antenna is too big to keep in
the average living room, which is
where an indoor antenna is generally
placed. Therefore, antennas that are
shorter than X/2 for the lower channels must be used. The radiation patterns of such antennas, you will recall,
have shorter lobes than Al2 antennas,
meaning that they do not pick up as
well.
Finally, there is usually no possibility of using any kind of directive
array for an indoor antenna, because
such arrays require far too much
space. Therefore, it may be difficult
or impossible to eliminate reflections
in an indoor installation.
In spite of these handicaps, an indoor antenna will often give good results in an area where the signal
strength is high. An antenna like that
shown in Fig. 26 has proved to be
satisfactory in many installations.
This antenna consists of two telescoped metal rods secured to a base
through a pivot. These rods are electrically insulated from each other and
are connected to the two leads of a
transmission line. The angle between
the two rods can be changed at will,
and the length of the rods can be easily

changed by pulling out the telescopic
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
tips of the two rods. Thus, lengthening the rods or increasing the angle
between them makes the antenna resonant to alower frequency, and shortening the rods or decreasing the angle
between them makes it resonant to a
higher frequency. Usually it is necessary to adjust either the length or the
angle when the set is tuned from one
station to another.
Another kind of indoor antenna is
shown in Fig. 27. This antenna, as

Courtesy Insuline Corp. of America

FIG. 28.

A form of adjustable indoor
antenna.

you can see, is adipole having alarge
metal disk mounted at the end of each
rod. The effect of these disks is to
increase the capacity of the antenna.
As a result, such an antenna can be
considerably shorter physically than
a simple dipole that resonates to the
same frequency. In addition, its response is somewhat broader than that
of asimple dipole.
A window antenna often gives better results than an indoor antenna,
particularly when it can be placed in
a window that is on the same side of
the building as is the transmitter. A
typical window antenna is shown in
Fig. 28. As you can see, it is afolded
dipole that is mounted on avery short
mast. At the other end of the mast is

across bar that can be secured to the
window frame, usually by extending
the end of the bar to wedge it across
the frame.
Such an antenna has aresponse like
that of any other folded dipole. The
ends of the one shown in Fig. 28 can
be extended to make the antenna resonate 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 we said, it is usually better to
install a window antenna on the side
of the building that faces the transmitter. However, it is often possible
to pick up an adequate signal on the
other side of the building also if other
buildings or objects reflect the signal
toward that side of the building.
Many other forms of indoor and
window antennas have been developed. Generally speaking, there is
little to recommend one kind over another. The only way to tell whether
a particular kind will be satisfactory
in a particular location is to try it
there.
We have discussed the basic antennas used in locations where the signal
strength is fairly high. Now, let's see
what kinds of antennas can be used
in locations that are on the fringe of
the reception area.
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STACKED ARRAYS
In areas where the signal strength
is low or the surrounding electrical
noise is high, the signal-to-noise ratio
of the voltage applied to the input of
a television set is important. This
ratio, as you learned earlier in your
studies of radio, shows how strong the
signal voltage is in comparison to the
noise voltage. Any noise voltage of
the proper frequency that is applied
to the input of aset will be amplified

just as the signal voltage is. Consequently, there will be considerable
noise in the output of a set if the
signal-to-noise ratio of the voltage
applied to the input is low.
The noise-reducing feature of the
f.m. audio system may keep such
noise from being annoyingly audible.
It is always visible, however, because
it creates lines or snow in the picture;
in fact, the picture may be largely
obscured if the noise level is high.
Therefore, it is always desirable to
have ahigh signal-to-noise ratio in the
voltage that is applied to the input
of the set.
The only way to get ahigh signalto-noise ratio at the input is to have
the antenna pick up considerably more
signal than noise. If the antenna is at
some suburban or country location
where the signal strength and the
noise level are both low, the antenna

Stacked arrays have become popular for both kinds of installations because they provide good gain and good
noise rejection at the same time. A
simple stacked array is shown in Fig.
29. This consists of two identical dipoles stacked one above the other and
spaced X/2 apart for the frequency to

Courtesy Technical Appliance Corp.
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FIG. 30. A "lazy II" stacked array.

which they are resonant. The two are
connected in parallel by lines connected to their inner ends as shown.
The transmission line is connected to
the midpoint of the lines that connect
the two antennas. Since they are in
parallel, their net impedance is always
half that of one alone; at resonance,
it is 36 ohms.
The increased signal pickup of such
an antenna is explained by the fact
that there are two of them. Their
spacing is what makes them able to
reject noise. Any noise coming from
above or below induces a voltage in
each antenna. Since the two are spaced
À/2 or 180 electrical degrees apart
vertically, the noise voltages induced
in them are 180° out of phase; therefore, such voltages cancel when they
arrive at the point where both are
applied to the transmission line.

1/2

POLE

FIG. 29.

A simple two-dipole stacked
array.

must have agreat deal of gain so that
it will pick up a good signal. In this
case, it does not usually matter
whether the antenna is also able to
reject noise. If, on the other hand, it
is in some city location where both
the signal and the noise level are high,
the antenna must be able to reject
noise; if it is able to do so, its gain is
amatter of secondary importance.
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The noise rejection and the pickup
of this stacked array can both be
improved by adding areflector to each
element, as shown in Fig. 30. (This
array is often called a "lazy H," because it looks like two letter H's lying
on their sides.) The pickup is increased thereby just as it is when a
reflector is added to a single dipole.
The noise rejection is increased because signals coming from the backward or reflector side of the array are
reduced, and any noise they contain
is reduced likewise. The reflectors
have little effect on noise coming from
below or above the array, however.

little effect on the noise pickup, except
that it narrows the horizontal angle
from which the antenna picks up. This
may result in a reduction in noise
pickup if the antenna can be oriented
so that the desired signal is received
but the noise is not. If the source of
noise lies in the same general direc-

FIG. 32. A combination of stacked arrays.

tion as the desired station, however,
orientation of the antenna will not
help in reducing the noise pickup.

FIG. 31. A stacked array of dipoles, directors, and reflectors.

The impedance of this array at resonance is 30 ohms.
The signal pickup can be still further increased by adding a director
to each element as shown in Fig. 31.
The director has much the same effect
as it does when it is used with asingle
dipole. Adding it to the array has

, If further increases in pickup are
needed to make reception satisfactory,
more elaborate antenna arrangements
can be used. One of these is shown in
Fig. 32. Here we have two stacked
arrays like those in Fig. 31 that are
mounted side by side a distance X
apart. This array has again of 11 db
over a simple dipole and a horizontal
pickup angle of only 28°. Since again
of 6 db represents a doubling of the
voltage, you can see that this particular array will deliver almost 4 times
the voltage to the transmission line
that a simple X/2 dipole would. All
four dipoles used in this array are connected in parallel; the impedance of
the array is therefore 1/
4 the impedance of the individual dipoles.
It is also possible to stack more antenna arrays vertically. One of the
25

this Lesson, there is a small amount
of bending of v.h.f. signals in the atmosphere). Remember, an antenna
cannot manufacture asignal; no matter how efficient it is, it must be placed
in a portion of space through which
a signal passes if it is to pick up the
signal.
Therefore, the use of a high-gain
antenna is not the only procedure that
must be followed to get reception in
fringe areas. Some means must also
be found to mount the antenna high
in the air.

Courtesy LaPointe Pict-scorn°Id Corp.

FIG. 33.

A four-bay stacked array.

most complex of these arrangements
that is now in use is shown in Fig. 33.
This antenna, which is known as a
4-bay stacked array, consists of four
dipoles and reflectors stacked vertically. A feature of this antenna ig
that the dipoles are connected to parallel rods (called Q sections) as well
as to the transmission line. The impedances of the dipoles can be adjusted by sliding shorting bars along
these sections; this makes it possible
to match the impedance of the array
to that of the transmission line.
Antenna Height. When an antenna is installed at alocation that is
a considerable distance from atransmitter, it must be gotten as high in
the air as possible. We have mentioned this fact before, but it is important enough to bear repeating. The
receiving antenna must be high
enough to be on a line of sight from
the transmitting antenna, or at any
rate only slightly below a line-ofsight path (as you learned earlier in

Band Widths. In general, we can
say that the band width an antenna
can pick up becomes more restricted
as the antenna becomes more complex.
Thus, it is possible to make simple
stacked arrays like those in Figs. 29
and 30 pick up over the whole low
or high band, particularly if folded
dipoles are used instead of the simple
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Courtesy JPD Mfg. Co., Inc.
FIG. 34. Low-band and high-band stacked
arrays mounted on the same mast.

dipoles shown, whereas the complex
array shown in Fig. 32 can be used
for only one station. If you want to
pick up more than one station in a
location where it is necessary to use
an array of the latter kind, you must
use aseparate one for each station.
If both low- and high-band stations
are to be picked up in a location
where it is possible to use antennas
of the kind shown in Figs. 29 and 30,
you can use astacked low-band and a
stacked high-band array on the same
mast, as shown in Fig. 34. The kind
of all-band antenna shown earlier in
Fig. 18 can also be stacked with consequent improvement in pickup and
in signal-to-noise ratio.

inductance of the rod, there is an impedance between the two leads of the
transmission line.
The spacings of the reflector and
the directors from the dipole are very
critical, as is also the spacing between
the ends of the transmission line leads.
The reflector and director spacings
are determined by the manufacturer
of the antenna on an experimental
basis. The transmission line spacing
is found when the antenna is erected,
by moving the ends of the leads together or apart until the best picture
is secured on the set to which the antenna is connected. The connections
between the line and the dipole are
usually made with movable clips to
make this adjustment easier.

FIG. 35. A Yagi antenna.

YAGI ANTENNA
The Yagi antenna (named after its
Japanese inventor) shown in Fig. 35
is useful in fringe reception areas because of its extremely high gain. This
antenna consists of a dipole, a reflector, and either 2 or 3 directors. The
dipole in this antenna differs from
others we have described in that it
is made of one rod, rather than apair
1(
of rods. The two leads of the trans..,,.ATession line are connected to this rod
at points equidistant from the center
of the rod. At first glance, it would
appear that the transmission line is
shorted when it is connected to a rod
in this manner; actually, however, because of the distributed capacity and

This antenna has aforward gain of
11 db and a very narrow horizontal
pickup angle. As you would expect,
it also has avery limited band width;
as amatter of fact, it can be used for
only one station. When you order
such an antenna, therefore, you must
specify the station it is to be used for,
since the spacings between the elements and the lengths of the elements
differ for every channel.
NON-HORIZONTAL ANTENNAS
In suburban and country locations
where the noise is low and increased
signal pickup is the main thing wanted
from an antenna, the antennas shown
in Figs. 36A and B can sometimes be
used. The theory behind these anten27

up signals of either polarization.
Therefore, they will give greater pickup than a purely horizontal antenna
will when the signal contains both
horizontal and vertical components.
However, such antennas will also
pick up noise (which is usually vertically polarized) better than a horizontal antenna will. They are therefore not suitable for use in noisy
locations.

Top illustration Courtesy Technical
Appliance Corp., bottom illustration
Courtesy Premax Products

FIG. 36. Antennas designed to pick up
both horizontally and vertically polarized
signals.

nas is that the television signals, although originally transmitted with
horizontal polarization, will be partially vertically polarized by the time
they have travelled a long distance,
because of reflections and other effects.
In other words, the television signal at
remote locations will have both ahorizontal and a vertical component. A
horizontal antenna will pick up a
vertically polarized wave only slightly, and, conversely, avertical antenna
will pick up a horizontally polarized
wave only slightly; however, antennas
like those shown in Fig. 36 will pick
28

RHOMBIC ANTENNA
If there is enough space available
at the location of the set, a rhombic
antenna (an example of which is
shown in Fig. 37) can be used to get
extremely high gain over awide band.
This antenna is made of two long
wires strung in adiamond shape parallel to the ground. One end of each
wire is connected to a non-inductive
resistor; the transmission line is connected to the other end of each.
This antenna is unidirectional, receiving best from the end to which
the terminating resistance is connected. The single lobe of its radiation pattern, which is extremely narrow, is lined up with the long axis of
the diamond. Because of the narrowness of the pattern, this antenna must
be very carefully oriented.
The efficiency of the rhombic increases as the leg length (measured in
wavelengths) increases.
The legs
should be at least 2 à long for the
lowest-frequency station to be received, and preferably more.
S.I4O
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FIG. 37. A rhombic or diamond antenna
has a very sharp radiation pattern.
It
should be oriented so that the resistor
end of the antenna will point directly at
the desired station.

The chief elements to be considered
in the design of arhombic are the leg
lengths and the angles between the
legs. If these are properly selected,
a rhombic antenna can be made to
cover the entire television spectrum
at high gain. The design shown in Fig.
37 offers this wide coverage with voltage gains of up to 20 db over ahalfwave dipole for the high band.
A rhombic should be strung as high
as possible, since its performance improves as its height is increased.
As you can see from the figure, the
rhombic requires agreat deal of space.
An area about 105 feet long and 40
feet wide is needed to erect the antenna shown.
The impedance of a properly designed rhombic antenna is always the

same as that of its terminating resistor. In the design shown in Fig.
37, this is 680 ohms. This can be
matched reasonably well by a 600.
ohm line, which can readily be
matched to a 300-ohm receiver
through a matching transformer.
Although 600-ohm line is not commercially available, you can make it
yourself of two pieces of No. 12 wire
spaced 6" apart (center to center) by
insulators. A 2-to-1 matching transformer can be bought or can be made
by winding aprimary of 29 turns over
a1
/ -inch plastic core form and wind2
ing asecondary of 17.5 turns over the
center of the primary. Both the primary and secondary windings should
be close wound.

Transmission Lines
The lead-in used to connect an antenna to a television set is called a
transmission line. Three types of these
lines—coaxial, twin-lead, and shielded
twin-lead lines—are in use. We shall
first learn the physical characteristics
of these lines, then study their electrical operation as carriers of rd.
current.
Like any conductors, transmission
lines have distributed inductance and
capacity. A line therefore has impedance when it is carrying r.f. current.
In television, we are concerned with
the "characteristic" or "surge" impedance of aline, which is the input impedance of an infinitely long section
of that particular line. This characteristic impedance is determined by
the physical construction of the line
and by the electrical properties 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 descriptions of the
three main types of television transmission lines.
Coaxial Line. The coaxial line,
shown in Fig. 38, consists of a wire
surrounded coaxially by a tube of

FIG. 38.

A typical coaxial transmission
line.

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 of this line.
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The diameter of the wire, the distance between the wire and the braid,
and the dielectric constant of the insulating material determine the impedance of a coaxial line. The kind
commonly used in television installations has an impedance of 72 ohms.
Its attenuation is 2.2 db at 40 mc.,

FIG. 39.

An unshielded twin-lead transmission line.

3.75 db at 100 me., and 5.6 db at
200 mc. per 100-ft. length.
When coaxial line is used, the metal
braid is grounded at the receiver. It
therefore acts as ashield around the
central wire, reducing interference
pickup very considerably. Because of
this ground connection, the line should
be used only with aset having an unbalanced input.
Twin-Lead Line. The twin-lead
line, shown in Fig. 39, consists of two
flexible wires molded into aflat ribbon
of plastic insulating material. The
impedance of the line depends upon
the diameters of the wires, the spacing
between them, and the dielectric constant of the insulation. The kind most
commonly used in television installations has an impedance of 300 ohms,
although 150-ohm and 72-ohm twinlead line can also be obtained.
The 300-ohm type has an attenuation of 1.1 db at 40 mc., 2.1 db at
100 me., and 3.6 db at 200 mc. per
100-foot length. As you can see, its
attenuation 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
rej ect noise pickup as coaxial line has,
however.

Shielded Twin-Lead Line. If it
were made in the conventional manner, a300-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 between them. However, anew type of
shielded twin-lead line, shown in Fig.
40, is reasonably small and yet has an
impedance of 300 ohms.
The two conductors used in this line
are crimped into aseries of sawtooth
sections. In manufacture, a tube of
polyethylene (a plastic insulator) is
extruded around each of these conductors. 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 alower dielectric constant than has any other insulator.
The line can therefore have a 300ohm impedance and yet be reasonably
small in cross-sectional diameter.

Courtesy Federal Tot and Radio Corp.

FIG. 40.

A shielded 300-ohm twin-lead
transmission line.

The two conductors in their polyethylene tubes are enclosed in ashield
of flexible braid, which is in turn enclosed in a thermoplastic insulating'
jacket. This shield is grounded when
the line is installed and therefore per30

mits the line to have as good interference rejection as coaxial line.
The attenuation of this line is 2.4
db at 50 mc., 3.4 db at 100 mc., 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's learn how they operate when r.f.
flows through them.
LINE REFLECTIONS
We mentioned earlier that the three
important characteristics of a transmission line are its ability to reject
interference, its attenuation, and its
surge impedance. What effect the first
two of these have on our choice of a
transmission line can be stated simply.
Generally speaking, we want there to
be as little attenuation in the transmission line as possible. All other
factors being equal, therefore, unshielded twin-lead line is the best one
to choose for an installation. If interference is a problem, however, a
shielded line must be used in spite of
its greater attenuation.
Now, let us see why the impedance
of aline is important.
The job of atransmission 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 resistance is not equal to the impedance of
the line, aphenomenon known as "reflection" occurs: part of the signal
that comes along the line to the load
is returned, or reflected, back to the
line.
To see what effect such areflection
has in a practical case, let's suppose
we have a 72-ohm line connected to
the input of aset that has a300-ohm
input impedance. (As you learned in
an earlier Lesson, sets have input im31

pedances of 72 ohms, 300 ohms, or
both.) Suppose, too, that the line is
connected 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
it 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
set; the rest is reflected back into the
line. This reflected signal travels back
up the line to the antenna. Because of
the mismatch between the antenna
and line impedances, part of this reflected signal is reflected again; it
travels back down the line and again
appears at the input 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 did the part of the signal 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.) Because 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 multipath reception.
Severe ghosting 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
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

,
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impedance. Therefore, an impedance
mismatch between the antenna and
the line will give less than a maximum transfer of signal power from
the antenna to the line.

comes down the line will be absorbed
by the set. If there is aproper impedance 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 concerned.
Therefore, one important thing to remember about a transmission line is
that its impedance must match the
input impedance of the set with which
it is used.

As far as the antenna is concerned,
aline that is properly matched in impedance at the receiver end will be
an infinite line — that is, its actual
impedance will be equal to its surge
impedance at all frequencies. Therefore, we could be sure of getting a
maximum transfer of signal at all frequencies if we could match the impedance of the antenna to that of a
properly terminated line at all frequencies.

Fortunately, this is not a difficult
requirement to meet. As you learned
earlier in your Course, all modern
sets have input impedances of 72
ohms, 300 ohms, or both. Since both
72-ohm and 300-ohm lines are available, it is always possible to secure
an impedance match between the line
and the set.
Of course, it may happen that aset
having a300-ohm input impedance is
to be installed in alocation where an
antenna having a 72-ohm line is
already installed. In such a case, a
matching transformer or a resistor
network can be used to match the
set and the line (or anew line can be
installed). We shall discuss such
problems in alater Lesson on antenna
installations.
ANTENNA MATCHING
Whether or not the antenna impedance is matched to that of the line is
not important as far as reflections are
concerned, as we just pointed out.
However, the lack of an impedance
match will have an effect on the transfer of the signal from the antenna to
the line.
We mentioned earlier that the antenna can be considered to be a generator and the transmission line its
load. You know from previous studies
that the greatest transfer of power
between a generator and its load occurs when the two are matched in

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 frequency but not for all. Even awideband antenna will vary rather considerably in impedance over the television bands.
Fortunately, this fact seldom causes
any problems in the metropolitan
areas where most installations are
made. There the signal strength is
almost invariably high enough so that
part of the pick-up signal can be
wasted without affecting reception. In
such areas, usually the only impedance match of importance is that between the line and the set; as long as
this match is made, it does not matter
much whether the line and the antenna 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 amatter of fact, the antenna and
the transmission line are often deliberately mismatched in areas of high
signal strength where there are sev-
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eral 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 example, there will be a4-to-1 mismatch
at the frequency for which the dipole
is cut. This will cause aloss of signal
for that station; since the signal
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 antenna and the line will therefore improee, and the consequent improvement in signal transfer from the
antenna to the line 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 line lower than
the antenna in impedance) 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 fortunate that it is usually necessary
to use a separate antenna for each
station in such areas, because each
antenna and line can then be matched
individually for a particular frequency. As we just pointed out, this
is the only way in which a perfect
match can be secured.
Fringe area reception generally calls
for the use of stacked arrays, which,
as you learned earlier, have relatively
low impedances. If the particular
array to be used does not have the
same impedance as does the input of
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the set, obviously no line can match
them both. In such acase, the easiest
solution is to select a line that will
match either the set or the antenna
and then to create a match between
the line and the other component of
the system.
The more common practice is to
select a line that will match the set
(since it is always possible to make
this match) and then find some way
to make the line match the antenna
also.
Matching Section. An impedance
match between an antenna and aline
can be secured by connecting the one
to the other through a X/4 section of
line having acharacteristic impedance
intermediate between the two impedances that are to be matched. Such a
connecting line is called a matching
section. The characteristic impedance
it must have can be calculated from
the formula:
ZMS = V ZAX ZTL
where Zms is the impedance of the
matching section, ZA is the impedance
of the antenna, and ZTL is the impedance of the transmission line. Applying this formula to the problem of
matching, say, a72-ohm antenna and
a 300-ohm line, we find that the
matching section must have an impedance of N/ 72 X 300, which is
approximately 147 ohms. Therefore,
a X/4 length of 150-ohm line (which
is acommercially available item) will
serve as a matching section in this
case. Of course, it will be amatching
section for only one frequency, since
it will not be X/4 long at any other
frequency.
Another method of matching an antenna and a line is to use what is
known as a "matching stub." To
understand the action of this device,
we must learn something about the

electrical characteristics of X/4 and
À/2 lines.
QUARTER-WAVE AND
HALF-WAVE LINES
To determine the characteristics of
apiece of transmission line, we could
connect it to a source of r.f. energy
and measure the r.m.s. values of the
r.f. voltages and currents found at
various points along the line. We
could then determine the impedance
at each point along the line; if we
plotted this impedance against the
length of line, we could get a picture
of how the line works. Fig. 41 shows
the results we would get if we did
this for four special cases that are of
particular interest.
Fig. 41A shows how the impedance
varies along aX/4 line that is open at
both ends. We shall speak of the lefthand end of each of these plots as
being the source end, because this is
the end to which the source of r.f.
energy would have to be coupled to
get these plots. Notice that the impedance is zero at the source end and
high at the other end (which we shall
call the load end). In other words, a
X/4 section of open line will appear
to be a short circuit to a source connected to one end of the line.
When a À/4 line is shorted at its
load end (Fig. 41B), exactly the opposite result is produced: the impedance
is high at the source end and zero at
the shorted end. Thus, a X/4 line
shorted at the load end appears to be
an open circuit at the source end.
A similar plot for an open V2 line
(Fig. 41C) shows that its impedance
is high at both ends and low in the
middle. Finally, aplot for a À/2 line
that is shorted at one end (Fig. 41D)
shows that its impedance is low at
both ends and high in the middle.
An easy way to keep these facts in
mind is to remember that a À/4 line

inverts its load whereas a À/2 line
repeats its load. If the load end of a
À/4 line is open, its source end appears
shorted, and vice versa. The source
end of a X/2 line, on the other hand,
always has the same impedance as the
load end has.
All these facts about the performance of À/4 and À/2 lines will prove
useful to you in your later studies of
television. We have already seen one
use that is made of the properties of
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FIG. 41. The characteristics of quarterwave and half-wave lines.

a X/4 line: we learned earlier that a
high-band and a low-band antenna
are electrically isolated by connecting
them with a length of transmission
line that is X/4 long at the frequency
for which the low-band antenna is
cut. This isolates the two antennas
at low frequencies because the highband antenna acts practically as a
short for these frequencies. Since a
shorted X/4 line has ahigh impedance
at its other end, the high-band antenna appears as a high impedance
across the low-band antenna, and
therefore has very little effect on it.
At high frequencies, the X/4 isolating
section is simply an extension of the
transmission line as far as its effect
on the high-band antenna is concerned. Since the low-band antenna
has high impedance at these frequencies, it can be considered to be simply
ahigh-impedance load across the line
At the moment, we are particularly
concerned with the operation of a
shorted X/4 line when it is used to
match an antenna to a transmission
line. When it is used for this purpose,
ashorted X/4 line is called a"matching stub" (the name coming from the
fact that only a short stub of a line
is used) .
To take a practical example, let's
say we want to use a matching stub
to match a300-ohm line to a30-ohm
antenna. (The antenna shown earlier
in Fig. 30 has an impedance of 30
ohms.) Fig. 42 shows the connections
that will permit this match to be
made. As you can see, the transmission line is connected to the open end
of the matching stub and the antenna
is connected to the stub a distance d
from its shorted end. Let's see why
these connections produce the match
we want.
As we just pointed out, the impedance of a matching stub is very high

at its open end. When we connect
the 300-ohm line to this end of the
stub, we are effectively connecting the
low impedance of the line and the
high impedance of the stub in parallel; consequently, the impedance at
the point of connection becomes 300
ohms (since the impedance of a parallel combination of ahigh and alow
impedance is, for all practical pœ
poses, that of the low impedance).
Therefore, the impedance of the
matching stub now varies from zero
at its shorted end to 300 ohms at the
point of connection to the line. Somewhere between these two ends of the
stub is a point where its impedance
is exactly 30 ohms; it is to this point
that the 30-ohm antenna is connected.
The impedance of the antenna is
therefore perfectly matched.
ANTENNA CONNECTED HERE

•
ke.

X/4

d

TRANSMISSION LINE
CONNECTED HERE
FIG. 42.

How a matching stub works.

A matching stub can be used in this
manner to match any antenna to any
line. If the impedance of the line is
lower than that of the antenna, the
open end of the matching stub must be
connected to the antenna; the impedance of the stub will then vary from
zero to the same impedance as the
antenna, and the line can be matched
to the combination by connecting it
to the stub at the proper point.
What the proper point is depends
on the ratio of the impedances of the
antenna and the line. Table I shows
the points of connection for various
impedance ratios. In this table, Z,
is the higher impedance and Z, the
lower impedance. For instance, if we
have a 300-ohm line and a 30-ohm
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TABLE I
Stub Connections for
Various Impedance Ratios
Z2/Z 1

d*

Z,/Z,

d*

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50

14
20
25
30
34
37
41
44
47
50

0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00

53
56
59
63
67
70
75
80
90
100

* % of length from shorted end

antenna, Z, is 300 ohms and Z, is 30
ohms. The ratio Z2/Z, is therefore
30/300 or 0.10. From the table, you
can see that for this ratio of impedances, the antenna should be connected to the matching stub at a distance from the shorted end equal to
20% of the length of the stub. If the
ratio of impedances were, say, 0.45,
the point of connection should be
47% of the length of the stub, and
so on. In all cases, these distances
are from the shorted end of the stub.
Obviously, it is mechanically more

difficult to tap in on a matching stub
than it is to use a matching section
between the transmission line and the
antenna. However, the matching stub
has the advantage of being usable no
matter what the impedances of the
antenna and the line may be, whereas
the matching section can be used only
if the square root of the product of
the impedances of the two is equal to
the impedance of some available line.
For example, if a section of line were
to be used to match a30-ohm antenna
and a 72-ohm line, it would have to
have an impedance of -‘/ 30 X 72, or
approximately 46.5 ohms — and no
commercially available line has this
impedance.
Remember, neither of these matching methods will provide a match at
more than one frequency, because a
matching section or a matching stub
will be X/4 long at only one frequency.
Looking Ahead. You have now
studied the theory of operation of TV
antennas and transmission lines. In a
future Lesson, you will learn how to
select the antenna and the transmission line for a particular installation
and how to make the installation.
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Lesson Questions
Be sure to number your Answer Sheet 5911.11-3.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Why is it possible to receive TV carrier signals somewhat beyond the
line-of-sight distance even though they are not reflected from the KennellyHeaviside layer?
2. If the heights above sea level of a transmitting antenna and a receiving
antenna are 800 feet and 50 feet respectively, what is the maximum lineof-sight distance between the two?
3. If a reflected signal travels several hundred feet farther than a direct
signal and both reach the same antenna, what will be the effect on the
picture?
4. What is the impedance of a plain dipole of (a) À/2, (b) À,
3À/2 length?

and (c)

5. A dipole cut to be À/2 for channel 2 receives that channel best from a
direction perpendicular to its length. At what angle from the dipole will it
receive best on channel 7, for which it is 3À/2 long?
6. Is it more important to match the impedance of the transmission line to
that of the receiver or that of the antenna, and why?
7. What length of transmission line should be used to connect a high-band
to alow-band antenna to prevent interaction between them?
8. How does the active (or driven) element in a Yagi antenna differ from
that of an array consisting of an ordinary dipole with reflectors and
directors?
9. What should be the impedance of the transmission line connected to a
folded dipole if maximum power transfer is wanted?
10. Suppose a shorted À/4 matching stub is to be used to match a 300-ohm
line and a 50-ohm antenna. Should the open end of the stub be connected
to the line or to the antenna?
Be sure to fill out a Lesson Label and send it along with your answers.
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Accident—chance—luck—have very little bearing
upon the production of any great result or true success in life. Of course, there have been many discoveries 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 atree. Galileo
"invented" the telescope after hearing of a toy constructed 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 observed.
Thousands of untrained men had seen the same
things and paid no attention.
The new discoveries in Radio—Television—Electronics will be made by men trained to take advantage of what they observe.

ATIONAL RADIO INSTITUTE
WASHINGTON
ESTABLISHED 1.914

D. C.

STUDY SCHEDULE No. 60
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.

1.

Introduction

Pages 1-3

Here you learn that advanced planning, which includes making a preliminary survey of the location, makes any installation easier.

2.

Primary-Area Antennas

Pages 3-14

The chief problem in a primary area is the elimination of ghosts. You
will study this, as well as multi-channel reception, fixed antennas, indoor
antennas, and temporary antennas.

3.

Fringe-Area Antennas

Pages 15-22

In this section, you learn what antennas are used in fringe areas and
how they are gotten high enough in the air to intercept a usable signal.

4.

Installing Antennas

Pages 22-36

This section covers the tools you will need, choosing the antenna location, mounting the antenna, antenna rotators, running transmission lines, and
orienting the antenna.

5.

Answer Lesson Questions, and Mail your Answers to NRI for Grading.

6.

Start Studying the Next Lesson.

COPYRIGHT

1949

BY NATIONAL TELEVISION
(An

JD6M151

Affiliate of the

National

1951 Edition

INSTITUTE, WASHINGTON,
Radio

D. C.

Institute)
Printed in

U.S.A.

ANTENNA installation is on e of
' the important activities of a television serviceman. The serviceman
may not make the actual installation
of an antenna, because this is a mechanical job that can be performed by
someone who is not askilled electrical
technician, but he always selects the
kind of antenna to be used and more
or less supervises the operation of
putting it up. He is also called upon
to solve the problems that arise when
a "standard" installation does not
prove satisfactory.
As a television serviceman, therefore, you must know how to select
and erect antennas that will bring in
television signals of sufficient strength
to operate a television set properly.
You have already studied the theory
of antennas in an earlier Lesson; in
this one, we shall describe the practical aspects of choosing an antenna
for primary area and fringe area installations and teach you the general
procedure used to put the antenna up
at a place where it will pick up sufficient signal.
Naturally, every installation is different in some respect from every
1

other. For this reason, we shall
give you general information instead
of attempting to describe each step of
an installation in detail. We shall
discuss all types of antenna installations, so this Lesson will give you a
good start toward the mastery of all
antenna problems.
Before we discuss specific kinds of
antenna installations, let's take up a
few matters that apply to any installation.
PRELIMINARY SURVEY
Advanced planning will make an
antenna installation easier and more
apt to be successful the first time.
Unless you have had experience with
the reception in the general area
where the installation is to be made,
a preliminary survey of the location
should be a part of your advanced
planning. Such a survey may be very
easy: if you find that nearby houses
are equipped with simple TV antennas, you can justifiably assume that
such an antenna is all that will be
needed for your customer's house. On

the other hand, it may be a major $100 or $200 is not unusual. The necessity for making such an extra
project in a fringe area where recepcharge is another good reason for a
tion •is usually poor or spotty: in
preliminary survey, because the cussuch a location, you may find it nectomer should always be warned in
essary to make elaborate tests to deadvance if the extra charge will be
termine whether enough signal is present to make the installation of a TV necessary.
If an outside antenna is to be
set worth while.
erected
on rented property, the ownIncidentally, the matter of the
er's
permission
must be secured in adneighbors' antennas is often fairly
important. You will find that a cus- vance. Most service contract forms
contain a provision to the effect that
tomer will often demand an antenna
the
customer must secure such perthat is at least as complicated in its
mission;
however, you may make inappearance as are those of his neighstallations
that are not under service
bors, even though it is not actually
contracts, so you should always make
necessary for the reception of signals.
sure before you start work that the
You may be able to overcome such an
necessary permission is secured. It is
attitude by pointing out that the cusa wise precaution to make sure that
tomer's set is so excellent that it does
not require an elaborate antenna, but the permission is in writing.
ANTENNA TYPES
very often you will find it simpler just
to go ahead and put in the more
You studied the radiation patterns
complex one.
and other characteristics of several
We mention this fact because there kinds of antennas in an earlier Lesson.
is an economic factor to be considered
As we shall point out later in this
in antenna installations. In most Lesson, often these antennas are much
metropolitan areas where the cost of
alike; therefore, although there are a
the installation is included in the servgreat number of antenna types availice contract that the customer buys able, many of them are just about the
at the time he gets his set, about $20
same as far as their effectiveness in
is allowed to cover a normal antenna
any particular location is concerned.
installation, including the cost of the
The tendency of antenna installers or
antenna itself. Obviously, then, it is
those in charge of antenna installadesirable to keep the cost of the antions is to settle on a few favorite
tenna as low as possible, since the cost kinds of antennas that they use for alof labor in putting up the antenna is most every kind of installation. If you
by no means inconsiderable, and the
follow this system, you will become
$20 fee must cover both of them. This
so familiar with the abilities of the
limited allotment of funds for erec- particular antennas you select that
tion of the antenna is another reason you will be able to estimate very acwhy a preliminary survey that makes
curately which one will be satisfactory
the work faster is a very , good idea.
in a particular location.
One of the things you should conOf course, if the location is such
sider
when you are comparing one
that the erection of the antenna is
antenna with another is the ease with
unusually difficult, an extra charge
which it can be assembled. Antennas
must be made. This is usually necesdiffer considerably in this respect;
sary in fringe areas, where an instalsome are much easier to put up than
lation and antenna erection charge of
2

others. Naturally, the ease of assembly of an antenna affects the amount
of time that must be spent to install
it and consequently affects the cost
of the job. It may be, therefore, that
an antenna that costs a little more
than others but is much easier to put
together may be less expensive than
the others when the labor cost is
added to the cost of the antenna itself.
Of course, being easier to put together is no advantage if the antenna
is not solid and strong when assembly

has been completed. Strength of the
antenna should not be sacrificed, because an outdoor antenna must be
able to withstand high winds, ice
formations, and the effects of weather. An antenna is rather difficult to
service once it has been installed, so
you should make sure that it is going
to require as little servicing as possible when you put it up.
Now, let's learn how to make installations in primary areas where the
signal strength is high.

Primary-Area Antennas
Lack of signal strength is usually
no problem in the primary area of a
television station. Instead, the chief
problems are usually. to eliminate
ghosts and, if there is more than one
station in the vicinity, to pick up all
of them.
Let us discuss the problem of eliminating ghosts first.
GHOSTS
As you know, one cause of ghosts
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is the arrival of signals at the receiving antenna over two or more paths
that are different in length. An example of such reception is shown in
Fig. 1. Here, the dipole picks up a
direct signal from the transmitter over
path A and picks up areflected signal
over path B. If the difference between the lengths of these two paths
is greater than 70 feet, aghost will be
produced in the image on the picture
tube of the set.
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FIG. 1. Ghosts are produced when a TV signal reaches an antenna over two paths
that differ considerably in length.
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Ghosts may also occur if the impedance of the transmission line does
not match that of the receiver and of
the antenna. If both ends of the
transmission are mismatched, signals
will be reflected up and down the line,
effectively increasing the path length
of the reflected signals as compared
with the path length of the direct
signal (which, in this case, is the signal that is absorbed by the receiver
from the line the first time the signal
comes down the line). Again, a path
difference of about 70 feet is enough
to cause ghosts; in other words, it is
possible for ghosts to be visible if the
mismatched transmission line is longer
than 35 feet (since then the reflected
signal will travel a total of 70 feet
from the receiver to the antenna and
back to the receiver again).
Ghosts caused by the pickup of
reflected signals are usually more
troublesome inside a large city than
they are in the suburbs, because, within the city, the presence of large buildings from which the signals can be
reflected may cause the signal to come
to the antenna from several different
directions. Furthermore, the reflected
signals may be quite strong 'within
the city because of the high signal
strength that is maintained for such
areas. In the suburbs, on the other
hand, it is rare for ghost signals to
arrive from more than one direction,
and they are not usually nearly as
strong as the' direct signal.
Let's see how ghosts caused by reflections and by improper impedance
matching can be eliminated.
ELIMINATING REFLECTIONS
Ghosts caused by the pickup of
reflected signals can frequently be
eliminated by using a reflector. As
you know, the use of areflector sharpens the directivity of the antenna in

the forward direction and makes its
pickup very small in back. If the antenna can be oriented so that the desired station is picked up from the
forward direction of the antenna and
the undesired reflected signals approach the antenna from the reflector
side, the antenna will pick up only
the direct signal, and ghosts will
therefore be eliminated. If necessary,
a director can be added to the forward side of the dipole to increase
the directivity even more. This may
not be possible if several channels are
to be picked up, however, because the
use of both the reflector and adirector
reduces the band width of the antenna very seriously.
Although the exact acceptance angles of antennas are often given in
theoretical discussions, the only use
made of such information in practice
is to take it as a guide to whether an
antenna is highly directional, broadly directional, te relatively non-directional. No serviceman plots such angles before making an installation in
an area where the signal strength is
high. Instead, he puts up an antenna
and, if ghosts are present, orients the
antenna to see if he can eliminate
them. Most servicemen put up aplain
or folded dipole first if it seems likely
that there will be little trouble with
reflections. In a congested area, however, where there are many buildings
capable of causing reflections, it is
highly probable that a reflector will
be needed to eliminate ghosts. In such
areas, therefore, most servicemen will
install a dipole and a reflector from
the start, particularly if such antennas are used in near-by locations.
In areas in which there are several
stations, the problem of eliminating
ghosts caused by reflections is complicated by the fact that orienting the
antenna to a position that eliminates
4

ghosts on one station may cut out another station altogether. In such a
case, it may be necessary to use two
antennas or an antenna rotator. We
DIRECT SIGNAL

OTHER
STATION

REFLECTED SIGNAL

FIG. 2. Here ghosts can be eliminated by
not picking up the direct signal.

shall discuss this problem a little
farther on in this Lesson.
If it is not possible to orient the
antenna so that you can pick up the
direct signal but not the reflected one,
it may be possible to turn it so that
you can pick up the reflected signal
and ignore the direct one. An example
of a situation of this sort is shown
in Fig. 2. Here, we cannot orient the
antenna to eliminate the reflected signal without also eliminating the direct
signal, because the antenna picks up
equally well from the front and the
back. Further, we cannot put a reflector on the side of the antenna from
which the reflected signal comes, because doing so would also eliminate
the signal from the other station.
Howeyer, we can put a reflector on
the side of the antenna from which
the direct signal comes, eliminating
the direct signal and picking up both
the reflected signal and the signal
from the other station. A reflected
signal is, of course, weaker than a
direct one, because part of the signal
is absorbed each time it is reflected.
In a high-strength area, however,
the reflected signal will probably be
5

strong enough to operate the receiver
well.
Ghosts can also be caused temporarily by a passing airplane that reflects a signal to the antenna. Such
ghosts are often annoying, particularly when the antenna is so near an
airport that planes pass by frequently, but there is very little that can
be done about them.
It is also possible for ghosts to be
transmitted by a station itself. If
there is amismatch between the coaxial network line and the input of the
transmitter, for example, there may
be reflections up and down the coaxial
line that will cause a ghost signal to
be applied to the input of the transmitter. There is nothing whatever
that can be done at the receiver to
eliminate ghosts of this sort, of course.
You can usually tell whether a ghost
is being transmitted by a station by
watching several programs from that
station. If the ghost is not present
on each program, and particularly if
it is present on network programs but
not on local ones, the ghost signal is
being transmitted by the station.
IMPEDANCE MATCHING
Ghosts caused by mismatches between the antenna, the line, and the
set can be corrected by matching the
line to the set. On anew installation,
it is always possible to use a transmission line that will match the impedance of the set, because there are
only two input impedances (72 ohms
and 300 ohms) used in modern sets,
and both 72-ohm and 300-ohm lines
are available. Therefore, if the input
impedance of the receiver is fixed at
all frequencies, it is possible to eliminate such reflections completely by
using the line that will match the impedance of receiver input. Some re-

ceivers, however, have tuned inputs
that may vary in impedance from station to station. There is no practical
way of varying the impedance of the
line similarly, so ghosts caused by impedance mismatches cannot be eliminated altogether when such areceiver
is used. However, using a line that
matches the nominal input impedance
of this receiver will usually reduce
the ghosts very considerably.
If a customer who already has a
television set buys a new one, the
chances are that he will already have
an outdoor antenna installed. If the
line used with this antenna is not of
the right impedance to match the new
set, you will have to replace the line,
or, if that is too difficult, use a transformer to match the line to this set.
A matching transformer that will
match 72 ohms to 300 ohms is commercially available; a schematic diagram of one is shown in Fig. 3. This

and the antenna causes only loss of
signal as long as the line and the receiver are matched. As a matter of
fact, the antenna and line are often
deliberately mismatched to produce
broad-band reception. As you learned
in an earlier Lesson, this is possible

Courtesy Workshop Associates

This is the matching transformer that is
shown schematically in Fig. 3.

only if the line has a higher impedance than does the antenna; then
the increase in impedance of the antenna at off-resonance frequencies
will make it approach the impedance
of the line at those frequencies and
therefore make the over-all response
of the system better.
Now, let us learn more about the
problems involved in securing multichannel reception.
FIG. 3. Schematic diagram of a transformer that matches 72 ohms to 300
ohms.

transformer will produce matches in
either direction—in other words, it
can be used to match a 300-ohm line
to a 72-ohm receiver or vice versa.
Generally speaking, it is not necessary to match the line to the antenna
in an area where the signal strength
is high. A mismatch between the line

MULTI-CHANNEL RECEPTION
Every TV antenna now used is
directive to some extent; in other
words, it will receive better in some
directions than in others. As we just
saw, it is often highly desirable for
the antenna not to receive in some
directions, since this permits ghosts
to be reduced or eliminated. However, it is often not desirable to have
the antenna very directive when several stations must be picked up, be6

cause it may then be impossible to
get all stations with asingle antenna.
There are two possible approaches
to the problem of getting reception
from several stations. One is to use
a fixed antenna or a combination of
fixed antennas that will, when properly oriented, pick up all stations.
The other way is to use a highly
directive broad-band antenna that
can be rotated mechanically to pick
up the desired stations.
An arrangement of the latter sort
is shown in Fig. 4. The antenna,
which was described in an earlier
Lesson, consists of ahigh-band folded
dipole, alow-band folded dipole, and
a low-band reflector mounted one behind the other in a horizontal plane.
The high-band dipole acts as adirector for the low-band dipole, and the
low-band dipole acts as a reflector
for the high-band dipole. The radiation pattern of this antenna is very

Courtesy Alliance Mfg. Co.

FIG.

4.

The

"Tenna-Rotor"
rotator.

antenna

directional for all television frequencies, having a single large lobe projecting forward at right angles to the
dipoles and practically no backward
pickup. Its pickup is greater than
that of an ordinary dipole for all
channels except channel 2, for which

the average pickup is about the same
as that of a dipole. It is, therefore,
very suitable for multi-channel use.
Because of its single-lobed radiation
pattern, however, it cannot be used
unless all the stations are in the same
general direction from the receiver or
unless a rotator is used with it. InTENNA-ROTOR

CONTROL BOX

4

CONTROL 'CABLE

FIG. 5. Diagrams of the electrical components of the Tenna-Rotor and its control box. The 4-lead control cable runs
from the motor to the control box. To
trace connections, notice that each wire
in the cable plugs into the control-box
socket bearing the same number.

cidentally, the transmission line of
the antenna is not shown in Fig. 4;
the line shown is the control cable for
the antenna rotating motor.
The "Tenna-Rotor" shown in Fig.
4is aslow-speed reversible motor that
is mounted on top of the antenna
mast. It has ahollow shaft into which
the mounting post of the antenna can
be inserted. Two clamps will hold the
antenna mounting post in position.
The motor is enclosed in a weatherproof housing.
The direction of rotation is controlled by turning a switch on a control box that is placed near the set.
This box contains the transformer
and a two-position switch; the schematic diagram of its internal connections is shown in Fig. 5. The transformer converts 110-volt a.c. to 24-

volt a.c., the power supply from well suited for this use because it is
which the rotating motor is to run. mechanically strong and not very
This low voltage is used because the heavy. It would be more difficult to
rotate a stacked array or another
electrical code permits it to be carform of large antenna, although it
ried about through an exposed cable.
If 110-volt a.c. were used for the con- can be done.
A disadvantage of most antenna
trol circuits, the electrical cable from
rotators
developed up to the present,
the control box to the rotator would
aside
from
the fact that they are
have to be installed in rigid conduit,
which is both difficult and expensive rather expensive, is that many of
them break down after a few months'
to use.
service. This is purely a mechanical
Notice the switch S in the schedifficulty
that will probably be overmatic diagram of the Tenna-Rotor
come
in
the
future by improvements
shown in Fig. 5. This is alimit switch
that closes when the motor turns as in design.
Sometimes using arotatable antenna
far as it can in either direction. As
is
the only way that good reception
you can see from the circuit, closing
can
be gotten from all stations. Often,
this switch completes a circuit from
however, it is possible to use a fixed
the transformer through asmall lamp
antenna or a combination of fixed
in the control box; the lamp then
antennas to pick up all stations realights, thus indicating to the operator
sonably well. The use of a fixed anof the device that the motor will turn
tenna is desirable in one respect, beno farther in the direction in which
cause it eliminates the cost of a roit has been moving. Although the
tator.
Let's learn more about the use
motor cannot turn continuously in one
of these antennas for multi-channel
direction, it can make atotal rotation
of 360 degrees from one end of its reception.
FIXED ANTENNAS
travel to the other.
The 4-conductor cable, which is
Whether or not afixed antenna can
visible in Fig. 4, connects the rotator be used in a specific location to pick
to the control box. This cable is up several stations depends on the
plugged into a receptacle in the box.
position of the location with respect
The rotator will turn at a speed of to the stations and on whether or not
about 1r.p.m. when the control switch
reflections are present. It is often
is thrown to the right or left and will
possible to use a single antenna or a
stop instantly when the switch is combination of a high-band and a
brought to its center position. This low-band antenna to pick up all staspeed of rotation is great enough to tions. Sometimes, however, it is necmake the picture quality change essary to use several antennas.
In many locations, a dipole (plain
quickly as the antenna rotates but
or folded) or a dipole and a reflector
not so great that the point at which
the picture is best will be passed be- will give good reception over several
fore the operator can return the, channels. The radiation patterns for
switch to its center position and stop adipole in both the high and the low
bands are shown in Fig. 6. The solid
rotation.
Although other kinds of antennas lines show the radiation pattern of
can be rotated by this device, the the antenna for high-band frequencies, the dotted lines show it for lowone shown in Fig. 4 is particularly
8

band frequencies. The addition of a
reflector would reduce the backward
pickup of low-band frequencies considerably, but it would not affect the
pickup of high-band frequencies in
this direction very much. It would
also increase the forward pickup at
low-band frequencies.
As you can see from this radiation
pattern, this antenna will pick up
from most directions reasonably well.
It will not pick up off its ends, however, unless the station is very close
by; therefore, if two low-band stations that are at right angles to one
another with respect to the antenna
location are to be picked up, usually
a single dipole cannot be used. It
can be used to pick up two high-band
stations that are at right angles to
its location, however, since there is
approximately a right angle between
two of the major lobes in the highfrequency pattern.
If all stations are on the same side
of the dipole, areflector can be added
to secure greater forward pickup and
reduce pickup from the backward
direction.

High-band stations are somewhat
difficult to pick up with an antenna
that is cut for the low band, particularly those stations that are at the
upper end of the high band. Therefore, when both low-band and highband stations are to be received, it is
often necessary to add an antenna cut
for the high band to one that is cut
for low-band use, isolating the two
by connecting them with a quarterwave length of transmission line. The
two antennas can then be oriented
separately to pick up the stations
for which they are cut; and neither
will have much effect on the other.

FIG. 6. Radiation patterns in the low
band (dashed lines) and the high band
(solid lines) for a dipole cut to be X/2
long in the low band.

What we have said previously about
dipoles applies to both plain and
folded dipoles, since the two have
identical radiation patterns. They
differ in their impedances, however;
the plain dipole has an impedance of
72 ohms, and the folded dipole an
impedance of 300 ohms. Therefore, if
the receiver has a 72-ohm input, it
is logical to use a plain dipole and
a coaxial line, thus getting an impedance match throughout the antenna system. If the receiver has a300ohm input, afolded dipole and a300.-- ohm line would give amatch throughout. Some prefer to use aplain dipole
and a 300-ohm line with 300-ohm receiver, because this gives broad-band
reception.

The dipole or folded dipole is the
basic antenna that is used in most
primary area installations, but there
are other kinds having more complex
radiation patterns that sometimes
prove to be better for multi-channel
use. One of these is the bat-wing antenna shown in Fig. 7. The radiation
pattern of this antenna is shown in
Fig. 8. As you can see, this antenna
has multiple lobes at the high frequencies and the familiar figure-8 pattern
of the dipole at low frequencies. In
some locations, this pattern may
prove to be ideal for picking up the
various stations in the area.
9

These are by no means the only
kinds of television antennas that can
be used in areas of high signal
strength. As a matter of fact, new
kinds of antennas are constantly being introduced. Whether other kinds
will be more useful to you than those
FIG. 7. The bat-wing antenna.

Another antenna having a multilobe pattern is the duo-dipole antenna
shown in Fig. 9. This antenna consists of athin dipole cut to be X/2 at
70 mc. that is mounted by inductive
loops close to a thick dipole that is
cut to be X/2 at 180 mc. The inductive loops provide both electrical
connections and mechanical support
for the low-band dipole.

FIG. 9. The duo-dipole antenna. The
thick dipole is the antenna for the high
band, the thin one that for the low band.

we have already described depends
principally on the location: if an antenna has apeculiar radiation pattern,
it may solve an installation problem that no other antenna will take
care of. Usually, however, you can
use a dipole or a combination of
dipoles, with or without reflectors, to
get a good signal in almost any location in a high-strength area.
As a matter of fact, it is often not
necessary to have aroof-mounted antenna in a location where the signal
strength is high. It may be possible

FIG. 8. Radiation patterns for the batwing antenna in the low band (dashed
lines) and in the high band (solid lines).

The radiation pattern of this antenna is shown in Fig. 10. As you
can see, it has multiple lobes much
like those of the bat-wing antenna
for the high band and roughly a
figure-8 pattern for the low band. Because of the similarity in their radiation patterns, there is not much to
choose between the bat-wing and the FIG. 10.- Radiation patterns for the duo.
duo-dipole antenna; either may be dipole antenna in the low band (dashed
lines) and in the high band (solid lines).
well suited to a specific location.
10

to use an indoor or awindow antenna
to operate a set satisfactorily. This
is fortunate, since many apartment
house owners will not permit erection
of aroof-top antenna.
We are going to describe the installation of antennas in the last section
of this Lesson. However, since the
installation of an indoor or window
antenna is a fairly simple job, we
shall discuss such installations here
and reserve the section on installation
for the more difficult problem of installing an outdoor antenna.
INSTALLATION OF
INDOOR ANTENNAS
There are many types of indoor
antennas on the market, all of them
of about equal ability to pick up a
signal.
One popular form is shown in Fig.
11. The poles of this antenna telescope and can be extended or closed
up readily. As the figure shows, the
angle between them can be changed
as much as desired. The whole antenna can be picked up and rotated.
Installation of this antenna is very
simple. It comes equipped with an
8-foot length of 300-ohm line; to install it, just connect the line to the
antenna terminals on the receiver.

Courtesy Insuline Corp. of America

FIG. 11. A common form of indoor antenna that can be adjusted in length,
angle, and position.
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Courtesy Jerrold Electronics Corp.

FIG. 12. An indoor antenna that is combined with abooster.

Another form of antenna is shown
in Fig. 12. This is like the one in
Fig. 11 except that the antenna is
connected directly to a booster, to
the output terminals of which the set
is connected. We shall discuss boosters in another Lesson at some length;
for now, let's just say that a booster
is a one- or two-stage r.f. amplifier
connected between the antenna and
the input of the set. A booster is
usually tunable; the one shown here
can be tuned to each of the low-band
channels, to the FM band, and to
channel 7. A single setting tunes it
to channels 8.and 9 and another setting tunes it to channels 10, 11, 12,
and 13.
Sometimes, because of its gain, an
antenna-booster combination of this
sort will permit the use of an indoor
antenna in locations where a plain
indoor antenna will not furnish an
acceptable signal.
An indoor antenna should be placed
close to the receiver; very often, it is

placed on top of it. Matching the
impedance of the line to that of the
receiver is of no particular importance
when such an antenna is used, because the line is so short that reflections will cause no trouble.

Courtesy Radio Merchandise Sales

A typical booster. This device may be
used with any kind of antenna.

In most locations, it is necessary
to adjust an indoor antenna for each
station. The lengths of the arms or
the angle between them may have to
be adjusted, or the antenna as awhole
may have to be rotated to get the best
signal. This calls for the performing
of a certain amount of work by the
person operating the set, but, since
most programs last for half an hour
or an hour, most people are willing to
spend a moment in making the adjustments to get a satisfactory signal.
Indoor antennas of this sort will
work reasonably well on the upper
floors of an apartment building. However, they will often fail to give satisfactory performance on the ground
floor or even on the second floor; and
in basement installations, they are
usually worthless. If it is impossible
to obtain good reception with an indoor antenna, the more efficient window antenna may give a satisfactory
signal.

A typical window antenna is shown
in Fig. 13. Usually an apartment
owner who will not permit the use of
an outdoor antenna will allow one of
this sort to be used, because often
his refusal to allow an outside antenna to be erected is caused by the fact
that he does not want holes drilled in
the side of the building or the window
•
casement to mount the antenna and
bring the transmission line into the
room. It is not usually necessary to
drill any holes to erect a window
antenna, and it is usually possible
to use a flat ribbon of twin lead
line and work it through the window
opening without cutting any holes.
To install an antenna of this sort,
extend the adjustable cross arm until
it is firmly secured between the two
sides of the window opening. The
short antenna mast can then be
placed at any desired angle with respect to the wall of the building. There
is no particular advantage to keeping
the antenna away from the wall unless the antenna has to be rotated; if
rotation is not necessary, bring the
antenna up close to the wall to make
it as inconspicuous as possible.

•
•
......... -.•• .... ......... •• •

Courtesy Insuline Corp. of America

FIG. 13. An adjustable window antenna.

Such an antenna may not be usable if the windows are of the casement type, which open outward. Even
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if the windows are of this kind, however, you may find it possible to
mount the cross arm below or above
the windows in the window opening,
in which case you may be able to
make the installation satisfactorily.
If the window is the sort that can
be raised or lowered, you can usually
slip unshielded twin-lead line through
the space between the top and bottom
sashes. To do this, open one sash,
slide the transmission line through

—
Courtesy J. F. D. Mfg. Co., Inc.

kind

of adjustable
antenna.

window

the space between the two, and close
the sash again. If the two sashes
happen to make atight fit, there may
not be room to do this without cutting
or injuring the transmission line in
the process. If so, you may be able
to bring the line through above the
top sash, under the lower one, or at
some place where the two sashes do
not fit tightly.
Both the length and the orientation
of this antenna can be adjusted; and
usually both must be to get good reception. Finding the right adjustment
of these two is a matter for experiment. It is usually best to start with
the antenna extended to about its
maximum length. Then rotate it to
see if some position can be found
that will give acceptable reception on
all stations (of course, the antenna
must be connected to the set and the
set must be in operation when this is

done). If it proves impossible to get
a good picture from all stations, try
shortening the antenna and then
changing the position. It may be necessary to repeat this process several
times to find the best setting and
length.
If you find that one position and
length are best for one or two stations,
but that another position and another
length are needed to bring in some
other station or stations, and you
cannot find a compromise position
that will permit all the stations to be
received, it may be practical to install two window antennas, adjusting
one for one group of stations and the
other for the other group. You may
find it possible to connect both antennas to the receiver in parallel. If
doing so produces a poor picture, use
a low-capacity switch to connect the
particular antenna you want to the
receiver. The schematic diagram of
the switching arrangement of this sort
is shown in Fig. 14. An ordinary 2position knife-blade switch can be
used.
Although it is usually best to mount
a window antenna in a window that
faces the transmitter or transmitters,
it is often possible to get just as good a
signal on the other side of the house

TO ANTENNA I

TO ANTENNA 2
TO RECEIVER

14. Arrangement that permits a
receiver to be switched from one antenna
to another.
FIG.

if there are near-by objects or buildings that can reflect the signal to
this side. Very often it is possible
to get reasonably good reception even
in unlikely locations with a window
antenna. Of course, there are some
13

locations in which a window antenna
will not prove satisfactory.
TEMPORARY ANTENNAS
Very often it is impossible to put up
the permanent antenna at the same
time that a set is delivered to the
customer. In such acase, it is almost
always necessary to furnish some kind
of an antenna so that the customer
can get reception temporarily until his
permanent antenna can be installed.
Probably the best way to provide a
temporary installation is to lend the
customer an indoor antenna. One of
the kind shown in Fig. 11 is convenient to carry and easy to install.
A temporary antenna can also be
made from a piece of 300-ohm transmission line. Use a length approximately 64 inches long, strip the ends

An antenna of this sort will probably pick up considerable noise and
may produce rather severe ghosts on
some stations. It is not worth while
to go to much trouble to attempt to
correct these conditions, since a permanent antenna installation will be
made very soon, and the customer will
probably be content to get at least
some reception in the meantime.
TRANSMISSION LINES

Under most conditions, shielded line
is preferable for city installations. The
reason is that there is apt to be a
great deal of man-made noise in almost any city location: if the house
where the antenna is to be installed is
near the street, for example, the ignition noise of passing cars may cause a
considerable amount of interference
in the picture. The use of shielded
line will pretty much eliminate this
source of interference and most others
caused by line pickup. In addition,
shielded line is much more resistant
to the effects of weather than is unFIG. 15. A temporary antenna that can
shielded line.
be made easily. Use 300-ohm unshielded
twin-lead line.
Both coaxial line and shielded twinlead line have higher attenuations
of the lines, and solder the leads tothan does ordinary twin lead. This is
gether. Next, break one of the leads
amatter of little concern in most priin the center of the strip and connect
mary-area
installations,
however,
the two ends thus formed to the ends
since the signal strength in such an
of another piece of 300-ohm line (see
area is high enough so that line losses
Fig. 15). Connect the other end of
are unimportant.
this line to the receiver.
However, most servicemen use unA home-made antenna of this kind
shielded
twin-lead line whenever poswill usually give satisfactory recepsible,
because
it is less expensive than
tion on at least some of the local stacoaxial line and very much less extions. You can lay it on the floor,
pensive than shielded 300-ohm line.
perhaps under a rug, or hang it on
As
we pointed out earlier, costs are
the wall, say along the top of a window ledge where it may be hung on a often extremely important in an installation.
curtain rod.
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Fringe-Area Antennas
When you make an installation in a
fringe area, your chief problem will
probably be to get enough signal to
operate the set. For this reason, you
must use a high-gain antenna. You
will almost invariably find it necessary to mount this antenna high in
the air; an indoor or window antenna
is seldom, if ever, usable in a fringe
area. Because high-gain antennas
usually have very narrow band
widths, it is not uncommon to have to
use a separate antenna for each station that is to be picked up.
One of the main difficulties with
fringe-area installations is that reception is apt to be very spotty in locations that are at a considerable distance from the transmitter. It may
be possible to get relatively good reception at one point and impossible
to get anything at another point only
a few hundred yards away. Even
though there are television sets already installed and working somewhere near the place where you are
considering making an installation,
you cannot be sure on that account
that a satisfactory installation can
be made where you want to make it.
For this reason, it is always a good
idea to use a test antenna to learn
what the reception possibilities are at
the place you want to make the installation before you go ahead with
the installation.
It is no easy matter to determine
the signal strength at a particular
location, particularly because, if a
test antenna is used, you must get it
as high in the air as the permanent
antenna will be before you can tell
what the reception will be like. Several methods have been suggested for
putting up atest antenna without installing a permanent mast first. In
15

at least one town, public interest in
television was so great that it proved
possible to persuade the local fire department to use aladder truck to put
the test antenna high in the air, thus
making it possible to plot the signal
strength at various locations in the
town. Helium-filled balloons have
also been used to get a test antenna
up; in fact, the Dewey and Almy
Chemical Company of Cambridge,
Mass., offers such a balloon for permanent antenna installations in fringe
areas.
A less spectacular way to find out
something about signal strength in a
particular location is to raise a test
antenna on a light mast. A simple
way of doing this is to lay the mast
on the ground and fasten the antenna
to its top, then to raise the mast by
hand and have several men hold it up
while you are making your test. The
bottom end of the mast can be slipped
into asmall hole in the ground to help
steady it for this period of time.
The local topography often determines whether or not reception can
be secured in a particular location. A
near-by hill may cut off signals from
locations near its base and may not
interfere with reception at points farther away from it. A location in a
valley may get little or no signal even
if it is fairly close to the transmitter.
On the other hand, it may be possible
to receive well in a location on top
of ahill over extremely long distances.
At locations extremely distant from
transmitters, it is sometimes possible
to get intermittent reception. Stations
in Washington, D. C., have been
picked up in Texas, for example. Such
reception is apparently caused by
what are known as "tropospheric
ducts," which are sometimes formed

when weather conditions create a
mass of warm air above the earth that
is at a higher temperature than the
air below it. Such ducts have the
ability to refract or bend television
signals so that they can be received
over distances considerably greater
than the line of sight. The existence
of these ducts is only temporary, however, so you should not be fooled by
one of them into believing that reliable reception is possible in a place
where it is actually not.
Naturally, a test antenna is of no
use unless it is connected to a meter
or to a television set so that it can
show you what results are being secured. Generally speaking, it is better
to use a TV set—usually a portable
one for convenience—because doing so
will let you see how good apicture is
being received. A meter may show a
relatively high signal level when actually it is picking up considerably
more noise than signal. Of course, the

Courtesy J. F. D. Mfg. Co., Inc.

An all-band antenna that can be used
successfully in areas where the signal is
fairly weak.
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Courtesy Technical Appliance Corp.

The direction from which this antenna
picks up can be reversed simply by
throwing a switch (shown in its housing
at the lower right) that can be mounted
beside the set. This feature and the high
gain of the antenna make it particularly
suitable for use in areas located between
two transmitters or groups of transmitters
—between New York and Philadelphia,
for example.

very best test would be to use a receiver exactly like the one that is to
be installed; this is often not practical,
however, particularly since the customer's purchase of any receiver will
usually be contingent upon your being
able to guarantee him good reception.
You can usually be sure that a large
set will give good reception if aportable will.
About the only general rule that
applies to the proper location for an
antenna in the fringe area is to get it
as high as possible. Doing so will give
whatever antenna you use a better
chance to intercept a usable signal.
In most fringe-area installations, you
will have to use some kind of tower or
very high mast to support the antenna. Let's discuss these for a moment.
16

TOWERS AND MASTS
Several kinds of towers that will
permit an antenna to be raised high
above the ground are now commercially available. The one shown in
Fig. 16 is supplied in six-foot sections;
as many as 20 of these can be bolted
together, making atower 120 feet tall.
A tower this tall must be held up by
guy wires. For heights up to 24 feet,
however, the tower is self supporting.
This particular tower is supplied with
a mounting plate that can be used to
mount it on the ground or on the roof
of a house and with a stand-off support than can be used to secure it to
the side of the house.
Another kind of tower is shown in
Fig. 17. This tower is only ten feet
tall; apipe extension can be used with

Courtesy Wincharger Corp.

FIG. 17. A self-supporting tower that can
be made 20 feet high by using a pipe
extension.

it to raise the antenna twenty feet
above the base of the tower. Since
the tower is intended to be mounted
on the peak of a roof, it can give the
antenna a total height above ground
of thirty or forty feet.
If you prefer not to use commercial
products of this sort, you may be able
to build an adequate tower out of
metal or wood. We cannot undertake
to give instructions for doing so, but
articles on the subject appear in the
technical magazines from time to
time.
Although it is not likely that you
will erect a tower that is tall enough
to need awarning light on the top for
the protection of passing airplanes,
it would be a good idea for you to
check the CAA regulations for the
location at which you are going to
erect the tower. If it is near an air
field, a warning light may be necessary.

Courtesy Alprodco, Inc.

FIG. 16. A light-weight aluminum tower
that can be made as much as 120 feet
high.
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COMMON

Courtesy Technical Appliance Corp.

see, there are a great many kinds of antennas from which you can choose; but you will
ill take care of all your installations,

A mast capable of supporting an
antenna 30 or 40 feet from the ground
can be made of sections of 2" pipe
fitted together. Such a mast cannot
usually be made self supporting—
that is, it must be kept in position
by guy wires. We shall describe the
erection of such a mast later in .this
Lesson.
ANTENNAS
As a general rule, the complexity
of the antenna you need for afringearea installation depends upon the
signal strength in that area. If the
signal strength is very low, a complicated array may be necessary;
such an array is usually of a very
narrow band width (in fact, many are
generally usable for only one station),
so you may have to use several such
antennas if there are several stations

Courtesy J. F. D. Mfg. Co., Inc.

FIG. 18. A fringe-area antenna that can
be used to receive stations in both bands
at fairly long distances.

Courtesy La Pointe-Plascomold Co.

FIG. 19. A multi-bay antenna that has
been used to secure reception from extreme distances.

within range. If the signal strength
is not extremely low, you may be able
to use a single antenna to get all
stations. You should, of course, use
the simplest antenna that will give
you acceptable reception, particularly
since complicated antennas are rather expensive. A stacked array of the
sort shown in Fig. 18 will often provide reception in afringe area. Notice
that this antenna has both a stacked
low-band and a stacked high-band
array; it can, therefore, be used to
pick up more than one station. If
greater gain is necessary, a multielement array like that shown in Fig.
19 may be used.
Since there are so many kinds of
antennas now on the market, with
new ones appearing almost every day,
we shall not attempt to tell you which
specific one is best for certain conditions. Instead, you should keep in
touch with the• latest developments
by reading the technical magazines
in which new antennas are usually described. When you are considering
20

the selection of an antenna for fringe
area installation, make sure you
choose one that has enough gain and,
if possible, has a radiation pattern
with major lobes that can be oriented
toward the desired stations. You
should not use a more complex array
than is needed, both because the installation will be unnecessarily expensive and because the band width
of the antenna usually becomes less
as its complexity increases, with the
result that the use of an over-complex array may prevent you from
picking up a station that you could
get with one that was less complicated.

device at the antenna, where the connections to the device would be subject to the effects of the weather.
There is no shielded 150-ohm line
available, however; therefore, if it is
necessary to use a shielded line because of interference problems at the
location, you will have to use a 300ohm shielded line with a matching
section or matching stub at the antenna.
Of course, the match between the
antenna and the line is often not
critical, even in fringe areas. If the
antenna has enough gain, you can
afford to waste some signal. If several stations are to be picked up by
The impedance match between the
the same antenna, and the impedance
antenna and the transmission line is
of the antenna does not match that of
very important in the fringe area, as
the line, you will have to forget all
you know. Often the loss of signal
about an impedance match; the only
caused by amismatch between the anpractical methods of matching the
tenna and the line cannot be toleantenna to the line involve the use
rated. Unfortunately, however, the
of a matching section or a matching
use of stacked arrays reduces the imstub, neither of which can be used
pedance of the antenna very considerfor more than one channel.
ably: the various elements in the
The best available antenna for exstack are connected in parallel, so
tremely long-range reception is the
the net impedance of a two-bay anrhombic. We discussed this antenna
tenna, for example, is half that of
in an earlier Lesson, where we pointed
the individual antennas. Thus, an arout that it is not usable in many
ray consisting of two stacked folded
locations because of the large amount
dipoles has a net impedance of only
of space required for it. If there is
150 ohms. There will therefore be a enough room, however, and the antwo-to-one mismatch between this artenna can be gotten high enough, a
ray and a 300-ohm line, which will
rhombic will provide reception in a
cause a fairly considerable loss of
location where no other antenna will.
signal strength.
If several stations that lie in difIf the signal level at that location
ferent directions with respect to the
is so low that such a loss cannot be receiving location are to be picked up,
tolerated, it will be necessary to use
an antenna rotator will be very helpsome method of matching the antenful. The antenna shown earlier with
na to the line.
a rotator in Fig. 4 has fairly high
One way out of this is to use a gain, so it may be usable in a fringe
150-ohm line and create a match at
area. The rotator shown in this figure
the set between the line and the set;
is intended to support a maximum
the advantage of doing this is that weight of only about 20 pounds;
it is not necessary to use a matching
therefore, if a heavier or more elabo21

rate antenna is to be used, it will
be necessary to use an auxiliary
thrust bearing to support the weight
of the antenna. Such thrust bearings
are available from the manufacturer
of the rotator.
There are also heavy-duty antenna
rotators available that are designed
for use with amateur receiving and
transmitting equipment. These are
rather expensive, but they are husky
enough to move almost any antenna
and are relatively trouble-free.
If there is very much electrical
noise in a location in the fringe area,
it will be almost impossible to get
worth-while television reception there
unless the antenna used has high noise
rejection. The ability to reject noise
is one feature of the stacked array
that makes it particularly suitable
for use in fringe areas. If a great
deal of noise is present, the signalto-noise ratio will be low, with the
result that too much noise will be fed

to the set, thus producing snow and
lines in the picture.
An annoying interference effect is
sometimes produced in a fringe area
that is about an equal distance from
two stations on the same channel.
Unless a uni-directional antenna is
used, both stations may be picked up
simultaneously. Even if they are
transmitting the same program, there
will usually be enough frequency difference between the two carriers to
produce interference. This interference has been described as a"venetian
blind effect," because it produces a
series of bars across the face of the
picture that resemble avenetian blind.
Methods are being developed for
synchronizing such transmitters so
this interference will not be produced.
There is nothing that can be done at
the receiver to prevent it, unless a
directional antenna is used that will
cut out one or the other of the stations.

hi stalling Antennas
When it comes to installing television antennas, mechanical ability is
more important than electrical knowledge. In fact, usually the most difficult part of any antenna installation
is the mechanical job of erecting the
antenna mast, and bringing the transmission line down into the house. For
this reason, dealers and service organizations very frequently have installation crews made up of skilled
mechanics who do not or need not
have much technical knowledge of
television. These men need to know
only enough about electrical work to
make the proper connections to an
antenna and bring the transmission
line down to the receiver.

Even though you, as a serviceman,
may not make a regular practice of
installing antennas, you will probably
be called on to do so occasionally or
to supervise the work of an installation crew. At any rate, you should
know, how to put an antenna up. We
shall show you how in the following
section of this Lesson.
The mechanical problem of mounting an antenna outdoors makes it necessary to use tools that are not usually in a serviceman's kit. Let's see
first what these tools are.
TOOLS NEEDED
Since the antenna mast is often
secured to the side of abrick building,
22

you will need equipment that will permit you to drill holes in brick or
masonry. This should include a slowspeed electric drill that will handle
a I/2" masonry drill, a Rawl tool,
some Rawl plugs, a supply of 1/
4-20
machine-screw anchors, a tool for
expanding the anchors, a Ye star
drill, and a ball peen hammer. The
electric drill should have at least a
100-foot power cord, or a 100-foot extension cord should be used with it.
You will also need various hand
tools, such as pliers, wrenches, screwdrivers, and a hack-saw. Further,
you will need abrace and bit for drilling through wood and a high-speed
electric drill that will handle a 1/4"
drill for drilling through metal. Final-

Courtesy Kentode Mfg. Co.

FIG. 20. An outdoor soldering iron that
is heated by firing a cartridge contained
in the head of the iron. Top, the complete iron; center, inserting cartridge;
bottom, firing cartridge.

ly, you will need a supply of clamps,
stand-off insulators, heavily galvanized guy wire, porcelain insulators for
use with the guy wire, and galvanized
or brass 1
/ " mounting bolts, as well
4

as any special material needed to
secure the antenna.
Although you do not need to use a
soldering iron very often, you will
find an occasional use for one when
you are making an outdoor installation. A new kind of soldering iron
shown in Fig. 20 has been developed
for outdoor use. This iron contains
a cartridge that can be "fired" by
pulling out and releasing a rod that
projects through the handle. When
this rod strikes the end of the cartridge, chemicals contained within the
cartridge are ignited. These chemicals
will burn for several minutes, bringing the tip of the iron to soldering
temperature in a few seconds and
keeping it there for six to eight minutes, furnishing as much heat in this
time as a 250-watt iron will. The
cartridge is replaceable. An iron of
this sort can be a great convenience,
particularly when you are working
outdoors and no source of electric
power is available.
DRILLING MASONRY
Very often in making an installation it is necessary to secure the antenna mast to the side of a brick
building. This is done by fastening
some form of clamp to the bricks by
screws. Since you may be unfamiliar
with the technique used to secure
screws to masonry, we shall take a
moment to explain it.
A screw cannot easily be driven
directly into a brick. Instead, the
usual practice is to drill ahole in the
brick, insert an expandable metal or
fiber plug in the hole, and force the
plug outward until it is securely fastened in the hole. Screws are then
driven into this plug (which is often
already threaded to accept amachine
screw).
Holes can be drilled in brick either
with an electric drill or by hand
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Hand drilling, which is done by hammering in atool known as astar drill,
is slower and more laborious than
using an electric drill, but it is capable
of giving agood j
ob; if electric power
is not available, it is usually the only
way that the hole can be made.
Fig. 21 shows the various steps involved in the process of securing a
screw to brick. First, you should drill
a pilot hole with a Rawl drill. The
Rawl drill is asharp-pointed tool that
is hammered into the brick; one of the
smaller sizes can be driven in rather
easily. A typical Rawl drill and drill
holder are shown at the left in the top
illustration in Fig. 21. Beside them is
shown astar drill.
To make a hole with a Rawl drill,
hammer it into the brick, using firm
but not excessively strong blows. After
each blow, rotate the tool a quarter
turn or so and lift it. It is best to
wear heavy gloves when you do this
to protect your hands and to keep
them clean.
Next, drill a 1/
2"hole in the brick,
using the small hole as aguide. Make
the hole just the depth of the anchor
to be used in it. The second illustration in Fig. 21 shows this hole being
made with a star drill (the operation
of using a Rawl drill would look just
about the same). Like the Rawl tool,
a star drill is driven in by hammer
blows; you should rotate it and lift
it after each blow to clear out the
chipped masonry and to make a
smoother hole.
If electric power is available, an
electric drill equipped with a 1
/ "bit
2
FIG. 21. How to drive a screw into brick.
Use a Rawl drill and holder (top left) to
drill a pilot hole, then a star drill (top
right) to drill a hole for a screw anchor.
Imbed the anchor in the hole with an
expansion tool. The screw can then be
turned into the threaded insert in the
anchor.
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will let you drill the hole faster than
you can with astar drill. Be sure not
to drive an electric drill so hard that
the bit becomes overheated, because
the bit may be ruined if you do.

the screw securely. These plugs come
in various sizes, for each of which
there is a Rawl drill and a matching
screw. When you are using one of
these plugs, drill a hole whose total
When the hole is finished, insert a depth is a little longer than that of
lead screw anchor in it. The next the screw that is to be run into it,
illustration in Fig. 21 shows the ap- minus the thickness of the material
pearance of one of these anchors when that is to be fastened.
it is first inserted in the hole.
When you are drilling a hole in a
Next, use an expansion tool to seat brick wall, be sure not to drill into
the anchor firmly against the sides of the mortar between the bricks. A
the hole. This tool has a small pro- screw anchor will not hold permanentjection on one end that fits into the ly in mortar.
center hole of the anchor. Hammering the other end of the tool forces the
CHOOSING THE
plug to expand tightly against the
ANTENNA LOCATION
sides of the hole. The next illustraThe best place to mount the antion in Fig. 21 shows what the fitting
tenna mast depends very largely on
looks like after it has been imbedded
in the hole.
In most forms of these screw anr.renrtiett
chors, there is a brass insert in the
middle of the anchor that is threaded
to accept a 1/
4-20 machine screw.
Therefore, such a screw can be used
to secure aclamp or whatever form of
Courtesy Star Expansion Bolt Co.
mounting is to be used to the anchor, Four kinds of anchors that can be used
as shown in the bottom illustration in to secure screws or lag bolts to brick or
concrete. Each is inserted in a hole in
Fig. 21. If the anchor has been propthe masonry, then expanded (either by
erly installed, the screw will be so
using a special tool or by driving in the
secure that it will remain in place screw or bolt) until it is seated firmly
when it is subjected to an outward
against the sides of the hole.
pull almost as great as its tensile
strength.
the construction of the house. One of

Other kinds of anchors are also
used. Most of these are metal devices
that will expand when machine screws,
lag screws, or special nails are driven
into them. Rawl plugs are often used
to hold small screws in masonry, such
as the small supports used to secure
transmission lines to the side of the
house. These Rawl plugs are made of
twisted jute fibers. When one is installed in a hole and a screw is run
into it, the jute fibers are compressed
against the sides of the hole and hold
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the commonest ways of mounting an
antenna mast is to secure it to the
chimney with chimney straps like
those shown in Fig. 22. However,
many insurance policies will not pay
for damage caused by the wind to a
chimney if the chimney is used to
support anything (including an antenna). Always check the customer's
insurance policy or warn him of this
possibility before deciding on the
chimney as a place to mount the
antenna.

Courtesy Phoenix Electronics, Inc.

FIG. 22. A mount that makes it easy to
fasten an antenna mast to a chimney.

Several kinds of smaller straps are
also offered that permit a mast to be
secured to a vent pipe. There is
usually no objection as far as insurance policies are concerned to a
mounting of this sort. There are also
mounting devices on the market that
permit the antenna to be mounted
inside the vent pipe. These mounts
are not legal in very many places,
however, because there are local ordinances in almost all communities that
prohibit blocking of vent pipes in any
manner.
Always investigate to find out if
there are any local ordinances in your
community that affect the position,
the mounting, or the height of an antenna. Make yourself familiar with

Courtesy Shure-Antenna- IVrount, Inc

FIG. 23. This versatile mount can be used to secure an antenna mast to almost any
part of a roof or gable.

26

such ordinances before you start making installations; otherwise, you may
subject yourself or your customers to
fines by following some practice that
is prohibited.
Antenna masts are often fastened
to the roof or side of the building
near the roof. An antenna mount of
the kind shown in Fig. 23 can be used
to mount a mast on the peak of a
roof, on the side of a roof, or on the
side of a building. The simple clamp
shown in Fig. 24 can also be used to
secure masts to the side of abuilding.

slates if you do so. We advise you
to avoid roof mounting when the roof
is slate. Instead, secure the mounting G
bracket or clamps to the side of the y >
building.
An antenna mounting plate is ordinarily not secured to a flat roof. Instead, the mounting plate is secured
to aheavy block of wood that acts as
a base, and the antenna is held in
position with three or four guy wires
fastened at convenient anchor points.
If the roof has aparapet, the antenna
can be secured to the parapet with
clamps like those used to secure it to
abrick wall. The special mount shown
in Fig. 25 has been developed for use
with parapets, which are very corn-

Courtesy Insuline Corp. of America

FIG. 24. Simple pipe clamps of this sort
can be used to fasten a mast to the side
of abuilding

When you are mounting an antenna
mast on a roof, you should be very
careful not to create leaks in the roof
by running the mounting screws into
it. A good way to prevent leaks is to
use a thin lead washer between the
head of the mounting screw and the
outer surface of the mount. To make
such a washer, take a small piece of
lead 1/16" thick and punch a small
hole in it with a nail. You can then
run the screw through the piece of
lead and secure a good seal that will
prevent water from leaking down the
shaft of the screw into the house. As
an extra precaution, it is a good idea
to put a dab of roofing cement under
the mounting plate on the roof at the
point where the mounting screw will
penetrate.
It is possible to drill holes in aslate
roof, but you are always taking a
chance of cracking one or more of the
27

Courtesy J. F. D. Mfg. Co., Inc.

This base plate can be used to mount an
antenna mast in almost any position.

monly found on top of apartment
buildings.
Very often, particularly in areas
where the signal strength is high, you
can get good results by mounting the
antenna in the attic. A roof in which

little metal is used, such as aslate or
wood roof, does not attenuate signals
much. Installations of this sort are
sometimes permitted in apartment
houses where roof-top installations
are not. If space is available, it is
wise to try the attic before attempting
a difficult roof mounting job, unless
you are sure that the antenna must
be higher than an attic mounting will
permit it to be, or unless the roof top

Whenever you do mount the antenna outdoors, you must make sure
that the mast will be strongly and
firmly held. Remember -that there will
be considerable force exerted on the
antenna when a strong wind is blowing and that it may become very
heavy if snow or ice collects on it.
Therefore, the mast must be held very
securely.
As a protection against lightning,
the antenna mast should be grounded.
If its mount insulates it from ground,
connect it to ground with a number
8 armored wire or a number 6 bare
wire. (These are the wire sizes required by the Fire Underwriters.) Run
the grounding wire straight down to a
metal stake that is firmly embedded
in the ground. If the mast is clamped
to avent pipe, it will be unnecessary
to use a ground wire, since the vent
pipe will already be well grounded.
Just make sure that there is a good
electrical connection between the
mast and the pipe. Sometimes the
FIG. 25. A parapet mount, often useful
in apartment-house installations.
ground wire is brought over from the
mast
to a vent pipe when the mast is
is apt to be covered with snow for a
mounted
somewhere near-by; howconsiderable period. A heavy snow
ever, this system does not give as good
on the roof will attenuate considerprotection against lightning as does
ably the signals passing through the
the wire run directly to the ground,
roof.

TURNBUCKLES

FIG. 26. This drawing shows the dimensions and locations of the guys needed to
keep a tall mast in place.
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because lightning may escape from a guy wire that pass through it are
conductor that makes abend.
interlocked (although separated by
If the mast is rigidly supported at
the insulator); thus, if the insulaits base or supported at two or more
tor should break, the guy wire will
points along its length, you will not not come apart. The kind shown at
usually need guys if its unsupported the bottom of Fig. 27 should not
length is less than 15 or 20 feet.
be used, because the guy wires will
If the base of the mast is not sup- part if it breaks.
ported but is merely kept from movThere should be a turnbuckle in
ing by the mount, or if the mast is
each guy wire so that it can be tightened after the mast is erected. A guy
should not be brought to its final
tightness with the turnbuckle the first
time it is adjusted; instead, each guy
should be tightened in turn until all
are moderately tight and tightened in
turn again until each is at its final
tautness.
TALL MASTS

FIG. 27. The kind of strain insulator
shown at the top should be used with
mast guy wires. The kind at the bottom
is not suitable for this use.

/
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very small in diameter or more than
15 or 20 feet tall, guy wires should
be used to keep it rigid. The sketch
in Fig. 26 shows how these guys
should be attached. At least three guy
wires should be used at each guying
point.
These guys should be made of number 6or number 8stranded galvanized
steel wire unless the manufacturer of
the antenna recommends some other
size. The guys should not be continuous; to prevent them from affecting the radiation pattern of the annna, they should be broken up at
that are greater or less than
the length of the antenna. Strain insulators of the kind shown at the
top of Fig. 27 should be used to
break them up. This insulator is
made so that the two sections of the

The erection of atall mast is much
more complicated than the erection of
the usual 10- or 20-foot antenna mast.
The antenna and transmission line
must of course be mounted on the
mast before it is erected, which makes
the assembly rather heavy. A crew
of men is therefore needed to raise the
mast with the antenna in place.
Before attempting to raise such a
mast, you must have a mount prepared that will hold the base of the
mast once it is up. One of the simpler
ways of raising the mast after this
mount has been prepared is to have
one man at the mount to guide the
base of the mast into it, another close
to the base of the mast who will help
in getting the mast started up and
then help the first man to guide the
mast into its mount, and at least one
man on each guy to pull the mast up
and to keep it from toppling over after
it is erect. Since the mast should be
guyed every 10 or 15 feet, and since
there should be at least three guy
wires at every guying point, some six
or nine men will be needed to pull up
a40-foot mast.
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Anchors should be provided before
the mast is erected so that the guys
can be quickly secured once the mast
is up. Of course, turnbuckles should
be installed in each guy so that it can
be tightened.
The mast, of course, should be of
strong enough material to be able to
hold itself up without bowing. Twoinch pipe is probably strong enough
for a 40-foot mast; if the mast is to
be much taller than this, either avery
heavy pipe or some form of lattice
work construction of light pipe or
wood should be used.
There are two schools of thought on
the subject of how high the top guys
of the mast should be. If the mast is
to remain rigid, it should be guyed
very near the top. Some engineers,

however, feel that the top guys should
be about 10 feet below the top of the
mast. If this latter construction is
used, the mast top will sway in ahigh
wind, but it will not break, whereas
the rigid mast may be knocked over
when the wind becomes very strong.
If the place where the antenna is
erected is swept by high winds, the
construction that permits the mast to
sway slightly is probably better.
MOUNTING THE ANTENNA

Courtesy Alprodco, Inc.

A mast is often secured to the side of a
house, as shown here, to simplify the
problem of supporting it.

Usually the antenna must be
mounted on the mast before the mast
is put in place. At what point in the
procedure this should be done depends
upon what kind of installation is being
made. If it is asimple roof mounting,
often the easiest thing to do is to
carry the unassembled antenna up to
the roof, assemble it there, mount it
on the mast, secure the transmission
line to it, and then erect the mast. Of
course, this may be something of a
job if the roof furnishes only a precarious perch.
Some antennas are designed so that
they can be folded until it is time to
erect them. Such an antenna can be
mounted on the mast on the ground,
then the whole assembly can be
brought conveniently up to the roof,
and the antenna can be snapped out
to its final position just before the
mast is erected. An antenna of this
sort, if it is designed so that it cannot
fold up again after the installation is
completed, can be a very great time
saver.
If the antenna is to be mounted on
clamps secured to the side of the
building, mounting the antenna on the
mast becomes something of a problem. It may be possible to mount the
antenna on the mast on top of the
roof, then carry the whole assembly
over to the side of the house where it
is to be mounted. At other times, it
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may be necessary to mount the antenna on the mast on the ground and
then carry the assembly up a ladder.
Either procedure may be rather dangerous, so the installing crew should
exercise great care in making such an
installation.
As we mentioned earlier, the antenna must be mounted on atall mast
before the latter is erected. If atower
is used, it may be possible to climb it
afterward and mount the antenna on
the peak of the tower, but it is usually
a dangerous and difficult task to do
so.
ANTENNA ROTATOR
When an antenna rotator is to be
used, it must first be clamped on the
top of the mast; the antenna must
then be installed in the movable section of the rotator. This will, of
course, have to be done before the
mast is erected. The only extra problems the rotator creates are that it
adds weight to the top of the mast
and that it must have a power lead
brought to it. A suitable• power and
control line is generally supplied with
the device.
RUNNING TRANSMISSION LINES
A transmission line must be secured
to the antenna mast or mounting
somewhere close to the point at which
the line is electrically connected to
the antenna. A line should never be
allowed to hang free from the antenna, because it will eventually break
loose. Often some form of clamp is
provided on the antenna or on the
mast to remove all strain from the
connections themselves.
One such
strain relief clamp is shown in Fig. 28.
Ordinary twin-lead line is very easily secured to the antenna. All you
nèed to do is to split the insulation
in the middle and strip it from the
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FIG: 28. A typical strain relief clamp.
Some such clamp should always be used
near the point at which the transmission
line is connected to the antenna to prevent the weight of the line from damaging the connections.

leads with a knife. The leads can
then either be wrapped around the
terminals of the antenna and bolted
or be fitted with lugs that can be
slipped over the antenna terminals.
The latter method is usually preferred.
Shielded lines are somewhat more
difficult to connect to the antenna because of the presence of the braid.
One of the best ways of separating
the braid from the inner conductor of
acoaxial line is shown in Fig. 29. To
prepare a coaxial cable this way, first
strip off about 6inches of the rubber
outer covering (Fig. 29A). Next, push
the braid apart with an ice pick or
some other pointed tool at a point
about an inch from the end of the
outer insulation (Fig. 29B). Next,
bring the inner conductor out through
the hole thus formed in the braid
(Fig. 29C). Stretch the braid by pulling on its end until it closes tightly
around the inner conductor. Finally,
solder lugs to the end of the braid and
to the end of the inner conductor (Fig.
29D) .
Shielded 300-ohm twin lead requires
even more elaborate treatment so that
water will not run down inside it. The
steps to follow to prepare the end of
one of these lines for connection to an
antenna are shown in Fig. 30. First,

FIG. 29. Steps in fitting terminals to the
conductors of a coaxial cable.

remove 3 inches of the outer jacket
from the end of the line (Fig. 30A).
Next, remove a 2-inch length of the
copper braid (Fig. 30B). Pull the
remaining inch of braid back over the
outer jacket (Fig. 300). Solder apigtail of No. 18 wire to the braid, using
a length that will leave at least 4
inches of the pigtail free. Strip an
inch of the polyethylene insulator
from the leads (Fig. 30D). Next, close
the end of the cable with Scotch electrical tape (Fig. 30E) to keep water
out of the jacket (this is often called
"serving" the line). If you prefer,
can apply a coat of some waterproof plastic, such as polystyrene
dope, over the exposed ends. Slip
solder lugs over the tubing and solder

the leads to the lugs, using aminimum
amount of heat so that the polyethylene will not be injured. Follow
this procedure for both ends of the
lead-in.
A shielded line, either coaxial line
or shielded 300-ohm twin lead, can be
secured directly to the antenna mast.
Unshielded twin lead, however, should
be spaced out from the mast to prevent its characteristics from being
affected by the near presence of the
metal of the mast. Masts supplied
with antennas often have rubber
spacers for this purpose.
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 q
interference; shielded line can be run
straight.
Whenever possible, it is advisable
to bring the line in through the basement and through the floor in back
of the set. This will make it unnecessary 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
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Courtesy J. F. D. Mfg. Co., Inc.

This stand-off insulator is used to space
twin-lead line away from an antenna
mast.

Courteay Federal Tel. and Radio Corp.

FIG. 30.

Steps in preparing the end of a shielded twin-lead line for connection to
an antenna.

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,
alightning arrester should be inserted
in 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 transmission 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 basement. If
so, bring the line through a hole
drilled in the casement of the window,
mounting the lightning arrester inside
the window. Lead the line to the set
from the window along the baseboard.
If it is ashielded 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.
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Twist unshielded line once each foot
to reduce pickup of local interference.
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 unshielded twin lead in between the two
halves of the window in the manner
described earlier for a window antenna installation. 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. 31 is well suited
to this use. If the house has masonry
walls, you must drill holes and insert
plugs in them for the screws in these

insulators. Insulators of this sort
should be installed before the transmission line is brought down, and they
should be placed so they will be directly along the path that the line is
to follow.
The location of the transmission
line with respect to its surroundings is
often important. In addition to being

Courtesy Phoenix Electronics, Inc.

FIG. 31.

lu

Stand-off insulator for twinlead line.

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 example, a transmission line brought
down the back of a house away from
the street is much less likely to pick
up ignition interference than is 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.

Orientation of the antenna is generally atwo-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 one
another so that the man turning the
antenna can learn what happens when
he turns it. A telephone like that
shown in Fig. 32 is frequently used
for this purpose.
This particular telephone is sound
operated. A sound-operated telephone
is equipped with a high-output magnetic microphone that is capable of
operating a telephone receiver over
a considerable
distance
without
amplification. 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

ORIENTING THE ANTENNA
When an antenna has been installed
and connected to a set, it 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 orientation 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.

Courtesy Wheeler Insulated Wire Co., Inc.

FIG.

32.

A

sound-powered
handset.

telephone

saving themselves the trouble of having an extra inter-connecting line between the antenna position and the
set position. However, it is often inconvenient to do this, since the end
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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 achart like the
one shown in Fig. 33. 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 abroken 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 manner, you will have a chart that shows
how well the antenna receives that
particular station in each of its possible positions. Next, repeat the process with the station next higher in
frequency tuned in. Draw another
line outside the first one to show how
well the second station is received.

Courtesy Wheeler Insulated Wire Co., Inc.

Sound-powered phone in use during
orientation of an antenna.

of the transmission line at the antenna
may be many feet in the air; further,
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 orientation for the antenna. The one we are
going to describe, however, is easy to
follow and has proved to be very
satisfactory.
Let's assume that you are the man
turning the antenna. First, orient the
antenna so that it receives best from
the north (that is, if it is a dipole,
point its rods east and west), and
have your assistant at the receiver
tune in the lowest-frequency station
that can be received. Then have your
assistant describe the quality of the

N
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FIG. 33. Use a simple chart of this sort
to help you determine the best orientation.
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If there are more than two stations,
repeat the process again for each.
The completed chart for a location
in which four stations are present
might look something like the one
shown in Fig. 34. This indicates that
a clear, ghost-free signal can be gotten from three stations in the position marked A, but that the fourth
station cannot be picked up there or
in any other position in which the
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FIG. 34. How the filled-out orientation
chart might appear after you have made
reception tests at a location.

other three stations are picked up
well. When this happens, it is usually
necessary to add another antenna—a
high-band one in this case, since it
is channel 9 that cannot be received
well. This antenna should be oriented
separately.
If you are installing a high-band,
low-band antenna right from the start
on the basis of previous experience,
orient the low-band antenna for the
low-band stations and the high-band
antenna for the high-band stations.
Generally speaking, the two antennas
will not have very much effect on one
another if they are separated by a
X/4 length of line.
If you install a single antenna and
find it necessary to use a high-band
antenna in addition, you can get a
high-band attachment that you can
clamp on the antenna mast. This will
be far more convenient than it would
be to install a separate antenna or to
replace the antenna with ahigh-band,
low-band combination.
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Lesson Questions
Be sure to number your Answer Sheet 60RH-3.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. What are usually the two chief problems in primary-area antenna installations?
2. Under what two conditions can a highly directive antenna be used to
receive signals from several stations?
3. Why are antenna rotator motors usually operated from 24-volt a.c.?
4. What is the effect on reception of using a 300-ohm line with a plain
dipole in an area where the signal strength is high?
5. In investigating the signal strength in a fringe area, why is it better to
connect a TV set to your test antenna than to use a meter to measure
the antenna pickup?
6. If a house has a slate or tile roof, where should you secure the antenna
mount if an outdoor antenna is needed?
7. Why should guy wires used with antenna masts be broken up by insulators instead of being continuous?
8. Why is it important to "serve" the end of a shielded 300-ohm line at
the antenna end?
9. Why should you twist unshielded 300-ohm line once every foot?
10. In a city installation, why is it better to lead the transmission line down
the part of the ,house that is farthest from the street?
Be sure to fill out a Lesson Label and send it along with your answers.
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It is a very fine thing to have an "open mind."
But it is a fine thing ONLY if you have the ability
to make a decision after considering all sides of a
question.
Failure to make a decision after reasonable consideration of all facts will quickly mark a man as
being unfit for any position of responsibility.
So practice making clearcut, well thought-out decisions.
Not all your decisions will be correct.
perfect.

No one is

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 TELEVISION RECEIVERS
WHEN a television receiver is first
" put into operation, there are a
number of servicing procedures that
may have to be carried out, ranging
from a purely mechanical procedure
of installing apicture tube, through an
adjustment procedure, to actual servicing for some breakdown. Then, after
a period of operation, some of these
steps will have to be carried out again
—for example, the picture tube will
eventually wear out and have to be
replaced, or some adjustment or repair
will have to be made.
Since certain breakdowns produce
symptoms that are similar to those
produced by misadjusted controls, it
is necessary for the serviceman to be
able to distinguish between them, and
the easiest way to do this is to carry
out an adjustment procedure first. If
this does not correct the symptom,
then a service procedure is indicated.
In this Lesson, we are going to coven
the adjustment procedure; actual
servicing for breakdowns will be covered elsewhere.
*Photo above, courtesy NBC.
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In order to give acomplete coverage
of TV set adjustment, we are here
assuming that we have aset to be installed and that it needs the "works."
However, in actual practice, very few
of the steps given in this text may be
required on any one set at one time.
That is, one set may need one adjustment, and another set may require
an entirely different one. Hence, you
need to know them all so that you
can carry out those that are called
for in each instance.
Even the procedure of installing a
picture tube may not be required on
some new sets, because it is becoming
standard •
practice with some manufacturers to ship the sets with the
tubes installed. However, many sets
are shipped without picture tubes, and
it is necessary to install one before the
set is delivered to the customer. And,
of course, you must remember that
eventually this tube must be replaced,
so the same installation procedure will
be needed.
Although in this Lesson we are
going to give the complete installation
procedure from the unpacking of the

set to the final touch-up in the home
of the customer, naturally we must
give the general or basic steps rather
than the specific details. We cannot
give the exact procedure for all the
many sets that are being made. Therefore, this text is not intended to replace the manufacturer's instructions;
it should be considered as a supplement to give you a basic idea of the
necessary steps, so that you can go
to the manufacturer's instructions and
get the details quickly and understandably.
Before we go any further, let's see
what the various steps in an installation are. To make an installation,
you would usually:
1. Unpack the set and the picture
tube, and install the tube if it is not
already in place.
2. Check the set in the shop. Make
whatever adjustments are needed to
get proper reception.
3. Deliver the set to the customer's
home and place it in the desired location.
4. Connect the set to the temporary
or permanent antenna.
5. Re-check the set and correct
any adjustments that have slipped
during delivery.
6. If a temporary antenna is installed, place it where it will give the
best results.
7. When the permanent antenna is
up, orient it to give the best possible
reception.
8. Install a wave trap, boosters, a
light filter, magnifiers, or other supplementary items that are needed or
desired by the customer.
9. Show the customer how to operate the set.
10. Call back a few days later to
make sure the set is operating properly.
We shall describe all these steps
in this Lesson, except for steps 6, 7,
and 8, which are treated in other
2

Lessons. However, before we get into
the installation procedure, there are a
few general matters we should discuss.
WHERE TO WORK
Some servicemen make a practice
of installing the picture tube and adjusting the set in the customer's home
instead of the shop. We do not recommend your doing so with a new
set; in fact, we recommend strongly
that you do not. One important reason is that the set may need considerable adjustment. If you have to work
quite a while to adjust the set properly, the customer, who will undoubtedly be watching your every
move, will probably get apoor opinion
of either the set or your ability. In
addition, customers almost invariably
ask many questions ;they may prove
annoying when you are trying to devote all your attention to the problem
of getting the set to work properly.
In servicing a set, however, it is
best to do the work in the customer's
home if possible. There are several
reasons for this: the sets are usually
heavy and awkward to carry; there
is always a chance of damaging the
picture tube if you move the set; and
the customer usually dislikes to be
without his set any longer than is
necessary.
SAFETY PRECAUTIONS
When you are working with or
around a picture tube, there are several important safety precautions that
you should observe.
A picture tube is very highly evacuated. Consequently, there is a net
air pressure of approximately 14
pounds per square inch on the outside
of the tube. Because of the large surface area of the tube, the total force
on it is very large, and there is danger
of an "implosion" (explosion inward)
if the tube is cracked or broken. It
is possible to be badly cut by flying
glass if this happens.

Therefore, you should always wear
goggles, heavy gloves, and either a
leather apron or a heavy shop coat
when you handle the tube. Never hold
the tube against your body unless it
is absolutely necessary to do so (as
it sometimes is if the tube is a very
large one). Always be careful to hold
it by the funnel (the wide tapering
portion between the screen and the
neck). Hold the slender neck only if
it is necessary to do so to get the tube
into position. Even then, support as
much of the weight of the tube as
possible with your other hand, which
should be on the bottom edge of the
tube face.
Be very careful at all times not to

This is the right way to hold apicture tube
when you are installing it through the
front of the cabinet.

allow the tube to bump against any
hard object nor permit it to be
scratched, especially at the rim of the
face. If the tube sticks when you attempt to slide it into asupport during
installation, do not force it; instead,
find out what is blocking its entry.
You should also take precautions
against electrical shock from picture
tubes. The funnel of ametal tube, for
example, is usually 10,000 to 15,000
volts positive with respect to the chassis when the set in which it is used is
operating; therefore, you should be
extremely careful not to touch it
when the set is on. Metal tubes are
now being enclosed in removable
3

Vinylite boots as a safety measure,
but you should not consider that this
makes them harmless.
It is possible to get a shock from
an electromagnetic glass tube when
the set is not operating—or even when
it is not in the set at all. Such tubes
have conductive coatings on both the
inside and the outside surface of the
glass funnel; these form a condenser
having afairly high capacity. The inside coating is connected to the second
anode, and the outside one is grounded.
Since leakage between the two coatings is very low, there may be aconsiderable charge on this condenser
even several days after voltage has
been applied to the tube. You can get
enough of a shock from a charged
tube to startle you, and perhaps make
you drop the tube, if you touch both
the high-voltage terminal and the
conductive coating at the same time.
Even an apparently unused tube in
its original carton may retain acharge
that it received during its final test
at the factory. Therefore, you should
make a practice of shorting between
the high-voltage terminal and the
outer coating of the glass tube with
a high-voltage test lead before you
touch the tube with your hands.
(Note: By "high-voltage test lead,"
we mean a lead having high-voltage
insulation—NOT a high-voltage test
probe, which has a high resistance
built into it.) Short the tube this wéty
several times to make sure the condenser is fully discharged.
Remember that insulation that is
perfectly safe for ordinary voltages
may break down when it is subjected
to the high voltages used in television
sets. Don't, therefore, assume that you
cannot get a shock from a wire just
because it is insulated.
UNPACKING A SET
As we said earlier, sets may be
shipped with all tubes but the picture

tube in place, but very frequently the
picture tube is already installed also.
The control knobs are usually packed
in a small bag that is secured inside
the cabinet. Sometimes there is protective packing around some of the
tubes, particularly the power tubes.
This should be removed before you
start to install the picture tube (or
to adjust the set, if the picture tube
is already installed).
Additional braces are often fastened
to large consoles to prevent the cabinet from being broken during shipment. These braces should be left in
place until the set is delivered into the
customer's home, because they will
protect it during delivery. Of course,
you should be very careful when you
remove outside wrapping and protective packing that you do not damage
the set, the chassis, or the tubes in any
way.
If the picture tube is shipped in a
separate carton instead of being in-

stalled in the set, remove it carefully
from the carton after making sure
that it does not carry a charge. Remember, a glass tube may retain a
charge from its final test at the factory; the shock you might get from
it would not be dangerous, but it
might well be enough to startle you
and make you drop the tube.
There is no possibility of getting a
shock from a metal tube that is not
in a set. However, it is important
not to handle such tubes by the glass
section of the tube funnel, because finger marks on this section of the tube
may create leakage paths that will
interfere with reception and may
create a shock hazard. Such tubes
should therefore be handled only by
their metal rims. If the glass part of
the funnel is accidently touched, you
should wipe it clean with asoft cloth
that has been moistened with carbon
tetrachloride.

Installation of Direct-View Tubes
There are two types of sets in use
today—one in which the image is
formed on the face of the tube for
direct viewing, and a second that
uses a projection system. The latter
will be described later in this text.
Whenever you have to install a
direct-view tube, whether as apart of
the initial set-up or as aservice procedure, you will find that the tube has
two supports: 1, at the front end of
the funnel where it joins the face;
and 2, either at the base of the funnel
or a little farther back on the neck.
Most of the weight of the tube is on
the front support.
Courtesy The HaUicrafters Co.
A basic difference is in whether the
front support is attached to the chas- One common method of mounting a picture tube on a chassis.
sis or is built into the front of the
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cabinet. The most common way of
supporting the front end of the tube
is to have it rest in a cradle secured
to the chassis with ametal strap or a
band of webbing running over the top
of the tube to keep it from shifting.

Courtesy The Hallieraftere Co.

Notice that this mount permits the position of the front end of the tube to be
adjusted.

Another method of supporting the
front end is to have it rest on brackets
that are secured to the inside front of
the cabinet. The position of these
brackets is usually adjustable so that
the tube can be properly oriented with
respect to the mask in the front of
the cabinet. This difference calls for
achange in the method of installation,
as we shall show.
Generally, the rear support is
mounted on brackets that are supported on the chassis. On an electrostatic tube, the rear support is astrap
around the neck of the tube or a
mounting plate that holds the socket.
However, the neck of an electromagnetic picture tube is supported by
adeflection yoke and afocus coil into
which the neck is slipped. The deflection yoke is usually secured inside a
fiber sleeve that bears acushion in its
front end. This sleeve is usually held
in aclamp that is secured by thumb5

screws or nuts. If you loosen these
nuts, you can move the sleeve back
and forth. In addition, the deflection
yoke can be moved back and forth or
rotated within the sleeve by loosening
a thumbscrew or nut. The mounting
screws that hold the focus coil to its
bracket can be loosened if it is necessary to adjust the position of the coil.
There is another variation—in some
sets, both the front and rear supports
of the tube are secured to the cabinet
and are completely separate from the
chassis. This arrangement is used in
some 7-inch table-model sets and also
in some large sets using aconsole cabinet.
In at least one set using a20-inch
tube, the tube is secured in a special
cradle that permits it to be lowered
within the cabinet when the set is not
in use.
We shall give instructions for installing the tube in each of the first
two mounts mentioned above, which
are by far the most common kinds. We
shall also describe the installation of

KINESCOPE
CENTERING
SLIDES

;

SLIDE
ADJUSTMENT
SCREWS

The front of the picture tube is fastened
to the cabinet in this manner in some sets.

7-inch cabinet-mounted tubes. If you
work on alarger set in which the tube
is mounted in the cabinet, either consult the manufacturer's instructions or
inspect the set carefully to learn how
to install the tube.
Incidentally, if you should ever
service acustom TV installation, you
may find some special form of tube

mounting—in some of these, the tube
is even mounted in the wall.
These differences in mounting methods call for changes in the installation
procedure, and of course, there are
other differences that occur because of
the basic differences between electrostatic and electromagnetic tubes. For
example, one of the differences is that
most electromagnetic tubes use ion
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TOWARDS FACE
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POSITION
DETERMINED ONLY
BY TRIA L,MAGNET
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TOWARD
CHASSIS

BLACK

INSTALL WITH
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TOWARD FACE
OF TUBE,
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traps, but not all do, and no electrostatic tubes use them.
Ion traps are not used on electromagnetic tubes that have an aluminum backing behind the screen (such
as the GE Daylight tubes) nor are
they used on the 15 or 20-inch glass
tubes. You should consult the manufacturer's information to see if the
tube you are installing needs one.
There are anumber of different ion
traps in use; several are shown in
Fig. 1. In each type, one or two small
magnets are in an assembly. (Sometimes electromagnets are used.) When
there are two magnets, the ion trap is
supposed to go on the neck of the tube
with the weaker magnet nearer the
face of the tube. Fig. 1 gives the
details for some types, but you should
read the instructions packed with any
you install. When removing an ion
trap in making areplacement, be sure
to notice how it was placed on the
tube.
In the following, ignore instructions
for installing an ion trap if none is to
be used.
Now, let's discuss the installation
of picture tubes in sets. We'll start
with the installation of electromagnetic (EM) tubes, then take up the
installation of electrostatic (ES)
tubes. So that you will find everything in one place when you refer to
this Lesson in the future, we shall
discuss each installation separately
and completely—there will, therefore,
be a certain amount of repetition in
the instructions. Remember — these
instructions will apply both to the installation of atube in a new set and
to the installation of a replacement
tube in a set that has been in use
before.
CHASSIS-MOUNTED EM TUBE

BLUE
TWO
MAGNETS

When an electromagnetic picture
tube has both its front and its rear
support mounted on the chassis of the

FIG. 1. Five kinds of ion traps. The one
in A is the most common.
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TV set, the chassis must first be removed from the cabinet before atube
can be installed. Usually this is done
by taking out the back of the cabinet,
but at least one type of set has been
made in which the whole top is hinged
and is moved aside to remove the chassis. Since the usual TV set is rather

(

FACE
OF
TUBE

ST CYLINDER
2ND CYLINDER

FLAGS

FIG. 2. These flags in the electron gun of
a picture tube can be used as guides to
correct initial position for the ion trap.

of the tube with the smaller magnet
towards the front of the chassis. The
arrow on the trap should then be
pointing toward the front of the chassis. (If the trap is different from that
in Fig. IA, consult the manufacturer's
instructions.) Be careful not to let
the tube hang by its neck at any time
while you are installing the ion trap.
Most tubes have two small metal
"flags" on the second cylinder from
the base in the electron gun structure,
as shown in Fig. 2. If the tube you
are installing requires an ion trap,
you can use these flags as a guide in
initially positioning the trap. First,
orient the tube so that the flags appear
as shown in Fig. 2when you look down
on the tube. Then place the ion trap
so that the rear magnet is over these
flags.
After the ion trap is in place, plug
the picture tube into its socket. Move

heavy, be sure you have a good grip
on it before you try to lift it out of the
cabinet.
Before starting to install the tube,
loosen the screws holding the deflection yoke sleeve to its support bracket.
Remove and discard any shipping
bolts. Slide the sleeve toward the
rear of the chassis. Loosen the yoke
in the sleeve, slide it as far back as
it will go, and tighten it again.
Next, align the focus coil (which is
behind the deflection yoke) so that
the hole in the middle of the coil is in
line with the hole in the middle of the
deflection yoke. Loosen the focus coil
securing screws if it is necessary to
shift the coil position, then tighten
them after the coil is properly placed.
If a rubber mask is to fit over the
face of the tube, install it. Holding
Courtesy RCA
the tube by the face and the funnel
The front section of a deflection yoke
(NEVER by the neck), slide its neck
mount.
through the yoke of the focus coil
until the base of the tube is approxithe tube toward the back until its face
mately two inches beyond the end of is in the proper position with respect
the focus coil. The high-voltage terto the front and support.
minal of the tube is ametal well sunk
If the strap that goes over the top
in the funnel; orient the tube so that
of the tube face is elastic or is tightthis terminal is in the upper half of
ened by aspring, slip it over the tube
the tube.
and adjust it so that it holds the tube
If an ion trap like the one in Fig. properly. If it is the kind that is
lA is to be used, slip it over the neck
tightened by a clamp, install the felt

or rubber cushions that are provided,
then put the strap in place and tighten the clamp.
When the front end of the tube is
securely mounted, slide the deflection
yoke sleeve as far forward as it will
go and tighten its securing clamp.
When this has been done, the rubber
cushion at the front of the sleeve
should be in contact with the funnel
of the tube. If the tube is aglass one,
the two small wire loops at the front
of the cushion should also be in contact with the conductive coating on
the tube funnel. These loops ground
the outer coating of the tube, so it is
very important for them to make good
contact. (These loops are NOT used
with metal tubes.) When the cushion
is in firm contact with the tube funnel,
loosen the securing screw or nut holding the deflection yoke, slip the yoke
as far forward as it will go, and fasten
it again.
Plug the high-voltage lead into the
high-voltage receptacle in the tube
funnel. This completes the installation of the picture tube; the next step
is to adjust the set. (The adjustments
to be made are described later in this
Lesson.) You will have to install the
various control knobs on the shafts of
the front controls of the receiver before making adjustments; then, when
the adjustments are partially completed, you must remove the knobs
and install the chassis in the cabinet,
replace the knobs, and make the final
adjustments.
COMBINATION MOUNTINGS
FOR EM TUBES
In aset in which an electromagnetic
picture tube is supported at its front
end by brackets on the cabinet (but
at the rear by a bracket on the chassis), the picture tube is installed from
•
the front of the cabinet with the chassisin place. To do so, it is necessary
to remove the decorative front panel

to which the protective glass or plastic
plate and the viewing mask for the
tube are secured. Usually either the
top of the cabinet or a section of the
top of the cabinet must be removed
also. You can expect to find some variations in the manner of securing the
parts of the cabinet.
When the front panel of the cabinet
has been removed, you will find ahole
in the front of the cabinet that is
large enough for the tube to pass
through.
Before installing the picture tube,
loosen the clamp holding the sleeve of
the deflection yoke. Move the sleeve
back toward the rear of the chassis.
Loosen the deflection yoke securing
screw and slide the yoke as far back
in the sleeve as it will go. Tighten
the yoke.
Next, see that the hole in the deflection yoke and the hole in the focus
coil are in line. If they are not, adjust
the position of the focus coil.
Loosen the adjustable brackets used
to support the tube face. These are
mounted on the inside surface of the
front panel of the set. Slide the two
bottom brackets to about the middle
of the range over which they can be
adjusted, and tighten their securing
screws.
The high-voltage connection to a
metal tube is made through one of
these supporting brackets. Find out
which bracket the high-voltage lead
is connected to and make sure that the
connection is secure.
If a metal tube is used, slip the
Vinylite boot over the metal part of
the funnel. Sometimes aclamp is provided to hold the large end of the
boot to the metal rim of the tube; if
one is used on the set you are working
on, install it.
Holding the picture tube by its funnel, (or, if it is a metal tube, by its
metal rim) ,slide the neck of the tube
into the deflection yoke and focus coil.
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If it is a glass tube, orient it so that
the high-voltage receptacle (a metal
well sunk into the funnel) is in the
upper part of the tube.
When the base of the tube is about
two inches past the focus coil, install
the ion trap if one is to be used. If
an ion trap like the one in Fig. lA is
to be used, it should be installed so
that the smaller magnet is toward the
face of the tube and the red dot is
uppermost. If some other kind of ion
trap is to be used, follow the instructions given for its use by the manufacturer. Remember—do not permit
the picture tube to hang supported
only by its neck while the ion trap
is being installed.
If you will look at the neck of the
tube, you will see that there are two
small metal flags on the second cylinder from the base of the electron
gun structure (see Fig. 2). The tube
should be oriented so that these flags
appear as shown in Fig. 2. The ion
trap should then be placed so that
the rear magnet is over these flags.
Continue pushing in the picture
tube until its face is slightly inside
the rear surface of the front panel of
the cabinet. Adjust the brackets that
support the tube until the face of the
tube is centered in the opening.
Wipe the surface of the picture tube
and the safety glass or plastic panel
that will cover it with some windowcleaning compound. The manufacturer's instructions may specify aparticular kind of compound for this job.
For example, RCA recommends the
use of "Windex."
Put the decorative front panel back
on the cabinet, being careful not to
get finger marks on the surfaces that
you just cleaned.
Slip the picture tube as far forward
as it will go. Slide the deflection yoke
forward until the cushion is firmly in
contact with the tube funnel. If a
glass tube is used, there will be two
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small loops of spring wire beside the
cushion; these loops, which ground
the outer coating of the tube, must
make firm contact with the tube.
These loops are NOT used with metal
tubes.
Tighten the bracket that encloses
the deflection yoke sleeve. Slide the
deflection yoke as far forward within
its sleeve as it can be moved and
fasten it securely. Plug the high-voltage lead into the high-voltage receptacle on the funnel if a glass tube
has been installed.
After installation of the control
knobs on the front panel of the set, the
set is ready to be adjusted, as will be
described later in this Lesson.
CHASSIS-MOUNTED ES TUBE
The only basic difference between
the mountings for electrostatic and
electromagnetic tubes is in the neck
support. The deflection yoke and focus
coil are not used on electrostatic tubes;
instead, there is a clamp support for
the neck. However, the installation of
a tube on chassis-mounted supports
proceeds as follows:
First, remove the chassis from the
cabinet. Install the ccirtrol knobs on
their shafts. If a rubber mask is to
be installed on the front of the tube.
install it now.
Loosen the rear support clamp ox
the tube (if one is used) and slip the
neck of the tube through it. Slide the
tube into approximately the right
position, then plug it into its socket.
If a clamp is used over the face end
of the tube, install it but do not
tighten it. It will almost certainly be
necessary for you to re-orient the tube
to square it with the mask after you
have found out where the picture will
appear on the tube.
Next, make any adjustments on the
set that are necessary. These adjust-

ments will be described later in this
Lesson. When you have found the
proper orientation of the picture tube
with respect to the mask, tighten the
clamps holding the tube.
If the mask for the tube is part of
the cabinet, it will be necessary to
install the chassis in the cabinet part
way through the adjustment procedure. Before doing so, wipe the face
of the tube and the inside surface of
the protective cover glass or plastic
plate on the cabinet to remove finger
prints and dust. Remove the control
knobs, install the chassis in its cabinet, replace the knobs, and finish the
adjustment procedure.
In some of these sets, arubber mask
that is mounted on the tube face extends through the opening in the cabinet when the chassis is installed. This
might be considered to be a combination of chassis and cabinet mounting. When you are working on such
a set, make sure that the mask goes
through the cabinet opening as it
should.
CAB1NET-MOUNTED ES TUBE
When an electrostatic tube is supported by the cabinet, it is usual to
have both the back and the front supports built in, rather than having one
on the chassis and one on the cabinet.
In some of the sets in which the tube
is mounted in the cabinet, it is installed from the rear; in others, it is
installed from the front. In the latter
case, the first step is to remove the
decorative panel and open the support that will hold the neck of the
picture tube.

Install the picture tube in its supports, either from the front or from
the rear, whichever is necessary. If
the tube is mounted from the rear,
wipe off its face and the inner surface of the glass or plastic shield before installing it. Tighten the tube
supports enough to keep the tube from
slipping but no more than that, since
it will have to be moved to orient it
properly when you find out where the
picture appears on its face.
Connect the socket to the tube. Install the control knobs, connect the
set to an antenna and to the power
line, and make the necessary adjustments. These adjustments will be described later in this Lesson.
After the correct position of the
tube has been found, tighten the front
and rear tube supports firmly. If the
front panel is removed when you install the tube, wipe the face of the
tube and the inner face of the glass
or plastic shield, then re-install the
front panel that was removed.
These descriptions of the installation of electromagnetic and electrostatic tubes have necessarily been
somewhat general. As we said earlier,
you should read the instructions issued by the manufacturer of a particular set you're working on before
you install areplacement picture tube.
If these instructions are not available,
however, the instructions we have
given you will help you to install a
tube properly as long as you keep an
eye out for any peculiarities in mechanical arrangements that the set
you're working on may have.
Now, let's learn what controls are
used on TV sets and how they should
be adjusted.

10

TV Controls and Tuning
A television set has a number of
controls on the front panel and within
or on back of the set itself. The adjustment of each of these controls
affects the performance of the set in
some respect. You must therefore
know where each of these controls is
and what it does before you can adjust the set properly.
Table 1 lists the various controls
that may be found in a TV set and
tells briefly what each does. (Notice
that several names are given for many
of the controls. In each case, one of
these names is applied to that particular control by one manufacturer or
another.) All sets do not have all
these controls, but practically all sets
have at least the first eleven of them.
Some of these are "operating" controls, meaning that they are located
on the front panel of the set and are,
or can be, adjusted by the set owner
to get or to improve the picture. The
others are non-operating controls that
are located inside the set, behind a
panel in the front of the set, or in
back of the chassis; these seldom require adjustment except for an occasional touch-up. Certain of the nonoperating controls, notably the focus
control and the ion trap, consist in
some sets of acoil or other part whose
position can be mechanically adjusted
to produce the desired effect on the
operation of the receiver. (The focus
control is an operating control in a
few sets; in these, of course, it is an
electrical control, not a mechanical
one.)
In addition, some of the controls
listed consist of two or three controls
in some sets. An example of this is the
horizontal linearity control, of which
some sets have three, each exerting
varying degrees of control.
11

Before we describe the adjustment
of sets, we shall describe the functions
of the most commonly used controls.
The station selector is the main
tuning device of the set. You are
already familiar with this control and
with the fine tuning control that is
associated with it in many sets, so
we shall not discuss them further.
The volume control is like that used
in radio sets; this, too, needs no further discussion.
The contrast control might be described as a volume control for the
video signal. It can be used to vary
the signal in the video amplifier or
in the video i.f. amplifier, depending
on the circuit arrangement of the
set.
The other controls of a television
set can be classified into four groups:
1, controls that affect the characteristics of the beam; 2, controls that
affect the synchronization of the
sweep voltages and currents; 3, controls that affect the dimensions and
position of the picture; 4, controls
that affect the shapes of the sweep
voltages. We shall discuss each of
these groups of controls in the order
given.
Controls Affecting Characteristics of Beam. The ion trap, the focus
control, and the brightness control
affect the content, size, and energy
of the electron beam. The function
of the ion trap (used only with certain electromagnetic tubes) is to bend
the electron beam so that the beam
can pass through an aperture in the
second anode of the tube. The magnetic field of an ion trap is usually
supplied by permanent magnets, but
some electromagnetic forms of ion
traps have been used.

Table 1
USE

CONTROL
1. Station Selector,
tor, TV Tuning

Channel

Selec-

Selects desired TV station.

2. Volume, Volume Control, Sound
Volume

Adjusts sound volume.

3. Brightness, Brilliance, Background

Adjusts average light intensity.

4. Contrast, Picture, Picture Control

Adjusts video signal amplitude.

5. Width, Horizontal Size, Horizontal
Amplitude, Picture Width Control

Adjusts picture size in horizontal direction.

6. Height, Vertical Size, Vertical
Amplitude, Picture Height Control

Adjusts picture size in vertical direction.

7. Horizontal
Hold,
Speed, Framing

Adjusts free-running
horizontal oscillator.

Horizontal

frequency

of

10. Vertical Centering, Vertical Position Control

Adjusts free-running frequency of
vertical oscillator.
Adjusts picture position in horizontal
direction.
Adjusts picture position in vertical
direction.

11. Focus, Focusing Control

Adjusts C.R. tube spot definition.

12. Fine Tuning, Sharp Tuning, Vernier

Tunes accurately to sound channel.

13. Vertical Linearity

Adjusts shape of vertical scanning
wave.
Adjusts shape of horizontal scanning
wave.

8. Vertical Hold, Vertical Speed
9. Horizontal Centering, Horizontal
Position Control

14. Horizontal Linearity
15. Horizontal Oscillator Frequency
Adjustment, Horizontal Lock

Adjusts frequency of sine-wave oscillator (a.f.c. control).

16. Tone, Tone Control

Varies audio frequency response.

17. Horizontal
Peaking

Drive,

18. Horizontal
justment

Oscillator

19. Picture Cut-off
Adjustment
20. Ion
Trap
Bender

or

Horizontal

Adjusts amplitude of peak portion of
horizontal scanning wave.

Phase

Adjusts phase of horizontal oscillator
to pulse rate (a.f.c. discriminator).
Adjusts "black" level of picture tube
(grid 2 voltage).

C.R.T.

Bias
Beam

Adjusts current through the ion trap
magnet coils.

Voltage

Adjusts output of horizontal amplifier
(auxiliary width control).

Adjustment,

21. Service Control, Screen
Horizontal Output Tube

Ad-

22. Coarse Focus

Sets range of main focus control.

23. Phase Detector Balance

Adjusts balance of a.f.c. discriminator.
Adjusts operating point for projection
picture tube.

24. Excitation, Anode Voltage
trol of Projection Tube
25. High-Low Bandswitch

Con-

Selects input system for high or low
channel group.
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The beam of an electromagnetic
tube is focused by varying either the
position of the focus coil or the current
through it; an electrostatic tube is
focused by adjusting the voltage on
the first anode of the electron gun.
Most commonly, the focus control
is a non-operating control, but in
some sets it is brought out to the front
panel. Of course, the latter is possible only when an electrical control
is used; when the focus coil is moved
physically, the adjusting screws form
a non-operating adjustment.
The brightness control affects the
amount of bias applied to the first
grid in the electron gun of the tube
in both electromagnetic and electrostatic tubes. It therefore controls the
number of electrons in the electron
beam; since the over-all light level
produced by a bombardment of the
screen by electrons depends on the
number of electrons that strike it, we
can say that the setting of the brightness control determines how much
light is produced at the face of the
picture tube. This is frequently an
operating control.

oscillator. It, too, is usually an operating control.
Controls that affect the locking system or the horizontal a.f.c. are invariably non-operating controls.
Controls Affecting Dimensions
and Position. These controls consist
of a width control that affects the
horizontal width of the picture, a
height control that affects its vertical
height, a horizontal centering control
that permits the picture to be moved
horizontally, and a vertical centering
control that permits the picture to
be moved vertically.
The setting of the width control
determines how much sweep current
is allowed to flow in the horizontal
deflecting coil of the picture tube (or
how much voltage is applied to the
horizontal deflection plates in an electrostatic tube). This is a non-operating control in all cases.
The adjustment of the vertical
height control determines the amount
of sweep current allowed to flow
through the vertical deflecting coil
of the tube (or the amount of voltage
applied to the vertical deflecting
plates in an electrostatic tube). This,
too, is always a non-operating control.
The horizontal centering control
may be either an electrical or a mechanical one. If it is mechanical, it
consists of some method of adjusting the position of the focus control,
usually with one or more adjusting
screws. An electrical control determines the amount and direction of
d.c. current flow through the horizontal deflecting coil (or the d.c. voltage applied to the horizontal deflecting plates in an electrostatic tube).
This is usually a non-operating control.
The vertical centering control may
also be either mechanical (the position
of the focus coil) or electrical. The
electrical type controls the amount of

Controls Affecting Synchronization. The horizontal and vertical hold
controls are examples of two of these
kinds of controls. These two are used
in all sets. In addition, sets that have
a.f.c. horizontal oscillator control systems have controls that permit the
frequency of the horizontal sweep
sine-wave oscillator to be adjusted and
permit the horizontal discriminator to
be balanced. With other locked systems, locking range controls and
sometimes oscillator frequency controls are generally provided.
The horizontal hold control affects
the frequency of the horizontal sweep
oscillator. It is usually an operating
control.
The vertical hold control affects
the frequency of the vertical sweep
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d.c. current allowed to flow through
the vertical deflecting coil (or the
d.c. voltage applied to the vertical
deflecting plates in an electrostatic
tube). The vertical centering control
is usually a non-operating control.
Controls Affecting Sweep Voltage Shapes. These controls usually
consist of horizontal linearity and
drive controls and avertical linearity
control. Either of the linearity controls may have one or more additional
controls associated with it that provide varying degrees of control.
Linearity controls are seldom used in
sets having electrostatic tubes.
There may be as many as three
horizontal linearity controls in a receiver, each of which affects the shape
of part of the horizontal sweep current. These are always non-operating
controls.
Adjustment of the horizontal drive
control determines the point in the
horizontal sweep current cycle at
which the horizontal output tube conducts. Therefore, it affects the shape
of the horizontal sweep signal. It,
too, is always a non-operating control.
The vertical linearity control, of
which there may be two in areceiver,
controls the shape of the vertical
sweep current. It, too, is anon-operating control.
POSITION OF CONTROLS
There is no general rule we can
give you about where the various controls of aTV set are, except that the
station selector, the volume control,
and the fine tuning control (if the
set has one) are invariably on ,the
front of the set; usually the contrast
and brightness controls are there also,
and the horizontal and vertical hold
controls are frequently there. Occasionally the focus control is also on
the front panel. The other controls
are usually on the back of the chassis
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or on top of it. In some sets, some
of the non-operating controls are
brought out to the front but are concealed by a panel that is secured by
screws. In some sets, also, a few of
the non-operating controls are on the
side of the chassis. Occasionally a
control is located beneath the chassis.
In almost every case, the name of
the control is engraved near it on the
chassis or apaper tag shows what its
name is. When the tag is lost, or
an unusual name is given a control,
you should refer to the manufacturer's
instructions, if available. If not available, you can determine its use by
the process of trying it, as long as
you are careful to note its original
position. Do not assume that you
have found all the controls on a set
with which you are unfamiliar until
you have checked these instructions,
because there may be one or two that
you do not suspect the existence of.
INDICATION OF PROPER
ADJUSTMENT
It is possible to tell whether a
few of the adjustments we will describe are properly made just by
looking at the raster (the line pattern
produced on the face of the tube when
no signal is tuned in). Some others
can be judged when you have a picture tuned in, but you cannot tell
whether some of the controls are properly set without having atest pattern
to guide you.
Test patterns are stationary pictures transmitted by a television station to assist servicemen to bring sets
into proper adjustment, and they can
be used to make almost all the adjustments. One of the most popular
of these is shown in Fig. 3. (Some
are different in appearance but the
following facts apply.) If a set is
perfectly adjusted, the test pattern's
vertical and horizontal lines will be
straight, with no moire pattern across

Courtesy NBC and WNBW

FIG. 3.

The standard NBC test pattern.

them, the vertical "wedges" of lines
will be equal in size to each other,
the horizontal wedges will likewise be
equal to each other, the circles will
have no irregularities and will be perfectly circular, and the shades of gray
in the center circles will range from
white to black.
The test pattern also shows the
width of the frequency band passed
by the set (and hence indicates how
well it is aligned) by the degree of
separation between the lines of the
vertical wedges. We shall leave alignment for a later Lesson, but we shall
discuss the adjustments of controls in
this one.
OPERATING A SET
Before we discuss the adjustments
that may have to be made on aset to
bring it into operating condition, let
us take a moment to describe the
process of tuning aset and producing
apicture of the desired quality on its
face. If you are familiar with the
operation of a TV set, you need not
bother with this section; it is intended
for the man who has never operated
one.
First, turn the set on. The on-off
switch is usually on the volume (or
the tone) control as on a sound receiver. Turn on this control, and adjust both the sound volume control
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and the contrast (or "picture") control to about their middle settings.
Next, turn the station selector to the
desired channel. If the set uses a
push-button or step tuner, push the
proper button or turn the switch to
the right number; if it uses a continuous tuner, rotate the tuning knob
until the indicator points to the desired channel.
If the station is on the air, you
will now get an indication of apicture,
at least, and you should turn up the
sound volume control until sound is
heard.
If the set has a fine tuning control,
adjust it for maximum undistorted
sound volume, paying no Étttention
to the picture. If the set is receiving
a strong signal, it will probably be
possible to find three volume peaks at
any setting of the station selector.
However, two of these will be distorted; the one in the middle is the
correct one.
If the set uses continuous tuning,
it will probably have adouble-shadow
tuning eye. After adjusting the tuning
mechanism to approximately the right
place, make small adjustments of the
tuning knob until both shadows are of
the same size and are lined up with
one another.
Sets that do not have fine tuning
controls have a.f.c. circuits that are
supposed to take care of bringing the
set into exact tune when it is turned
to the station. With these, selecting
the desired channel is all the tuning
that has to be done.
Once the station is tuned in according to the sound, adjust the contrast
control to get a "normal" picture —
not too black nor too white. Now,
the picture must be made stationary
(if it is not already so) by adjusting
the vertical and horizontal hold controls. This is seldom necessary if
the set was in use earlier and was

in detail; if it is set much too low,
no picture will be visible. A test pattern is good to experiment with; when
the contrast control is properly adjusted, the center circles should shade
from white to black in such a way
that each circle is distinct from its
neighbors.
Often, once the brightness control
has been set, it is unnecessary to
change the setting if the set is then
tuned to another station. For this
reason, some sets are made without an
operating control for the brightness
level. In such sets, the contrast control should be adjusted to give the
best picture.
After the set has been in operation
for afew minutes, it may be necessary
to re-tune the fine tuning control if
the set is equipped with one.
If the set is re-tuned to another
station, probably the fine tuning control (if the set has one) and the
contrast control will have to be readj usted.

turned off without anyone's touching
the hold controls.
Once asteady picture has been produced, the contrast and brightness
may have to be re-adjusted to get
the best picture. It is the usual practice when aset has both these controls
to adjust for normal contrast with
the brightness as high as it can be
made without making the retrace lines
visible. However, people differ in their
ideas of "good" pictures just as they
differ in their setting of tone controls; it is permissible to turn the
brightness control higher or lower,
if desired.
If the contrast control is set too
high, the picture will be excessively
/ "contrasty" — too light in places, too
5 dark in others — and the vertical lines
ill usually be bent. If the control
sset much too high, the picture will
be severely distorted or destroyed
altogether. If it is set too low, the
picture will be gray, flat, and lacking
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Adjustment of Direct-View Sets
Now that you know how to adjust
the main operating controls, let's
study the adjustment of the others,
particularly those considered "nonoperating." We shall assume that a
picture tube is installed, and that you
can now connect the set to an antenna
and power outlet.
To make it easier for you to see
the face of the tube while you are
working in back of it, place a mirror
in front of the tube. Stainless steel
mirrors on tripod stands are sold by
parts distributors; you will find one
of these very convenient for this use.
First let's run through the adjustment of sets using electromagnetic
(EM) picture tubes, then study electrostatic types. In the following de16

scriptions, the sentences in boldface
type describe the adjustment step,
and the succeeding paragraphs show
how the adjustment is made.
EM SET ADJUSTMENT
With the tube installed, connect the
set to the antenna and power, and
turn on the set. Turn the brightness
control to its maximum setting and
turn the contrast control to its minimum setting.
Position the ion trap. If the set
has an ion trap, it must be adjusted
at once to produce avisible 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

If shadows persist, the focus coil may
be incorrectly positioned; hence you
may have to adjust it (as described
later), then return to make afinal ion
trap adjustment
Square the raster with the mask.
If the raster is not square with the
picture tube mask, rotate the deflection yoke to make it so. This can be
done accurately, of course, only if

beam until the ion trap is properly
adjusted) may be seriously damaged
or ruined. To make this initial adjustment of the ion trap, 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.
Remember — it is important to get
the ion trap into an initial rough adjustment very quickly to prevent
damage to the tube. Once a fairly
bright raster has been secured, there
is no longer any danger to the picture
tube, so you will not have to rush
the rest of the ion trap adjustment.
The position of the ion trap must
be adjusted to produce the brightest
raster that can be secured. If it
proves difficult to locate the exact
position at which the brightest raster
is secured, reduce the brightness somewhat by turning down the brightness
control, then re-adjust the ion trap.
Next, adjust the focus to make the
visible lines in the raster as sharp

Courtesy RCA

A tilted picture of this kind in a set using
electromagnetic deflection means that the
deflection yoke is rotated from its correct
position.

Courtesy RCA

The shadow at the bottom left of this
picture is produced by an incorrect adjustment of the ion trap.

as possible. Re-adjust the ion trap
for maximum brightness of the raster
at which the focus can be maintained.
Inspect all corners of the raster
/carefully to make sure that none are
çi shadowed. If shadows are present,
re-adjust the ion trap to remove them.
17

the mask is up against the tube. If
you are making adjustments on a
chassis that is not in the cabinet, and
the mask is part of the cabinet, you
can get the orientation of the raster
at least almost perfect by making
sure that the top and bottom of the
raster are horizontal and the sides are
vertical. However, in this latter case,
remember that it may be necessary to
rotate the deflection yoke slightly
after the set has been put back in the
cabinet.
Get a steady picture. Turn the
station selector to some station on
the air, preferably one that is transmitting a test pattern. Tune in the
station in the usual way and turn up
the contrast control (which was previously turned all the way down)
until the picture becomes visible, then
adjust for near normal contrast. If

y

Courtesy Belmont Radio Corp.

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.

the set is operating properly, and
the contrast control is not at asetting
far too high or too low, you should
be able to sync the picture with the
horizontal and vertical hold controls.
If the picture runs vertically, turn the
vertical hold control until it is stationary. Similarly, if it runs horizontally,
bring it to rest with the horizontal hold
control. In some sets, misadjustment
of the horizontal hold control will not
produce a moving picture but will
instead produce one that is very highly distorted.

Courtesy Belmont Radio Corp.

If the horizontal hold is slightly out of
adjustment in a set that uses the simpler
kind of horizontal control, you will get
a picture like this that moves slowly to
the left or right.
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If a steady picture cannot be produced by adjustment of the horizontal
hold control, any one of several possible difficulties may exist. If the set
uses one of the simple triggered systems of horizontal synchronization,
the set will not lock in if the signal
is too weak or if too much noise is
picked up. If the set uses some locking system of synchronization, there
will be an auxiliary synchronizing
control that may require adjustment.
This auxiliary control may be acontrol of the horizontal oscillator or a
control in the locking circuit. Some
sets have both. You will have to
consult the manufacturer's instructions to see which auxiliary controls

Courteav Belmont Radio Corp.
If the horizontal hold is badly misadjusted, you will get a picture like this.

are used on the set you are working
on. If you cannot get a steady picture by adjusting these controls, the
set has some defect that must be
found and remedied.
Cheek the angular range of the
horizontal hold. Once you have
managed to get a steady picture on
the tube, check the range through
which the horizontal hold control can
be turned without throwing the picture out of sync. In some sets, this
range is only about one half of the
total possible rotation of the horizontal hold control. In other sets, the
range is somewhat greater than this,

controls, others use only mechanical
ones; the latter is becoming increasingly popular. Mechanical centering
controls almost invariably consist of
some means of tilting the focus coil
on the neck of the tube, usually by adjusting two or more screws. This
procedure, incidentally, is often somewhat difficult to follow if the focus
coil fits tightly on the neck of the

Courtesy RCA

You will get a picture like this if the frequency adjustment of the horizontal sync
discriminator transformer is misadjusted.

and in still others, it is impossible
to throw a properly adjusted set out
of horizontal sync with the horizontal
hold control. Find out from the manufacturer's instructions what the angular range is for the particular set you
are working on, then check the control
to see that it works as it should. If
it does not, you will have to follow
the instructions given by the manufacturer for adjusting the hold circuit.
These instructions differ for different
sets, depending upon the kind of horizontal sync system used.
Center the picture on the tube.
Some sets have electrical centering

Courtesy Belmont Radio Corp.

Pictures that are off center vertically
(top) or horizontally (bottom) look like
this.

tube, as it does in some sets. In fact,
it may sometimes prove impossible
to center the picture exactly when a
mechanical centering control is used.
If so, it will probably be necessary
to make the picture extra large so
that it will fill the mask properly;
we shall mention this again a little
farther on.

Courtesy RCA

Misadjustment of the phase adjustment of
the horizontal sync discriminator transformer produces a steady picture of this
sort.

Install the set in the cabinet. If
the set had to be taken from the cab19

met to install the picture tube, then
we suggest that you put it back in the
cabinet now, because the next adjustment steps are concerned with making
the picture fill the mask. If arubber
mask is used over the picture tube, it
will be unnecessary to install the set
in the cabinet at this time. As amat-

Courtesy RCA

This shows what happens when the vertical
height control is misadjusted, making the
picture too high for its width.

ter of fact, when you have had considerable experience in adjusting sets,
you will probably not bother to put
the set back in its cabinet just yet
but will instead be able to judge the
size of the picture adequately without
having it in its mask. If you do install the set in the chassis at this time,
first be sure to wipe off the face of
the tube and the inner face of the
protective glass or plastic plate on the
cabinet. You must, of course, remove
the knobs from the set before installing it in the cabinet and replace them
afterward.

mask. This is not desirable, but it
may be necessary.
If you are using a test pattern as
your picture, the picture size is considered to be correct if the main circle
is just tangent to the top and bottom
of the mask (see the test pattern given
earlier in Fig. 3). Some people prefer
to get a bigger picture by adjusting
the vertical height control until this
circle is well beyond the edges of the
mask at the top and bottom and likewise adjusting the horizontal width
of the picture to make the width
greater than it should be. Doing so
causes some loss of picture at the
edges, but it does produce a bigger
picture in the center, which is usually
the part one is most interested in
seeing. For shop adjustment, it is
probably best to make the picture just
fill the mask; you can then make
the picture somewhat larger at the
customer's home if he wants you to.
Adjust the vertical linearity of
the picture. The vertical linearity
control is used to make this adjustment. It is necessary to have a test

Make the picture fill the mask
vertically. Adjust the vertical height
control to make the picture fill the
mask. If you have been unable to get
the picture exactly centered because
the mechanical centering system used
did not permit it, you may have to
drive the picture beyond the mask at
the top or bottom to make it fill the
20
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Misadjustment of the vertical linearity
control may produce this kind of a
picture.

pattern on the screen to make this
adjustment well; it is difficult to make
a precise adjustment of linearity on
a station signature card or other
stationary picture, and it is practical-

ly impossible to do so if a program
is being received. The picture is linear
vertically if all the lines in the two
vertical wedges are straight and the
vertical wedges are equal in length.
(If the wedges are of equal length,
but the lines are bent, and adjustment
of the vertical linearity control will
not straighten them, probably either

out of adjustment, you should first
adjust the horizontal drive control
to get a picture of the maximum
width having good linearity, that is,
having the lines in the horizontal
wedges straight or very nearly so and
having equal wedge lengths. Next,
adjust the horizontal linearity control
to get the best linearity; and finally,
adjust the width control to make the
picture fill the mask horizontally. If
the vertical size has been adjusted, the
major circle in the test pattern should
now be round.
If the horizontal drive control is
misadjusted, the right side wedge in
the picture appears to be shorter than
the left one on a test pattern, and
the outer circle is not round.
If the horizontal linearity control
is misadjusted, the picture appears to
be cramped in the middle; that is,
what should be gray circles in the
center of the test pattern become ovals
with their long axes vertical, and the
right wedge in the picture is somewhat shorter than the left one.
If the width control is misadjusted,

Courtesy RCA

A picture distortion of this sort may be
produced if the width control is misadjusted.

the horizontal linearity is wrongly
adjusted or some amplifier in the set is
overloaded.) It may be necessary to
make several adjustments of the
vertical height and the vertical linearity control to remove the vertical
distortion in the picture, since the
adjustments of these controls interlock to some extent. Also, it may be
desirable to repeat some of these adjustments after the horizontal linearity has been corrected.
Adjust the width of the picture.
The width control, the horizontal drive
control, and the horizontal linearity
control or controls must be adjusted
to produce a picture that is undistorted and fills the mask horizontally.
These controls interact, so you will
probably have to make several adjustments of them to get the picture
right. In general, you will have to
adjust only the width. However, if
the horizontal sweep is considerably
21
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Misadjustment of the horizontal drive control may produce this effect.

the right wedge of the picture is somewhat longer than the left one, and
the center circles of the test pattern
are ovals having their long axes horizontal.

If it was impossible to get the picture centered horizontally on the tube
face, you may have to overdrive the
picture somewhat horizontally to
make it fill the mask. Again, this is
undesirable but may be necessary.
If the vertical control was adjusted
to give a picture larger than normal,
the horizontal controls must likewise
be adjusted to give a bigger picture.
You can tell when the proper aspect
ratio is obtained by seeing that the
circles of the test pattern are truly
circular even though they may go beyond the edges of the mask somewhat.
Some sets have masks having circular rather than straight sides and
having horizontal top and bottom
edges. The test pattern reproduction
looks like that in Fig. 3, except that
aslight amount of overdriving of the
height may be necessary.
Some sets have circular masks that
are approximately the same size as
the full face of the picture tube. There
are two possible ways of adjusting
the size of the picture to make it fill

a large picture, the corners and part
of the sides of which will be completely lost. The other method of filling the circular mask is to distort
the picture somewhat by making it
just fill the mask vertically and horizontally. This will effectively make
the height and width of the picture
the same. The picture will therefore
be distorted, because when it is trans-

Courtesy Belmont Radio Corp.

This picture is larger than normal both
vertically and horizontally. Many people
prefer such a picture, particularly on
small picture tubes.

mitted it is three units high and four
units wide; however, less of the picture will be wasted. When a set is
adjusted in this way, the sections of
the test pattern that should be circular will instead be ovals having their
long axes vertical. Follow the manufacturer's instructions in adjusting the
picture size in such aset.
Focus the picture. Adjust the
focus coil control to make the picture
as sharp as possible. Focusing is
Courtesy RCA
most easily done if the set is tuned
If the horizontal linearity control is mis- to a station that is transmitting a
adjusted, the effect shown here may be
test pattern, but it is possible to focus
produced.
on a regular picture also if the focus
such amask. One way is just to drive
control is electrical. To focus on a
the picture both vertically and horiregular picture, find some part of the
zontally until it has the proper 4-to-3
picture that is stationary and adjust
aspect ratio and fills the whole mask.
the focus control rapidly back and
In this case, the tube will effectively
forth through the position of best
be reproducing the center portion of
focus. This will make it fairly easy
22

for you to find the point at which
the focus is best. If the focus control will not permit you to take the
picture through the focus point, but
if it instead allows you to bring the
picture only into reasonably good
focus before you reach.the end of the
control, you cannot be sure that you
have the best possible focus. The
focus control should permit you to
bring the picture into good focus
somewhere near the middle of the
range of the control. If it does not,
there is probably some defect in the
set — perhaps some tube is losing
emission. Any such defect should be
found and corrected.
If the set is focused by adjusting
the position of the focus coil, it is
practically impossible to focus on a
picture; you will have to use a test
pattern or perhaps astation signature
card. The reason is, of course, that
adjustment of the focus coil is a
fairly slow procedure, and it is very
difficult to get the proper focus on
a scene that changes (as it will in a
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Misadjustment of the focus coil or focus
control will produce a blurred picture.

regular picture if you have to take
very long to make the adjustment).
If it is necessary to change the position
of the focus coil, it may also be
necessary to readjust the ion trap to
eliminate shadows in the picture.
Changing the position of the coil may

also affect the centering of. the picture. Keep these possibilities in mind
if you find it necessary to move the
focus coil.
Check the set on all stations. The
set should now be in adjustment for
all the stations that can be received.
Check this by tuning to each in turn.
You may find that the best adjustment for one station's test pattern
may not give as good linearity as the
test pattern of another station.
Usually this is caused by irregularities
in the transmission from the station,
so it is desirable to use the test pattern from the station considered the
best operated in your locality; you
can then ignore small differences
found on other signals. Of course,
improper alignment of the set may
cause trouble this way, too, so you
may have to follow the alignment
procedures described in another Lesson.
SET ADJUSTMENTS —
ES TUBE
Again, the sentences in bold-face
type will indicate the steps in the
procedure, and the succeeding paragraphs will show how the steps are
carried out.
Produce apicture on the face of
the tube. Connect the set to an
antenna and a source of power, and
turn it on. Tune in a station that is
transmitting atest pattern (or apicture, if no test pattern can be found).
Turn the contrast all the way down,
and turn up the brightness until a
raster is just visible on the face of
the picture tube. Then turn up the
contrast until the picture is visible.
Sync the picture. If the picture is
running either vertically or horizontally, use the appropriate hold control
to stop its motion. Sets using electrostatic tubes very rarely have any
sync locking controls other than the
hold controls. If the picture cannot
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be brought into synchronization by
manipulating the hold controls, usually there is some defect in the set that
must be found and repaired. If a
locking control is used on the horizontal sweep, however, it may have to
be adjusted if the horizontal hold control doesn't lock.
Center the picture. Adjust the
vertical centering and horizontal centering controls until the picture is in
the center of the mask of the set.
If the picture is not square with the
mask of the tube, rotate the picture
tube to make it so. Once the tube
„7is properly oriented with respect to
the mask, tighten the clamps that
hold it in place.
Make the picture the proper
height. Adjust the vertical height
control until the test pattern fills the
mask vertically. Since the most popular electrostatic tube is the 7-inch
tube, which is a relatively small one,
the customer may prefer an oversized
picture; however, in shop adjustment,
you should produce a picture of normal height (that is, one in which the
major circle of the test pattern just
touches the top and bottom edges of
the mask as shown in Fig. 3). You
can always increase the size of the
picture in the customer's home if he
wants you to.

I

Make the picture the proper
width. Adjust the horizontal width
control until the picture fills the mask
horizontally as shown in Fig. 3. The
circles on the test pattern should now
be perfectly circular. If you have
overdriven the picture vertically, you
will also have to overdrive it horizontally to produce the proper aspect
ratio (which you will have when the
circles are true circles).
Sets using electrostatic tubes do
not have horizontal or vertical linearity controls. Therefore, if the picture is not satisfactorily linear (that
is, if lines in the test pattern are not
24

straight and the wedges are unequal
in size), there is no adjustment that
can be made to improve this condition.
The set must have some defect that
must be found and corrected if the
non-linearity is serious.
Focus the set. Adjust the focus
until the picture is as sharp as it is
possible to get it. Rotate the focus
control until the picture goes through
its point of best focus, then turn the
control in the opposite direction until
the picture goes through the point of
best focus again. Repeat this process several times fairly rapidly, decreasing the amount of rotation of the
control each time until you are able
to stop the control at the exact point
of best focus.
Check performance on other
stations. The set should now be in
adjustment for all stations. See that
it is by tuning it to each of the other
stations in your vicinity in turn. If
it will not pick them all up as well
as your experience in that location
indicates it should, the alignment of
the set is probably defective. You will
learn how to align sets in a later
Lesson.
SPECIAL ADJUSTMENTS
One "adjustment" you may be
called upon to make is actually an
alignment or replacement problem
that comes up because some sets are
capable of tuning in only 7or 8channels on a"choice" basis; that is, they
will tune to either 12 or 13, either
10 or 11, etc. Manufacturers customarily adjust their sets to receive the
stations that are available in the locations in which the set will be shipped.
However, it is always possible that
someone will move into your territory
who has a set that is adjusted for
different stations.
How to adjust such sets depends
upon the type of set. In some, it is
necessary only to change the setting of

however, the contrast control may be
in the video section, and a separate
"a.g.c." control may be used to set
this circuit below the point of overloading. Generally, the adjustment
consists of tuning in a strong signal,
adjusting the contrast control to
maximum, and then adjusting the
a.g.c. control to where overloading in
the form of a severely distorted picture just begins to appear. Now, turning down the contrast control should
give normal contrast, and if the a.g.c.
system is operating properly, there
should be no overloading on any
signal.

the rd. oscillator. You will receive
instructions for doing so in a later
book on set alignment. Other sets use
turret tuners into which new coils
must be plugged if adifferent station
is to be picked up. To adjust a set
of this sort, you must secure new
coils for the desired channel and install them in place of the coils used
in the undesired channel. If you find
it necessary to do this, follow the instructions given by the manufacturer.
How to adjust a.g.c. controls. In
sets using a.g.c., the contrast control
is frequently used in that circuit and
acts as the only control. In others,

Projection Sets
It may take longer to adjust projection television sets completely than
it does to adjust direct-view sets,
chiefly because not only must the
adjustments of the sort described
earlier be made, but also the optical
system must be properly lined up.
For this reason, careful and detailed
explanations of how to adjust a projection set are always given by the
manufacturer in his manual. To give
you some idea of what such adjustments are like, we shall describe the
procedures used in the more common
sets.
Proj ection television sets, as you
have learned, use either a Schmidt
lens system or an ordinary projection
lens to produce a large picture from
asmall picture tube. In aset in which
a projection lens is used, the tube is
simply mounted behind the lens, and
the image on the face of the tube is
projected through the lens onto awall
or screen. So far, sets of this sort are
manufactured only for custom installations, although modification kits are
available that make it possible to

convert ordinary receivers for such
use.
Most of the projection sets that
are sold for home use employ the
Schmidt lens system in one form or
another. There are three chief variations of this system in use at the present time. One is the RCA system
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FIG. 4. The basic optical system used in
RCA projection sets.

shown schematically in Fig. 4. The
spherical mirror, the 5" kinescope,
and the corrector lens used in this system are all secured in atapered mount
called an optical barrel. This is
mounted in the bottom of the set,
which is always of the console type;
the mirror and the viewing screen are
mounted on the top of the set.
The system used by Philco is shown
schematically in Fig. 5. A 4" picture
tube is used. One major difference
between this and other systems is that
the final picture is reflected from the
front surface of the viewing screen.
This eliminates some of the loss of
light caused in other systems by projecting the picture through a screen.
Another difference is the keystoning
that is caused by the fact that the
image is not projected onto the mirror
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Philips Co.. Inc.

FIG. 6. The folded Schmidt optical system used in Protelgram projection units.

in the front of the cabinet at 45 degrees. As you learned earlier, this
causes adistortion of the picture that
must be corrected by distorting the
original picture in the opposite manner.
The third method now in use is the
Protelgram system of the North
American Philips Co. (see Fig. 6).
This is known as a folded Schmidt
system because the optical path is
bent twice between the spherical mirror and the viewing screen. This
folding and the use of a very short
2" picture tube make the system
80 compact that it can be used even
in table model receivers.
Generally speaking, the only adjustment the serviceman makes in the
optical path of one of these sets is
an adjustment of the position of the
picture tube itself. This is done to
bring the tube into the proper location with respect to the rest of the
optical system so that the projected
picture will be in focus. In the Philco
and Protelgram systems, such adjust-
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FIG. 5. The Philco projection system.
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ments must be made whenever the
picture tube is replaced. In the RCA
system, it may not be necessary to
refocus the set after replacing the
picture tube, because the tube goes
in a holder that positions it, and this
holder need not be disturbed when
replacing the tube. In any of these
systems, of course, it will be necessary
to shift the position of the tube if
the system becomes out of focus.
We shall now describe briefly how
the picture tube is installed in each
of these kinds of sets, and how its
position is changed to improve the
focus of the set. This information
is intended to show you what is done,
but not specifically how to do it. The
actual installation information furnished by the set manufacturer consists of instructions to turn specific
screws or other adjustments. Naturally, such information is of little value
to you unless you have that exact
model to service and can see exactly
which adjusting device is referred to
and what the effect of turning it is.
Hence, we shall give only the general
information that will assist you in
understanding the details you will find
in the set service manual.

Since the test lamp is in exactly the
place that the picture tube will occupy
when it is installed, the system can
be brought to the proper focus by
making adjustments that produce an
undistorted test pattern on the screen.
The manufacturer's instructions show
various distortions of the test pattern
and tell what adjustments must be
made to correct them.
To focus this set, you must first
untie acanvas dust cover that encloses
the space between the optical barrel
and the plane mirror. Move the cover
out of the way. Then, remove the
corrector lens on the top of the optical
barrel. Next, install the special test
lamp face down in the picture-tube
holder inside the barrel. Center the
lamp in the holder by turning the
adjusting screws in the holder. When
the lamp has been installed, replace
the corrector lens. It is important to
put this lens back in the proper position; there is an arrow on most, and
this arrow should point in the direction given by the manufacturer. Plug
in the lamp cord, and rotate the lamp
CORRECTOR LENS
OPTICAL FOCUS
ADJUSTMENT
LATERAL
CENTERING
ADJUSTMENT

RCA SYSTEM

HORIZONTAL

CENTERING
The RCA system shown in Fig. 4
ADJUSTMENT
can be adjusted with the picture tube
in place, by using a test pattern.
OPTICAL
However, RCA provides aspecial test
BARREL ""
1
HORIZONTAL
lamp that makes it simpler to align
TILT NUTS
the optical system before installing
the picture tube. This special lamp,
Courtesy TWA
which works from a 110-volt power
The optical barrel used in RCA projection
line, is placed in the picture tube holdsets.
er in place of the picture tube. The
lamp has a test pattern on its face
so that the image on the screen is in
that is projected through the optical
the proper aspect. Next, cover the
system to appear on the screen, so
hole in the center of the lens (between
adjustment is possible whether a the lens and the neck of the lamp)
signal is available or not. If the
with apiece of black paper to prevent
light from going through it. Replace
optical system is not perfectly aligned,
the test pattern will be distorted.
the dust cover.
--
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With the test lamp lit, examine
carefully the pattern that is found on
the screen of the set. If the pattern
indicates that the lamp is not properly centered or that the system is out
of focus, you can make the necessary
adjustments by turning adjusting
screws on the optical barrel. The
picture-tube holder (and the lamp)
can be raised or lowered by a"focus"
screw; this changes the distance from
the lamp face to the spherical mirror,
and corrects the focus. When the
focus is proper, good resolution should
be had over the entire image. However, unless the holder has the lamp
in the center of the optical path, resolution will be poor.
Other adjusting screws will move
the holder from right to left, or forward and back, so it is possible to get
the holder (and lamp) centered. As
a check of the need for this, the
focus control is moved from the proper
point until a double image is seen
on the screen. The lines in the two
images should be parallel with each
other. If the vertical lines are not
parallel, the lateral (left to right)
adjustment is made. If the horizontal
lines are not parallel, the horizontal
(front to back) adjustment is made.
If, upon refocusing, you see that
the image comes into focus at some
points sooner than at others, the entire
optical barrel may have to be adjusted. There are "tilt" screws for
this; they are adjusted until the entire
picture comes into focus at the same
time. The manufacturer's instructions
give complete details on these adjustments.
Once the test pattern indicates the
set is properly focused, remove the
corrector lens and the test lamp. Install the picture tube face down in the
holder in the barrel. Bring the corrector lens down over the tube with the
hole in the center of the lens fitting
over the neck of the tube, and secure

the lens to its mounting. Install the
deflection yoke, plug the socket onto
the tube, and replace the dust cover.
If a picture tube must be replaced,
but the optical system appears to be
in good adjustment, remove the dust
cover, unplug the socket from the
tube, remove the deflection yoke, and
remove the corrector lens. Remove the
old tube and install the new one.
Re-install the corrector lens, slip the
deflection yoke into place, plug the
socket onto the tube, and replace the
dust cover. However, unless you are
sure that the set was in good focus
before the old tube burned out, you
should check the focus with the test
lamp before installing the new tube.
There are various precautions that
you should observe when you are
dealing with this or any other projection set. One of the most important
is that you must be very careful to
avoid shocks, because the tubes oper- •
ate at voltages around 30,000 volts.
You must also be careful not to
touch the mirrors used in these systems, because they are usually silvered
on their front faces and are therefore
very susceptible to damage from the
moisture on your fingers. If you do
happen to touch one accidentally,
some detergent can probably be used
to clean it if you are careful. Generally, the manufacturer will specify a
particular kind of detergent to be used
for such cleaning. RCA, for example,
recommends Dreft and water for
cleaning the mirrors or the screen on
their sets.
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PHILCO SYSTEM
In the Philco projection television
system, the picture tube is moved
nearer to or farther from the spherical
mirror for focusing and also can be
moved from side to side to align it
properly in the optical path, much as
in the RCA system. However, the
optical barrel is mounted at an angle,

which causes the image to "keystone."
This requires the use of special keystoning magnets to pre-distort the
image so it will come out right, and
causes the correct position of the tube
to be at a slight angle with respect
to the center of the spherical mirror.
No test lamp is used to line up the
optical system: instead, it is lined
up with the set operating and with the
high voltage (which in this set is
about 20,000 volts) applied to the
picture tube. Therefore, you should
be careful about where you put your
hand when you are adjusting the
position of the tube.
To replace a projection tube in
this system, you must first remove
the spherical mirror from the bottom
of the optical barrel. This is done by
unlatching a strap that goes across
the bottom of the mirror. Be very
careful not to touch the surface of
the mirror in removing it.
Next, unplug the high-voltage terminal from the tube.
There are two keystoning magnets
LteId by a strap around the face of
the tube. These magnets pick up a
static charge during operation of the

optical barrel from the spherical mirror. Loosen this clamp and withdraw
the tube.
Remove the keystoning magnets
and their securing strap from the defective tube and replace them on the
new tube. Orient them so that they
are equally spaced with respect to the
high-voltage receptacle on the tube

LEFT MAGNET

o

RIGHT MAGNET

Part A shows the effect of under-keystoning and part B the effect of over-keystoning in aPhiko projection set.

and are tilted at approximately 45°
from the center line of the tube.
Slip the tube up through the deflection yoke so that its base enters
the tube clamp, then tighten the
clamp. Plug the high-voltage lead
into the picture tube.
Focusing. Before you can adjust
the optical system of areceiver using
this projection system, you must produce aclear, sharp picture on the face
LEFT AND RIGHT MAGNETS
IN SAME PLANE
of the picture tube, preferably with a
Flow the keystoning magnets are secured
test pattern tuned in. To do this, you
to the picture tube in aPhilc° projection
must adjust the background, auxiliary
set.
background, focus, auxiliary focus,
and contrast controls of the set. These
set, so you must discharge them to
are adjusted with the spherical mirror
the chassis or the optical barrel by
removed from the optical barrel; you
touching them with agrounding strap
must hold a small mirror under the
or high-voltage test lead before touchoptical barrel so that you can see the
ing them with your hand.
The base of the tube is held by a face of the tube while you are making
clamp, which is at the far end of the the adjustments. The manufacturer.
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gives detailed and specific instructions
for making them.
After the picture on the face of
the picture tube has been properly
focused, replace the spherical mirror
on the bottom of the optical barrel.
You can then observe the effect of
adjustments of the optical system by
watching the picture produced on the
screen of the set.
First, you must get the top and
bottom of the picture parallel to _one
another. To do this, reach in through
the top of the cabinet (which permits
you to reach the top of the optical
barrel), slightly loosen the clamp
holding the picture tube, and rotate
the picture tube within the deflection
yoke. This changes the position of
the keystoning magnets with respect
to the electron beam of the tube and
thus lets you make the top and bottom
of the picture parallel.
If the top and bottom of the picture are not aligned with the viewing
screen of the set after you have made
them parallel, you must turn the tube
and the deflection yoke within the
optical barrel to make them so. To
make this adjustment, reach in
through the top of the cabinet, loosen
the thumb nuts that hold the deflection yoke, and rotate the yoke and
the tube together until the picture
and the screen are lined up properly.
Tighten the thumb nuts again when
the adjustment has been completed.
If the sides of the picture are not
parallel to each other and to the sides
of the screen, the keystoning magnets
are not at the proper angle with respect to the center line of the picture
tube. To remedy this condition, you
must remove the spherical mirror and
adjust the angle of one or both
magnets. Be sure to ground each
magnet to the optical barrel with a
grounding strap before you touch it
with your hand. You must replace
the spherical mirror to observe the
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effect of changing the position of the
magnet and then remove it again to
readjust the magnet position if necessary.
When you have the picture properly
lined up with the screen (that is,
with the sides parallel to one another
and to the sides of the screen and
with the top and bottom parallel to
one another and to the top and bottom of the screen), you can proceed
with the focusing of the set. First,
use a protractor to set the angle of
the lid holding the viewing screen at
exactly 67.5 degrees above the horizontal. An adjusting screw at the
back of the cabinet permits you to
change the angle of the screen if it is
not correct.
As the first step in the focus procedure, you must move the picture
tube toward or away from the
spherical mirror to produce a good
focus at the bottom of the picture.
There is a focus lever at the top
of the optical barrel that you can
use to make this adjustment.
When the bottom of the picture is
in good focus, tilt the viewing screen
forward slowly to see if the focus at
the top of the picture is improved
by your doing so. If it is, turn an
adjusting nut at the top of the optical
barrel that tilts the picture tube so
that its lower edge is brought nearer
the spherical mirror. Readjust the
focus control lever to bring the bottom
of the picture into good focus again,
and again tilt the viewing screen
forward slowly to see if the focus at
the top of the picture improves. Repeat the adjustment as many times as
necessary until tilting the screen forward no longer improves the focus
at the top of the picture.
If the top of the picture is not
properly focused, but tilting the screen
forward makes it worse, turn the
adjusting screw in the opposite direction (moving the bottom of the pic-

ture tube away from the spherical
mirror). Again, repeat the adjustment as many times as needed until
tilting the screen forward does not
improve the focus at the top of the
picture.
When the top and bottom of the
picture are brought into proper focus,
check the focus of the sides of the
picture by tilting the screen forward
slowly again. If both sides go out
of focus together, the position of the
tube is properly adjusted. If one
side is affected more than the other,
loosen locking nuts at the top of the
optical barrel and slide the assembly
of the tube and the deflection yoke
horizontally away from the side of the
picture that improved in focus. Tilt
the screen forward again to check the
effect of this adjustment. Repeat this
last adjustment, if necessary, until
tilting the screen forward makes both
sides of the picture go out of focus
together.
It may be necessary to go through
this adjustment procedure several
times to get all parts of the picture
properly focused.

line up three slots in the bracket with
these nuts. Then, withdraw the whole
mounting bracket and the tube from
the box, being careful not to strike
the mirror through which the face of
the tube projects. Unplug the highvoltage lead from the tube and loosen
the clamp that holds the tube in the
bracket. Slide the tube forward out
of the bracket and remove the small
shade that is held around the tube
by arubber band.
To install the new tube, reverse
this procedure.

Courtesy North American Philips Co., Inc.

PROTELGRAM SYSTEM
North American Philips, the company that makes the Protelgram system, furnishes acomplete optical unit
and the associated high-voltage supply to various manufacturers. You
can therefore expect to find this system in use in many different brands of
sets.
Removal and replacement of the
projection tube in this system is relatively simple, especially since it is
possible to slip the whole projection
unit out of the cabinet to work on it.
To remove the tube, first loosen the
locking nuts that secure the mounting
bracket of the tube to the box in
which the mirrors and the corrector
lens are mounted. Next, turn the
bracket counterclockwise enough to
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Outside view of the Protelgram optical
and high-voltage units.

Focusing. As in the other sets we
have discussed, a Protelgram optical
unit is focused by moving the tube.
The general procedure for focusing the
unit is first to adjust electrical controls of the receiver to get the best
possible focus on the face of the picture tube, preferably with the set
tuned to astation that is transmitting
atest pattern. Next, loosen five locking nuts on the back of the bracket
that holds the picture tube.
There are three long adjusting
screws on the back of the tube mounting bracket. One of these, which is
at the left as you look at the tube
from the base end, is the main me-
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The components of a Protelgram optical unit.

chanical focusing adjustment; turning
it moves the tube forward or away
from the spherical mirror. Turn this
screw until the center of the picture
on the screen is focused.
If the picture is not properly
aligned with the screen, align it by
adjusting the Allen set screws that
support the complete optical unit.
If the sides of the picture are not
properly focused, turn the adjusting
screw at the center of the top of the
mounting bracket. Doing so moves
the face of the tube up and down
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with respect to the spherical mirror.
If this adjustment must be made, you
will probably have to readjust the
main mechanical focus screw.
If the top and bottom of the picture are not in equally good focus,
turn the adjusting screw at the right
of the tube mounting bracket. Doing
so moves the face of the tube from
side to side with respect to the
spherical mirror. Again, an adjustment of this screw will probably make
it necessary for you to adjust the
main focusing screw again.

Making the 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. Since this subject has
already been discussed in an earlier
Lesson, however, we shall not repeat
the discussion here.
The first step in making an installation 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 dropping around after the set has been
delivered to connect it up. 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 a 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 falling
over while the truck is moving.
Locating the Receiver. The location of the set inside the home is, of
course, up to the customer. If he
chooses avery poor location, however,
you should point out the disadvantages of the location in atactful manner and suggest abetter 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.

In general, a set should not be
located so that a bright light (such
as from a window or from lamps) is
behind it or near it, as at A in Fig. 7;
the eye will automatically adjust itself
to the brightness level of this light
rather than to the brightness level
of the picture, with the result that
the picture will seem dark. Neither
should the set be located so the direct
rays of a light fall upon the face of
the picture tube, as at B in Fig. 7;
if they do, the apparent contrast and
brilliance of the picture will be reduced, 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 be
located so that the direct rays "of
any light entering the room will be

33

FIG. 7. Two good and two poor positions
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.

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. 7 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 lit from some indirect

source of light. 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. A complete absence
of other light in the room is very
hard on the eyes. You should point

light at right angles to the line of
vision and from that of placing all
watchers at some reasonable angle
with respect to the picture tube.
Always keep in mind the fact that
many components in aset may prove
unstable or may deteriorate rapidly
if they are exposed to excessive heat.
Since the set becomes quite warm in
normal use, it should be located so
that it can have enough ventilation. It
I
o
should not be placed close to radiators
o
or other sources of external heat, nor
CHAIR
CHAIR
should any ventilation holes in the
SO FA
receiver cabinet be blocked by doilies
}
or scarves. It should be located sevFIG. 8. A good room arrangement for
eral inches out from the wall to allow
watching television. All light sources are
heat to escape through the back.
approximately at right angles to the line
If atable model set has ventilation
between the viewers and the set.
holes in the bottom, as many do, it
is best to mount it on the open-top
these facts out to the customer if he
tables offered by the manufacturer.
does not already know them.
The set should also be placed so In addition to permitting proper ventilation, such atable is strong enough
that none of its viewers will have to
to support the set. If the customer
watch the picture at too great an
wishes to use his own table instead of
angle. A typical good location both
the one offered by the manufacturer
from a lighting and a seating viewof his set, be sure that the table will
point is shown in Fig. 8. People sitting on the sofa or the chairs have a be strong enough and that it will not
block any ventilation holes in the set.
good view of the face of the set. If
The proper height for atable model
the set is a projection type, which
set depends somewhat on the furniture
has a rather limited viewing angle,
the chairs may be a little too far to in the room. With ordinary living
room furniture, the center of the tube
the side in this arrangement. If so,
face should be about forty inches
they can be brought nearer the set
from the floor. This is the height the
and pulled closer together without
tube will be if the table made by the
interfering with the view of the people
manufacturer of the set is used. If
on the sofa.
the furniture is very low, however,
During the day, light from the winthe set should be somewhat lower than
dows will illuminate the room without lighting the face of the picture this so that it can be watched comfortably.
tube too much, particularly if veneOne other factor that should be
tian blinds are installed on the
windows. At night, light from the considered in locating a set is the
distance from the set to the chair or
adjacent room may be allowed to
come through the door, or indirect sofa from which it will be watched.
light sources may be fastened on the The optimum viewing distance for
wall in which the door is set. This
each size of picture is equal to 6to 8
arrangement is therefore good both times the height of the picture. A
from the standpoint of furnishing table of the best viewing distances for
cr
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pictures of different sizes is given in
Fig. 9. The viewing distance may be
greater or less than the optimum distance, of course, but it is desirable to
locate 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 atelevision
set is not like aradio receiver; it cannot be moved about a room readily,
because its location is more or less
fixed by the placement of the transmission line. Therefore, if it 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 injure the
set or the transmission line. A poor
location for the set may therefore
result in your getting acall-back that
could have been avoided if you had

SIZE OF PICTURE
TUBE

3„

7„
0"
12"
I
6
I

the set is in a good location from the
start.
COMPLETING THE
INSTALLATION
When the set has been placed in its
desired location, it should be connected to its antenna, and the antenna
should be oriented to get the best
possible reception. You learned how
to do this in an earlier Lesson. Once
the right position for the antenna has
been found, all that remains to be
done is to clear up any interference
that is present, to make any minor
adjustments needed in the set, and to
instruct the customer in the use of
the controls. Clearing up interference may turn out to be a big job.
However, we shall not discuss it here;
you will learn how to do it in a later
Lesson.
As afinal test of performance, check
the reception on each station. The set
should be thoroughly warmed up before you make this check.
There is always a possibility that
some part may shift position slightly
in the set while it is being carried
from the shop to the customer's home.
The ion trap may slip abit, for example, if it is one of the kind that is
held on the neck of the tube by a
spring clamp. As a matter of fact,
if the set uses this kind of ion trap,
it is a good idea for you to check its
position as amatter of routine. Twist
it slightly and slide it back and forth
a short distance to see if the picture
brightness is improved by your doing

OPTIMUM VIEWING
DISTANCE

I
3„
33n
48"
57 „
96

so.

FIG. 9. Optimum viewing distances for
picture tubes of various sizes.

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
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Customer Instruction. When the
installation has been completed, you
must show the customer exactly how
to operate the set. If the manufacturer supplies acustomer 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 a
misadjustment 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 satisfaction;
you will be saving yourself a callback or two by doing so.
As amatter 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 without saying
that he could get better reception with
a better set. Remember, 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 under-
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stands. 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 electricity,
you'll only be wasting time if you
attempt to describe the operation of
the set from the technical viewpoint.
No matter how simple you make your
explanation, however, be careful not
to give him any misinformation. He
may quote your explanation to his
friends when they drop in to see
the set; 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 appointment to drop back some evening to
see how the set sounds. 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.

Lesson Questions
Be sure to number your Answer Sheet 61RH-2.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Why is it important that metal picture tubes be handled only by their
metal rims?
2. What is the purpose of the two flags on the gun structure of many electromagnetic picture tubes?
3. Why is it necessary to see that the two small wire loops at the front of
the cushion that supports the neck of an electromagnetic glass tube make
good contact with the conductive coating on the funnel of the tube?
4. What adjustment should be made if the retrace lines are visible in a picture that is otherwise good?
5. What is the effect on the picture of setting the contrast control too high?
6. Why is it necessary to adjust the ion trap at once when the set is first
turned on?
7. How can you square the picture with the picture-tube mask for: (a) an
electromagnetic tube; (b) an electrostatic tube?
8. If one corner of the picture or raster on an electromagnetic picture tube
is heavily shadowed, what control or controls need adjustment?
9. Why is it unwise to place areceiver with its back very close to the wall?
10. What rough rule is used to find the approximate optimum viewing distance for any size of direct-view picture tube?

Be sure to fill out a Lesson Label and send it along with your answers.
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I. Accept and welcome fair criticism.
II. Don't be achronic grouch or petty complainer.
III. Develop a "we" and "our" attitude toward
your company. Realize that what hurts company
business hurts you also.
IV. Hard work brings success just as fast today

V. Prepare yourself to handle the work of men
above you. A good understudy is valuable.
VI. Always be ready to do new tasks.
VII. Develop

confidence in your abilities, but

avoid cver-confidence.
VIII. Keep your head when the routine of work
is varied or when an emergency arises.
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.
X. Devote a few minutes each day to clear thinking about your job, your future and your company's
future.
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STUDY SCHEDULE NO. 62RH-2
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.

E 1.

Introduction

Pages 1-6

In this first section, you learn additional facts about eliminating ghosts and
about the use of boosters.

E 2. Interference Traps

Pages 6-12

The use and construction of stubs and traps to reduce interference are de-

scribed in this section.

E 3.

Eliminating R.F. Interference

Pages 12 -25

Here you learn what the various sources of r.f. interference are and how
they can be eliminated.

E 4.

Special TV Installations

Pages 26 36

The solutions to the problems met in four special kinds of TV installations
are described in this section.

E 5.

Answer Lesson Questions, and Mail your Answers to NRI.

E 6.

Start Studying the Next Lesson.
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CONVENTIONAL TV receiver installations have been discussed in
previous Lessons. The instructions
given in those Lessons cover most of
the problems you will meet. However, you may run into some special
problems—heavy and constant interference, for example—that make an
installation particularly difficult. This
Lesson will show you what to do when
you meet these unusual conditions.
First, let's take up the problem of
eliminating ghosts.

There are, however, some conditions
under which orienting the antenna
will not eliminate the ghosts completely. One of these occurs when the
object that reflects signals to the antenna is close behind the antenna. In
this case, it may well be that the
reflected signal is so strong that even
a very directive array cannot ignore
it completely. You have probably
noticed that the antenna radiation
patterns shown in earlier Lessons always have at least asmall back lobe.
The presence of this lobe indicates
that the antenna picks up from its rear
to some extent. If the signal coming
from the backward direction is very
strong, therefore, it will be picked up
by the antenna sufficiently well to
cause a ghost.
The remedy for this condition is
to use a large reflector to shield the
antenna from the undesired signal. A
large screen of chicken wire will often
serve the purpose. Of course, you
should not go to the trouble of erecting such ascreen unless it is absolutely
necessary to do so.

GHOSTS
You have already learned that
ghosts may be caused when a signal
reaches the antenna over two or more
paths or when the receiver and the
transmission line are not matched in
impedance. Ghosts of the first sort
can often be eliminated by orienting
the antenna so that it does not pick
up the reflected signals; and those of
the second kind can be gotten rid of
by matching the line impedance to
that of the receiver.
1

A ghost that is very difficult if not
impossible to eliminate is caused when
the reflected signal comes from almost
the same direction as the direct signal.
An example of the conditions that can
cause such a ghost is shown in Fig. 1.
Here there may be as many as six

Fig. 1, it might be possible to prevent
ghosts by aiming the array at build- .
ing 3. If the array were highly directive, you could probably eliminate
pick-up of all other signals—including
the direct one—by doing so.
A ghost may be either a "positive"
or a "negative" ghost. A negative
ghost is reversed with respect to the
original image. In other words, the
black portions are white, and the white
portions are black. Whether a ghost
is positive or negative depends upon
the phase relationship of the direct
and reflected signals, which, in turn,
depends upon the relative lengths of
the direct and reflected paths. Changing these path lengths by moving the
antenna will make the ghost change
from positive to negative or vice versa.
The usual type of ghost is called a
"trailing" ghost because it appears on

/
--a- —
>

DIRECT

44'

RECEIVER

•—••

FIG. 1. A set in the location shown may
receive as many as 6 reflected signals in
addition to the direct signal, making it
possible for there to be 6 ghosts.

ghosts caused by reflections from six
different structures.
If we use a directive antenna and
point it for maximum pickup from the
TV station, the chances are that the
signals bouncing off the buildings
marked 3 and 4 will be eliminated.
We may even be able to eliminate the
signals reflected from the buildings
marked 2 and 6. However, we will
not be able to eliminate the reflection
from the buildings marked 1 and 5,
because the reflected signals come from
practically the same direction as the
transmitted signal.
The only hope of getting ghost-free
reception in alocation of this sort lies
in using a highly directive antenna
array and aiming it so that it will pick
up one of the reflected signals and
nothing else. In the situation shown in
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FIG. 2. An example of a single trailing
ghost.

the right-hand side of the picture (see
Fig. 2). The ghost appears on the
right side because the reflected signal
travels a longer path than the direct
signal and therefore arrives at the set
later than the direct signal. Under
certain conditions, however, one or
more of the images may appear on the
2

left-hand side of the main picture,
producing what is called a "leading"
ghost.
This type of ghost may appear in
locations where conditions like those
shown in Fig. 3 exist. The location
is comparatively close to the trans..

FIG. 3. Under the conditions shown here,
a leading ghost may be produced.

mitter; as a result, it is possible to
pick up a fairly strong signal in the
r.f. or first detector circuit of the
receiver even with the antenna disconnected. This direct pickup in the
front end of the set may produce a
ghost to the left of the main picture
because the path from the TV station
directly to the front end of the receiver
is shorter than the path from the TV
station to the antenna. and down the
transmission line. If the transmission
line is less than 100 feet long, the direct
signal may not produce a separate
image but may instead blend with the
antenna signal to create a picture of
poor quality.
The remedy for such acondition is:
(a) to reduce the direct signal pickup
in the receiver by shielding the r.f.
and detector circuits or by shielding
the entire chassis; or (b) to increase
the signal from the antenna. Of .the

two, reducing the direct signal pickup
in the receiver is the more effective,
because usually in a location close to
the transmitter the signal picked up
by the antenna is already extremely
high.
In many eases where direct signal
pickup by a receiver causes a leading
ghost, the picture will vary in quality
when people move around the room
near the receiver. Movement close to
an unshielded transmission line may
also alter the picture quality, particularly if the input impedance of the
receiver does not match the impedance
of the transmission line.
Another situation that can produce
a leading ghost is shown in Fig. 4.
In this case, the strength of the direct
signal from the transmitter is greatly
reduced by the intervening object.
For this reason, the reflected signal
reaching the receiver is stronger than
the direct signal and therefore pro-

REFLECTOR

FIG. 4. Here, a leading ghost is produced
because the reflected signal is much
stronger than the direct signal, although
the latter reaches the set first.

duces the main picture.
However,
since the direct signal route is the
shorter of the two, the direct signal
will arrive before the reflected signal
and produce a leading ghost.
To eliminate this undesirable effect,
the direct signal pickup must be eliminated. This can be done by using a

directive antenna and orienting it
properly.
In one actual case where leading
ghosts were encountered, more than 10
distinct images were seen on the picture tube with the antenna connected
to the receiver and the controls adjusted properly. Disconnecting the
antenna without changing the setting
of the contrast control reduced the
number of images. This indicated
that the antenna was contributing
little and that the pickup was mostly
in the r.f. and detector circuits—the
numerous images probably being due
to signals reflected from buildings or
other objects in the vicinity.
In this particular case, shielding the
r.f. and detector circuits did not help.
Further experimentation indicated
that there was adefect ill the r.f. stage
of the receiver that had reduced its
gain very considerably; as aresult, the
signal picked up by the antenna was

Courte8y Jerrold Electronics Corp.

The Jerrold booster, shown in schematic
form in Fig. 5.

BOOSTERS

In this and earlier •discussions of
the various methods of eliminating
ghosts, we have pointed out that frequently ghosts can be eliminated only
by using a highly directive antenna
and pointing the antenna to pick up
one of the reflected signals rather than
a direct signal. Almost always such
areflected signal will be weak. If so,
the signal can generally be brought
not being amplified very much, so the up to usable strength by using a
antenna was contributing very little booster. The schematic diagram of a
to the picture. When the defect in the typical booster is shown in Fig. 5.
A booster is nothing more than a
r.f. stage was corrected, it was found
broad-band
r.f. amplifier, much like
that the signal picked up by the
the
r.f.
amplifier
used in the front end
antenna was so much stronger than
of
the
television
receiver. In fact,
the reflected signals that the ghosts
it
is
used
as
an
extra
r.f. stage ahead
were no longer noticeable.
of
the
one
in
the
receiver:
the transThus, it is not always wise to blame
mission
line
is
connected
to
its input
a •ghost on the location or on the
terminals
and
the
receiver
to
its outorientation of the antenna. Unusually
put
terminals.
It
may
give
more
than
heavy ghosting may be caused by a
one
extra
stage
of
r.f.
amplification:
receiver defect.
If you find "tunable" ghosts—ghosts although many booster amplifiers, like
that vary in number and in intensity the one illustrated in Fig. 5, use only
sas the tuning control of the set is one tube, others use two or more.
Some boosters have a continuous
adjusted—you can be sure that the
receiver itself is to blame.
These fine-tuning control that permits the
/ ghosts may be caused by incorrect device to be tuned over an entire TV
(1/ alignment of the i.f. amplifier or by band, with aswitch being provided to
chánge from one band to the other.
regeneration.

V
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The tuning control usually consists of
a variable condenser that is shunted
across the coil for the particular band.
Other types of boosters, like the one
shown in Fig. 5, are switched from
one channel to another in the range
from 2 through 7 and from one group
of channels to another group above
channel 7. Each channel (or group
of channels) is individually tuned, the
tuning arrangement being quite similar to those used for tuning the front
end of a TV set.
There is enough variation between
different brands of boosters to make it
worth your while to be careful in
selecting one.
Some of the first
booster amplifiers manufactured and
some of those on the market at the

present time do not give again in signal strength on all of the channels.
On some channels an actual loss of
signal strength might occur.
Of course, the fact that a certain
booster does not give a gain on all
channels may not be any disadvantage. If it gives a gain on all the
channels that can be picked up where
the installation is made, the fact that
it may cause aloss on some other channel is unimportant (unless, of course,
that channel is slated to go on the air
in your locatibn in the future).
To make sure that abooster will be
suitable for a particular installation,
get specific data from the manufacturer or the distributor of the amplifier concerning its gain on each chan&ANSI°
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FIG. 5. The schematic diagram of a typical all-channel booster.
broad-band, single-stage r.f. amplifier.
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It is essentially a

nel. Be sure that the booster will
actually give a gain on all the available channels.
À booster is most commonly used in
fringe-area .installations where the
signal strength is comparatively low.
In these installations, two boosters
are often used. When this is done,
the transmission line from the antenna
is connected to one booster, the output
of that booster is connected to the
input of the second booster, and the
output of the second booster is con•
nected to the receiver.' If a gain
of 5 or 6 can be realized from each
booster, the total gain of the two
boosters in cascade will be between
25 and 30. Such again, of course, will
often produce a very great improvement in the picture quality.
There are many other uses for a
booster. Sometimes one is used with
an indoor antenna. In fact, indoor
antennas combined with booster amplifiers are commercially available.
In some locations, the use of an indoor

antenna and a booster amplifier will
make an outdoor antenna unnecessary.
A booster amplifier is sometimes
•
used, not to increase the signal strength,
but to prevent feedback from the TV
receiver to the antenna. A signal from
the local oscillator in the TV receiver
may be feeding back to the antenna,
radiating, and causing interference
with other sets. Under such conditions, a booster amplifier may be installed in series between the antenna
and TV set to isolate the local oscillator of the TV receiver from the antenna and thus to eliminate this radiation and reduce interference with other
people's sets. One may also be used
to increase the selectivity of the TV
receiver when it is necessary to eliminate interference from services operating on frequencies near the TV
channels. Image interference may also
be eliminated or greatly reduced by
the use of a boOster. These uses of
the booster will be discussed in more
detail later.

Interference Traps
To use "effect-to-cause" reasoning
when you are working on aTV set, you
must be familiar with how the picture
is formed and be able to.recognize what
will cause certain distinctive changes
or patterns in the picture. When interference is the problem, a careful
examination of the picture—particularly a test pattern—will often furnish excellent clues to the cause of
the interference.
With the TV set operating normally
and with no station being received, a
6

raster should appear on the screen
when the brightness control is advanced. This raster consists of many
very fine horizontal lines and several
vertical retrace lines. The latter slope
diagonally upw.ard from left to right.
As you will remember, a scanned
field consists of 262.5 lines. The entire group of lines is repeated at afrequency of 60 cycles per second. Thus,
the frequency of the sweep producing
the horizontal deflection is 60x262.5
or 15,750 cycles per second, and the

frequency of the sweep producing the
vertical deflection is 60 cycles per second.

O

If an a.c. signal is introduced in
the grid circuit of the picture tube,
the brightness of parts of the raster
will be varied in accordance with the
signal. As the grid is made more positive with respect to the cathode, parts
of the raster will become brighter; as
it is made less positive, other parts
of the raster will become darker. If
the a.c. signal is of a fixed frequency,
the pattern produced will depend, to
a large extent, upon the signal frequency and amplitude. If the amplitude is sufficient to drive the grid of
the picture tube very far negative,
part of the raster will be darkened.
If the frequency of the a.c. signal
applied to the grid circuit of the picture tube is less than the frequency
of the sweep producing the horizontal
lines, several adjacent lines may be
blacked out at one time; as a result,
horizontal bars will be produced across
the face of the picture tube, as shown
in Fig. 6.
Therefore, any defect or interference
that causes horizontal bars on the
screen is occurring at a frequency of
less than 15,750 cycles per second.
A rough indication of the frequency
of the interfering signal can be obtained from the number of bars seen.
If only one large bar is seen, for example, the frequency must be the same
as that for a field—in other words,
60 cycles per second. If two complete
bars are produced, the frequency producing them is 120 cycles per second.
Thus, if you find an interference
pattern similar to the one shown in
Pi g.6, you can be sure that the interfering signal applied to the grid of

the picture tube has a frequency falling within the audio range. However,
this does not mean that the interfering signal is ah audio signal: it may
be produced by the beating together
of two r.f. signals.
If, on the other hand, the frequency
of the signal applied to the grid circuit
of the picture tube is greater than the
horizontal frequency, parts of each
horizontal line will be made alternately dark and bright; as a result,

FIG. 6. Horizontal bars of this sort are
produced by interference having a frequency when it is applied to the picture
tube that is less than that of the horizontal sweep.
Roughly, the frequency
of the interference in cycles is equal to
60 times the number of bars.

vertical bars more or less like those
shown in Fig. 7will be formed. Here
again, it may be possible to determine
from the number of bars the approximate frequency of the interfering signal.
An interfering signal with a frequency higher than the horizontal
sweep may cause lines that are perfectly vertical, as shown in Fig. 7, or
that slope to either the left or the
right. Whether the lines are vertical
or sloping will depend upon the frequency and phase relationships of the

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
either be eliminated completely or
greatly reduced.
A parallel resonant circuit presents
a high impedance across its terminals
at the frequency to which the circuit
is resonant. Another way of removing interference, therefore, is to connect a parallel resonant circuit tuned
to the interfering signal in series with
one of the leads to the receiver. Most
of the interfering signal will then be
dropped across the parallel resonant
circuit and very little will be applied
to the input of the TV receiver.
A piece of transmission line cut to
the correct length will act as a series
resonant circuit. Such a piece of line
(which, since it is rather short, is
called a"stub") can therefore be connected across the antenna terminals

interfering signal to the horizontal
sweep signal.
If the frequency of the interfering
signal is constantly changing, a series

FIG. 7. Vertical bars of this sort are produced when the frequency of the interference applied to the picture tube is
higher than the horizontal sweep frequency. The frequency of the interference
is roughly equal to the horizontal sweep
frequency times the number of bars.

of wavy lines, somewhat like those
shown in Fig. 8, rather than stationary
vertical lines or bars, will be set up.
An f.m. signal, for example, will cause
such a pattern.
Whatever the frequency of an interfering signal that is being picked up
by the antenna or transmission line,
it can usually be kept out of the set
with the aid of atuned circuit. Let's
see what such interference eliminators
are like.
STUBS AND TRAPS

FIG. 8. Wavy lines show that the frequency of the interference is changing.

You already know that the resistance of a series resonant circuit is
low at resonance. We can, therefore,
use a series resonant circuit to eliminate an undesired signal by connecting it across the antenna terminals of
a television receiver and tuning it to

of a set to eliminate interference.
The connection of such astub is illustrated in Fig. 9A.
Two types of stubs may be used:
the "open" and the "shorted" stub.
8

The shorted stub is about ahalf wave
length long at the frequency of the
station 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

end of an open stub than it is to connect the ends of a shorted stub again
after cutting apiece off of it.
When you use astub, start with one
that is somewhat longer than is
needed.
The starting lengths for
stubs made of 300-ohm twin-lead line
are given in Fig. 9B for various channels. Connect the stub to the antenna
terminals of the set, then cut off halfinch sections from its end until there
is some noticeable effect upon the in-,
terference. 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 completely
eliminated, stop.

o

*. OF 300 ,,
TWIN LEAD

CHANNEL
CAUSING
INTERFERENCE

2,3
4
5,6
FM
7-13

In most cases, however, it will be
impossible to eliminate the interference completely. 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 produces maximum interference
elimination.

STARTING LENGTH OF STUB
SHORTED

OPEN

300 1% LINE TO SET 300".LINE TO SET
«.

45"
40"
.35"
30"
16"

90"

80 „

•

70"
60"
32"

FIG. 9. Part A shows how a stub should
be connected to a transmission line; part
B shows the starting lengths of open and
shorted stubs made of 300-ohm line for
use with different channels.

During your adjustments of its
length, the stub should be placed as
at the end of the line. An open stub nearly as possible in the position that
is made simply by cutting off the cor- it will occupy after you have finished.
rect length of transmission line, leav- Changing the position of the stub freing the ends open. Obviously an open quently has an effect upon its performstub is much easier to make. Further, ance. Thus, if you stretch it out on
it is easier to work with, because a the floor in front of the set for constub must be adjusted in length to venience while you are shortening it,
make it perform properly after it has you may find that it does not work
been connected to the set; and it is properly when you place it behind
much simpler just to snip abit off the the set afterwards. Another reason
9

30"

the stub at the point where it fastens
to the front end or antenna input of
the receiver. These condensers should
have capacities of 5 mmf. foi stubs
used in the low TV band and the f.m.
band and about 2mmf. for stubs used
in the high band. Inserting these condensers makes the stub aseries-parallel tuned trap that is much sharper
in response and will not affect the response curve of the front end of the
set unless the stub is tuned directly
to the channel. The addition of condensers may make it necessary to use
alonger piece of line for the stub.
If acoaxial transmission line is used
between the antenna and the receiver,
it is sometimes desirable to use a
coaxial line stub. Fig. 11 shows how
to terminate the end of a coaxial line
that is to be used as ashorted stub.

300-^-

TRANSMISSION 1
0.
LINE

MOVABLE
----METAL

SHORTING
STUB

TV

SET

ANTENNA
TERMINALS

TV

ANTENNA

LINE

FIG. 10. How a piece of foil can be used
to make an adjustable shorted stub.

for not changing the position of the
stub as you adjust its length is that
its performance may be affected by
nearby objects.
An adjustable transmission line Eitub
may also be made as shown in Fig. 10.
Here the transmission line is connected

COPPER
SHIELD

COVER

to the antenna terminals of the TV
set, and a piece of aluminum or tin
foil is wrapped around the line. 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 position is found that clears up or minimizes the interference.
The use of astub will cause achange
in the r.f. 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.
It has been found that this effect
can be prevented by inserting a small
condenser in series with each line of

COAX

STUB

CUT

APPROXIMATE

INNER CONDUCTOR
LENGTH EQUAL
TO COAX RADIUS

TO

LENGTH

COPPER
SHI LD

INNER CONDUCTOR
SOLDERED TO
SHIELD

DIPPER COIL
STUB TRIMMED TO
EXACT

FREQUENCY

USING GRID DIP METER

o

COVER
METAL CAP
\
CENTER CONDUCTOR

CUT-AWAY VIEW
STUB
CUTTING

ATO

CENTER
-..(—CONDUCTOR
SOLDERED
TO METAL
SOLDERED
CAR
SHIELD

TERMINATION
TO

EXACT

AFTER

FREQUENCY

et
Wor

FIG. 11. A coaxial stub should be terminated as shown in part A. It should then
be capped (part B) to prevent radiation
from its end.
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FIG.

12. A commercial wave trap.

Wave Traps. If the station causing 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 awave 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.
Commercial wave traps are available;
one is illustrated in Fig. 12.
Electrically the wave trap may take
one of several different forms. Fig.
13A is the schematic diagram of the
commercial wave trap in Fig. 12.
The transmission line from the antenna is connected to the terminals
marked "in" on the wave trap and
the transmission line running from the
receiver is connected to the terminals
marked "out." Thus, with the wave
trap connected, coils L, and Ls are
inserted in series with the transmission line. Coil L2, tuned by condenser
Ci,is coupled to coil LI;and coil Ls,
tuned by condenser C2, is coupled to

11

L8.
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, therefore, all you need to do is
insert it in the transmission line and
adjust Ci and 02 until the interference
is minimized.
Slightly different arrangements of
absorption wave traps are shown in
Figs. 13B and 13C.
A series resonant wave trap that is
connected directly across the antenna
input terminals is shown in Fig. 14.
Electrically, this is approximately the
same as the quarter-wave open stub or
the half-waye 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

FIG. 13. Three forms of absorption wave
traps. The one in part A is pictured in
Fig. 12.

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's see which kinds
of r.f. interference they can eliminate
and which kinds must be eliminated
by some other means.

FIG. 14. A series resonant wave trap. Au
the text shows, this is often not as
effective as an absorption trap is.

low its impedance becomes at resonance in comparison to that of the
receiver. Since the input of areceiver
has acomparatively low impedance, a
series trap may not be able to become
low enough in impedance to produce
sufficient attenuation of the undesired
signal.
Fig. 15 shows how parallel resonant
wave traps can be used. Notice that
a trap is connected directly in series

FIG. 15. 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.

Eliminating R.F. Interference
F.M. signals can interfere with both
low-band and high-band TV signals.
Interference with high-band stations
may occur because of radiation of second harmonics by an f.m. station.
The f.m. band, as you know, extends
between the frequencies of 88 and 108
mc. The second harmonics of these
frequencies lie between 176 and 216
mc. Thus, the range of these second
harmonics coincides almost exactly
with the range of the upper TV band
(which is 174 to 216 mc.). If an f.m.
station does not have good second-

harmonic suppression (and some do
not), therefore, it can easily interfere
with one of the high-band stations. A
typical example of the effect produced
by f.m. interference is shown in Fig. 16.
If you find f.m. interference on one
of these channels, about the only thing
that you can do is use ahighly directive antenna and attempt to orient it
so that the pickup from the f.m. station will be reduced to a minimum.
It is impossible to use astub or awave
trap to eliminate interference of this
sort, because these devices must be
12
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tuned to the frequency of the interfer- channel 2is 106.75 me., which is within
ing signal to be effective. Since sec- the f.m. broadcast band.
ond-harmonic f.m. interference comes
Thus, astrong f.m. station can cause
in on top of a TV signal, the use of a image interference on channel 2 if the
stub or a wave trap to eliminate the front end of the TV set does not have
sufficient selectivity to reject the
image frequency. As you learned in
your earlier studies of TV input tuners, many sets do not have this much
WMAL
selectivity.
IV
sç.
There are several methods that may
be used to reduce or eliminate f.m.
iriere<
image interference. A series wave
trap, an absorption trap, or a stub
WASIIINGIOS
(either aquarter-wave open stub or a
CHANNEt
half-wave shorted stub) may be used.
A quarter-wave open stub is perhaps
NRI TV Lab Photo
the most commonly used of these, because it is as effective as any other
FIG. 16. Wavy interference of this sort
that is continually changing is characdevice in the elimination of this type
teristic of f.m. interference. The variaof interference, and it is comparatively
tions in the pattern produced are caused
easy to make and adjust. If you wish
by the continually changing frequency
of the interfering signal.
to use an open stub to eliminate -f.m.
image interference, start with a secinterference will eliminate the desired
signal as well.
An f.m. signal can also produce
image interference, particularly on
channel 2. To see why, let's suppose
we have atypical TV receiver having
apicture i.f. of 25.75 mc. On channel
2, the picture carrier frequency is
55.25 mc. The local oscillator of our
set will therefore be operating at a
frequency of 81 (55.25 plus 25.75) me.
when the set is tuned to this channel.
NRI TV Lab Photo
If asignal exactly 25.75 megacycles
higher than the frequency of the local
Another form of interference pattern
oscillator is picked up by the set, it
caused by f.m. pickup.
Ian very easily beat with the signal
from the local oscillator to produce an tion of line about 32 inches long, then
i.f. signal. Such asignal, as you know, shorten it as previously described until
is called an image. Adding 25.75 me. the interference is minimized.
to the oscillator frequency of 81 mc.,
In addition to using a stub or a
we find that the image frequency for wave trap to knock out this type of
13

interference, try reorienting the antenna. You may find that there is
aposition for the antenna where pickup from the f.m. station is at a minimum but where there is still satisfactory signal pickup from the TV station.
Also, a booster may be helpful. It
will increase the gain at the frequency
of the TV signal and improve the
image rejection of the receiver. If
the previous suggestions are not successful, try abooster.
-INTERFERENCE FROM
LOCAL OSCILLATORS
Interference may be caused by
radiation from the local oscillator of
a nearby TV or f.m. receiver. A TV
receiver with an i.f. of between 21 and
27 mc. in which the local oscillator
operates above the incoming signal
may often cause interference with

WMAL
TV
t•
WASMIIIVOIS
cirtAriNtt
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FIG. 17. Interference of this sort can
be produced by the local oscillator of a
nearby TV or f.m. set. You can distinguish it from other kinds of r.f. a.m. interference by the fact that 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. 18.

other sets. When the set is tined to
channels 2, 3, 7, 8, and 9, the local
oscillator will be operating on channels 5, 6, 11, 12, and 13 respectively.
When the set is operating on channel 2 (54-60 mc.), for example.,and
the i.f. is 21 mc., the operating fre•
quency of the local oscillator is ap- •
proximately 81 mc., which is within
channel 5 (76-82 me.). Similar examples may easily be set up to show
how interference can be caused on
other channels. •
The local oscillators of some f.m.
sets operate at afrequency lower than
the incoming signal. As a result, the
local oscillator of such aset may operate within television channels 5 or 6.
Interference will be caused in a receiver by radiation from anearby TV
or f.m. set having a local oscillator
operating at a TV frequency if there
is not sufficient isolation between the
mixer stage and the antenna of the
offending set. If the isolation is insufficient, the signal from the local
oscillator will be fed back to the antenna and radiated. If this radiated
signal is picked up by aTV set, it will
produce an interference pattern like
that shown in Fig. 17.
There is little that can be done at
the TV receiver itself to eliminate this
interference unless the pickup is direct
and not through the receiving antenna. If there is a direct pickup
from a nearby set (in another apartment, for example), it is sometimes
possible to cut down the interference
or to eliminate its effect by using a
shielded transmission line or by carefully shielding the TV receiver. In
some instances, it has been found necessary to cover the inside of the TV
cabinet with shielding screen.
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In most cases, however, steps for
eliminating this type of interference

can be adjusted to eliminate such interference or to reduce it to a minimum.
If aset suffering from such interference does not have an i.f. trap, you
should add one. Install it across the
transmission line if you use series
resonant traps. For these amateur
bands, 14 turns of No. 22 enameled
wire on a form 3/
4 of an inch in diameter with the windings spaced to fill

must be taken at the interfering receiver. The easiest way to eliminate
this trouble is to use a booster amplifier between the antenna input of the
set and the antenna.
Of course, you are likely to find it
difficult to persuade the owner of an
interfering TV receiver to spend the
money for a booster. He will prob4 of an inch will make a suitably decide that since his set is work- about 3/
ing all right, the fact that somebody able trap coil. Use avariable tuning
else's set is having trouble is due to a condenser having a capacity rating of
defect in that receiver rather than in 15 to 20 mmf.
Harmonics from the amateur transhis. Even if he can be convinced it
is due to a defect in his receiver, or mitter are probably the most common
perhaps we should say to poor design cause of amateur interference. These
in his receiver, very often he will not may affect the test pattern as shown
be willing to go to the expense of in- in Fig. 18. In some instances, horizontal lines like those shown in Fig.
stalling abooster.
19 may be produced.
AMATEUR INTERFERENCE
The chart shown in Fig. 20 shows
There are three possible ways in the relationship of the most widely
which an amateur transmitter may used amateur bands to the TV chancause interference in aTV set. First, nels. Harmonics that fall into any of
there may be excessive harmonic the assigned TV channels have aster-

radiation from the amateur transmit- isks beside them.
Interference from harmonics of the
ter at a TV frequency. Second, the
amateur signal may be able to get directly into the i.f. stages. Third, the
amateur station may be operating on a
frequency near the TV channels and
simply be getting through the set because of the strong signal from the
station and the poor selectivity of the
TV receiver.
Two amateur bands, the 21-mc. and
28-mc. bands, operate near the i.f.
frequencies of modern TV receivers.
Courtesy Sylvania Electric Products, Inc
A signal from a nearby amateur station in one of these bands may get FIG. 18. Harmonics from an amateur or
through the front end of the TV set any other a.m. transmitter may produce
regular lines of this sort. They will not
into the i.f. amplifier. Many TV sets change if the frequency of the transhave i.f. traps in the front end that
mitter does not change.
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necessarily be coming from the amateur antenna. It. may be radiating
from one of the buffer stages in the
transmitter. The remedy in this case
is to shield the transmitter completely.
All shielding should be properly
bonded, and the shield should be
grounded at one point. In addition,
a power line filter similar to the one
shown in Fig. 21 should be used.
In some cases, key-clicks may be
noticeable from an amateur station.
They may be eliminated by the use
of abetter key-click filter and by the
use of an r.f. filter (as shown in Fig.
21) in the power line. They can also
be eliminated by redesigning the
transmitter to use a vacuum tube to
key the equipment.
Of course, you cannot do anything
about curing the trouble at the transmitter end unless the amateur is willing to cooperate. Most of them will
be. Most, too, will know what steps
should be taken to eliminate the
trouble, because the amateur magazines are continually running articles
on eliminating amateur interference.
Incidentally, when harmonic interference is encountered on channel 2,

NRI TV Lab Photo

FIG. 19. Another form of interference
that may be produced by an amateur or
other a.m. transmitter.

amateur station may best be reduced
or eliminated at the transmitter itself.
A quarter-wave shorted stub is very
effective in the elimination of evenharmonic interference. The quarterwave shorted stub is cut to the fundamental frequency of the transmitter.
It will then act as aparallel resonant
circuit (high impedance) at the fundamental. At even-harmonic frequencies
(second, fourth, etc.), the stub will
act as a series resonant circuit (low
impedance) and will effectively reduce
the even-harmonic radiation.
The harmonic radiation may not

AMATEUR
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3:5

X2
(mc.)
7

X3
(me.)

X4
(mc.)

X5
(mc.)

X6
(me.)

X7
(me.)
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(me.)

X9
(me.)

X10
(me.)

10.5

14.0

17.5

21.0

24.5

28.0

31.5

35.0

35

42

7.0

14

21

28

14.0

28

42

56*

21.0

42

63'''

84*

27.0

54*

81*

28.0

se

84*

50.0

100

150

70*

84*

49*

se

63*

70*

98

112

126
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105

126

147

168

189*

210*

108

135

162

189*

216*

243

112

140

168

196*

224

200*

FIG. 20. Chart of the harmonics of the most popular amateur frequencies.
that have an asterisk beside them fall in one of the TV channels.
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A quarter-wave open stub used on
the receiver transmission line may be
helpful in reducing this type of interference. There is nothing that can
be done at the transmitter, because
the fundamental of the transmitter
causes the trouble.
In addition to using the quarterwave stub, using a highly directive
antenna array and orienting it for
minimum pickup from the amateur
station may be helpful. However, if
the amateur station is located in the
FIG. 21. This r.f. filter will help keep
same direction as a television station,
amateur harmonic radiation out of the
the chances are that this solution will
power line.
be impractical.
Fortunately, the 6-meter amateur
it is due to harmonics from an amateur
transmitter that is operating in the band is not as popular as the lower28-mc. band. Remember, the amateur frequency amateur bands—in fact, the
transmitter has a legal right to be number of stations operating on 6
operating in that band; and the FCC meters is small in comparison to the
recognizes that certain harmonics will number on the other amateur bands.
be radiated. Recent studies indicate As aresult, interference from 6-meter
that interference from second-har- stations is not very widespread.
The previous information on reducmonic radiation of a 28-mc. transing
amateur interference can also be
mitter can be expected on channel 2up
applied
to the lessening of interference
to amile from a750-watt transmitter
caused
by
commercial short-waye stahaving a harmonic suppression of 42
tions
operating
on frequencies near the
db. Interference from the third harTV
channels
or
on frequencies having
monic of a transmitter usually will
not cause any trouble except in the harmonics that fall in TV channels.
Harmonic interference from these
immediate vicinity.
Amateur stations operating on the commercial stations is likely to be less
6-meter band also cause TV inter- severe than it is from an amateur staference. This band is located directly tion. The commercial stations have
beside television channel 2. As a had the benefit of good reliable design
result, amateur stations operating in by competent engineers, whereas some
this band will get through the front of the amateur stations are lacking in
end of a nearby TV set, because the this respect.
set does not have sufficient selectivity
INTERFERENCE FROM
to reject the undesired signal. A 6BROADCAST STATIONS
meter transmitter will cause considerInterference may be caused by
able interference on channel 2 on
nearby TV receivers and may even nearby a.m. broadcast stations. This
interference will look something like
affect the entire low band:
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to the other side of the high-pass filter.
If the TV signal is weak, increasing
its strength may be helpful in reducing
the effect of this interference. Using
a better antenna, raising the antenna,
or using a booster may prove helpful.

a wire mesh across the face of the
cathode ray tube.
Moving and redirecting the TV antenna usually does not help too much
in this case, because the trouble is
due to the fact that the signal blankets
the area. The most effective method
of reducing this interference is to use
a high-pass filter like that shown in
Fig. 22.
It is not usually sufficient simply
to connect this filter between the
transmission line and the antenna terminals of the receiver. Usually there

.CO-CHANNEL INTERFERENCE
When the FCC originally assigned
the television channels, it was assumed
that a TV signal would not travel a
very great distance beyond the line of
sight. The geographical separation
of stations on the same channel was

300-OHM
TWIN LEAD
FROM ANTENNA

, CONNECT

--r
-DIRECTLY

TO TUNER

COPPER SHIELD BOX
C •20 p1J F CERAMIC
L.15 pH- 40 TURNS NO.30 WIRE
1
-4..075

+-IN. DIA. CLOSE

WOUND

pH-20 TURNS NO.30 WIRE t -IN. DIA. CLOSE WOUND

COIL FORMS ÷ -IN. DIA. PLASTIC KNITTING NEEDLES

FIG. 22. Use of this high-pass filter will reduce interference caused by a powerful
nearby a.m. broadcast station.

is a fairly long piece of transmission
line between the antenna terminals of
the receiver and the input to the tuner.
When there is a strong signal from a
local a.m. broadcast station, sufficient
signal may be picked up in this short
length of line to cause considerable
interference. The best thing to do is
to disconnect the transmission line at
the point where it is connected to the
front end of the receiver. Then connect one side of the high-pass filter
directly to the tuner input, and connect the transmission line coming from
the antenna terminals of the receiver

set with this assumption in mind.
Experience has proved, however, that
there is a certain amount of bending
of aTV signal; and, as aresult, signals
travel a good distance beyond the
horizon. Consequently, the problem
of co-channel interference has arisen
in some locations.
Such interference occurs when it is
possible to pick up signals from two
different stations that are on the same
channel. Let's say that aset is located
between two channel 4 stations that
are 175 miles apart and is 50 miles
from one station and 125 miles from
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the other. If conditions are favorable,
it will be possible to pick up the nearer
channel 4 station well. The other
channel 4station may not be received
well enough to give asatisfactory picture, but it may be possible to pick up
enough signal from it to cause inter-
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FIG. 23. The "venetian blind" effect produced by co-channel interference may look
like this.

ference with the signal from the first
station.
Such interference occurs whenever
the signals from the two stations differ in frequency by a small amount.
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 tolerance limits
set by the FCC. When both signals
are received, abeat note having afrequency equal to their frequency difference will be produced and eventually applied to the picture tube,
causing an interference pattern like
that shown in Fig. 23. This interference produces a series of alternate
black and white bars across the image,
for which reason it is called the "venetian blind effect." The number of
bars depends, of course, on the differ-

ence in frequency of the two carriers.
If this difference is less than 60 cycles,
no visible bars will be produced; but,
unless the two carriers are exactly
synchronized in frequency, there will
be an annoying variation in brightness of the picture.
The only hope of eliminating such
interference at the receiver is to use
a more directive antenna in an effort
to attenuate the undesired signal so
much that it will produce no appreciable effect. If this does not work,
there is nothing else that can be done
at the receiver to eliminate the interference.
Fortunately, however, a simple
method of adjusting the transmitter
to eliminate this interference completely has been worked out: It is
likely that it will be adopted very
soon, in which case co-channel interference will no longer be a problem.
This method consists of adjusting
the two transmitters so that they are
exactly 10,500 cycles different in frequency. When the frequency difference is this great, the bars produced
are so numerous and so thin that they
disappear completely.
ADJACENT-CHANNEL
INTERFERENCE
Adjacent-channel interference is not
likely to occur in large cities to which
TV channels have been assigned, because such cities are generally located
so far from others to which adjacent
channels have been assigned that it is
impossible to pick up the adj acentchannel signals. A receiver located
between two cities to which adjacent
channels have been assigned may suffer from interference of this sort, however.
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To take a specific example, let's
suppose that a set is located between
a city to which channel 3 has been
assigned and another city to which
channels 2 and 4have been allocated.
Let's suppose further that reception
is such that all three of these channels
can be picked up. If so, the broad
response of the front end and the i.f.
stages of the set will probably permit
the set to pick up interference from
both channel 2 and channel 4when it
is tuned to channel 3.
Such interference will probably be
caused by the sound carriei.of channel
2and the picture carrier of channel 4.
The sound carrier frequency of channel 2, for example, is 59.75 me., and
the local oscillator of the set (assuming it has the usual sound i.f. of 21.25
me. and picture i.f. of 25.75 mc.) will
be operating at 87 mc. when the set
is tuned to channel 3. The beat between the sound carrier of channel 2
and the local oscillator frequency
when the set is tuned to channel 3will
therefore have a frequency of 27.25
mc., which is near enough to the i.f.
frequencies to get through the set and
cause interference.
Similarly, the picture carrier fre-

The use of amore directive antenna
should be tried. It may be possible to
reduce the pickup from the interfering
station to such a low level that the
interference will not be objectionable.
It may also be possible to use astub
cut. to a frequency near that of the
interfering station to attenuate the
interference. This is practicable, of
course, only if the presence of the
stub does not reduce the strength of
the desired signal too much.
Sometimes the use of a pad that
reduces the signal strength of all incoming signals will prove helpful. We
shall discuss pads a little farther on
in this Lesson.
NOISE
Noise produces dark spots or streaks
across the picture tube. Probably the
most common source of this kind of
interférence is automobile ignition
systems.
The effects of light and
heavy interference of this sort are
shown in Figs. 24A and 24B respectively. Notice that heavy ignition
interference may destroy the horizontal sync action.
Frequently a great deal of auto ignition interference is picked up by the

quency of channel 4 (67.25 me.) will
beat with the local oscillator of a set
tuned to channel 3 to produce a frequency of 19.74 me. This will probably also pass through the i.f. stages
and produce interference.
There are several things that might
be done to reduce adjacent-channel
interference. Some receivers contain
adjacent-channel sound traps and adjacent-channel picture traps that are
designed to eliminate it. Properly
adjusted, such traps are very effective.
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Interference

caused by
noise.

some

form

of

transmission line rather than by the
antenna. If such interference is severe, you should try a shielded transmission line. If the interference is
light, it may be possible to use an
unshielded line provided it is .placed
as far as possible away from the street.
Even if the interference is light, the
use of shielded line is preferable from
every standpoint except that of cost.
Placing the antenna as high as possible is helpful. In addition, if the
interference is. being picked up by the
antenna itself, it is often worth while
to use astacked array. As you know,
a stacked array picks up much less
noise from a source below it than
./it dipole does.
Automobile manufacturers are cooperating with TV manufacturers, and
the new cars do not cause nearly as
much ignition interference as do the
older ones. In time, therefore, as the
older cars go off the roads, ignition
interference will probably be reduced
considerably.
Noise may also be produced by
various other electrical devices. Any
device in which a motor is used may
produce interference if the motor is
not properly adjusted or if sparking
occurs between the brushes and the
commutator. In addition, ultra-violet
lamps, neon signs, electric razors, and
similar spark-producing devices may
cause considerable interference.
In each of these cases, the use of a
line filter should prevent interference
from getting into the set through the
power line. Of course, to be most effective, the filter should be placed at.
the interfering piece of equipment.
When the device cannot be located or
if it is impractical to place the filter
at this point, however, try installing

Courtesy Sylvania Electric Products, Inc.

FIG. 24A. Light ignition interference
causes streaks of this kind across the
picture.

Courtesy Belmont Radio Corp.

24B. Heavy ignition interference
may make the set lose horizontal sync,
as shown here.

FIG.
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the filter between the receiver and the
power outlet.
Again, as in the case of auto ignition, much of the interference may be
picked up by the transmission line, so
the use of shielded line may help to
reduce the interference. Getting the
antenna higher to keep it as far away
as possible from the interference may
do some good.
A booster is sometimes useful in reducing noise interference if the interference is noticeable simply because
the signal from the TV station is
weak. In this case, increasing the sig-

Filtering the antenna circuit with
a high-pass filter may help to some
extent if the interference is very broad.
Repositioning the antenna to reduce
pickup from the interfering source to
aminimum and using an antenna with

nal from the TV station by the use of
a booster will reduce the effect of the
noise. If the interference is being
picked up by the antenna, however,
a booster will do little good, because
the noise will be amplified along with
the desired signal.
DIATHERMY INTERFERENCE
Diathermy interference is caused
by radiation from the oscillator of a
diathermy machine (a piece of equipment used by doctors in giving heat
treatments). The newer machines are
designed to minimize such radiation:
in some, second-harmonic radiation
(which is the most troublesome, because it is in the TV spectrum) is kept
as low as 5 microvolts per meter.
However, older equipment radiates
very strongly, causing interference
that often cannot be eliminated.

Courtesy Sylvania Electric Products, Inc.

Loss of vertical sync caused by diathermy
interference.

The effect of diathermy interference
on the test pattern is shown in Fig. 25.
The herring-bone pattern may move
vertically, or it may remain stationary
as shown. If the interference is extremely strong, it may completely
blank out the test pattern on one or
more stations.

Courtesy Sylvania Electric Products, Inc.

FIG. 25. A typical example of diathermy
interference.
Usually such interference
will cause either one or two bands across
the picture, since diathermy machines
(which are essentially h.f. and v.h.f.
oscillators) are usually modulated at
either 60 or 120 cycles, depending on
whether a half-wave or a full-wave rectified power supply is used. The modulation occurs because the power supply is
not usually filtered.

asharper pattern may also be helpful.
Sometimes a stacked array will not
pick up this interference to the extent
that an ordinary dipole or folded dipole will. If the pickup occurs in the
transmission line, the use of ashielded
line should eliminate it.
Diathermy interference can best be
eliminated at the source, if the source
can be found. Usually you can find
out which doctors in the neighborhood
have diathermy equipment.
Then,
when the interference is present, you
can telephone each doctor to see if his
equipment is turned on at that moment.
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If the doctor is willing to permit you
to take steps to eliminate the interference, shield the diathermy oscillator completely. This will keep radiation from the oscillator itself to a
minimum.
In addition, filter the power supply
to the equipment. Use an r.f. filter
like the one shown in Fig. 21.
Fortunately, diathermy equipment
is usually not used too much during
the evening hours when television programs are on the air.
IDENTIFYING
R.F. INTERFERENCE
Since the measures you take to eliminate r.f. interference often depend
on what kind of interference is being
picked up, it is usually necessary for
you to identify the interference before
you can remove it. Fortunately, it is
generally easy to do so by observing
the effect produced on the picture by
the interference.
We have illustrated most of these
effects in the preceding sections of this
Lesson. Study the pictures carefully
so that you will be able to identify
each type. Most of them are distinctive enough so that you will have very
little difficulty in telling them apart.
Noise, for example, causes streaks or
dots across the face of the tube; diathermy produces a herring-bone pattern; and so on.
Interference from amateur stations
and from f.m. stations may be somewhat difficult to distinguish between,
since both cause diagonal lines across
the face of the tube. The lines caused
by an amateur station are usually
straight, however, whereas those
caused by an f.m. station are not.
Further, the number of lines caused

by an f.m. station varies constantly,
because the frequency of the station
is continually changing; but an interfering amateur station will usually
produce aconstant number of lines.
Another distinguishing feature is
that amateur interference is not present all the time, because amateur stations are operated intermittently. On
the other hand, interference caused by
an f.m. station is usually present
throughout practically the entire day
and evening.
If interference is -caused by a radio
station, try to pick up its call letters.
Doing so will let you find out what
the fundamental frequency of the interfering frequency is, which may
make it easier for you to determine
why the interference is occurring. If
it is the picture rather than the sound
that is interfered with, you will not
hear the interfering frequency when
the set is correctly tuned. However,
you may find it possible to hear it if
you misadjust the fine tuning control
(if the set has one) so as to increase
the frequency of the local oscillator,
thereby making the beat frequency of
the interfering signal and the oscillator signal fall within the sound i.f.
range. Even if the interference is
amplitude modulated, you will probably be able to hear it through the
f.m. sound system of the TV set; it
will undoubtedly be distorted, but you
should be able to make out what is
being said.
SIGNAL STRENGTH
In many cases, the success you will
have in eliminating interference will
depend upon the strength of the signal
from the TV station. The stronger
the signal, the better your chance of
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eliminating the interference. If the
signal is relatively weak, it may be
-difficult or impossible to eliminate
the interference without also attenuating the signal from the television
station to such an extent that it is unusable.

ground noise of variable intensity is
present. In some cases, the noise can
be severe enough to obliterate weak
stations completely. There may also
be "birdies" caused by beating of
some video components with broadcast carriers.
When the signal from the TV staThe most effective method of elimition is weak, therefore, it is usually nating such interference is to shield
worth while to spend some time at- the TV receiver. It may be necessary
tempting to increase its strength be- to build awire mesh shield completely
fore trying to knock out the interfer- around the inside of the TV receiver
ence. Use a high-gain antenna and a cabinet. This shield should then be
booster to build up the signal strength grounded.
in such a case. Then you can use
In receivers using the intercarrier
traps or stubs to knock out the in- sound system, the 4.5-mc. sound may
terference with some assurance that radiate, causing trouble with services
you will not reduce the strength of on or near this frequency, if the leads
the desired signal too much.
in the set are long and unshielded.
Shielding any long leads should be efINTERFERENCE CAUSED BY
fective in eliminating this difficulty.
TV RECEIVERS
The scanning systems in a TV reSeveral of the circuits in a TV set ceiver may cause trouble because they
may interfere with other broadcast are rich in harmonics. The vertical
services. In addition to being called sweep is usually not troublesome, since •
upon to eliminate interference in aTV it operates at the low frequency of 60
receiver, therefore, you may also be cycles per second.
The horizontal
called upon to eliminate interference sweep circuits, however, operate at a
that is caused by the TV receiver:
frequency of 15,750 cycles and have
Direct radiation from the video cir- an output that is very rich in harcuit may cause trouble in an a.m. monics. These harmonics may cause
broadcast receiver, for example. Re- "birdies" about every 15 kc. all over
member, the video circuits in a re- the dial of an a.m. set as they beat
ceiver handle frequencies all the way with broadcast station carriers.
from about 15 or 20 cycles up to 4.5
In most sets in which electromagmegacycles. As a result, there are netic deflection is used, the horizontal
strong signals present in the video cir- sweep circuit is shielded along with
cuits that fall within the frequency the high-voltage rectifier and the
range of the standard broadcast band. damping circuits. If you should find
If there are any long leads in the video that these components are not shielded
circuits, there may be considerable in a set that causes interference in a
radiation that will affect nearby nearby radio receiver, shielding these
broadcast receivers.
circuits should be helpful.
Such interference makes the a.m.
In addition, radiation may occur
set sound mushy. Considerable back- from the yoke. An additional shield
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may be made that can be slipped on
over the yoke and grounded to the
receiver chassis.
Such a shield is
usually quite effective in eliminating
radiation from the yoke. If it doesn't
remove the interference completely, it
will be necessary to use ascreen shield
over the, entire inside of the set (with
the exception of the face of the picture tube).
We mentioned earlier that radiation
from the local oscillator of the TV
set may cause interference in nearby
TV or f.m. sets. The best way to eliminate such radiation by the TV receiver is to install a booster between
the offending receiver and its antenna.
There is one possible difficulty you
should keep in mind if you are attempting to eliminate interference by
shielding the inside of a TV receiver
cabinet with a grounded wire mesh.
Some TV receivers use power supplies that resemble the a.c.-d.c. circuits used in many of the lower-priced
a.m. broadcast radios. In such sets,
one side of the power line may be
connected directly to the chassis.
Obviously, you must not ground the
chassis in a set of this kind—if you
do, you may put ashort directly across
the power line. Therefore, if you install a shield in one of these sets, be
very careful not to allow the grounded

shield to come into contact with the
receiver chassis.
SUMMARY
There are two main kinds of external r.f. interference—"blanket" interference and "station" interference.
Blanket interference, such as diathermy, ignition, etc., can best be eliminated by going to the equipment
causing the interference. The use of
appropriate filters and shielding will
usually eliminate the interfering radiation.
On the other hand, interference
caused by aparticular station, whether
.
it be an f.m., an amateur, a shortwave, or some other station, can usually be eliminated by using 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 that harmonic at the
station will be the most effective
means of combating the trouble.
When the interference is due to nearby stations that are operating on frequencies near the TV channel or near
the TV i.f. frequency, however, the
best way to eliminate the interference
is to trap the interfering signal at the
receiver.
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Special TV Installations
In this section, we are going to take
up some special installation problems.
One of these is the use of pads or some
other means of cutting down extremely
strong signals when the receiver is
located close to the transmitter. Another is the installation of a receiver
in an area where the correct type .of
power is not readily available. A
third is making commercial installations—in taverns or restaurants, for
example. The fourth is setting up a
multiple-installation system for an
apartment house or adealer's store.
STRONG SIGNAL AREAS
When you make a TV installation
in an area where the signal strength

BALAN CED

is excessive, you should use a pad to
reduce the amount of signal fed to the
set from the antenna to prevent the
first stages in the set from being overloaded. Fig. 26 shows the circuits of
four types of pads and the resistor
values that should be used in the two
most common of them to produce various amounts of attenuation. The balanced pads are used with 300-ohm
twin-lead line, and the unbalanced
pads are used with 72-ohm coaxial
line.
In an area where there are several
stations, it is unusual to find a location where the signals from all of them
are too strong. It is somewhat more
common to have the signal from one
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FIG. 26. The diagrams of 0, H, T, and Pi pads are shown in part A, and design
factors for 0 and Pi pads are given in part B.
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station be extremely strong but those
from other stations be only normal in
strength. This condition occurs when
the set is located very close to one
transmitter but considerably farther
from the others.
Since apad will reduce the strength
of all signals equally, apad would be
unsuitable in a location of this latter
kind because we do not want to reduce
the signal strength from the weaker
stations. Instead, you should install
a parallel resonant wave trap in the
transmission line (one trap in each
lead of the line if twin-lead is used),
tuning it to the frequency of the overstrong station. This arrangement will
usually attenuate the strong signal
enough to prevent overloading.
Incidentally, you may wonder why
we go to all of the trouble of designing pads to attenuate signals instead
of simply inserting resistors in the
leads between the transmission line
and the antenna terminals of the receiver. The reason is that the transmission line would no longer be terminated with the correct impedance
if we just installed resistors to attenuate the signals. The pads shown in
Fig. 26, however, are designed so that
they will have no effect on the impedance matching. In other words, when
the resistances given in Fig. 26 are
used, the impedance at the input and
at the output of either of the balanced
pads is 300 ohms; and, similarly, the
input and output impedance of the unbalanced pads is 72 ohms.
INSTALLATIONS IN D.C. AREAS
In some of the larger and older
cities, there are areas in which d.c.
power rather than thé more common
60-cycle a.c. power is supplied over

the power lines. When public distribution of electric power was first undertaken by power companies, d.c. was
the only kind used. Later, when the
advantages of a.c. power became apparent, most new installations were
equipped to deliver it. In some areas
of the older cities, however, the expense of converting to a.c. was so
great that the power companies continued and still continue to supply
only d.c. to them.
A power transformer will not operate on d.c. As aresult, TV sets using
power transformers cannot be operated on d.c. If you are going to install aTV set in ad.c. area, you must
either use a set designed for a.c.-d.c.
operation or use some means of converting the d.c. from the power lines
to 60-cycle a.c.
There are several devices that make
it possible to change d.c. to a.c. You
may use an inverter, a rotary converter, or amotor driven generator.
An inverter consists .of a vibrator,
a transformer, and a suitable filter
assembly. One is shown in Fig. 27A.
Commercially manufactured inverters
are available from most wholesale
supply houses.
The inverter has a few disadvantages. One of the most important, in
this case, is that one large enough to
supply a. TV set that draws 300 to
350 watts is very expensive. Another
is that some have atendency to vary
in frequency, an effect that may cause
undesirable voltage variations in a
TV set. There are inverters commercially available that can be synchronized with the field frequency of the
TV signal so that their outputs are
constant in frequency. Such devices
are also 'very expensive, however.
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Courtesy Cornell-Dubilier Electric Co.

FIG.

27A. A typical inverter used
change d.c. to 60-cycle a.c.

to

Courtesy Carter Motor Co.

FIG. 27B. This rotary converter is used
to change d.c. to 60-cycle a.c. The small
box contains a speed control device that
permits the frequency of the output to
be regulated.

The other commonly used device
that may be employed is arotary converter. One is illustrated in Fig. 27B.
Essentially, arotary converter consists of a d.c. motor and an a.c. generator assembled on a common shaft
so that the motor drives the generator.
Most are designed to deliver 60-cycle
a.c. power. The converter shown in
Fig. 27B has a small speed-control
device that can be used to regulate
the frequency of the a.c. obtained.
This is the small box into which the
power cord of the converter is plugged
in the illustration; it is called a "picture-control unit" by the manufacturer.
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It is also possible to change d.ó. to
a.c. by using a motor-generator assembly. This assembly is much the
same thing as the rotary converter
except that the motor and the generator are built separately and mechanically coupled together. Most such assemblies are designed to deliver large
amounts of power and are too expensive to use if a TV set is to be the
only load.
In selecting adevice to convert d.c.
to a.c., make sure that the unit can
supply the a.c. at the proper voltage
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 requirement of
sevdal amperes at approximately 115
to 120 volts, 60-cycle a.c.
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 requirements of the TV set, because the set
will probably be used for several
hours during an evening. A device
designed to supply the required current under intermittent conditions only
would not be capable of handling the
load.
INSTALLATIONS IN
25-CYCLE AREAS
Some American cities supplied by
hydro-electric plants have 25-cycle
rather than 60-cycle power. A TV
receiver that uses apower transformer
designed for 60-cycle operation will
not work satisfactorily on 25 cycles:
there is not sufficient iron and copper
in the power transformer, and the
transformer will burn out. Even if
the power transformer would work,
the chances are that there would not

be sufficient filtering in a 60-cycle receiver to give satisfactory performance on 25 cycles.
Therefore, if the customer's set is
designed for 60-cycle operation and
he wishes to use it in a25-cycle area,
about the only practical thing to do
is to replace the power transformer
with one designed for 25-cycle operation. It will probably also be necessary to increase the filter capacity to
reduce the hum. This can be done by
installing larger filter condensers or
by connecting additional condensers
across those already on the set. Be
sure that the condensers being installed in the set have aworking voltage
that is at least as high as the working
voltage of the condensers they are replacing.
If asuitable power transformer cannot be obtained, it may be possible
to have one wound specially for the
job. Such atransformer will be fairly
expensive; however, about the only
alternative is to use a frequency converter, which is considerably more
costly.
The kind of frequency converter we
refer to consists of a 25-cycle synchronous motor that drives a60-cycle
generator. This devise has aconstantfrequency. output, because the output
frequency is determined by the speed
of the motor.
Since it is a synchronous motor, its speed is determined by the frequency of the power
line, which is practically constant.
Not all TV sets use a power transformer.
Many sets use voltagedoubler and voltage-tripler circuits to
obtain the necessary B-supply voltages. These circuits will not work on
d.c., but they will work on 25-cycle
a.c. power. When a receiver of this
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type is to be installed in a 25-cycle
area, therefore, satisfactory performance can usually be obtained simply
by increasing the size of the filter condensers without making any other
alterations in the set. For this reason, a customer buying a set for use
in a 25-cyle area will find it cheaper
to get atransformer-less type if a set
with a 25-cycle transformer is not
available. You may wish to point this
fact out to customers or potential customers living in such an area.
COMMERCIAL INSTALLATIONS
In general, commercial installations
are handled in the same manner as
home installations. The problems encountered are very similar. One difference between them, however, is that
there is seldom a high electrical noise
level in aprivate home, whereas there
is very apt to be one in acommercial
location. A tavern or restaurant usually contains many electrical devices
—automatic phonographs, refrigerators, electric washing machines, neon
signs, and fluorescent lights, for example. Considerable interference rimy
be radiated by one or more of these
devices. If you notice that the noise
level is comparatively high in the TV
set, the interfering device can be identified by shutting off the various electrically operated machines nne at a
time. If you notice that the noise
goes down when a certain machine is
shut off, that machine is generating
at least part of the interference. You
can probably reduce the interference
from each such machine by using a
suitable 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 minimum by using shielded transmission
lines. For this reason, ashielded line
is far superior to an unshielded line
for a commercial installation. Since
the charge for a commercial installation is usually somewhat higher than
that made for a home installation, it
is practicable from the cost viewpoint
to spend the extra money for the
shielded line.
Since people are often more careless
about equipment in a commercial
establishment than they are in aprivate 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 someone may be injured by tripping over
it. It is also a good idea to run the
transmission line in such a manner
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FIG. 28. Methods of connecting several
sets to the same transmission line. The
resistive networks permit the lines to be
terminated in their characteristic impedances, thus eliminating line reflections.
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that it will be as inconspicuous as possible.
Another difference between home
and commercial installations is that
there is usually only one set in ahome
but there may be several in a large
commercial establishment. The use
of several sets brings up the problem
of connecting them to an antenna. Of
course, one way of solving this problem is to use a separate antenna for
each set. There may not be room for
several antennas, however, or the proprietor may not want to use more than
one. In this case, a distribution network must be used to feed the signal
from a single antenna to several receivers.
Fig. 28 shows asimple way in which
several receivers can be connected to
a300-ohm line (Fig. 28A) or a72-ohm
line (Fig. 28B). The matching networks shown permit the transmission
line to be terminated in its characteristic impedance with the result that
ghosts resulting from mismatch are
avoided.
It is necessary to know the relative
signal strength in aparticular area before you can tell whether it is practical to connect 2, 3, or 4 receivers
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.
If the receivers are installed in a
primary service area where the signal
strength is comparatively high, it may
be possible to connect many sets to
the same antenna without any difficulty. In other cases, it may be nec-
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connected to the same line.

essary to use ahigh-gain antenna ar-.
ray or an array plus abooster to make
Ap for the loss of signal strength as
additional sets are connected to the
antenna, even though such ahigh-gain
system would not normally be required
to get reception on asingle receiver.
The circuit in Fig. 29 shows acomplete matching 'network that can be
used to connect as many as six separate receivers to the same transmission 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 disconnected
to keep the network in balance. 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 #1. Similarly, if

only four receivers are to be used,
boxes No. 1 and No. 2 should be removed, and so forth.
The circuit shown in Fig. 29A should
be used for receivers having 300-ohm
balanced inputs. The one in Fig. 29B
is a similar network for use with a
72-ohm unbalanced system in which
a coaxial cable is used.
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APARTMENT-HOUSE
INSTALLATIONS
Many landlords will not permit
tenants to install individual TV antennas on the roofs of their apartment houses. In cases of this sort,
the TV set owner must generally use
awindow or an indoor antenna unless
he has aset having abuilt-in antenna.
The effectiveness of such antennas,
including built-in ones, depends on the
location. In many places they work
well,. in others they are satisfactory
if boosters are used with them. Very
often, however, aTV receiver will fail

to give satisfactory performance unless
it is connected to a suitable outside
antenna.
Usually an apartment-house owner
who will not permit each tenant to
erect an outdoor antenna will allow
one master antenna to be put up. For
that matter, it may not be desirable
for every tenant to put up his own antenna even if he is permitted to do so,
because each antenna will have a certain effect on any other antenna near
it. For this reason, antennas cannot
be placed too close together; if they
are, the result is that none of them
works well. This fact creates aproblem when there are a great many
television sets in one apartment house,
because it is impossible to erect enough
antennas on the roof to take care of
all of them without having the antennas so close together that all of
them will be affected.
There is, therefore, a demand in
apartment-house installations for a
master antenna system that will furnish asignal for several receivers. In
small apartment houses, systems like
those shown in Figs. 28 and 29 may be
suitable. A more elaborate system
must generally be used for a large
apartment house, however.

72 -A-

72 -IL
ADO-2

Several systems have been devised
to answer the problem of apartment
house installations. One of these is
the Jerrold "Mul-TV Antenna System," which we shall describe briefly.
The simplest form of the Jerrold
system is shown in block diagram
form in Fig. 30. As you can see, it
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 terminating 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 72ohm set to the line, the ADO-2 to
couple two 300-ohm sets to it. Either
kind of box can be used anywhere 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
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Courtesy Jerrold Electronics Corp.

FIG. 30. A block diagram of the Jerrold Mut-TV antenna system intended for use
in apartment installations.
Either 72-ohm or 300-ohm receivers can be connected
to this system. One or two sets can be connected to an ADO-2 box.
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and therefore has a high impedance,
it attenuates the signal in the distribution line only slightly. For this reason, a great many boxes can be connected to the line without attenuating
the signal too much.
The output of each box is taken
from the cathode circuit of the cathode
follower. Therefore, the only connection between the input and the output
is through the internal capacities of
the tube, which are low. For this reason, there is practically no backward
transmission (from output to input)
of signals through the distribution
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 matching
transformer that permits the 72-ohm
distribution line of the system to be
matched to a 300-ohm line if it is
necessary to use the latter with the
antenna selected.
Another accessory device is achannel amplifier that is intended for use
in low-signal areas or in installations
in which the run of the coaxial distribution line is so long that the signal is attenuated too much. This
amplifier contains four plug-in amplifier strips, each o
.fwhich is a. 6-tube
r.f. amplifier that is designed to handle
a particular channel. There is an individual gain control for each.strip,

an arrangement that permits the outputs of all the strips to be adjusted
to the same level. These individual
outputs are applied to a mixing network 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 connected to the appropriate amplifier input. If asingle antenna is to be used
for all stations, however, an antenna
matching network offered by the
manufacturer must be used. This network consists of six tuned circuits
connected in parallel across an input
terminal that is connected to the transmission line from the antenna. Each
circuit can be tuned over a range of
20 mc., and their basic frequencies are
staggered so that their combined range
covers all the TV and f.m. frequencies.
When this network is used, the antenna transmission line is connected
to its input, and the proper outputs
are connected to the individual inputs of the channel amplifier. The unused outputs of the network can then
be used to trap interference if desired.
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 antennas 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.
These are intended for use only with
amplified systeriis. Each is installed
just ahead of the amplifier for the
channel for which it is designed.
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channels well and the rest poorly.
The customer may appear willing to
accept the explanation that this condition is due to the antenna, but inwardly he may think that the inability
of the set to produce good pictures on
all channels is due to some fault in
the set. Even if he believes that the
defective operation should be blamed
on the installation, he will probably
not have a high opinion of a serviceman who cannot make a satisfactory
installation in his own store.
There is -another reason why the
antenna installation should be the best
possible. It is easier to tune in a
television set on a strong signal than
it is on aweak signal. When the signal is strong and free from interference, there is little chance that the
set will lose sync. Most customers
like to operate a TV set themselves
before purchasing it. If there is a
strong signal available, they should
be able to obtain a good clear picture
very easily. This will impress them
with the ease with which the receiver
operates, which should be an excellent
selling point for an aggressive salesman.

The choice of the antenna to be
used with this master system depends
upon the location. If several stations
lying in different directions are to
be picked up, it is usually best to
use an individual antenna for each,
aiming it for best pick-up and minimum ghosting. If all the local stations can be picked up well with one
antenna, however, there is no néed
to use a separate antenna for each.
In an apartment-house installation,
the use of an antenna system of this
sort is very desirable. Not only does
it furnish each tenant an adequate
signal for his set on each channel, but
also it practically eliminates interference between receivers. Its cost
is fairly high but not excessively so,
particularly if it is installed while
the house is being built, since it is
simple at that time to run the necessary distribution cable from one apartment to the next.
DEALER INSTALLATIONS
Dealer installations may be divided
into two categories. One is the installation used for demonstrating TV
sets to prospective purchasers, the
other is the kind that may be used
in the service shop to assist the technicians in servicing TV receivers.
An installation that is to be used
to demonstrate receivers to prospective buyers should be as good as it
can be made. When acustomer comes
into a dealer's store to watch a television receiver, it should be working
as well as possible. Many sales have
been lost because of apoor demonstration caused by a slip-shod installation. Every available local channel
should give a good clear picture. It
is not sufficient to pick up one or two

For these reasons, amaster antenna
system of the sort we just described
is by all odds the best kind-to use for
dealer demonstrations.
A small
dealer, however, may not feel he can
afford to install an elaborate system.
In such a case, you can make afairly
inexpensive installation for him by us,ing a single antenna and a distribution system like that shown earlier in
Fig. 29 if his store is located in an
area where the signal strength is high.
Before connecting two or more television sets to the same antenna, however, check the sets carefully to make
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sure there will not be any interaction
between them caused by radiation or
feedback from their local oscillators.
Incidentally, remember that sets having balanced and unbalanced inputs
should never be operated together
from the same antenna unless some
device like the distribution boxes of
the Jerrold antenna system is used.
If the signal strength is not high
enough to make it possible to operate
several sets at once from th'e same antenna, the arrangement shown in Fig.
31 can be used. Here all the sets are
connected to the single transmission
line through toggle switches. When
one set is to be demonstrated, close
the switch that connects it to the line,
and open the other switches.
The antenna should be located as
far as possible away from the street
and from any electrical devices to reduce the noise pickup to the minimum.
Shielded transmission line should be
used so that there will be no line pickup from noise-producing devices or
from radiation of the local oscillators
in nearby TV sets or f.m. receivers.
Noise coming in through the power
line can be reduced to aminimum by
installing power-line filters at the outlets to which the sets .are connected.
The transmission line should be
tacked neatly in place and kept as
much out of the way as possible. If
the transmission line is left lying
around loose, not only will it appear
unsightly, but also there is the danger
that someone may trip over the line
and be injured.
It is just as important to have a
good antenna installation for a service shop as it is to have one for a
dealer's showroom. The antenna must
be capable of producing ghost-free
35

pictures on all available TV channels.
This is important to you as aserviceman because ghosts can be caused by
improper alignment of the TV receiver. If the antenna installation in
the shop is a poor one that produces
ghosts, you may attribute ghosts to
the installation when they are really
caused by improper alignment. If so,
you will find that the ghosts are still
present when you return the set to
the customer, and "
all attempts to
orient the antenna to eliminate them
will be useless.
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FIG. 31. This multiple installation is designed to permit several different sets to
be connected to the same line one at a
time.

Another reason for having a good
antenna is that the customer will frequently come into the shop to look at
his set. Sometimes a customer believes his set is defective when the real
trouble is that he made the installation himself and failed to do it properly. If such a customer comes into
your shop and sees the set operating
properly, giving clear, sharp pictures
on all available TV channels, it will
be much easier to convince him that
the trouble is due to his installation.
On the other hand, if ghosts are present and the picture is poor in your

•

shop as well as in his own location,
it's going to be rather difficult to convince him that his installation is at
fault.
Again, amaster antenna system like
the one described earlier is the best
kind to use in a service shop. If you
do not want to use such a system for
some reason, you should install two
sets of antennas—a high-band-lmkband folded dipole and asimilar plain
dipole. Use 30d-ohm (preferably the

shielded kind to eliminate line pickup) for the folded dipole, and 72-ohm
line for the plain dipole.
• In either case, there should be con- nection terminals at various convenient points along the service bench.
At each point, there should be a connection both to the 300-ohm balanced
transmission line and to the 72-ohm
coaxial line. This arrangement makes
it possible to service either kind of
set at any location along the bench.
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Lesson Questions
Be sure to number your Answer Sheet 62RH-2.
Place your Student Number on every Answer Sheet.

Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.

1. When a leading ghost is caused by direct pickup in the front end of a set,
what two steps should be taken to get rid of it?
2. Name two causes of tunable ghosts.
3. If anumber of vertical bars appear on the face of the picture tube, is the
frequency of the interfering signal (a) lower than, (b) equal to, or (c)
higher than that of the horizontal sweep?
4. What kind of resonant circuit does a quarter-wave open stub act as?
5. If it proves impossible to eliminate f.m. interference on channel 2by using
a stub or a trap and re-orienting the antenna, what other remedy should
• . you try?
6. If a carrier of the channel below the one to which the set is tuned causes
interference, should you adjust (a) the sound trap, (b) the adjacent-channel sound trap, or (c) the adjacent-channel picture trap?
7. What kind of antenna should you use, even in astrong signal area, if ignition noise is aproblem?
8. When interference from aTV set causes anearby a.m. set to have birdies
about every 15 kc., what circuits in the TV set are likely to be causing
the trouble?
9. If the signal from one station is excessively strong at aparticular location,
how can you reduce its strength without affecting the response of the set
for other stations?
10. If several sets are to be operated from the same antenna, but the addition
of the extra sets reduces the signal strength too much, what two steps should
you take before considering the use of aspecial master-antenna system?
Be sure to fill out a Lesson Label and send it along with your answers.
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Why Do You Want to Succeed?
There are several answers to this question. You
may want to succeed for the very human reason that
you want more money with which to enjoy life, or
you may have a family for whom you want to provide those comforts they so well deserve—a home, a
new car, good clothes, life insurance, and financial
security.
Your ambition to succeed may be prompted by
the desire to bring happiness to an aged father,
mother or relative whose chief hope in life is to
see you enjoy prosperity and prestige, to see you on
the pinnacle of success.
Pause for just a minute and think—what is your
reason for wanting success?
With this reason in
mind, resolve firmly that you will never allow your
ambition to weaken.
Resolve that you will never
swerve from the direct path to your goal.
Make
this resolution now and keep it, so the years to
come will be happier and more prosperous for you.
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tain the same kinds of resistors, coils,
condensers, and tubes as do sound receivers, plus a few special parts. The
same basic troubles exist, the same same troubles—open circuits, short
tools and test equipment are used, and circuits, and changes in value—occur
the same general servicing procedures in all these parts, and the same basic
methods of testing them are used.
are followed in localizing the troubles.
The use of alarge number of stages
Once the successful radio serviceman
has learned the fundamentals of tele- in a television set makes it somewhat
lifficult at times to localize the trouble,
vision circuits, therefore, he can adapt
himself to television servicing without but in many cases the very complexity
of a television set is helpful. As we
too much trouble. The most successful TV servicemen are today being shall show later in this Lesson, the fact
drawn from the upper ranks of radio that you have separate paths for the
servicemen, and this practice will sound, sync, and picture signals will
often let you identify the section or
probably continue indefinitely.
We strongly recommend, therefore, even the stage containing the trouble
that you become an expert radio ser- just by watching the picture and
viceman before doing any television listening to the sound. Before you can
servicing. Obviously, you will be able do so, however, you must have acomto find your way around easier in a5- plete understanding of the circuits inor 10-tube sound receiver than in a volved.
As you know, there are many pos20- or 30-tube TV set. Once you have
developed your ability to use effect-to- sible variations of the basic TV circuits. Obviously, you must determine
cause reasoning and professional isolawhat
arrangement of stages is in use in
tion procedures on sound receivers to
the set on which you are working. In
such a point that servicing them becomes routine, you will be ready to television servicing, therefore, even the
apply your knowledge to the more expert must rely heavily on circuit
elaborate television receiver. When diagrams. As we shall show later in
you do, you will find that TV sets con- this text, the circuit diagram can be

vicing is in general the same as
T
sound-radio receiver servicing. The
ELEVISION RECEIVER ser-
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used to speed up the service procedure
to aremarkable extent.
However, it is important to have the
proper circuit diagram. Many sets
having the same model number are
radically different from each other
because improvements have been incorporated in the model after a few
thousand sets were produced and
shipped. It is not uncommon to find
five or six different runs of the same
model, some using as many as two or
three tubes more or less than others
bearing the same model number.
Eventually, of course, such radical
changing of sets during production will
die out; but in the meantime, the serviceman in the television business
must make an effort to keep up-todate with the latest service information. If you handle only one particular
line, you can get the information from
the manufacturer. If you run or work
in ageneral service shop in which you
may be called upon to fix all types of
sets, however, you need the television
service manuals that cover all sets.
These are similar to the radio receiver
service manuals with which you are
familiar.
In this Lesson, we shall assume that
you are aradio serviceman and know
the professional procedures that have
been described in your Lesson on radio
servicing. If you have not yet become
expert in these procedures, you must
do so to get the fullest use from this
Lesson. Even if you are not yet ready
for TV servicing, however, you will
find the basic procedures understandable and can learn what to expect.

Table 1
6AG5
6AU6
6AL5
6SN7GT
6J6

6BA6
6K6GT
5U4G
1B3G
12AU7

6BG6G
6V6G
5V4G
6AC7
6W4GT
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Now let's review TV parts and learn
more about the kinds of defects that
may occur in them.
TV RECEIVER PARTS
Most of the tubes used in television
receivers are of the miniature type,
because they have low inter-electrode
capacities and permit the use of compact circuit arrangements. Two of
these are likely to be different from
any tubes used in even late-model
sound receivers. One is the high-voltage rectifier; the other is the horizontal output tube, which in an electromagnetic sweep system is usually a
special type in which the plate lead is
brought to a top cap. Table 1gives
a list of the 15 tubes most commonly
found in TV receivers; this list will be
helpful in arranging a stock. Of
course, this list refers to present receivers, and there may be changes in
the future. Further, these are the
most-used tubes—not all that are
used. TV sets generally use more
different tube types per set than is
common in sound receivers. In a30tube TV set, for example, there may
be 17 or more different types of tubes
used—only one of most types, but
three or four of some of the others.
Obviously, your stock must contain
all the tubes that are used in the sets
you may have to service.
Because tube capacities are made
use of in some television circuits, it
sometimes happens that a tube will
operate in one circuit but will not in
another in the same set. A typical
example is the case in which tubes of
the same type are used as the local
oscillator and as an r.f. amplifier. A
tube that is used as areplacement for
the r.f. oscillator must have internal
capacities somewhat like those of the
original tube if it is to operate without
requiring arealignment of the set. On
the other hand, much of the capacity

difference is swamped when the same
tube is used as an r.f. amplifier. A
tube tester does not show tube capacities, so only a trial of several tubes
will permit you to find the best one.
Those that aren't usable in one place
can be saved for the circuits in which
their capacities are less important.
Certain stages are hard on tubes.
For example, some of the sweep amplifiers pass rather high peak currents,
although their average currents are
not much greater than normal for the
tube type. However, a tube that is
operated in this manner may have a
shorter life than it would have in some
of the other circuits in the receiver.
Tube defects are by far the most
common difficulty encountered in a
TV set—far more so than in a radio,
both because TV circuits are more
critical in their operation, and because
many of the other parts that might be
expected to break down occasionally
are quite commonly oversize in TV
sets. For example, it is very common
to find practically all of the resistors
to be 1-watt or 2-watt sizes instead of
the familiar 1
/ - and 1
2
/ -watt types
4
that are ordinarily used in radio sets.
Engineers were quite cautious in
setting the original ratings for early
TV sets because they did not want
parts failures and consequent repair
bills to set back the introduction of
television too much. In addition, not
too much was known about the exact
limits of parts values for television
purposes. It was well known that the
eye is quite sensitive to changes in the
picture, but it was not very well realized how great a difference in certain
part values could occur before the
picture was seriously affected. Therefore, most of the resistors were made
oversized in their wattage ratings to
avoid drifting and changes in value
caused by temperature rises. (Heat is
more of aproblem in aTV set than it
is in a radio, because a TV set con-

tains many more tubes, all of which
radiate heat.) It has since been discovered that some resistors were made
unnecessarily high in rating.
On the other hand, it has been
found that certain circuits are even
more critical than was originally expected, with the result that some parts
have to be held to closer tolerances
than is usual in radio receivers. It is
rather common to find resistors having
5% and 10% tolerances instead of the
20% tolerances that are acceptable in
most radio circuits.
Another change is that the electrolytic condensers used in TV sets are
designed to operate under higher surrounding temperatures than are normally found in radio receivers—in
fact, they are given temperature ratings in addition to the usual capacity
and voltage ratings. For this reason,
exact duplicates should be used for
replacements of electrolytic condensers
in TV receivers.
Many of the paper by-pass condensers used in TV circuits have high
voltage ratings—some of them extremely high. An example is the
coupling condenser used between the
'sweep output stage and the deflection
plates of an electrostatic tube system,
which may be rated at 6000 to 10,000
volts.
The insulation between the plates of
most of the coupling condensers and
of many of the by-pass condensers is
ceramic rather than paper. Ceramic
condensers are preferred because they
can be very small and yet have high
capacity. Their smallness makes it
easier to fit them into a crowded television chassis, and minimizes the stray
capacity between the condenser itself
and the chassis. In addition, their
smallness makes it possible to use very
short leads, thus reducing the inductive effects of these leads and permitting the condenser to be amore effec3

tive high-frequency by-pass. Some of
these condensers, incidentally, look
just like resistors. Others are wafers
that look like dimes with leads.
Finally, there are a few parts that
are found only in TV sets, such as
deflection yokes, focus coils, sweep
output transformers and blockingoscillator transformers, to name the
most important ones. These special
parts are often designed for one particular receiver and must be replaced
by exact duplicates if they fail.
Because any disturbance of wire
position can be disastrous in highfrequency circuits, you must be sure
to put in replacement parts that are of
the same physical sizes as the originals
and be certain that they are in the
same positions and have the same lead
dress (position) as the original parts.
Because of this requirement, you cannot follow the common radio practice
of installing a new part anywhere in
the circuit that the proper electrical
connections can be made. Further, if
there is adefect in only one section of
amulti-section part, such as amultiple filter condenser, you must sometimes replace the whole part so that
the replacement can be installed in the
right position.
It is particularly important to connect areplacement part to exactly the
same points as the original. As you
learned elsewhere, many tube circuits
use separate cathode leads to reduce
cathode inductance effects. In such
cases, the by-pass condensers must be
brought back to the proper cathode
terminal to prevent circuit interaction.
Of course, in making areplacement,
it is important not to move the wires
that are already in the circuit any
more than is necessary, because the
positions of many of these wires will
be quite critical.
At first it may seem that you will
need hundreds of special sizes of parts
to be able to service the many different
4

TV models. Fortunately, however, TV
sets in general follow five or six basic
designs used by the leaders, such as
RCA, DuMont, GE, Admiral, and
Philco; as aresult, astock of replacement parts does not have to be too
extensive. Furthermore, television is
now chiefly restricted to the larger
cities, where the presence of wholesale distributors simplifies the stocking
problem. By the time television stations are in the smaller communities,
in all likelihood the circuits will be
much more standardized than they are
now so that not too great astock will
meet most service emergencies.
Although picture tubes have proved
to have much longer life than was anticipated at first, they must be replaced from time to time. Since picture tubes are expensive, it is not wise
to stock them if replacements are
readily available from any nearby
supply house or distributor.
Naturally, if you work for or become an official service center for a
particular brand of receivers in aparticular locality, you will be expected
to stock arather complete assortment
of parts for that brand. The manufacturer or his distributor for your
locality will help you to select the
proper assortment.
TV TROUBLES
In this and the following Lessons,
we shall assume that you have been
called upon to fix a set that has a
definite service complaint. In practice, you will often be asked to fix a
set that is simply out of adjustment
or that is bothered by outside interference. We shall not, however, repeat here the information given in
earlier Lessons on adjusting TV sets
and eliminating TV interference.
One thing you must keep in mind is
that different brands of sets may differ
considerably in their picture reproduc-

tion and sound quality. Some sets
have very high sensitivity and are intended to operate well in the fringe
areas. Others will operate acceptably
only in areas where the signal strength
is high. If you find that a customer's
set is not the type he should have for
his particular desires or location, you
should recommend amore appropriate
one. Don't try to modify his set to
make it work—set designing is not
your job.
You are quite likely to get anumber
of calls from customers who misinterpret operating instructions or do not
understand the limits of their sets.
When you start in business, therefore,
familiarize yourself as quickly as possible with the characteristics of the
receivers that are sold in your locality
so you will be able to set these customers right.
Of course, a TV set amounts to a
double receiver containing both a
sound and a picture section. Ordinarily, if the picture is normal, but
the sound is absent, distorted, or
otherwise affected, you can consider
that only the sound channel is defective, and you can service it much
as if it were just an f.m. sound receiver. In general, we shall assume
that you have the ability to run down
any such complaints as these, and we
shall confine our discussion to service
complaints in which the picture is
affected.
There are really only two service

complaints as far as the video section
of a TV set is concerned. Either the
set is dead (by which we mean that
there is no picture, whether or not
part of the set is operating) or the
picture is distorted in some manner.
There are so many ways in which a
picture can be distorted, however, that
we shall divide this complaint into the
following three classes:
Class 1—picture distortions that are
caused by improper adjustment of the
controls on the set or by defects that
produce the same effect on the picture
as amisadjustment does. In this class
are all conditions involving sync and
sweep defects in which the picture
would be normal if the proper synchronization or the proper linearity in
the sweep could be obtained. Also included are conditions in which the
picture is out of focus, not centered,
or tilted.
Class 2—picture distortion in which
the picture is normal except for an
overlaid pattern or smear that is
caused by a defect in the set. A picture that has hum in it or that lacks
detail because of loss of low- or highfrequency response caused by defects
is in this category.
Class 3—picture distortion caused
by receiver mis-alignment. Included
here are i.f. oscillation and lack of
high-frequency response caused by
mis-alignment.
Now, let's take up the basic servicing procedures.

Test Procedures and Instruments
Television receiver servicing can be
treated in the same straightforward,
logical manner as sound-radio servicing; as a matter of fact, the basic
service procedure is the same for both.
Fig. 1 gives the 10-step plan for

quickly localizing the trouble. Let's
consider each of these steps:
1. Determine
the
Complaint.
Your time as a TV serviceman is too
valuable to be wasted in unnecessary
service calls, so it is important that
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*1. DETERMINE
THE COMPLAINT
BY QUESTIONING CUSTOMER

*2. CONFIRM
THE COMPLAINT
BY CHECKING PERFORMANCE

*3.Effect-To-Couse REASONING
TRY TO FIGURE OUT THE LOGICAL CAUSE
FOR THE OBSERVED EFFECTS 8 GO DIRECTLY

TO THE DEFECTIVE

SECTION, STAGE OR PART, IF

POSSIBLE. IF N07; FOLLOW REMAINING STEPS.

4. INSPECT FOR
SURFACE DEFECTS
BY USING EYES,EARS 8 NOSE

L

*5. ISOLATE THE
DEFECTIVE SECTION

BY PROFESSIONAL TECHNIQUES

j

6. ISOLATE THE
DEFECTIVE STAGE

BY PROFESSIONAL TECHNIQUES

*7 ISOLATE THE
DEFECTIVE CIRCUIT
BY PROFESSIONAL TECHNIQUES

___t
*8. ISOLATE THE
DEFECTIVE PART
BY PROFESSIONAL TECHNIQUES

*9. Repair or Replace
DEFECTIVE PART

*10.
CHECK
PERFORMANCE

FIG. 1. You will find that this 10-step
servicing procedure is as effective when
you are locating and repairing defects in
TV receivers as it is for radio sets.

you first determine that an actual
service complaint exists. If the set
owner has called you on the telephone,
a little careful questioning may let
you diagnose the trouble as something
as simple as the fact that the set is
not plugged into a power outlet or
that the customer is trying to operate
the receiver improperly.
In questioning the customer, remember that he does not speak your
language; ask questions that will give
you the information you need. By
asking him to describe exactly what
it is he can see on the screen of the
tube or can hear from the loudspeaker,
you can get amuch better idea of the
exact nature of the complaint.
If it is impossible to suggest anything over the telephone that the customer might do to localize the trouble
himself, you need to know the make
and model number of the set (if you
do not have this information on file)
and must make a service call.
If the customer brings his set into
your shop, you will ordinarily plug it
in and go on to step 2 at once. Even
so, question the customer carefully to
determine how the set was performing
just before the breakdown that he is
complaining about occurred. Some defects will mask others that existed
previously. Be particularly suspicious
of adead set, because when you have
restored it to life, you may find that
another trouble is present that was
hidden by the one complained about.
2. Confirm the Complaint. It is
best to have the customer himself operate the receiver to demonstrate the
complaint. By watching him, you can
tell if he just needs further instruction
or if an actual defect exists. Once you
are sure that the customer has made
no error in describing the difficulty
and that he is operating the set properly, you can go on to localize the
trouble.
6

You should make sure at this time
that the trouble is caused by adefect
in the set and not by outside interference. This should not be particularly difficult, since oscillation and internal noise are about the only set defects that will produce an effect on the
picture that will resemble the pattern
caused by outside interference. The
best way to tell whether outside interference is to blame, when you see such
patterns, is to try the set in adifferent
location (such as your shop). You
might also try a test receiver at the
customer's location; however, if the
responses of your test receiver and the
customer's set are very different, such
a test may be misleading. When you
have learned enough about the responses of the sets that are common in
your vicinity, you will be able to compare the picture on your test receiver
with that on the customer's set and
determine at once whether any differences you observe are caused by adefect or by the difference in response.
3. Effect-to-Cause Reasoning.
Once you have determined and confirmed the complaint, you should try
to apply reasoning just as you would
in radio service work. Often the indications given by the picture or the
sound will lead you directly to the
section, stage, circuit, or even part
that is defective. Of course, if these
indications are so general that reasoning is inconclusive, you must make
isolation tests. During such tests, and
after each test, however, don't fail to
try to re-apply reasoning; every step
you can cut out means that you will
service the set that much quicker.
4. Inspect for Surface Defects.
Although this is given as a separate
step, it may well be apart of the confirmation of the complaint or the effect-to-cause
reasoning
processes.
Look for such possibilities as a
burned-out tube, plug out of the wall
socket, antenna disconnected, etc., be-

fore you make any effort to remove the
chassis from the cabinet. You will
want to see if the tubes light or get
warm, sniff for odors indicating overloaded parts, and listen for noises and
watch the screen of the picture tube
as you rotate the controls while trying the set.
If you find it necessary to remove
the chassis, again make a careful inspection. A burned-out resistor or
shorted condenser may be entirely obvious once you have the chassis in a
position where you can examine the
parts underneath it.
5. Isolate the Defective Section.
As we shall point out later in this text,
many clues may be present that will
help to determine what section of the
set may be at fault. The fact that
both the picture and the sound may be
affected by some complaints, whereas
other complaints will affect only one
or the other, means that you can determine quickly the approximate location of many common troubles. By reapplying effect-to-cause reasoning
once you have learned which section
is defective, you may be able to go at
once to the defective stage, circuit, or
part. On the other hand, it may be
necessary to make further tests to determine just where the defect is.
6. Isolate the Defective Stage.
The same basic professional servicing
techniques that are used in radio receiver servicing can be used to check
through the defective section to isolate
the stage at fault. Once you have localized the trouble to the stage, effect-to-cause reasoning will lead you
to make certain definite tests. In particular, unless the trouble is obviously
not due to atube defect, another tube
should be tried. Do not depend solely
on atest in atube tester. A tube tester
cannot be expected to show if a tube
will work as a blocking oscillator or
as ahorizontal sweep amplifier, for example.

7. Isolate the Defective Circuit.
If the trouble proves not to be the
tube, and effect-to-cause reasoning
does not disclose the circuit or part,
then proceed with the usual voltage
measurements, continuity tests, and
other service procedures for determining the defective circuit.
8. Isolate the Defective Part.
Once you have run the trouble down
this far, it is usually possible to go
right to the most logical part that
could be the cause of the trouble.
However, it may be necessary to continue the testing procedure within the
circuit you have found to be defective
until you actually do localize the part.
We'll go into these localization procedures in more detail elsewhere, but
in general they are identical with the
procedures that you have been using
on sound radio receivers.
9. Repair or Replace the Defective Part. In most cases, you should
use an exact duplicate replacement for
the defective part. In some circuits,
in particular, the physical size of the
replacement is important; you would
do well to use the same brand of part
in such places. In other circuits, you
will not need to use the same brand
as long as the electrical characteristics
of the replacement are identical with
those of the original one. Remember
that the tolerances of TV parts are
often closer than those of parts used
in radio sets.
10. Check Performance. Try the
receiver to make sure the customer's
complaint has been eliminated. It is
always desirable to demonstrate to
the customer that his complaint has
been corrected and, in cases involving
possible misadjusment, to have the
customer try out the set in your presence. This will give you an additional
opportunity to instruct the customer
in the operation of the set and to clear
up misunderstandings about the characteristics of the set or its operation.
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After you have completed the repair, it is an excellent idea to allow the
set to play for a fair length of time
to be sure no intermittent defect is
present. However, this procedure is
not practical when the set is serviced
in the home of the customer, (which is
a common occurrence in TV servicing), so you may be forced to leave
the set in the hands of the customer
and thus face a possible call-back in
some cases.
SERVICING PROCEDURES
The procedures that are used to localize the defect and to check for the
defective part are the same as those
you would use in radio service work.
That is, you have circuit disturbance,
signal injection, signal tracing, stage
blocking, etc., as your means of localizing the defect. Naturally, these
tests do not operate even in aradio receiver for every single complaint in
exactly the same manner, and this is
even more true in television.
Circuit Disturbance. For example,
the circuit disturbance test can be performed only on aset that has apower
transformer and no tube circuits or
tube filaments in series, just as in the
case of asound receiver. Anywhere in
the path containing the sound system,
the circuit disturbance test will operaate just as it would for a radio receiver. In the video circuits, however,
the circuit disturbance caused by pulling out atube will result in aflash of
light on the picture tube screen. The
flash won't get any brighter as you interrupt circuits farther along in the
signal chain, so such atest is of value
only in the case of a dead set. The
test is not greatly used even on adead
set, however, because as we shall
show, effect-to-cause reasoning will
usually lead right to the defective section.
Signal Injection. Signal injection
may be used in the video circuits even

though there is no picture, as long as
there is a raster on the picture tube.
Even a tone-modulated signal generator will produce a pattern (a series
of bars) on the picture-tube screen.
Generators designed specifically for
television service work are modulated
so that their signals produce certain
characteristic patterns on the picturetube screen that are useful for television servicing. One such generator,
for example, has an output that will
produce a series of dots of light that
will completely cover the screen if the
signal gets through from the point of
injection to the grid of the picture
tube.
Signal Tracing. The signal tracer
with which agreat deal of sound radio
service work is done does not ordi-

FIG. 2.

video, sync, and sweep circuits. A
schematic of a typical crystal probe
is shown in Fig. 2; more details on the
use of the oscilloscope will be given
elsewhere.
As we shall point out, the division
of atelevision receiver into sections in
itself provides a certain amount of
"signal tracing," and certain other
checks can be made within the set to
secure the results that signal tracing
would give. For example, on a dead
set, it is possible to connect ad.c. voltmeter across the video detector load
and then to switch from channel to
channel by tuning the set. If there is
any change in the voltage across the
load as the various channels are tuned
in, you know that asignal is reaching
this point and is being rectified by the

Schematic of a crystal probe.

detector. The trouble must then be
narily tune to frequencies sufficiently
between this point and the picture
high to be fully useful on TV sets. We
can expect that TV tracers will be tube.
Even better, the audio amplifier itmade available eventually, however.
self can be used for signal tracing to
In the meantime, crystal detectors
a certain extent. For example, the
built into probes provide away of obtaining a signal from a TV carrier sweep circuits produce audio frequencies. It is possible to use an audio
that can be amplified by the audio
signal tracer to follow from the oscilstages of the tracer.
lator through the output of the sweep
Most of the signal tracing that is
circuit when trouble is encountered in
being done in TV is with the cathodethis section. Alternatively, by using a
ray oscilloscope, because it can be
used not only to find out whether a blocking condenser and a test lead,
signal is present or not but also to you can feed the signal into the grid
of the first audio tube and thus use
show the wave shape; hence, it is quite
the audio amplifier of the television
useful in running down sources of disreceiver as atracer.
tortion as well as in locating the defect causing a dead set. A crystal deTV TEST EQUIPMENT
tector probe is used for tracing in the
Once trouble has been localized to a
stages ahead of the video detector, but
stage, you will use a multimeter to
the oscilloscope is used directly in the

measure voltages and to cheek resistance just as you would in a radio receiver. As a matter of fact, you can
take voltage readings throughout the
set to locate the defective section and
stage if no other test suggests itself.
The ordinary multimeter that is designed for radio service work is entirely adequate for most of the checking that needs to be done in a television set. In general, it is advisable
to have a multimeter that has extended low and high ohmmeter ranges,
because TV resistors vary from just
a few ohms to 10 megohms and more
Most of the modern 20,000-ohm-pervolt multimeters are capable of giving
the required ohmmeter ranges.
Vacuum-tube voltmeters are also
popular, because their high input resistance makes it possible to obtain
more accurate readings in high-resistance circuits.
High-Voltage Readings. The multimeter cannot ordinarily be used to
measure the high voltage that is supplied to the second anode of the picture tube. Servicemen get around this
in two ways; they make arough check
by determining how long an arc they
can draw from the power supply, or
else they buy a high-voltage multiplier to go with their multimeter.
In checking a voltage by drawing
an arc, a screwdriver with a well-insulated handle is used. The screwdriver blade is touched to some
grounded bracket or part on the chassis, then the tip of the screwdriver is
brought near the high-voltage terminal, and the spark that jumps the gap
from the high-voltage terminal to the
screwdriver tip is observed. The distance the spark will jump is proportional to the voltage, and with experience it is possible to guess roughly
what the voltage is by this method.
Of course, there is some danger in
this method, and it is far more ac10

curate to make an actual measurement. For this purpose, a multiplier
like the one shown in Fig. 3 is used.
Such amultiplier consists of ahigh resistance built right in the tip of atest
probe made especially for the purpose.
This resistance acts as a voltage divider with the internal resistance of
the multimeter so that the multimeter
range is extended. Of course, the
amount of resistance needed in a test
probe depends on the sensitivity and
ranges available on the multimeter. In
general, however, these multipliers are
designed to go with 20,000-ohm-pervolt multimeters and extend the range
to about 12,000 volts. This is entirely
adequate for most direct-view receivers except those using the largest picture tubes.

Courtesy Radio City Products Co., Inc.

FIG. 3.

High-voltage multiplier probe.

It is extremely important to realize
that this multiplier is engineered for
the purpose. The resistance is right
at the tip, so that the high voltage is
beyond the hand holding the test
probe. A ring is on the probe to prevent the fingers from slipping down
and possibly touching the high-voltage
terminal.
In addition to this high-voltage test
probe, it is desirable to use test leads
that are intended for use in high-voltage circuits. After afew years of use,
most test leads have frayed insulation.
Since there is always the chance that
a lead will make contact with the
high-voltage circuit when you are
making measurements, you should replace your test leads from time to time
with new ones that have insulation
capable of withstanding such voltages.
We shall later refer to these as leads
with high-voltage insulation. Be sure
to remember the difference between

these and the high-voltage multiplier
lead that has the built-in resistor.
Tube Tester. A vitally necessary
piece of equipment for TV servicing is
atube tester. This can be of the same
type as those used for radio receiver
servicing, since the tubes are similar.
However, it must be a late model,
capable of testing the newest tubes,
because television receivers use the
latest miniature types. As we have
said, a tube that tests good in atube
tester will not always work in TV circuits in which the interelectrode capacities of the tube are used as part of
the circuit capacity. However, when a
tube registers bad in a tube tester, it
definitely should be replaced; for this
reason, atube tester is ahandy instrument for finding defective tubes.
Oscillators. A signal generator like
that commonly used for radio service
work is astandard piece of equipment
for TV servicing. A man going into
television service work should purchase a high-grade signal generator
capable of producing frequencies in
the TV i.f. ranges from 10 to 50 me.
and of covering the TV bands from 60
to 215 megacycles. When you buy a
signal generator for TV service and
alignment, get the best one that you
can afford. A high degree of accuracy
in the frequency calibration is necessary; in fact, some of the best ones are
crystal oscillators with crystal selectors or exchangeable crystals. One
with a calibrated attenuator, giving
output readings in microvolts, is helpful.
In addition to the standard signal
generator, awobbulated or sweep signal generator is highly desirable because of its ability to produce atrace
pa tem of the over-all frequency resiionse. We shall discuss both types of
oscillators in more detail in the textbook on alignment.
In addition to the r.f. oscillators, a
good audio oscillator is desirable, and

certain other special signal generators
such as a cross-hatch unit will prove
helpful in many instances. (These instruments will be covered elsewhere.)
R-C Tester.
Another standard
service instrument that is very much
used in TV service work is the R-C
tester. It is particularly important to
be able to check TV condensers for
their capacity and leakage values.
The resistances used in many circuits
are so high that even a very small
amount of leakage in condensers is
objectionable. There are only two effective ways of testing for leakage:
one is to use an R-C tester, and the
other is to measure the voltage developed across aknown resistance in the
circuit. An ohmmeter is not of much
use in measuring leakage: for one
thing, leakage resistance is so high
that an ordinary ohmmeter cannot
measure it; and for another, the leakage will often disappear unless the
normal operating voltage is across the
condenser.
Signal Tracer. As we said earlier,
the signal tracer is not of as wide use
in TV work as it is in sound-receiver
servicing. However, as demand grows,
it is quite likely that signal tracers
more useful for TV service work will
be developed.
Oscilloscope. An oscilloscope that
has sufficient sensitivity and that can
pass the wide range of frequencies involved can be very useful in TV servicing. Such an oscilloscope makes it
possible for you to see the wave shape
in a great number of the TV circuits
and thus to determine more definitely
what is wrong in many of the troubles
encountered. In general, the better the
high-frequency response of the sweep
amplifiers, the better able you will be
to see the square and trapezoidal wave
shapes. For alignment work, a highfrequency response out to 100 kc. is
adequate, but if the oscilloscope is to
be used for examining the video and
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horizontal sweep signals, it will be
necessary to go out at least to 2 mc.
and preferably to 4mc. The low-frequency response must be good down to
30 cycles also if you are to observe the
vertical sweep and sync voltages.
The oscilloscope should be especially designed for television work; in
particular, it must have alow-capacity input so it can be connected to circuits without upsetting them too
greatly.
Monitor. Finally, a very important piece of test equipment for the
shop is amonitor receiver, which can
be any TV receiver of good quality.
In use, the monitor and the set being
repaired are tuned to the same station.

By comparing the pictures on the two
screens, you can tell whether any distortion you see on the screen of the
set that is being repaired is caused by a
defect in that set or by the signal being transmitted. Because the quality
of the transmitted picture often varies
considerably, such amonitor receiver
has considerable use.
For some complaints, it may even
be desirable to have asmall portable
set that can be carried along to the
home of the customer. However, only
practical experience will determine
whether an investment in such aset. is
really worth while in your locality.
We shall suggest several uses for
monitor receivers as we go along.

Handling TV Service Calls
Before we discuss examples of typical calls to indicate the procedure that
you should use in determining and
confirming the complaint, let us review the safety precautions that
should be taken in working on TV receivers and also point out how the
chassis-handling procedures that you
must use with TV sets differ from
those you have used with radio receivers.

goggles and heavy gloves. People not
so equipped should be kept away while
you are handling the picture tube.
Keep the picture tube away from your
body when you are handling it.
The large end of the picture tube
bulb—particularly that part at the rim
of the viewing surface—must not be
struck, scratched, nor subjected to
more than moderate pressure at any
time. If the tube sticks or fails to slip
smoothly into its socket or deflection
SAFETY PRECAUTIONS
yoke when you are installing it in a
There are two basic dangers in a set, investigate and remove the cause
television receiver: the picture tube of the trouble. Do not force the tube.
may shatter because of the very high Refer to the text on the installation
forces existing on its surfaces; and the of receivers for details on how the tube
voltage applied to the picture tube is is installed.
high enough to give a severe shock—
Picture tubes come from the factory
perhaps even afatal one. Early texts in special shipping cartons and should
have given warnings about both these, be left in these cartons until you are
which we shall summarize here.
ready to install them in receivers.
Picture Tube. Do not open the This carton can then be used for storpicture tube shipping carton or install, ing or carrying any defective tubes
remove, or handle the tube in any that you may remove in service work.
manner unless you wear shatter-proof
Disposing of defective tubes is
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somewhat of a problem. Of course if
the tube is still within its guarantee,
you will probably send it back to the
manufacturer. However, when tubes
are worn out and are out of guarantee,
they must be disposed of so that they
will not create a hazard to other
people. Distributors may take back
the tubes and dispose of them for you.
If not, it will be up to you to get rid of
the tube. One manufacturer suggests
that the tube be sealed in its standard
shipping carton and that a long spike
then be driven into the face of the
tube through the carton. The tube will
shatter, but the shipping cartons are
able to withstand the force of the implosion.
You may see TV servicemen who do
not take these precautions. These men
are taking the risk of being badly
disfigured or blinded by a shattered
tube. Don't take chances—follow the
manufacturer's recommendations in
handling the tube.
Also, don't arrange a window display using an evacuated picture tube.
Tube distributors can furnish tubes
for this purpose that are not evacuated, or which have had air let in.
These tubes cannot then implode, so
they are safer for this purpose.
High Voltage. The voltages used
in TV receivers are in some instances
very dangerous, and any high-voltage
supply can deliver at least a severe
shock.
It is important to remember that a
large charge is built up between the
coatings on the inside and outside of
the glass of a magnetic picture tube
when the high voltage is applied to it.
These coatings, which are insulated
from each other, form acondenser; in
fact, this is used as the output filter
condenser in many cases. When the
high voltage is removed from the tube,
the charge remains, since there is no
way for it to leak off. As a result, if

you ever touch the high-voltage terminal of the tube at atime when you
are in contact with the outer coating
or with ground, you can get quite a
shock. This shock is severe enough
to cause you to drop the tube.
It is necessary to be careful about
this charge storage even with tubes
that are still in their factory shipping
cartons. These tubes are tested at the
factory and may not have been discharged—and they are capable of
storing a charge for a long period of
time. Therefore, the fact that a tube
is not in a receiver is no guarantee
that it will not have such acharge on
it. As asafety precaution, before handling any picture tube of this kind,
short it by connecting a test lead
(with high-voltage insulation) between the external coating and the
high-voltage connector on the tube.
When the high-voltage supply is one
of the older types operating from a
60-cycle source, it can cause a fatal
shock. The flyback or r.f. supplies
used in modern receivers are not as
dangerous, but they can give a very
unpleasant and severe shock that may •
cause you to hurt yourself by making
you fall or jump back against something.
As a matter of fact, the regular B+
supply in most TV receivers is more
dangerous than the high-voltage supply, because so much charge is stored
in the filter condensers. As a result
of this storage, these supplies can furnish a high current; if you happen to
connect yourself across the supply at
a time when your skin is damp, it is
possible to get avery dangerous shock
even though the voltage levels are not
excessively high. In other words, you
should observe safety precautions constantly when you are working anywhere on a television receiver—not
just on ahigh-voltage supply. Among
these precautions are:
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When working on a TV set, do not
stand on a concrete floor. If the shop
has such a floor, stand on a board or
other insulating material.
Be very careful not to get yourself
in the circuit by having both hands
any place where they may complete a
circuit through your body. As asafety
precaution, "keep one hand in your
pocket"—that is, force yourself to use
only one hand in making measurements. This is easy to do if you clip
one test lead to the chassis, then use
just one hand to move the other lead
about.
It is extremely dangerous to grab a
chassis or part if it starts to fall while
you are making a measurement.
Therefore, always securely support the
chassis and other parts so that there
is no danger of making this mistake.
It is advisable to use ahigh-voltage
test probe for measuring in the highvoltage supply rather than going
through the risky practice of guessing
at the voltage by drawing an arc with
a screwdriver. The latter process can
easily result in your getting a severe
shock.
Watch out for the unusually high
voltages in the output tube circuits at
the ends of the sweep chains. Not only
is there danger of shock—if you forget
that the voltages there are high, you
can easily ruin your multimeter.
The high-voltage supply is ordinarily enclosed in a shield, except, of
course, for the lead that comes out to
the tube. If there is areason for you
to work on the high-voltage supply, be
very certain that the set is turned off
before you remove this shield. The
shield in many sets has an interlock
switch that will automatically disconnect the set from the power line
when the shield is open. When the
shield is opened, discharge the highvoltage filter condensers before you
touch anything. In discharging the
filter condensers, be very certain that
14

you use a test lead having high-voltage insulation and that you use only
one hand to do so.
HANDLING THE CHASSIS
A major difficulty in television servicing is getting the television chassis
and the picture tube out of the cabinet
and setting them up to work on them.
(For this reason, it is standard practice to do as much servicing as possible
with the chassis in the cabinet.) The
easiest set to handle in this respect is
one in which the picture tube is supported by brackets on the chassis so
that the tube and chassis come out of
the cabinet together. More difficult is
a set in which the front of the picture
tube front is supported by the cabinet;
here the picture tube must be removed
from the cabinet before the chassis can
be taken out. In aset in which the picture tube is completely cabinet supported, the chassis can usually be removed without taking out the picture
tube. However, for many service procedures the picture tube must be
plugged in and operating, so you must
find a way to support the tube in an
appropriate position outside the cabinet or to bring the chassis close enough
to the cabinet so that you can make
the proper connections to the tube.
Finally, there are sets in which the
chassis itself is divided into anumber
of sections, each of which is mounted
separately. Once the defect has been
localized, it may be possible in such
a set to remove and service only the
defective section without having to
take the tube and all the rest of the
set out of the cabinet. In other instances, it will be necessary to remove
the complete assembly.
Some manufacturers have recognized the problem and have arranged
their sets for relatively easy servicing.
Some models have cut-outs on the
bottom of the cabinet that make it

possible to service the sets to a great
extent without even taking them from
their cabinets.
Removing the Chassis. If it
proves necessary to remove the chassis, you should follow the reverse of
the installation procedure.
When the picture tube is supported
on the chassis, it is usually possible to
leave it there and to prop up the chassis so that servicing is possible.
If the tube is partly supported by the
cabinet, the tube must be removed before the chassis can be removed for
servicing. If the tube is completely
supported in the cabinet, it is usually
possible to unplug the leads from the
chassis to the deflection yoke and
focus coil and to remove the chassis
without removing the tube. WARNING: In either of these cases, don't
operate the set with the coils unplugged or without a picture tube in
place. You can service the set (using
an ohmmeter), but don't turn on the
power until everything is reconnected.
When the trouble requires that the
tube be connected and watched during
the service procedure, you will have to
use your ingenuity to connect parts
together and to support the tube. It
is necessary to set the chassis up on
end so that you can work underneath
it. It must be solidly supported in this
position so that it cannot fall, and it
must be held in such a way that no
strain is placed on the picture tube,
particularly on its neck.
An important factor to remember in
servicing sets with the picture tube in
place is the fact that you must never
drop tools on the picture tube. Because of this ever-present danger, you
should carry out your service procedure with the picture tube well removed from where you are working if
it is at all possible to do so. Then,
when the defective part has been localized and replaced, you can put the
receiver back together to try it out.

You may find it practical in some
cases to make up a set of extension
cables so that the tube can remain in
the cabinet or be at apoint away from
the chassis. Since the cable arrangement depends on the receiver, this system is practical only if most of your
work is concentrated on one line of receivers.
TV SERVICE IN THE HOME
Because of the difficulty in getting a
set in and out of the cabinet and the
possibility of damaging the set or cabinet in carrying it to the shop, it is
common practice for a great percentage of TV service work to be carried
on in the home.
Occasionally a customer may bring
his set to you, but in general the size
and weight of the set and its value
make the customer reluctant to handle
it himself. Therefore, most of your
calls will be to homes anyway, and it
is logical to carry out as much of the
service there as is practical. This is
just the opposite of the usual procedure followed in servicing sound receivers, in which it is customary to
examine the set in the home only
enough to be able to quote a price,
and then to take the set to the shop
for the repair.
The fact that a great deal of your
TV servicing will be carried out in
the home of the customer means that
you must carry along not only a set
of tubes but also a fair stock of generally used replacement parts when
you go out on acall. You will need a
multimeter with a high-voltage multiplier probe, atube tester, and an R-C
checker as basic equipment. You
should also take along a large sheet
of canvas or similar material to put
down to protect your customer's furniture and rugs while you work. It is becoming a fairly common practice
to have practically a completely
equipped service shop built into a
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truck to go out on calls. Of course,
such an elaborate set-up is expensive,
particularly for a beginning serviceman.
The bulk and weight of a receiver
are usually great enough to make it
desirable to have an assistant to help
you handle the set. Some service
shops do hire assistants for their servicemen. However, the salary of even a
laborer is high enough to prevent
many from adopting this practice.
Of course, if the repair must .be attempted and the necessary parts are
not available, or if more extensive
test equipment and test procedures are
necessary, the set obviously must go
into the shop for servicing. The
smaller table models are usually carried to the shop in their cabinets, but
only the chassis and any other nec.essary parts of large table models and
consoles are taken in.
One item that is not commonly
taken along on a service call unless
the complaint obviously indicates the
need for it is a picture tube. Picture
tubes represent a considerable investment, so it is unwise to subject them
to possible breakage by carrying them
in atruck any more than is necessary.
17 DETERMINING THE COMPLAINT
When you answer the telephone or
talk with a customer about his receiver, remember that he is probably
anon-technical man and will probably
be unable to describe the complaint accurately until you ask rather direct
questions. For example, the customer
may say that there is "no picture"
when the actual complaint may be
that there is no raster whatever, that
there is araster but no picture, or that
the horizontal or vertical sync is out
of adjustment so that the picture cannot be locked in. Therefore, you'll
have to find out from the customer by
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careful questioning whether he means
that he can see nothing whatever, a
raster, or a jumbled picture on the
face of the tube. Incidentally, the customer won't know what a raster is—
he'll probably just say that the picture
tube lights up if a raster is present.
Additional questioning may be necessary to bring out whether the customer
hears asound or not, and also whether
this action is something that is occurring at the moment, happened last
night, happened on only one ètation,
or happened on all of them.
Of course, if the customer brings the
receiver to you, you will naturally
plug it in and see for yourself how it
is operating while you are questioning
the customer. This questioning isn't a
waste of time, because you want the
customer to bring out details of the
past history of the set so that you will
know how it has been operating. It is
important to know whether the set has
been exhibiting troubles that may be
hidden by the present one but that
will be apparent when you again get
the set into operation.
When you are discussing the set
over the phone, you won't have this
opportunity to make tests, but you
should certainly suggest any test or
check the customer might make that
will help prevent an unnecessary call.
If the set is completely dead, have
the customer see that the power cord
is plugged in and that the antenna is
connected. Suggest that he rotate the
front-panel controls—children may
turn the controls from their proper
settings without the knowledge of the
set owner, and he may well believe
that something has gone wrong with
the set the next time he turns it on.
For example, the screen may be blank
if the contrast control has been set
too high or the brilliancy control too
low. The picture may be torn up or

completely jumbled if the settings of
the hold controls have been changed.
Ordinarily, if the screen of the receiver is completely blank so that no
raster or snow can be seen, there is
likely to be adefect in the receiver if
it is getting power. However, if the set
is aradio-TV combination, the picture
tube may be cut off because the function switch has been set on radio or
phono. Have the customer check this.
On the other hand, if the set is
picking up some kind of a signal, and
that signal is out of sync or is otherwise distorted or torn up, you should
check quickly on your shop receiver
to see just what is coming from the
station at that time. In many instances a station will be having
trouble. Ordinarily, the station will
make an announcement that it is having difficulty very shortly after the
trouble starts, but once in awhile the
announcement may be delayed so long
that the customer will believe his get
is defective. This is most likely to happen when the customer first gets a
television receiver and is unfamiliar
with television programming.
Of course, in localities where there
are other stations that are on the air
at the time, you can always suggest
to the customer that he try another
station if there is any question about
whether the trouble is in the station
to which he is listening at the time.
When reception is poor from only one
station, that station is usually at fault.
Of course, if your shop receiver
shows that the station is sending out
an entirely normal signal, and the
customer complains about his reception, something has gone wrong at the
receiving location. It is possible for a
trouble to appear on only one station
if the signal is either very weak or
excessively strong at the receiving
location. Also, poor contacts in astation-selector switch may cause trouble
on only one station.

In questioning the customer, you
may find that he turned off his set
after some apparent trouble the evening before. Here too, the trouble may
have been at the station and the customer may not have waited long
enough to find this out. If you know
that the station had some trouble the
evening before, you can suggest that
the customer turn on the set and try
it out if the station is on the air at
the time he calls. You may suggest
this anyway, even when you do not
know just what might have happened
the night before.
Once your questioning has made it
clear that the set is defective, you
must make aservice call. Here again,
TV servicing differs somewhat from
radio servicing. There is practically
certain to be some radio station on the
air at almost any hour at which you
are likely to be working. Television
stations, however, often present regular programs only during the evening
hours and put on programs of test
patterns at irregular intervals during
the day. You must therefore know
exactly when the locd stations will be
on the air so that you can arrange to
make your calls during such times.
If the particular complaint is one
that would be easiest to clear up when
there is a test pattern on the air, the
hours during which you can make
your calls will be even more limited.
You will have to arrange to carry out
your television service calls to suit the
station hours; then the rest of your
working day can be spent in making
such repairs as can be made without a
signal or in doing regular radio service
work if you are conducting a dual
business.
It would be well for you to become
familiar with the transmitting habits
of the local stations so that you will
not be led into assuming anon-existent
trouble. For example, many stations
send atest pattern that is usually ac-
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companied by a tone or other sound
modulation.
However, this sound
modulation may be cut off for aperiod
of about five minutes every half hour
or every hour. Therefore, don't think
that no sound always means trouble,
because the sound may not be being
transmitted.
Once in awhile you may find that a
station is transmitting no picture but
is sending out the sync pulses. Either
some technical difficulty may have
cropped up or the station may be engaged in switching patterns at such
times.
You will, of course, become familiar
with the characteristics of your local
stations after you have been engaged
in TV servicing for awhile.
CONFIRMING THE COMPLAINT
When you are confirming the complaint, it is best to have the customer

demonstrate exactly how he operates
the set so that you can see if the complaint could possibly be the result of
mis-operation. If the contrast control
is turned up too high, the picture will
be distorted, or the screen may go
completely blank because of overloading. On the other hand, if the
contrast control is not turned up high
enough, the picture may not sync
properly.
Once you have observed the exact
operation of the set, you can determine
just what class of difficulty exists.
This may let you go to effect-to-cause
reasoning. You may also look for surface defects, such as unlit tube filaments, and, of course, you should
check up to make certain that the set
is plugged in, that the antenna is connected, and that any radio-television
switch is in the TV position.

Effect-to-Cause Reasoning
Applied to Dead Sets
Before it is possible to do much
reasoning, it is necessary to know
something about the receiver itself. As
we said earlier, schematic diagrams of
television receivers are important service tools and should be secured if at
all possible. Diagrams are necessary
because sets often vary considerably
in their circuit arrangements and consequently in their defects. For example, a set having one particular
kind of high-voltage supply may be
able to have adefect that it could not
possibly have if a different kind of
supply were used.
Therefore, before you can logically
reason that there is a defect in aparticular section of the set, you must
know something about the set itself,
18

which you can learn best from the
service data.
Of course, you can make some
rather logical assumptions just from
the fact that the picture tube is an
electromagnetic or an electrostatic
type. If it is electrostatic, the set may
have a transformerless power supply,
it is quite likely to have an r.f.-type
high-voltage supply, and may have an
intercarrier sound system. On the
other hand, if the set uses an electromagnetic tube, it is more common to
find a flyback power supply, although
a pulse high-voltage supply may be
used. The standard sound system is
much more likely to be used with such
aset also. There are exceptions to all
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these rules, however, and it is best to
know just what circuits are in use.
In all complaints involving a dead
set, it is important to know what kind
of sound system is used and where the
sound signal is separated from the
video signal.
Fig. 4 illustrates what is known as
the standard system. In this kind of
set, the sound signal i.f. carrier is 4.5
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FIG. 4. Block diagram of astandard set.

mc. below the video i.f. carrier, and
the sound signal is extracted from the
combined signal at some point between the output of the first detector
and the last video i.f. stage. The
sound take-off point is usually ahead
of or immediately following the first
video i.f. tube, but it can be after the
second or even the third tube. In
localizing trouble, it is important for
you to know just where this take-off
point is, because that tells you just
which stages can be involved in particular complaints.
Similarly, it is important to know
where the take-off point for the sync
signal is. In the most recent receivers,
the sync signal is taken from the output of the video amplifier. However,
there are many receivers in which the
sync take-off is at some earlier point,
even as far back as the video detector.
Fig. 5is ablock diagram of aset in
which an intercarrier sound system is
used. Here, the sound and video i.f.
signals come through the same i.f.
amplifier to the video detector, where
the two i.f. signals beat to produce a
4.5-mc. carrier that has the sound
signal on it. It is becoming common

practice for the sound take-off to be
at the output of the video amplifier,
but it may be earlier, at any point
beyond the video detector. In such
sets, the sync take-off may be at any
point between the video detector and
the output, with the output connection
being the most common in recent receivers.
As an example of why it is important to know where these take-off
points are, let's suppose that some defect in a set cuts off both the picture
and the sound. The trouble must be
between the antenna connection and
the sound take-off point or at some
point in a low-voltage power supply
to which both the sound and video
stages are connected. If the power
supply is not to blame, you must know
the number of stages from the input
to the point of sound take-off to make
the proper check. On the other hand,
if the trouble is with the picture alone
and not with the sound, the defect
must be between the sound take-off
point and the picture tube.
Obviously, the standard set shown
in Fig. 4 breaks more handily into
sections this way. In a set in which
an intercarrier sound system is used,
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FIG. S. Block diagram of an intercarrier
set.

any trouble in the stages handling the
video signal is practically certain to
affect the sound signal as well. If the
sound take-off is at the output of the
video amplifier, there is practically
nothing except a defect in the picture
tube or in its power supply that could
block the picture signal and not affect
the sound.
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In asimilar manner, the presence or
absence of a synchronized raster will
help to show whether the defect is between the sound take-off and sync
take-off points.
It is well to be extremely cautious
in your analysis of TV complaints,
because there is agreat deal of interlocking of circuits through the power
supply in some sets and very much
less in others. In sets in which there
is considerable interlocking, a defect
in one section may affect another entirely separate section.
In one receiver, for example, the
audio amplifier stages and the video

FIG. 6.

control of the power supply and
brightness control. If d.c. coupling is
used, however, an upset in the bias of
one of the video amplifier stages may
blank out the screen of the picture
tube. For example, a lack of bias on
the output tube or too much bias on
the tube preceding the output tube
would cause an increase in the voltage
drop across the load resistance of the
output tube, thereby driving the grid
of the picture tube so far negative that
the picture would be blanked out.
The extensive use of decoupling in
the plate supply leads also may result
in some interesting servicing condi-

A short in Ci may affect other
stages.

amplifier stages get their bias from
the same source. A leaky coupling
condenser in the audio stage will cause
distortion; but it will also upset the
bias, for which reason the picture will
be completely torn up. Since the picture circuits are more sensitive than
the sound circuits, you may not even
notice the sound distortion at first and
may believe that you have only picture trouble.
In another receiver, the focus coil
current is made up mostly of current
from the sound stages, so adefect in
the sound stages will again affect the
picture.
If the video stages are a.c. coupled,
the brightness is completely under the
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tions. If condenser C, in Fig. 6shortcircuits, for example, the plate voltage
will be removed from tube VT,. If R2
is alow resistance, and does not burn
out, this short in C, will reduce the
voltage on the other tubes because of
the common coupling back through the
B supply. In effect, we have shunted
R2 across thé B supply in this case.
If R2 is of high resistance, or burns
out, on the other hand, plate voltage
will be removed from VT, only and
the other tubes will be unaffected.
Should R2 burn out, the plate of VT,
will be grounded through Ri-C 2 and
will also show no continuity back to
B+. Watch for dual defects of this
kind.

A more elaborate filtering arrangement is shown in Fig. 7. Here, not
only does each stage have its own R-C
filter, but also there are other filters
for groups of stages. Thus, C8-R 8 acts
as afilter for all of the i.f. stages, each
of which also has its own filter. Similarly, C8-R 8 filters the sweep stages.

FIG. 7. Filter arrangements as elaborate
as this are fairly common in TV sets.

In acase of this kind, a short in condenser C, would remove the plate voltage from all the i.f. stages, but ashort
in either Ci or C2 would be most
likely to affect only the stage with
which it is associated. Similarly, in
the sweep side of this circuit, ashort in
C8 would remove all the voltage from
the sweep circuits. However, if either
C8 or Ce should short, the other stages
in the set may be unaffected if the
series resistors R8 or R8 are sufficiently
high in resistance or burn out as a
result of the short.
Another case in which service information can be helpful to you occurs
when you get a set in which another
serviceman or the set owner has had
the tubes out and has replaced them
in the wrong sockets. The layout of
the set will let you determine whether
any such peculiar condition as this
exists. Misplacing the tubes may not
completely prevent the set from operating but may cause some very unusual operation. For example, in one
well-known set, interchanging certain
tubes results in apparently normal op-

eration except that the picture is reversed—it is white where it should. be
black, and vice versa. This comes
about because the plate and cathode
terminals of the video detector come
out to pins that are exactly opposite
to the plate and cathode pins of another tube that is used in this set;
if these tubes are interchanged, the
phase of the output voltage of the
video detector will be reversed.
The manufacturers themselves, however, very frequently change tube
types because they find that a tube
with somewhat different characteristics works better or lasts longer in
the set than the one they chose at first.
By examining their service notes, you
will soon learn which manufacturers
are likely to change sets in production
this way. Don't always assume that
the wrong tubes have been used.
Now that you know some of the
reasons why it is necessary to obtain
and use complete service information,
let's turn now to a consideration of
what we shall class as adead set. First
we shall consider the case in which
there is no sound but the picture is
okay, then we shall take up the cases
in which the picture is absent.
NO SOUND—PICTURE OKAY
Most generally, if a TV set reproduces apicture properly, but there
is no sound, the trouble is in the sound
path between the take-off point and
the loudspeaker. Therefore, the trouble must be in the sound i.f., sound
detector, audio stages, or loudspeaker.
You must remember, however, that
misalignment or misadjustment of the
fine-tuning control of a standard TV
receiver could cause the sound to be
absent and yet permit you to get almost a normal picture (unless the set
has a.f.c., in which case misalignment
or mistuning cannot cut out the sound
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without cutting out the picture also).
This can happen because the sound i.f.
channels are much more sharply tuned
than are the picture channels. Therefore, misalignment of the first oscillator or misadjustment of the fine-tuning control may be sufficient to cause
the sound carrier to drop out without
greatly affecting some pictures. (Naturally, if the picture is atest pattern
from which you
can determine
whether the high or low frequencies
are missing, you will see that the picture is really not all that it should be.)
This condition can occur only in the
standard set—in a set using an intercarrier sound system, misalignment of
the oscillator will not ordinarily be
able to remove the sound signal without causing severe distortion of the
picture as well. This comes about because the sound i.f. carrier passes
through the picture i.f. amplifier in
such aset. A misalignment may move
the sound carrier off the skirt of the
i.f. amplifier response, but such ashift
will also cause severe attenuation of
the higher frequencies in the picture
signal, which is a readily observable
condition.
You will sometimes find that the
picture is distorted when there is a
no-sound complaint. In such cases,
look for interaction between sections
through the power supply. The audio
power output tube, for example, draws
a fair amount of current; if this tube
becomes defective, the current flow
through the power supply may change
enough to change the bias on some of
the video stages. This could distort
the picture.
In general, therefore, if the picture
is present and of such quality that the
set is apparently not mistuned, but
there is no sound, the trouble is probably in the sound section; and it can
be run down by any of the methods of
localization that you would use on
any ordinary sound receiver. This is
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an example of the use of effect-tocause reasoning—since the picture is
present, we must have high voltage,
the picture tube is all right, at least
most of the low-voltage supply is operative, and any stages that handle
the picture but not the sound signal
are apparently working to some extent
at least.
If you decide the trouble is in the
sound system, you can turn the volume control full on and use circuit
disturbance or a similar means of
localizing the trouble.
a
NO PICTURE
The complaint of "no picture" may
mean anything from a totally blank
screen to ascreen showing acontrolled
raster but no image. The sound may
or may not be present.
The various conditions that may be
found are summarized in Fig. 8. In
brief, this table shows how effect-tocause reasoning can be used when you
have no indications other than what
you see on the picture tube and the
presence or absence of sound. Let's
take a few examples to show how this
table was developed.
Blank Screen. When we say that
the screen is blank, we mean that there
is no image, pattern, raster, line, or
spot of light on the face of the picture
tube, even when the brilliancy control
is fully advanced. Depending on
whether or not you get sound, this is
the condition that most truly represents a dead set.
If there is no sound, and the screen
is blank, the defect has to be one that
causes the picture tube to be blanked
at the same time that the sound is cut
off. This almost certainly means that
it is in the low-voltage supply or in
the filament circuits. It could not be

FIG. 8. The table at right shows possible
causes of various no-picture conditions.

NO PICTURE
.-z
Picture Tube Indication

1.

Blank screen
No image, pattern, raster, line, or spot
even when brilliancy control is fully advanced.

2.

Only a spot of light
No image, raster, or line when brilliancy
control is advanced.
(Indicates picture
tube has LV and HV but both sweeps are
inoperative.)

:
e

Defect

o
ci)

Defect in LV supply or filament circuit

NO

Defect in picture tube or in its supplies
HV, or filament).

YES

--(LV,

Unlocked HV*—Trouble in LV common to
both sweeps and to stages between antenna
and sound take-off—but not to HV or picturc tube.

NO

Locked HV**—Combination of shorted horizontal yoke, plus vertical sweep or yoke defect, plus defect between antenna and sound
take-off. (Very rare to have triple defect.)

Unlocked HV*—LV supply to both sweeps.

YES

Locked HV**—Horizontal yoke shorted,
vertical sweep or yoke trouble.

plus

3.

Vertical line only
No image or raster when brilliancy control
is advanced. (Indicates picture tube has
LV, HV, and vertical sweep but no lionzontal sweep.)

N0

Unlocked HV*—LV supply at some point cornmon to horizontal sweep and to stage between
antenna and sound take-off (or to stage in
sound section).
Locked HV**—Horizontal yoke shorted, plus
trouble between antenna and loudspeaker (or
in LV supply to these stages).

YES

Unlocked

HV*—Horizontal sweep.

Locked HV**—Horizontal yoke.

4.

5.

6.

Horizontal line only
No image or raster when brilliancy control
is advanced. (Indicates picture tube has
LV, HV, and horizontal sweep, but no
vertical sweep.)

Uncontrolled Raster
No image; back-traces visible when brilbancy is advanced. Back traces moving
and cannot be locked by hold control.

Controlled Raster
No image; back traces visible when brilliancy is advanced. Back traces hold or
can be locked definitely when hold control

NO

YES

Vertical sweep plus trouble between antenna
and loudspeaker (check LV supplies).

Vertical sweep or yoke.

NO

Trouble between antenna and sync take-off, or
between antenna and sound take-off, whichever occurs earlier.

YES

Trouble between sound take-off and sync takeoff or double trouble in sync and video sections.

NO

Trouble between sync take-off and sound takeoff (requires sync take-off to be first, as in
a few intercarrier systems), or defect in both
the sound and video sections.

YES

Trouble betwen sync take-off and picture-tube
grid (in video-restorer section).

is set.

*Unlocked HV—an r.f. or 60-cycle supply, not tied to sweep.
•• Locked HV—a flyback or pulse type that is keyed to the horizontal sweep.
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atrouble in one of the video or sound
tube is apparently all right and is
stages, because the picture tube should
otherwise receiving normal voltages.
still exhibit a raster even if these You can be sure that such a burn-out
stages are defective.
has occurred if avoltage check on the
Obviously, you should first check to picture tube shows that it is overbe sure that the set is plugged into a biased, and rotating the brilliancy
power outlet and that the outlet is
control does not change the bias.
delivering power. You can make this
If you suspect the high-voltage supcheck quickly just by looking at the
ply, you can check it quickly by maktubes. If the tubes in the set light,
ing an attempt to measure the high
power is getting to the set. If the set voltage at the second-anode connecuses apower transformer, and you obtion. Also, if you can see the highserve light in most of the tubes, you voltage rectifier through the power
can assume that the filament circuits supply •
shield, notice whether or not
are normal and can go to work on the its filament is lighted. If not, either
B supply. If the set uses a filament the tube is bad or there is a defect in
string, however, it is possible that one the circuit that should be driving the
string is lighted but that the other one tube. If the set has afly-back supply,
is out because of aburned-out tube or something wrong in the sweep circuit
a break somewhere in the string; in would prevent the high voltage from
this case, it may be that the emission
being produced. Watch for fuses in
in the picture tube as well as in a the plate circuit of the sweep amplifier
sound-handling stage has been affecin such cases—if such a fuse has
ted.
blown, the circuit will not work.
On the other hand, if you have a
If the high-voltage supply is of the
blank screen but get sound, the defect r.f. type, a shorted filter condenser
is almost sure to be in the picture tube may produce such adrain on the oscilor in its supply. When the picture lator that the oscillator will stop worktube filament is in a string with the ing, in which case the rectifier tube
other tubes, you can usually assume filament will be unlighted.
that its filament supply is all right
On the other hand, if the rectifier
when you get sound, although an un- tube filament in an r.f. high-voltage
usual arrangement of filaments may supply appears to be normally lighted,
be found in some cases that would
but you do not find a high voltage,
permit the sound stages but not the something is probably wrong in the
picture tube to work. Also, when the filter circuit. Since the rectifier filalow-voltage supply for the picture ment supply and the high voltage
tube is obtained from the common
come from the same source (the oscilsupply for the other tubes, and the
lator tank circuit), this is a logical
sound section works, you can expect assumption. However, there is always
the low-voltage supply to be normal.
the possibility that there is adefect in
There is the possibility, however, the transformer feeding the plate of
that a burn-out at one end of the this rectifier.
brilliancy control may not affect the
If you find high voltage, and aplow-voltage supply to any stage other parently find the low voltages to be
than the picture tube. Don't overlook normal, and there is no indication of
the possibility of a burn-out of this trouble in the filament string, the pickind when you find that the picture ture tube itself is about the only re24

maining possibility if the set uses a.c.
coupling in the video amplifier. In
this case, try anew picture tube.
If d.c. coupling is used in the video
amplifier of the set, however, it is possible for an excessive voltage across
the plate-load resistor of the output
tube to over-bias the picture tube so
much that the screen will be blank.
Such an excessive voltage may be the
result of a defect in the output tube,
alack of bias on this tube, or an overbias on a previous stage that is d.c.
coupled to the output stage. Voltage
readings will usually disclose the
source of trouble in this case. Don't
overlook the possibility of adefect of
this kind in a set that uses d.c. coupling if nothing appears to be wrong
with the picture tube and its power
supplies.
Spot of Light. In another kind of
no-picture complaint, there is no image, raster, or line when the brilliancy
control is advanced, but there is a
bright spot in the center of the screen.
When you observe this condition, turn
the brilliancy control down at once—
the tube screen will be burned in the
center if you allow this spot to be
present more than a few seconds.
Since a spot of light can be produced, both low and high voltages are
applied to the picture tube to form a
beam, but both sweeps are inoperative.
Let's assume that we have no sound
with this spot-of-light condition. We
next have to determine whether we
have a locked or an unlocked highvoltage supply. As you have learned,
a locked high voltage is a fly-back or
pulse type that operates from asweep
circuit; an unlocked type, such as an
r.f. supply, is independent of the sweep.
As shown in the table in Fig. 8, if
we have no sound and an unlocked
high-voltage supply, the defect has to
be in alow-voltage circuit that is corn-

mon to both sweeps and to the stages
between the antenna and sound takeoff, but not to the high-voltage circuit
nor to the low-voltage supplies for
the picture tube (because the latter
defects would prevent the spot from
being formed). Such a defect might
be ashorted by-pass or filter condenser
in one of the B+ circuits that does not
cut off the low voltage applied to the
picture tube. Wherever the short exists, it must have cut off the supply to
both the sweep chains and to at least
one stage handling both picture and
sound signals.
If the set has alocked high-voltage
supply, the horizontal sweep circuit
must be working up to the point where
the high-voltage supply is taken off.
If it is a fly-back supply, the only
trouble that could exist in the horizontal supply that would not block the
high voltage would be a shorted horizontal yoke. In addition, there would
have to be a defect in the vertical
sweep chain or the vertical yoke and a
defect between the antenna and the
sound take-off. Thus, there would
have to be adouble or triple defect to
produce the conditions of no sweeps
and no sound in a set using a locked
high-voltage supply, for which reason
such a set is unlikely to exhibit this
complaint.
If there is a spot of light and the
sound is reproduced normally, the
trouble must be in the low-voltage
supply to both sweep circuits in a set
having an unlocked high-voltage supply. This could be the result of acondition like the one we mentioned in
connection with Fig. 7—in which a
short in condenser C6 cuts off the
voltage to the sweep circuits, but because R. has sufficient resistance or
burns out, the voltage supply in the
other stages is unaffected. Of course,
this kind of trouble can occur only if
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the two sweep circuits come from a sweep or the vertical yoke. If there is
common point, as they do in Fig. 7, ,no sound, there may be some defect
and is therefore likely to be rare .
If in the B supply circuit, or there may
In a set that uses a locked high-/ be a defect in the vertical sweep plus
voltage supply, the horizontal sweep
some other defect in one of the soundcircuit must be working up to the handling stages.
high-voltage supply for a spot to be
In any of these cases in which the
produced on the picture tube screen.
trouble is apparently in the sweep
The lack of asweep again means that
circuits, voltage measurements may
.„1 there must be ashort in the horizontal
disclose the difficulty, or you can use
yoke plus some defect in th e verti ca l an oscilloscope as a signal tracer,
sweep chain or yoke. It is likely that
working from the sweep oscillator to
both the vertical and the horizontal
the output. In the latter case, you can
yoke windings are short-circuited.
observe the wave shape as well as de‘,/ Vertical Line Only. If there is no
termine whether the signal is getting
picture or raster when the brilliancy
through each stage of the sweep chain.
control is advanced, but athin, bright,
Since the sweep voltage is an a.c.
vertical line is formed on the picturetube screen, the picture tube has low signal, it can be followed by an a.c.
vacuum tube voltmeter. The sound
voltage and high voltage, and the vertical sweep signal is present, but there section itself can be used as a signal
tracer to acertain extent, particularly
is no horizontal sweep.
through
the vertical sweep circuits. If
If the set uses alocked high-voltage
supply, the lack of ahorizontal sweep you connect a test lead fitted with a
blocking condenser between the grid
combined with the presence of high
veltage again means that the hori- of the first sound amplifier and your
zontal yoke must be shorted. If there test point, you will hear a 60-cycle
is no sound, there must also be some hum from the vertical sweep circuit
other defect.
and a very high-pitched squeal from
If no sound is present, and the set the horizontal circuit if they are working properly. You can start from the
has an unlocked high-voltage supply,
sweep oscillator and follow the signal
a defect in the low-voltage supply is
blocking operation of the horizontal through to the output with your sigsweep chain and of some stage between nal-tracing test lead.
Uncontrolled Raster. In still anthe antenna and the sound take-off or
of some stage in the sound section. If other no-picture complaint, there is
sound is present, the trouble must be neither a picture nor "snow," but the
in the horizontal sweep chain.
screen is covered by a normal raster
Horizontal Line Only. In the con- when the brilliancy is advanced suffiverse of the previous condition, there
ciently. The back traces for the veris no picture nor raster when the bril- tical sweep are easily visible, and these
liancy control is advanced, but a back traces are moving and cannot be
bright horizontal line is formed. The locked by the hold control.
presence of this line indicates that the
The presence of the raster indicates
picture tube has low voltage and high that the picture tube is getting normal
voltage, and that the horizontal sweep
low and high voltages and that both
is working, but that the vertical sweep sweep circuits are working. However,
is not working.
since the raster is uncontrolled, the
If sound is produced, the trouble is sync signal is not reaching the sweep
definitely localized to the vertical
circuits or is not able to control them.

(
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If there is no sound, the trouble
must be in some stage between the
antenna and the sync signal take-off
or between the antenna and the sound
take-off, whichever occurs earlier.
Thus, in a standard set, in which the
sound take-off is in the video i.f. section and the sync take-off is somewhere in the video amplifier, the trouble has to be between the antenna and
the sound take-off to block the sound
channel. On the other hand, if the set
uses the intercarrier system, and the
sync take-off is ahead of the sound
take-off, the trouble has to be ahead
of the sync take-off to produce the
uncontrolled raster. An open antenna
lead or an oscillator tube that is not
working are obvious possibilities that
you should check first.
On the other hand, if you find an
uncontrolled raster and no picture, but
the sound is normal, the trouble is
probably between the sound take-off
and the sync take-off points. Otherwise, there must be a double defect—
one in the sync chain and one in the
video stages as well.
Trouble between the sound take-off
and the sync take-off is more likely
than adouble defect in astandard set,
in which the sound take-off is at or
near the first if. stage and the sync
take-off is at or near the output of the
video section. A dead stage in the
video i.f., video detector, or video amplifier sections would be what you
should look for.
Controlled Raster. Finally, it is
possible to have a no-picture complaint that is like the previous one
except that the vertical retrace lines
hold or can be locked by manipulating
the hold controls. In this case, we say
the raster is controlled.
It is particularly important to learn
by experience the difference between

an uncontrolled and a controlled raster. If the set has very stable sweep
circuits, an uncontrolled raster may
look like a controlled one because the
back traces will stand still for an appreciable period.
If there is a controlled raster but
no sound, the stages up to the point of
the sync take-off must be all right, so
the defect must be between the sync
take-off and the sound take-off. Such
a condition can occur as the result of
a single defect only in a set in which
the sync take-off occurs first—in other
words, only in aset in which an intercarrier system is used. In a standard
set, in which the sound take-off is first,
the fact that there is a controlled
raster but no sound means that there
must be trouble in both the sound and
the video sections. If there is any lowvoltage supply common to these two
sections that might become defective
without affecting other stages, you
should check this supply and its bypass condensers first.
If sound is present, along with the
controlled raster, only the picture
signal is missing. There must therefore
be trouble somewhere in the video
amplifier or restorer stages between
the sync take-off and the grid of the
picture tube.
In this discussion, we have gone
into considerable detail to show you
just how reasoning can be used when
the complaint is "no picture." As you
have learned, the characteristics of
the pattern produced on the picture
tube indicate at least which sections
are not defective and may indicate
which one is. The presence or absence of sound and the type of power
supply (which you can find out from
the diagram) are also sometimes helpful in showing what is wrong.
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Sync and Sweep Defects
There are anumber of defects that
occur in TV sets in the sync and sweep
circuits. The complaints that we are
going to cover in this Lesson are all
conditions in which apicture is present
in some form on adirect-view set but
is jumbled, rolling, non-linear, or
otherwise distorted. Although these
are not the only complaints that are
caused by the sync or sweep circuits,
they are by far the most common ones.
In general, the sound should be normal
in each of these conditions.

conditions. Obviously, if you can locate the defective section at once,
there is little need for making aseries
of tests elsewhere. If you must run it
down, on the other hand, an oscilloscope will probably be the quickest
means of localization. The use of the
oscilloscope for this purpose will be
described in another Lesson.
Let us now discuss some typical
troubles and find out just what may
be indicated by each of them.

Courtesy Belmont Radio Corp.

FIG. 9.

Rapid vertical rolling.

Many of these complaints can be
caused by amisadjustment of a control. When you are attempting to
clear up such a complaint, therefore,
your first step should be to try adjusting the control that might cause it
before condemning any portion of the
set. If such an adjustment cannot
clear up the trouble, or if it can be
cleared up only at the very end of the
control's range, you can safely assume
that either some other adjustment is
needed or there is an actual defect.
In the following section, we shall
describe the complaint and indicate to
what extent the defect causing it can
be located by using effect-to-cause
reasoning. The exact method of running down the trouble will depend on
28

VERTICAL ROLLING
When the vertical sweep chain is
working but is not synchronized, either
because of async chain defect or because of improper adjustment of the
hold control, the picture will move up
or down. This is usually called "vertical rolling." If the hold control is
far out of adjustment, the vertical
movement will be quite rapid, and
there will appear to be a number of
picture segments moving (see Fig. 9).
As the control is brought nearer to the
proper setting, the picture will drift
slowly up or down on the screen. Its
appearance at an instant when it is
just halfway out of position will then
be as shown in Fig. 10.

this pattern, the video amplifier probably has poor low-frequency response
of the kind that may be caused by an
open low-frequency compensating condenser or by adefective coupling con-

Obviously, the first step to make in
attempting to correct vertical rolling
is to try adjusting the vertical hold
control. If readjusting this control
causes the image to lock in properly,
and it remains locked, in all probability the vertical hold control was just
misadj usted.
On the other hand, if you can get
it to hold for only a short period of
time, or if it tends to hold very near
the end of the control's range, one of
several possible defects may exist.
If the vertical hold control must be
adjusted to one end of its range before
the picture will hold, probably the
value of some part in the grid circuit

denser.
On the other hand, if the picture is
not excessively smeared, but the retrace lines are visible while the picture is standing still (they will show
while the picture is moving), observe
the vertical and horizontal wedges of
the test pattern. If the lines that are
vertical in the test pattern are blacker
than those that are horizontal, poor
low-frequency response is indicated

Courtesy Belmont Radio Corp.

FIG. 10.

Slow vertical rolling.

has changed. On the other hand, if it
syncs near the center of the control
range, but then does not hold, either
the sync pulses are not reaching the
vertical sweep oscillator because of a
sync chain defect, or poor low-frequency response somewhere in the circuit is causing trouble.
The vertical sync signal, as you
know, is a 60-cycle pulse. If the lowfrequency response is reduced in any
section handling this sync pulse, it
may be wiped out; if so, a vertical
hold cannot be obtained for very long.
In such acase, adjust the hold control
until the picture stands still, and carefully examine the test pattern you see.
If there is a smearing or blurring of

again, but this time it is more likely
to be caused by improper alignment of
the video i.f. amplifier. This may
come about either because the trimmers are incorrectly adjusted or because an adjacent channel trap has
drifted out of adjustment so much that
it is too near the picture carrier frequency and is therefore reducing the
low-frequency response. (We are assuming proper tuning and normal settings of the brilliancy and contrast
controls.)
If the picture appears relatively
normal as long as it is holding in sync, «
but vertical sync is not maintained,
there is some trouble in the sync chain
itself. Since the horizontal sync is

29

apparently holding in all right, the defect must be in a circuit that handles
the vertical sweep only or in a coupling condenser. Remember that stray
capacity across an open coupling condenser may be able to pass the relatively high-frequency horizontal sync
pulses but would offer too much impedance to the lower-frequency vertical sync pulses.
Interlace. An improper setting of
the vertical-hold control or a lack of
vertical sync may also cause poor
interlacing. When this condition occurs, the horizontal lines "twin": that
is, the lines of one field trace over
those of the preceding field instead of
falling between them. This gives a
coarser picture and produces a moire
pattern on the lines in the horizontal
wedges of atest pattern, as shown in
/ Fig. 11.
As we said, this effect can be caused
by improper adjustment of the vertical-hold control, in which case it can
be remedied by a slight readjustment
of the control. However, it can also

condition occurs. If the set did not
originally exhibit poor interlacing, a
loss of capacity in a by-pass or filter
condenser may cause it to appear. The
small 7" electrostatic sets, which have
very high horizontal-sweep voltages
and perhaps not too much filtering,

1

Courteay RCA

FIG. 12.

Extreme misadjustxnent of the
horizontal hold.

often exhibit poor interlacing even
when they are new. Fortunately, it is
rather difficult to notice the effect on a
7" tube.
HORIZONTAL ROLLING

NR! TV Lab Photo

FIG. 11.

Poor interlace.

be the result of a defect. If the horizontal sweep output can get back to
the input of the vertical sweep through
a common coupling—perhaps through
a power supply connection—it may
throw off the vertical sync so that this
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Lack of horizontal sync will cause
the picture to roll to the right or left.
If the horizontal sweep is far off, the
picture will be torn up rather completely—to such an extent, in fact,
that there will be practically no semblance of apicture on the screen.
As the horizontal-hold control is
brought nearer the right adjustment,
the picture tube will exhibit anumber
of black, slanting, roughly horizontal
lines with extremely distorted pictures
between them, as shown in Fig. 12.
The number of these lines will decrease as the correct adjustment is approached. In aset using alocked horizontal hold, the number of lines can be
reduced to 3or 4; then further adjustment of the hold circuit will make the
picture snap into sync. In a set using
an unlocked hold, it may be possible

to eliminate all lines and produce a
series of pictures moving slowly sideways, as shown in Fig. 13, before the
picture is brought into sync. In some
sets, you may get atearing at the very
top of the picture, as shown in Fig. 14,
when the picture is almost but not
quite perfectly synchronized. (Excess
contrast will also cause this; be sure
the contrast control is set properly.)
The possible causes of loss of horizontal sync are much like those
causing loss of vertical sync. If the
hold control will lock the picture in
near the middle of its range and will
hold it in over a suitable range, misadj ustment of the hold control is probably all that was the matter.
The range over which the horizontal-hold control should hold the picture in is usually considerably wider
than that of the vertical control, because most modern sets have some
form of locking circuit for the horizontal sweep. With any of these locking
circuits, a misadjustment of the locking-range control or of the horizontal

control to see if the picture can be
made to fall into sync. If so, then this
is all that is the matter, and the manufacturer's instructions for completing
the adjustment should be followed.
On the other hand, if no adjustment
of the locking-range or horizontal-hold
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FIG. 14. Slight misadjusunent of locked
horizontal hold (or excessive contrast).

control will let you sync the picture
more than momentarily, the sync
pulses are probably not reaching the
locking circuit. If the picture is normal during the moments you are able
to keep it in sync, there is a defect in
the sync chain, because anything that
would wipe out the horizontal sync
pulses in the video circuits would affect the picture very severely.
If the trouble is just atearing at the
top of the picture, it may be that improper operating voltages in the video
amplifier or in the sync chain are
causing clipping of the sync pulses.
The cause of the tearing can usually
be located by checking these voltages.
If this fails to reveal the defect, trace
Courtesy Belmont Radio Corp.
the sync pulses through the video and
FIG. 13. Slight misadjustment of unlocked horizontal hold.
sync circuits with an oscilloscope to
find where their shape changes.
a.f.c. circuit (where one is used) may
Of course, it is always possible for
produce the same effect as a severe
both
the vertical and horizontal
misadjustment of the hold control. In
sweeps to be out of sync at the same
such instances, the first thing to do is
time. A dual defect of this kind is alto set the hold control as recommost certain to be something in the
mended in the manufacturer's instrucsync chain.
tions, then to adjust the locking-range
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NON-LINEAR PICTURE
Fig. 15 shows a "perfect" test pattern. When the size and linearity controls are adjusted properly, as shown
here, the line wedges are all equal in
length, and the circles are perfectly
round. When this test pattern is adjusted by means of the size controls to
be perfect for the mask of the set, the
large black circle should exactly fit the
viewing mask in the vertical direction.
and the outermost white circle should
approximate the width of the picture.
Adjusting the size controls of an
electromagnetic set may throw the
pattern into adistorted shape, because
there is an interlocking between certain linearity controls and the size
controls. Poor vertical and poor horizontal linearity are shown in Figs. 16
and 17 respectively. The outer circles
are anything but round in these figures. Ordinarily, a careful readjust-

FIG. 15.

ment of the linearity and size controls
will allow you to correct such conditions. If you find that it is impossible
to correct the distortion, however, the
vertical or horizontal amplifier tube is
defective in some respect or is not receiving proper operating voltages.
Incidentally, remember that you
cannot check the plate voltage of the
horizontal output tube in a set using
electromagnetic deflection. You can
make a check of the B+ voltage but
not of the voltage at the plate, because
the operating voltage at the plate is
masked by the very high pulses fed
back from the fly-back transformer.
In fact, it is dangerous to make such a
measurement—these pulses are high
enough to ruin an ordinary multimeter
and give you asevere shock. Pay particular attention to the bias and screen
voltages as well as to the B+ voltage
applied to this tube.

Courtesy NBC
A photograph of the standard test pattern used by many stations.
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ance that the station is transmitting a
perfect pattern.
MULTIPLE OR FOLDED IMAGES

Courtesy RCA

FIG. 16.

Poor vertical linearity.

In sets using electrostatic deflection,
both the horizontal and vertical linearity may be poor if any of the coupling condensers used to couple the
sweep circuits to the picture tube are
defective.
A sort of dual non-linearity in both
directions, producing a picture in
which neither the sides nor the top and
bottom are parallel, may be the result
of an improper adjustment of the focus
coil or ion trap magnets. Check the
positioning of these as well as that of
the deflection yoke if you observe such
a condition.
Of course, you should not expect absolutely perfect linearity on any set.
The picture tube itself may introduce
acertain slight amount of non-linearity, and you have no absolute assur-

A rather rare but nevertheless possible complaint is one in which either
the horizontal or the vertical sweep
operates at half or twice the normal.
frequency. If the horizontal sweep opates at a half-normal frequency, you
will get two complete pictures of full
height, side by side. If the vertical
sweep operates at half-normal frequency, you will have two short, fullwidth pictures, one above the other.
Such an effect can be produced by an
increased resistance in the grid circuit
of the sweep oscillator or by aradical
change in the value of some other part
in the oscillator circuit.
If the horizontal oscillator speeds up
so much that it operates at twice its
normal frequency, the right-hand half

NRI TV Lab Photo

FIG. 18. Folding caused by reduced plate
voltage on horizontal output tube.

of the picture will be folded over on
the left-hand half. Similarly, if the
vertical oscillator operates at twice
normal frequency, the bottom of the
picture will be folded over on the top.
A drop in the resistance of the holdcontrol network or some unusual tube
defect are the only likely causes of this
condition.
There are several other defects that
will cause a partially folded picture.
Fig. 18 illustrates one example. In this

Courtesy RCA

FIG. 17.

Poor horizontal linearity.

33

the horizontal drive control is misadj
usted so much that the output tube is
overdriven. However, if the picture is
out of focus and perhaps oversized at
the same time, it may well be that the
drive control setting is normal but
that the output tube of the horizontal
sweep circuit is not delivering sufficient output. Try a new tube in this
ease.
VERTICAL BAR IN
LEFT HALF OF PICTURE
.NRI TV Lab Photo

Folding caused by a defective damper
tube.

case, the picture becomes smaller than
normal and there is a folding over on
the left edge. This is the result of a
reduction in the plate voltage applied
to the horizontal output tube. A somewhat similar effect can be caused by a
defective damping tube or by an improperly shaped horizontal sweep voltage (which would normally occur only
because of changes in part values or
operating voltages in the sweep chain).
A somewhat similar partial fold at
the very top of the picture is usually
due to an improperly shaped vertical
sweep voltage.
In receivers using electromagnetic
deflection, a fold-over in the form of
aheavy white vertical line at the right
edge of the picture may occur when

NRI TV Lab Photo

FIG. 19.

Oscillation in horizontal output tube.
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When a black bar somewhat resembling a rope appears at the left

FIG 20. A magnetic field can be used to
eliminate oscillation in the horizontal output tube.

side of the picture, as shown in Fig.
19, the horizontal sweep amplifier output tube is oscillating in the v.h.f.
range. This oscillation may cause interference on only one or on several
channels.
Oscillation may sometimes be cured
by readjusting the horizontal drive
control to reduce the signal applied
to the horizontal output tube. At
other times, making aslight change in
the screen-grid voltage will be helpful.
A positive cure is to distort the electron path within this tube by means
of a magnetic field. One way of

getting this field is to mount a bar
magnet near the tube on the shield of
the high-voltage container. When the
magnetic field for this magnet passes
through the tube, as shown in Fig. 20,
the electron paths are distorted so that
oscillation is unlikely to occur. Some
r
servicemen use ion-trap magnets
around the tube or near the tube to
produce the desired field.
. Remember—for your own safety, do
enot open the shield around the high" voltage supply while the circuit is on.
Install amagnet only when the supply
is not working.
PICTURE NOT
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FIG. 22.

too high (or too low), as shown
in Fig. 21A, or is off-center to the left
or right, as shown in Fig. 21B, you
can usually bring it back to the right
position by adjusting the centering
controls. If not, it is possible that
either too little or too much current is
flowing through these controls. In a
few receivers, the condition of the
audio tubes may affect this adjustment because their plate currents pass
through the centering controls.
In sets that use electrostatic tubes,
leakage in the coupling condensers between the sweep output tubes and the
picture tube will also cause an offcenter picture that you may not be
able to bring back to the right place
with the centering controls. Suspect
that such leakage exists if the picture
is centered properly when the set is
first turned on but then gradually
drifts off center.
If much leakage develops in these
condensers, the sweep output tubes are
likely to be damaged. Damaged tubes
are usually indicated by the fact that
the sweep is not wide enough to give a
full-size picture in one direction or the
other.
A tilted picture (Fig. 22) usually
means that the deflection yoke is rotated from its correct position or, if an
electrostatic tube is used, that the tube
is not oriented properly with respect
to the mask.

it is

FrrrING

THE VIEWING MASK
When the picture is not centered
properly in the viewing mask, so that

Courtesy Belmont Radio Corp.

FIG. 21A.

Picture off center vertically.

FIG. 21B.

Picture off center horizontally.

Courtesy Belmont Radio Corp.

Tilted picture.
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Courtesy Belmont

FIG. 23A.

Radio

Corp.

Picture too narrow.

Courtesy Belmont Radio Corp.

FIG. 23B.

Picture too wide.

IMPROPER SIZE
Pictures too narrow (A) and too wide
(B), but proper in height are shown
in Fig. 23. Notice that the picture
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is relatively linear; it is "spread"
one way or the other, but the wedges
in each pair are equal in length. When
the horizontal size control is adjusted,
the picture may become non-linear,
but the linearity controls should restore the image to normal.
If an adjustment of the size control will not bring the picture up to
normal, the output from the sweep involved must be below normal. Improper operating voltages or defective
amplifier tubes are the likely causes.
Similarly, the picture may be too
short or too high if the vertical size
control is misadjusted.
A picture too small in both directions usually indicates a low-voltage
supply defect.
In practically all of the cases we
have described, the complaint is
caused by amisadjusted control or by
a defect in the sync or sweep chain.
Localizing these defects is, as we have
said, most easily done with an oscilloscope. The oscilloscope not only lets
you determine whether or not a.c. signals are present—you can also see the
wave shape and thus determine when
it gets distorted or changed in any
manner. For these reasons, the oscilloscope is rather widely used in TV
servicing, as we shall point out in another Lesson.

Me.

Lesson Questions
Be sure to number your Answer Sheet 63R1-1-2.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. Why are ceramic condensers widely used in TV receivers?
2. If the screen of a TV set is completely blank even with the brilliancy
control fully advanced, and there is no sound, what section or seçtions
of the set are probably defective?
3. If only aspot of light is produced on the screen of aTV set that uses a
locked high-voltage supply, but there is sound, what is the most probable
defect?
4. If only ahorizontal line is produced on the screen of aTV set, but there
is sound, what section or sections are defective?
5. In what kind of aset can asingle defect produce acontrolled raster but
no sound?
6. If acoupling condenser opens in acircuit that handles both the vertical
and the horizontal sync pulses, which kind of pulse is more apt to be
blocked?
7. What effect is produced on atest pattern by poor interlacing?
8. If no adjustment lets you sync the picture horizontally for more than a
few moments, but the picture is all right when it is in sync, where is the
defect?
9. What simple remedy will cure the condition that produces a rope-like
black bar at the left side of the picture?
10. If the picture is properly centered when a set using an electrostatic
picture tube is first turned on, but it then drifts off-center and cannot be
brought back with the centering controls, what is probably wrong?
Be sure to fill out a Lesson Label and send it along with your answers.
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DANGER AHEAD!
Today, events move at a rapid pace. New ideas,
new processes, new products are brought forth daily.
You must keep abreast of this tide if you are to stay
in business, because nothing is more fatal than to
become out-of-date.
To understand new developments, you must learn
the fundamentals in your chosen field and must
remember them. And, remembering facts is the
catch—how many things have you learned with great
difficulty only to forget them within a short time?
How much do you remember clearly from your early
"school days?"
There is only one way to fix ideas in your mind
and that is to USE them! If your work does not
make full use of your knowledge, then you must
review and review and review. You cannot afford
to stop the processes of memorizing and learning.
If you do, you will find facts slipping away from you;
your key of knowledge will become rusty and useless
—it won't open the door to your future!
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SERVICING FOR PICTURE DISTORTIONS
TN ANOTHER LESSON, we have
described the various conditions
that cause what might be called a
dead receiver, and have shown how
effect-to-cause reasoning can be used
to localize the trouble. We have also
described various defects that may
occur in the sweep and sync systems.
We shall now discuss the servicing of
TV sets to remove picture distortions.
Sweep and sync defects may be
said to cause picture distortions of
one form or another. In this Lesson,
however, we shall refer to distortions
as being cases in which the picture is
normal except that it is blurred, or
is covered by some pattern that indicates a receiver defect.
Once again, we shall find that an
examination of atest pattern will show
at least which section, and possibly
even which stage or part, is defective.
If you can do no better than locate the
defective section by examining the
pattern, you can use the usual testing
methods to locate the actual defect.
Since one of the most useful devices
for making such tests is an oscillo-

scope, we shall devote asection of this
text to showing you how to use it for
this purpose.
Now, let's learn what causes various
kinds of picture distortions and how
you can determine what the source of
aparticular distortion is.
BLURRED PICTURE
A good description of what we call
a "blurred" picture is that it looks
somewhat like adrawing that has been
smeared by someone's running his
hand over it while the drawing ink
was still wet. Some of the blurring,
particularly when it occurs across a
white area, appears to be a shadow
streak across the picture. Because
several defects create blurred pictures
that look very much alike, it is usually necessary to study the test patterns very carefully to reach a logical
conclusion as to the source of trouble.
There are four basic troubles that
will cause a blurred or smeared picture. One is improper focusing. Another is a loss of low-frequency re1

FIG. 1. Normal pattern.

sponse, which is always accompanied
by an excessive phase shift. A third is
aloss of high-frequency response, and
a fourth is astrong ghost that is only
slightly misplaced from the original
image. Let's consider each of these.

Courtesy NBC

a blurred pattern respectively.
As we said a moment ago, it isn't
always easy to determine whether
blurring is due to improper focusing or
to some other cause. One basic test is
to examine the image from a position
a few inches away from the face of
the tube. At close range you should be
able to distinguish the individual lines.
If you cannot see the individual lines.
either the set is not properly focused
or the blurring is caused by a ghost.
Other sources of blurring cause smear
along the lines, but not between them.

IMPROPER FOCUS
A very definite blurring of the entire
image occurs if the focus control is
misadjusted or if any defect causes
the focus to be abnormal.
Perhaps the best way to determine
exactly what an out-of-focus picture
looks like is to throw the focus control
out of adjustment on aset with atest
pattern tuned in. The general effects
can also be observed by examining
Figs. 1and 2, which show anormal and

Another general test is to turn down
the contrast control until a picture
cannot be seen (or to tune to a channel that does not have a signal), then
turn up the brightness control enough
2

to let you see the raster. (Don't turn
the brightness up too high, however,

A multiple ghost may produce a
pattern very similar to that caused by

because doing so will naturally defocus the electron beam.) Poor focusing is indicated if the raster appears
to be a smear of light rather than
sharply-defined individual lines. This
is easiest to see in the vertical retrace
lines, which will tend to be broad and
fuzzy, rather than sharp if the focusing is improper.

improper focusing, but if the blurring
shows up on the raster when there is
po picture, the focus is to blame.
If you attempt to improve the focus
by adjusting the focus control, you
may find that one setting of the control gives best definition on the vertical wedges of a test pattern, whereas
adifferent setting gives best definition

Another simple and quick test is
to try a readjustment of the focus
control. If this clears up the trouble,
obviously the only thing wrong was
that the control was improperly ad-

on the horizontal wedges. There is
not much that you can do about this
condition, because it is aresult of the
basic design of the focus coil and of
the picture tube itself. By orienting
the tube differently (if it is electromagnetic), and possibly by moving
the focus coil, you may be able to

justed.
If readjusting the control
tends to make matters better, but you
reach the end of the control's range
before the picture becomes normal,
some defect is producing an improper
current flow through the focus network.
In a set that uses an electrostatic
picture tube, the focus adjustment
usually varies the voltage on one of
the anodes in the gun. Voltages that
are higher or lower than normal on this
element (or, for that matter, on any
other element in the gun) will prevent
proper focusing. In a set that uses
an electromagnetic picture tube, either
an excessive current or too little current through the focusing coil will
disturb the focus. An incorrect positioning of the coil will also affect the
focus—in some receivers, in fact, the
focus is adjusted by moving the coil.
(In a few sets, p.m. focus magnets
are used instead of an electromagnetic
coil. Loss of magnetism may make it
impossible to focus with such units;
try areplacement.)

Courtesy RCA

FIG. 2. Out of focus.

correct the condition somewhat. Usually, however, the best you can do is
make a compromise adjustment. It
is the general practice in such a case
to use the adjustment that gives the
best definition for the vertical wedges.
SMEARING
As we just said, you can be sure that
blurring is caused by improper focusing or possibly by a multiple ghost
rather than by a loss of either the
3

high or the low video frequencies if
you cannot see the individual lines in
the picture even at close range. Conversely, if you can see the lines, but
the picture is blurred, you can be sure
that the set is properly focused, but
that there is aloss of low or high frequencies within the set. Loss of such
frequencies causes blurring along each
line, but not between the lines.
We are talking about a direct-view
tube when we make this statement.
Even at best focus, the lines tend to
overlap somewhat in the picture on a
projection set. This effect is deliberately introduced so that the enlarged
image will not exhibit too much of the
line structure. Therefore, this test
does not hold very well for projection
sets.
When you suspect that there is a

loss of high or low video frequencies,
you can usually confirm or dispel your
suspicions by examining the horizontal
and the vertical wedges in atest pattern. Both wedges will be sharp and
clear if the low- and high-frequency
responses are normal. If both responses are not normal, one wedge or
the other will be affected, as we shall
now see.
High-Frequency Loss. The vertical wedges consist of lines that cross
the scanning lines. The frequency
needed to produce each line properly
becomes increasingly higher as the
wedges taper toward the center circles.
If the high-frequency response of the
set falls off, therefore, these lines tend
to blur together as they approach the
center circles. As amatter of fact, the
actual point at which the high-fre-

NR1 TV Lab Photo

FIG. 3. Loss of high frequencies.
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a loss of low frequencies (which will
be accompanied by a phase shift if
the trouble is in the video amplifier),
the horizontal wedges will appear
grayer than do the vertical wedges,

Mt.1 TV Lai) Photo

FIG. 4. Loss of low frequencies.

quency response falls off can be judged
by how far down you can see the lines
of the vertical wedges on a standard
test pattern like the one shown earlier
in Fig. 1. It is not always possible to
determine the fall-off point on anonstandard pattern, however; and, unfortunately, many stations use test
patterns that are non-standard. If the
test patterns of your local stations
are not standard, you will have to
learn to judge from them whether or
not a set is defective in its high-frequency response.
The effect produced on a typical
test pattern if the high-frequency response of the video i.f. or the video
amplifier is reduced for any reason
is shown in Fig. 3. Notice that the
lines in the vertical wedges tend to
blend together, and appear more
smeared than do those in the horizontal wedges. Such a loss of highfrequency response may be caused by
a drift in the alignment or by defects
in the video section, such as shorted
peaking coils or an increase in the
load resistance.
Low-Frequency Loss. On the other
hand, if the difficulty is caused by

and the letters in the test pattern will
be followed by smears at their right.
Fig. 4 shows one example of loss of
low frequencies. Study these first four
figures carefully, comparing them
point by point, to see just how each of
these defects is made apparent by a
test pattern.
There are many possible causes of a
loss of low video frequencies. Such
a loss may occur because of an open
coupling condenser or an open by-pass
condenser in alow-frequency compensating filter. It can also be caused
by a misalignment of the video i.f.
stages that brings the video i.f. carrier
too far down on the skirt of the response curve. If such drifting occurs,
the low-frequency response may be
decreased so much that the set will
lose vertical sync as well as exhibit
a smeared picture. Incidentally, the
synchronization may also be affected
if the trouble is in the video amplifier,
and the sync take-off is beyond the
point where the trouble exists.
Thus, if you find it difficult to maintain vertical sync in a set that has a
smeared picture, you can be reasonably sure that the smearing is caused
by a loss of low-frequency response
rather than by poor focusing, or by a-loss of high-frequency response.
Remember that it is possible for
transmission difficulties to produce
smeared pictures. It is always advisable to refer to a monitor set to
be certain that the set that you have
5

for repair is really to blame. Also,
careful questioning of the customer
may give you helpful clues to the
general nature of the defect. Any difficulty that has come on quite gradually,
over a long period of time, probably
is caused by failing tubes or by a
shift in the alignment. On the other
hand, any very sudden change probably means that some part has broken
down.
If you suspect that the alignment
of aset is faulty, the quickest general
test is to use a sweep generator and
an oscilloscope to view the response
curve of the video i.f. amplifier and
the front end to determine whether or
not alignment is needed. We shall
describe alignment procedures elsewhere.
IMPROPER CONTRAST
If the contrast of a picture is considerably higher or lower than normal,
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FIG. 5. Low contrast.

probably all that is wrong is that the
contrast control is improperly adjusted. However, improper contrast
may also be caused by a fault within
the receiver.
Low Contrast. If the contrast is

below normal, as shown in Fig. 5, and
increasing the setting of the contrast
control does not make the picture
more than light gray in appearance,
see if there is an excessive amount of
snow or noise in the picture. A typical

FIG. 6.

Snow.

Courtesy RCA

picture with snow is shown in Fig. 6.
The fact that apicture lacks contrast
and has considerable snow in it may
indicate that the signal being picked
up is weak or is not being transferred
properly from the antenna to the set.
On the other hand, this kind of picture
may be caused by a reduction in the
overall gain of the set, which may be
the result of improper operating voltages or adefective tube.
As a first step toward locating the
trouble, you should find out if the contrast is low on all signals. If the contrast is low on only one station, the
difficulty must be in the alignment of
the front end if there is anything
wrong with the set. (You must be
careful about this; in some locations,
the response to one or more stations
may be below normal because of some
local reception condition.) If the contrast is low on all stations, however,
some more general defect is indicated.
6

If the set has been installed properly
and has the proper type of antenna
for reception at its location, and if
normal results were once obtained,
you should first check the installation
for defects if you find that the contrast

produce overloading of some later
stage (which is the reason why the
picture tears up). Since the picture
remains gray, however, it must be that
either this signal is not reaching the
picture tube properly, or the picture
tube or its supply voltages are not
normal.
If you find this condition, you can
localize the defect more closely by
examining the set to determine what
type of contrast control is used. If it
is one of the kinds that vary the bias
on the i.f.-r.f. stages, it is quite likely
that the overloading is occurring in the

is low on all stations. To do so, disconnect the transmission line and connect an indoor antenna to the set
instead. If reception improves, or at
least gets no worse, when the indoor
antenna is substituted for the outdoor
one, there may be adefect in the outdoor installation. Look first for an
open or ashorted transmission line, as
these are the most common defects.
Incidentally, if the set has automatic gain control, you must use the
signal-to-noise ratios as your basis for
comparing the reception with one antenna to that with the other. Signal
strength alone is not a good point of
comparison, because the a.g.c. system
will attempt to bring the signals to
about the same levels. If the a.g.c.
system is able to equalize the signal
strengths, the antenna that produces
less audible noise—if any gets through
the f.m. system—and less snow in the
picture is the one that gives the better
reception.
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FIG. 7. Excessive signal (may be caused
by setting contrast control much too
high).

last i.f. stage, and that the defect lies
somewhere in the video amplifier. If
Once you are satisfied that the the set uses a.g.c., determine whether
antenna and transmission line are the contrast control varies the a.g.c.
normal, carefully observe the effect voltage or is located in the video amproduced by operating the contrast plifier. If it is in the video amplifier,
control. If the picture tends to tear the trouble has to be near the picture
up as the control is advanced, much tube or output video stage. On the
as is shown in Fig. 7, but it remains other hand, if the control varies the
gray and washed out, two facts are
a.g.c. threshold, something may be
immediately obvious. One is that a wrong with this network.
normal signal is passing the point or
High Contrast. It is just as pospoints at which the contrast control sible for the picture to have too much
operates, since the control is able to contrast as it is for it to have too
7

little contrast. Figs. 7 and 8 show
different degrees of excessive contrast.
In Fig. 7, the signal is so strong that
some stage has been overloaded; here
a strong signal is further indicated
by an excessive blackness. (Compare
with the over-all grayness of a weak
signal.) If this happens in an intercarrier set, a buzzing sound may be
heard, because the overloading produces cross-modulation products.
In some cases, the overloading may
be so severe that the picture becomes
inverted—black becomes white, and
vice versa. Such an inversion does not
always mean that overloading has occurred, however. This condition can
be caused by improper tuning, for
instance. It may also occur if you

FIG. 8.

happen to interchange tubes while you
are servicing aset. In some sets, it is
possible to put the wrong tube in the
video detector socket; the tube will
still work as a detector, but its plate
and cathode connections may be reversed, with the result that the picture
phase will be inverted. Ordinarily, of
course, such achange will cause other
peculiarities in the picture at the same
time, but the first characteristics you
notice may be the reversed image.
You should suspect that an interchange of tubes has occurred if the
picture phase is inverted suddenly
during servicing of the set, and nothing is apparently wrong with the contrast control.
Generally speaking, a set can be

Courtesy Phiteo
Excessive contrast (usually caused by setting contrast control somewhat too
high).
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FIG. 9. Excessive brightness.
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IMPROPER BRIGHTNESS
overloaded only if it is located where
the signal is very strong. Of course,
The brightness control is almost the
this condition would have existed
opposite of the contrast control in
since the set was placed in operation
its effect on the picture. If the brightin that location, in which case it may
ness control is set too low, the picture
have been corrected before by an atappears quite dark and has a very
tenuating pad in the transmission line.
compressed range of shades of gray
If this pad becomes defective, the
from light to black. In fact, the
set will be overloaded. If the pad is
picture appears almost over-contrasty.
not defective, or if none was needed
On the other hand, if the control is set
previously, and the station has not too high, the picture becomes washed
increased its power, the fact that a out and resembles an under-contrasty
set overloads means that the contrast picture. The vertical retrace lines becontrol has lost its ability to cut come visible, as shown in Fig. 9, if the
down the signal sufficiently. This may
brightness control is set slightly too
be the result of an open bleeder nethigh.
work that makes it impossible for the
There are several defects within a
control to apply sufficient bias.
receiver that may affect the bright9

ness. Whenever you find difficulty in
setting the brightness to the proper
level, you should first determine what
kind of video amplifier the set has. If
a d.c.-coupled amplifier is used, any
abnormality in the operating voltages
on any of the stages in the video
amplifier may make it impossible to
set the brightness control properly.
If the amplifier is a.c. coupled, on
the other hand, the only defect in the
amplifier that can produce this effect
is leakage in the coupling condenser
between the picture tube and the output video stage.' If this condenser is
not leaky, the only other possibilities
are improper operating voltages on the
picture tube, adefect in the brightness
control itself or in its supply, or adefective picture tube.
\

If you find that rotating the brightness control of an a.c.-coupled set
seems to have no effect on the brightness, most likely the control is defective, although it is possible that
cathode-to-heater leakage in the picture tube may be the source of trouble.
If the control is part of a voltagedividing arrangement in the power
supply, don't overlook the fact that
an open in the voltage-dividing circuit could cause the loss of control
action.
PICTURE DISCOLORATION
The black-and-white image produced on adirect-view tube is achieved
by depositing a mixture of several
different phoaphors on the tube face.
By themselves, some of these phosphors
would produce a blue image, others
would produce a yellow image. The
proper combination of the two phos•
10

phors gives an acceptable white. lf
something goes wrong during the manufacture of a tube so that one or the
other of the phosphors predominates,
however, the picture on that particular
tube may appear to have a bluewhite, a yellow, or a brown tint. In
agood tube, any tint should be barely
noticeable, and it should not change
appreciably during the useful life of
the tube.
If a customer complains that the
picture on his set has turned yellow
or brown, you will usually find that
this is the result of a decrease in the
output of the high-vorage suppt„,Such a decrease icalertréelect-i.ons
in the cathode beam to strike the phosphor with less energy than is normal,
with the result that the phosphor is not
excited sufficiently to glow white. If
this occurs, the picture will also become somewhat enlarged, because a
reduction in the high voltage decreases
the stiffness of the beam so that the
deflection system can over-sweep it.
The image may also appear somewhat fuzzy and out of focus around
the edges of the picture.
Since all these indications point to
some defect in the high-voltage supply, a check of the high voltage and
a check of the components should
bring you to the trouble. If the set
uses an r.f. high-voltage supply, the
decreased output may have been
caused by afrequency drift. If the set
uses a fly-back supply, a reduced
output from the horizontal sweep output tube may be the cause. The latter
condition can be caused by a weak
tube, by lower-than-normal operating
voltages, or by a reduced amount of
drive from the horizontal sweep shaper

circuits. A check of the tube, its voltages, and the drive will show whether
or not any of these is at fault.
About the only other condition that
may affect the ability of the face of
the tube to reproduce a picture properly is that a black or brownish spot
may develop in the center of the tube
face. Very little or no picture will be
visible in the affected area. This spot
is the result of ionic bombardment of
the center of the tube face. This condition is likely only on those few large
tubes that have no ion traps. On these
tubes, ion traps were omitted because
it was assumed that the ions would,
spread out so that this burning of the
screen would not occur; this doesn't always happen.

If the spot occurs within ashort period
of time after the tube has been put
into use, however, it would be well to
consult the set or tube manufacturer
to learn whether or not the particular
set or tube requires special treatment
to prevent the development of a spot.
While we are discussing picture tube
troubles, let us mention that you may
find that the picture tends to "bloom"
or grow larger as the set warms up.
If the blooming is excessive, you will
usually find that it is caused by a
shift in the operating potentials applied to the picture tube. A gradually
developing cathode-to-heater leakage,
or changes in the low-voltage or highvoltage supplies may change the operating characteristics. Incidentally, it

When an ion spot develops, the
tube must be replaced. If the tube

is normal for the picture to bloom
somewhat if you increase the bright-

has lasted areasonable length of time,
the fact that it has developed a spot
should not be considered surprising.

ness by turning up the brightness
control.

Interference Overlays
So far, we have covered cases involving a dead set, troubles with the
sweep circuits, and difficulties that
cause smearing and other aberrations
in the picture. We shall now discuss
cases in which the picture is normal
except that it is overlaid by some
interference pattern. If hum or sound
bars appear in the picture, for example, their characteristic interference
patterns will be seen as an overlay on
the picture. Various other forms of
interference, such as those produced
by diathermy and ignition noises, and
by beats between r.f. signals and
ghosts, may also be seen.

HUM
The normal sources of hum or ripple
in aTV set are the same as in aradio
receiver: cathode-to-heater leakage in
a tube, or defective filter condensers
in the power supply. Cathode-toheater leakage is the most common
source, because TV receivers have such
high-capacity, multiple-section filters
that defective filtering is rather rare.
If the trouble arises in the power
supply, the hum signal is likely to get
into a number of sections of the receiver at the same time, and may
therefore cause rather complex effects.

11

filter defect in a set using half-wave
rectification, half of the picture will
be blanked once each frame in synchronism with the 60-cycle hum.
Therefore, approximately half the picture will disappear behind a broad
black bar. It is rather rare to find
that the bar covers exactly the top or
the bottom half of the picture; instead,
you are much more likely to find that
the bar blanks the middle of the picCourtday RCA
ture as shown in Fig. 10, or that it
FIG. 10. 60-cycle hum.
blanks the top and the bottom as
Naturally, if an audio stage is in- shown in Fig. 11. The exact position
volved, you will be able to hear hum of the bar depends on the relative
phasing of your 60-cycle power supply
from the loudspeaker.
The exact nature of the hum pattern and that of the transmitter. If there
produced on apicture depends on just is any drift in the frequency of either
where the hum is getting in, and on its of these power supplies, this bar may
source. If the hum is primarily in the move gradually up or down the picvideo amplifier section and arises from ture.
cathode-to-heater leakage or from a
Of course, if the hum is caused by
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FIG. 11.

Another effect caused by 60-cycle hum.
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FIG. 12. Hum in horizontal deflection circuit.

poor filters in aset that uses full-wave
rectification; the ripple frequency will
be 120 cycles, so there will be two bars
across the picture. This clirrioints
at once to a filter defect. A 60-cycle
pattern in a s
7,--tha—
t uses full-wave
rectification normally indicates cathode-to-heater leakage, but in a set
that uses hair-wave rectification, you
must check to find the source of the
60-cycle hum.
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when the contrast control is set too
high.
If the ripple gets into the vertical
deflection system, the picture will have
a wave in it that will resemble poor
vertical linearity; however, you can
distinguish between the two by the
fact that this wave is likely to move
slowly as the phase difference between

If very much hum gets into the
deflection circuits, the picture will exhibit an unusual form of distortion.
Fig. 12 shows hum ripple in the horizontal deflection circuit. Notice that
there is apparently a ripple from the
top to the bottom of the picture along
each edge. When this ripple is extreme, the distortion somewhat resembles the overloading that is seen
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One momentary effect produced by hum
in the horizontal sweep.
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cuits, where the voltages are ordinarily
fairly high. If hum of such an amplitude is developed in the power supply,
it will usually get into the video amplifiers as well as the deflection circuits and will produce hum bars in the
picture in addition to aripple. If only
a ripple is produced, therefore, the
source is almost sure to be cathodeto-heater leakage in a tube in the
offending deflection circuit rather than
an ineffective power-supply filter.
SOUND BARS AND

NRI TV Lab Photo

Hum in the vertical sweep will produce a
ripple that moves vertically through the
picture. Here you see the effect produced for an instant by such a ripple.

the local and the station power supplies shifts.
Obviously, the ripple must be
rather high in amplitude to cause so
much difficulty in the deflection cir-

R.F. BEATS
If a sound signal gets into the picture circuits, the effect it produces on
the picture is similar to that produced
by hum.

As Fig. 13 shows, a tone

signal in the picture circuits produces
several bars across the picture, the

FIG. 13. Sound bars.
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FIG. 14. R.F. interference.

number depending on the frequency of
the interference. Each alternate halfcycle of the interfering signal will

NR! TV Lab Photo

ence of 9bars shows the frequency to
be about 540 cycles (60 x9) ;at least
it is between this value and 600 cycles
which would be shown by 10 bars. If
the tone is not exactly 540 cycles, the„..---pattern will run up or down on the
picture.

produce a dark bar. Therefore, since
the picture is created 60 times a
second, the number of bars will be
equal to the number of cycles per
second of the interfering signal divided
If the sound is voice or music inby 60. (Or, the interfering frequency
stead of a single tone, the number
is 60 times the number of bars.) If the
of bars in the pattern will vary
interfering frequency is an exact mulrapidly, but will be exactly in step
tiple of 60 cycles, the pattern will
with the frequencies in the sound
stand still; if not, the pattern will
signal.
appear to run up or down the picture,
The presence of sound bars in the
as long as the frequency is less than picture usually indicates improper
the line-scanning frequency of 15,750 tuning or that the set has gotten somecycles.
what out of alignment. If the sound
In the example shown in Fig. 13, traps in the video i.f. amplifier are
the interference may represent the
out of adjustment, for example, too
tone modulation that is transmitted
much of the sound signal may reach
along with the test pattern. The presthe video detector, where slope de15

tection may produce an audio signal
that will then accompany the picture
signal to the output. As we said, all
such alignment problems will be discussed later.
An r.f. beat between two different
signals also produces a series of bars,
but in most cases they are nearly
vertical, as shown in Fig. 14. This
comes about because the position of
the bars (horizontal or vertical) depends on the frequency of the interference with respect to the horizontal
or line frequency of a TV receiver.
When the frequency of the interfering
signal is less than 15,750 cycles, the
bars are horizontal; when it exceeds
the line frequency, the bars become
vertical, because the interference occurs at least once every line. As you
know, the number of horizontal bars
is equal to the interfering frequency
divided by 60; similarly, the number
of vertical bars is equal to the interfering frequency divided by 15,750
(the line frequency).
The exact number of vertical bars
that will be seen, therefore, depends
on the frequency difference that is
producing the beat note. If this difference varies (as it will, for example,
if one of the beating signals is frequency modulated), the number and
position of the bars will vary likewise.
As you learned in an earlier Lesson,
r.f. interferences may be produced by
beats between signals from nearby
stations, or may be the result of beats
between harmonics of the local oscillator and other signals. In general,
the only effective cures are re-alignment of the receiver, re-orientation of
the antenna, and the installation of
traps tuned to the interfering signals.

MAN-MADE INTERFERENCE
Among the most common sources of
man-made interference are diathermy
and ignition systems. Figs. 15 and 16
show what the patterns produced by
these interferences look like.
Ordinarily, no defect within the
receiver can produce these patterns,
To remove diathermy interference, as
you know, you may have to re-orient
the antenna, shield the lead-in, install
traps, and perhaps run down the
source of the trouble. Re-orienting or

Courtegy RCA

Effect produced by weak diathermy interference.

re-locating the antenna and shielding
the lead-in are also the methods used
to attempt to clear up interference
from auto ignition systems and similar
sources.
Excessive noise produced within a
set may tear up the picture in somewhat the same manner that auto ignition interference does. Such noise can
be caused by a poor connection or a
defective tube in avideo circuit. Poor
contacts in the selector assembly of
the input tuner are also capable of
causing it. A certain amount of aud-
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FIG. 15. Diathermy interference.

FIG. 16.

Auto ignition interference.
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ible noise may also be produced if
this latter defect exists, but the fact
that you do not hear any noise does
not mean that the contacts are all
right. After all, the sound channel is
intended for f.m. signals, so it will
tend to wipe out much of the noise.

FIG. 17. Ghosts.

Courtesy RCA

You can find out whether or not the
noise is produced in the set, if it is
not necessary for the picture to be
present for the noise to occur, by disconnecting the antenna lead-in and
observing the picture raster. If the
level of the visible noise then decreases
markedly, it is coming chiefly from
some outside source. If the noise level

does not drop much when the lead-in
is disconnected, either the noise is
being produced within the set or it is
coming in over the power line. You
can use an r.f. filter in the power line
to find out if it is the source of the
interference; if not, the noise is being
produced in the set, and its source can
be located by following an isolation
procedure.
Finally, a kind of interference is
produced by ghosts. Fig. 17 shows one
example. Such ghosts are generally
a result of reception over multiple
signal paths, and the only effective
cure is to re-orient the antenna, or
to change its location so as to avoid
the reflected signal.
Ghosts can be caused by extreme
misalignment, however, and may also
be produced if there is apath that will
cause aregeneration of the signal with
an appreciable phase delay. The latter
kind of path may be the result of loss
of capacity of a filter or by-pass
condenser, which may then permit
feedback through apower-supply circuit. The conditions under which misalignment may produce ghosts will be
described elsewhere in your Course.

,
Oscilloscope Characteristics
As you have learned in earlier Lessons, an oscilloscope can be used in
servicing sound radio receivers, but it
is not one of the vital instruments for
this purpose. A good oscilloscope is an
absolute necessity in television servicing, however.
The signals in the various circuits of

a TV set are often required to have
unusual shapes that must be closely
maintained if the set is to work
properly. It is often possible for them
to depart from these shapes in such a
way that an amplitude-measuring instrument (such as av.t.v.m.) will not
indicate any change. Hence, the 08-

cilloscope is particularly valuable,
because it not only acts as ameasureing device to show you the amount of
signal, but it also lets you see the
shape of the signal.
For this reason, an oscilloscope is
much used in isolating trouble to a
specific stage or circuit in TV servicing. Also, as we have said, it is an
extremely useful piece of equipment
for alignment.
An oscilloscope also helps you to
learn what actually happens in different stages of aworking TV receiver,
and helps you to grasp more easily the
action of the different stages, and thus
obtain amore thorough understanding
of the operation of the set.
TYPICAL OSCILLOSCOPE
You studied the workings of the
cathode-ray oscilloscope in earlier Les-

sons. Let us briefly review the subject
now to refresh your memory.
Fig. 18 shows a block diagram of
the major sections of a service oscilloscope. The signal that you want to
analyze is fed to the deflecting plates
that move the beam vertically. If the
voltage is large enough, switch SW 4
should be thrown to position 2so that
the signal will be applied directly to
the deflecting plates. If the signal is
small, on the other hand, switch SW4
should be thrown to position 1so that
the signal will be fed through the
vertical amplifier. A gain control in
the vertical amplifier can be adjusted
to keep the deflection within the limits
of the tube face.
The signal that is applied to the
vertical plates, if it is an a.c. signal,
will deflect the electron beam up and
down in astraight line, thus producing
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FIG. 18. Block diagram of atypical oscilloscope.
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avertical trace on the face of the tube.
The height of the deflection will be
proportional to the peak value of this
voltage, but, of course, we cannot see
its shape unless we spread out the
wave trace horizontally. Therefore,
we need another signal applied to the
horizontal deflecting plates. This signal may come from an external source
or from an internal sweep generator.
When switches SW, and SW2 (Fig.
18) are in position 1, any external
signal applied to the horizontal input
terminals of the oscilloscope will be
fed through the horizontal amplifier.
If this signal is large, switch SW,
should be thrown to position 2, in
which case this external signal will be
applied directly to the horizontal deflecting plates.

adjust the intensity and focus the
controls to give a fine, bright spot. If
necessary, adjust thé horizontal and
the vertical centering controls to
center this spot in the center of the
screen._ Then, apply the signal to be
analyzed to the vertical deflecting
system, and apply either the sweep
signal or an external horizontal signal
to the horizontal amplifier.
If the wave shape is to be reproduced exactly, the sweep generator
must produce asaw-tooth voltage that
will sweep the beam from left to right
at a rate that will reproduce at least
one cycle of the signal to be observed.
As amatter of fact, the sweep generator is most commonly synchronized to
a frequency one-half, one-third, or
one-quarter the frequency of the voltage being observed, because this gives
more than one cycle on the face of the
tube. This is desirable, because a
small part of the first cycle will be
blanked while the sweep generator is
getting into sync with the incoming
signal. By having more than one
cycle, and by viewing the cycles after
the first one on the screen, you can get
a much more exact idea of the wave
shape.

If the sweep generator is to be used,
switch SW2 should be thrown to position 2so that the output of the sweep
generator will be fed through the horizontal amplifier. All oscilloscopes offer three ways to provide synchronization of the sweep generator. In the
one shown in Fig. 18, throwing switch
SW3 to position 1 will permit an external synchronization voltage to be
fed to the sweep generator. If it is
If the wave shapes are to be reprothrown to position 2, the sweep generduced
accurately, the sweep should
ator will be locked to a 60-cycle
have
a
high
degree of linearity.
source, which is a very commonly
We
mentioned
applying voltages diused sweep rate. If it is thrown to
rectly
to
the
deflecting
plates. Naturposition 3, a portion of the signal
ally,
the
voltage
being
observed has
applied to the vertical ainplifier will
to
be
quite
high
if
it
is
to
be applied
be tapped off and used to synchronize
in
this
manner.
Most
oscilloscope
the sweep generator with the incoming
tubes have deflection sensitivities of
signal.
from 25 to 40 volts per inch per
In brief, this is the procedure that
thousand volts on anode 2. Thus, if
you should follow to operate a c.r:o.
the second-anode voltage is 1000 vo-lts,
of this kind. First, turn it on and
and the sensitivity is 30 volts per inch,
20

30 volts applied to the vertical plates
will give 1 inch of deflection. However, with 2000 volts on this anode,
it will take 60 volts to give an inch of
deflection on this same tube. Therefore, although such an increase in the
anode voltage will give a brighter
trace, it will also increase the amount
of voltage necessary to give a fixed
amount of deflection.
For this reason, there is usually a
compromise in the oscilloscope de-

amount of deflection being proportional to the voltage. Application of a
d.c. voltage to an a.c.-coupled amplifier will cause amomentary deflection
of the spot as the coupling condensers
charge, but the spot will return to the
center of the screen as soon as the
charging is completed.
When an a.c. voltage is applied to
either kind of oscilloscope, the spot is
moved back and forth between the
limits determined by the amplitude of
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FIG. 19. Part A shows the relationship between the peak and r.m.s. values of a sine
wave. Parts B and C show that the peak-to-peak amplitudes of a sine wave and a
complex wave may be the same, even though the shapes of the two waves are very
different.

sign—enough second anode voltage is
used to give a reasonably bright image, but not so much that an excessive
deflection voltage will be required.
After all, the signals with which you
are dealing are, in many cases, quite
low in amplitude. As amatter of fact,
you will rarely be able to apply asignal directly to the deflection plates;
you will almost always use the amplifier.
Ordinary a.c.-coupled amplifiers are
used in most oscilloscopes intended for
service work. In avery few, however,
the amplifiers are d.c. coupled. The
chief advantage of the latter kind is
that it can be used to measure d.c. as
well as a.c. voltages, because the application of ad.c. voltage to the input
terminals will cause adeflection of the
spot from its center location, the

the signal and the setting of the level
control of the vertical amplifier.
PEAK VOLTAGES
In servicing sound receivers, in
which sine-wave signals or sine-wave
signals plus a few harmonics are all
that we are dealing with, we rarely
have to worry about peak-voltage
values. We know that our meters are
calibrated to read r.m.s. (or effective)
values, and that the peak value for a
sine wave is about 1.4 times the r.m.s.
reading. Conversely, the r.m.s. value
is equal to the peak value multiplied
by .707. Thus, if the peak value of a
signal is 10 volts, as shown in Fig.
19A, the r.m.s. value that will be indicated by a voltmeter will be slightly
over 7volts. Since the peak of a sine
wave reaches the same value on either
side of the reference line, as shown in
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Fig. 19B, the peak-to-peak value of a vice instructions dealing with circuits
sine-wave voltage (which is the sum of in which complex signals exist always
the two peaks) is twice either of t
he give peak-to-peak values when they
peaks.
discuss signal-voltage amplitudes.
In TV work, however, we are dea 1Calibration. If an oscilloscope is
to be used as avoltage-measuring deing with waves that are not sine wave s.
The wave shapes of the signals in a vice, it must be calibrated so that we
TV set include many combinations of will know just what voltage is indisquare and rectangular forms, an d cated by the deflection we see. Of
course, the amount of deflection that
often contain ad.c. component as wel 1.
is
produced by any applied voltage
If we try to measure the voltage of
depends
on the deflection sensitivity of
any such wave with an ordinary vol tthe
oscilloscope
tube. If the applied
meter or avacuum-tube voltmeter, we
voltage
is
fed
to
the tube through the
shall find that our readings do no
vertical
amplifier,
the deflection also
mean very much, because the rela
depends
on
the
gain
of the amplifier.
tionship between the peak, r.m.s., an
To
calibrate
an
oscilloscope
so that
average values of a wave depends o
it
will
measure
peak-to-peak
voltage,
the wave shape, and our instrument
proceed as follows. First, place a
are calibrated for sine waves only.

transparent graph scale over the face
We must, therefore, use some othe
of the oscilloscope tube as shown in
instrument to measure the amplitude
of the signals in TV circuits. Th e

oscilloscope is ideal for this purpose
since it can be calibrated to indicat e
the peak-to-peak voltage of any wave
regardless of its shape, and will let u
see the wave shape at the same time
Generally speaking, peak-to-peak volt
ages are the only characteristics o
such waves that we are interested in
as far as amplitude measurements are
concerned. Such factors as r.m.s., average, and single-peak amplitudes mean
little when we are dealing with awave
that is not asine wave and that may,
as Fig. 19C shows, be of different peak
amplitudes on the two sides of the
Feference line. The peak-to-peak amplitude of a complex wave, however,
shows us how much signal the wave
represents, regardless of its shape and
of its position with respect to the zero
reference line. For these reasons, ser-
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FIG. 20. Use of a grid to indicate relative
amplitudes of oscilloscope deflections.

Fig. 20, if one is not already on your
tube. Next, apply asine-wave voltage
having a known peak-to-peak value
to the input of the vertical amplifier.
Reduce the horizontal gain to zero so
that only a vertical line is produced.
Next, adjust the vertical gain control
until as many blocks as you wish are

filled by this line. This completes the
calibration process for the particular
setting of the vertical gain control
that you have chosen. If you now remove the known signal and apply any
other signal to the vertical plates,
leaving the vertical gain control in the
same position, the amount of deflection produced will be proportional to
the deflection caused by the known
voltage.
For example, let us suppose that you
apply a sine-wave a.c. signal of 6.3
volts r.m.s. to the vertical input as the
known calibrating voltage. This signal
has a peak-to-peak value of approximately 18 volts. You can find the
peak-to-peak value from the r.m.s.
value by multiplying the latter by 2.8
(multiply by 1.4 first to obtain the
peak voltage, then by 2to obtain the
sum of the voltage of both peaks). If
you adjust the vertical gain control so
that the line produced by this signal
includes exactly 6blocks as illustrated
by the solid line in Fig. 20, each block
must then represent adeflection equal
to 3volts.
To measure an unknown voltage, all
you need to do is to remove the calibrating signal and apply the signal
that is to be measured to the vertical
input. The deflection produced will depend on the peak-to-peak amplitude
of this new signal. If atotal deflection
of three blocks is produced, as shown
by the broken line in Fig. 20, the
peak-to-peak amplitude of the new
signal is 9 volts. If the deflection is
4 blocks, the peak-to-peak amplitude
of the signal is 12 volts.
If the signal you are trying to measure has amuch higher amplitude than

your calibrating signal has, it may
produce aline that goes off the screen.
If so, apply the calibrating voltage
again, and adjust the vertical gain
control until the 18-volt signal covers
only 2 or 3 blocks. Each block will
now represent ahigher voltage as long
as the vertical gain control is at its
new position, and therefore a higher
unknown voltage can be measured before the deflection trace it produces
goes off the screen.
Let's summarize the procedure you
should follow to use an oscilloscope as
a peak-to-peak voltmeter.
First,
measure your calibrating signal with
a reliable a.c. voltmeter, then convert
the r.m.s. reading that the voltmeter
gives you into apeak-to-peak voltage.
Next, set the gain control of the vertical amplifier of the oscilloscope to
give you a convenient deflection for
this voltage, and leave the control at
this position when you check the unknown voltage you are measuring. If
the unknown voltage is so large that it
produces adeflection that goes off the
screen, reduce the gain of the vertical
amplifier and recalibrate the oscilloscope. If you move the gain control
after acalibration before you measure
the unknown voltage, your readings
will be meaningless until you recalibrete.
TURNOVER
In the preceding example, we have
shown how to measure a voltage to
determine its peak-to-peak amplitude.
Although we suggested that the horizontal amplifier be turned off so that
you get a line, you can, if you wish,
observe the voltage at the same time
by having it deflected from left to
23

right. Doing so will not prevent you
from measuring the peak-to-peak voltage, but does make it a little more
difficult.
When you are observing a signal,
either to measure its amplitude or to
see its shape, you may find that it is
upside down compared to the picture
shown in the manufacturer's test man-

wave you have found is of the correct
shape.
Some oscilloscopes have a phasereversing switch that interchanges the
connections between the cathode-ray
tube and the vertical amplifier. If
yours has such a switch, you can invert the image if it happens to be upside down. However, once you are used
to it, an upside-down image is just as
useful as a "normal" one is.
Of course, as you move along stageby-stage in tracing asignal, the wave
picture is naturally going to turn over
every time you pass through another
stage, since you invert the signal 180°
in phase when you do so. In general,
therefore, you should be interested
only in the basic shape of the wave,
and you should expect it to be upside
down part of the time.
SENSITIVITY
The term "sensitivity," when it is

FIG. 21. Either an upright (A) or an
inverted (B) trace can be used to determine the shape of a signal.

ual. This is entirely normal—whether
or not it happens depends on the number of stages and the methods of
coupling between stages in your oscilloscope compared to those in the oscilloscope used by the manufacturer.
Thus, the manufacturer's service information may show that the signal
at a certain point should look like
wave A in Fig. 21, but on your oscilloscope the signal at that point may
look like wave B. Since these two
waves are exactly alike except that
one is inverted with respect to the
other, you should consider that the
24

applied to an oscilloscope, refers to
the amount of signal that must be applied to the input of the vertical amplifier to produce a standard deflection. Ordinarily, this sensitivity is
expressed in terms of volts-per-inch
(or volts-per-centimeter), just as the
deflection sensitivity of a c.r. tube is.
The fact that an oscilloscope has a
maximum sensitivity rating of 1voltper-inch, for example, means that a
1-inch deflection will be produced on
the face of the oscilloscope when a
1-volt signal is applied to the input of
the vertical amplifier with the latter
adjusted to give maximum gain.
An oscilloscope that is to be used
for TV service work must be fairly
sensitive, because it must operate
from rather low voltage levels in cer-

tain cases. For example, if you are frequencies in the neighborhood of 60
signal-tracing through the sync chain, cycles. A good high-frequency response
you are going to find some voltages is not needed for alignment. In fact,
as you will learn in another Lesson,
that have very low peak-to-peak valit
is desirable to have the oscilloscope
ues. Also, in aligning a TV set, you
response
cut off at a fairly low frewill sometimes find it necessary to
quency
(50
to 100 kc.) if it is to be
measure asignal after it has been fed
used
as
an
output indicator during
through only one stage, the gain of
the
alignment
of a set.
which may be quite small.
On
the
other
hand, if you are going
In rating the vertical amplifiers of
to
use
your
oscilloscope
to trace sigoscilloscopes, manufacturers use either
nals
that
may
contain
components
an r.m.s. volts-per-inch, or apeak-toranging
up
to
4
megacycles
in frepeak volts-per-inch rating. You will
quency,
and
particularly
if
you
are
have to be careful to notice which
going
to
use
it
for
square-wave
testing
rating is used when you are comparing
the characteristics of two oscilloscopes.
For example, if one instrument is
rated at .5 volt r.m.s. per inch, and
another at 1.4 volts peak-to-peak per
inch, the sensitivities of the two are
the same. (Multiply the r.m.s. value
by 2.8 to get the peak-to-peak, or
divide the peak-to-peak value by 2.8
to get the r.m.s.)
When the rating is in volts per
centimeter, multiply the rating by
2.54 to find the volts per inch.
A rating of .2 volt peak-to-peak
per inch is considered very good; this
corresponds to about .07 volt r.m.s.
per inch and to about .079 volt peakto-peak per centimeter. Any rating
smaller than these shows even more
Courteay RUA
sensitivity (that is, arating of .1 volt A typical oscilloscope that can be used in
TV servicing.
peak-to-peak per inch is better than
of
a
TV
receiver,
it must have avery
one of .2). An oscilloscope having a
good
high-frequency
response. For
sensitivity rating of .6 volt peak-tosquare-wave
testing,
the response
peak per inch or better will be satisshould
extend
to
a
frequency
at least
factory for TV servicing use.
10 and preferably 20 times as great
FREQUENCY RESPONSE
as the highest-frequency square-wave
Most ordinary service oscilloscopes test signal that will be used. For sigcan be used in aligning TV sets as nal tracing, it is desirable to have the
long as they have a good response to frequency response extend practically
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as high as the highest frequency that
may be expected in the signal that is
being traced. Therefore, oscilloscopes
intended for TV work quite generally
have responses extending to one or two
megacycles and even more. Of course,
getting the necessary gain over so
wide a frequency band calls for the
use of TV circuit techniques in the
vertical amplifier (which is quite similar, as a matter of fact, to the usual
video amplifier). The same techniques
must also be used to get the good
low-frequency response needed for
alignment.
For these reasons, the gain-perstage is not extremely high in the
vertical amplifier of a TV test oscilloscope. Further, you will find that the
older oscilloscopes that were designed
primarily for sound radio servicing do
not have the sensitivity and frequency
response needed for TV servicing.
GAIN CONTROL
In an oscilloscope intended for ordinary radio servicing, the gain control
for the vertical amplifier is usually
placed right at the input terminals.
Such an arrangement is not desirable
in an instrument that is to be used for
TV servicing, however.
When the gain control is connected
directly across the input terminals,
there is afairly high capacity between
the terminals. When the oscilloscope
is connected to the circuits that are
being tested, this shunting capacity
may reduce the frequency responses of
the circuits and thus affect the shapes
of the waves that you are trying to
see.
One way out of this difficulty is to
connect the oscilloscope input termi26

nals directly to the grid of the first
tube in the vertical amplifier, and then
to put the gain control between the
first and the second amplifier stages.
This arrangement reduces the input
capacity but also makes it possible
for a strong signal to overload the
first tube in the vertical amplifier.
There are several methods of reducing the danger of overloading. In
one design, a cathode-follower circuit
is used for this purpose: the load for
the first tube in the vertical amplifier
is placed in the cathode circuit, and
the resulting degeneration makes it
possible for the grid to handle a
fairly high input signal. Another arrangement makes use of an input
voltage divider having very low capacity that can be switched in when
necessary to reduce the strength of the
input signal to some fraction of its
original value—usually to one-tenth.
Thus, when the divider is switched in,
only one-tenth the signal is applied to
the grid 2f the first tube.
In summary, we can say that you
are not likely to overload the oscilloscope if the gain control is across the
input terminals, but the input capacity
may affect the circuits that are being
tested. If the gain control is between
the stages, on the other hand, the input capacity will be too low to cause
trouble, but you will have to be careful
to limit the input signal so that it cannot overload the first tube. Read the
manufacturer's instructions accompanying the oscilloscope you buy to
learn what is said on this subject.
Incidentally, it is possible to overload an oscilloscope if you run the
gain control so high that the trace
sweeps beyond the face of the tube.

You should try to keep the deflections
in both the vertical and the horizontal
directions well within the edge of the
face. Because of this, an oscilloscope
using ac.r. tube smaller than 3inches
in diameter is not practical, and those
with 5-inch or 7-inch tubes are better
because they permit you to use images
of reasonable size without fear of
causing excessive distortion because of
overloading.

To sum up these requirements, an oscilloscope that is to be used in television servicing must have: high sensitivity; good low-frequency response
(down to 60 cycles or better) ;good
high-frequency response (up to 1megacycle or more is the oscilloscope is to
be used for square-wave testing or for
signal tracing) ;and, finally, alow input capacity so that it will not affect
the circuits that are being checked.

Using an Oscilloscope
in TV Servicing
As we have said, an oscilloscope can
be used in TV service work to examine
the wave shape and to measure the
peak-to-peak values of the signal voltages in various stages. It is also useful
when you are aligning a TV set.
In addition, the oscilloscope can be
used to check the frequency of any
signals seen. This is possible because
the frequencies of the sweep generator
of the oscilloscope are either marked
on the sweep control, or can readily
be determined by acalibration process.
When the sweep generator frequency
exactly matches the frequency of the
incoming signal, you will see one cycle
of the wave being analyzed. By referring to the calibration of the sweep
generator when only one cycle is visible, therefore, you can determine the
frequency of the incóming signal. If
you see two cycles of the incoming
signal, the‘sweep generator is operating at half the frequency of the signal,

and so on. In each case, the frequency
of the incoming signal is equal to the
sweep generator frequency multiplied
by the number of cycles visible. If the
calibration of the sweep generator is
not exact, you can determine the unknown frequency by comparison with
known frequencies. The method of doing so has been described elsewhere in
your Course.
Signal Tracing. The oscilloscope is
directly usable for signal tracing in the
audio, video, sync, and sweep sections.
By this statement, we mean that it can
be used throughout the audio amplifier just as a signal tracer would be
used in a sound receiver. It can also
be used to trace the video signal from
the video detector through the video
amplifier to the grid of the picture
tube if the oscilloscope has a sufficiently wide frequency response. Finally, it can be used to follow the
synchronizing signal through the sync
27

chain and the sweep signals through
the vertical and horizontal sweep
chains. In each of these uses, no special equipment that is not already incorporated in the instrument is required.
Let us remind you, however, that the
sweep voltages reach very high values,
so it is quite easy to overload the in001
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FIG. 22. Schematic diagram of a crystal
detector probe.

put of the oscilloscope when you are
using it to examine the shapes of
sweep signals. Also, you will have to
be careful about d.c. voltage levels.
There may be blocking condensers in
your oscilloscope that cannot withstand some of the high voltages that
are found in many sweep circuits. For
these reasons, you will have to measure the sweep signals with caution.
In particular, unless you use avoltage
divider of akind to be described later
to protect your oscilloscope, do not
attempt to ,use it to make a direct
measurement of the sweep output
voltage in aset using electrostatic deflection, of the voltage at the plate of
the horizontal sweep output amplifier
in a set using electromagnetic deflection, or of the a.c. voltage across the
horizontal deflection yoke.
The oscilloscope cannot give a useful indication of a signal too high in
frequency to pass through its vertical
amplifier, so it cannot be used directly
in the i.f. stages. However, by recti28

fying the incoming signal so that the
modulation is available for the oscilloscope, you can use it to trace through
the video i.f. and the sound i.f. amplifiers. For this purpose, you must buy
or build a special detector probe that
has an extremely low input capacity.
(This probe must have alow capacity
so that it will not upset the resonant
circuits of the i.f. amplifiers.) A diagram of a typical probe of this kind
is shown in Fig. 22. The 1N34 crystal
detector rectifies the i.f. signal so that
the oscilloscope can follow the modulation on the signal. This probe may also
be used in alignment, as we shall show
elsewhere.
EFFECTS OF WAVE SHAPE
You can learn a great deal about
the operation of various sections in a
TV receiver by examining the wave
shapes that are found in each section.
You are already familiar with the fact
that the particular sweep-voltage
shapes desired are obtained by carefully shaping the output of an oscillator. As another Lesson pointed out,
any change in the characteristics of
the wave-shaping network will affect
the shape of the sweep voltage, and
will therefore produce non-linearity in
the sweep. In turn, this will cause the
picture to be non-linear in one form
or another.
Your earlier Lesson on the sweep
circuits showed you what the ideal
wave shapes are. In a practical set, it
is possible for the sweeps to depart
somewhat from these ideal shapes
without producing too much distortion.
When you are examining the sweep
shapes in an actual set, therefore, you
should find out what the service man-

ual on that set has to say about them.
The tracings in such manuals are those
that are obtained from a set in good
working order, and indicate just how
much variation from the theoretically
perfect shape you can expect to find.
As an example of what you can
learn from a careful examination of
wave shapes, let's suppose that we
have an oscilloscope that is connected
in the video amplifier, and that we
have it adjusted so that we can see
the horizontal line pulses and their
blanking pedestals.
If the pulse and the blanking pedestal are normal, as shown in Fig. 23A,
the over-all frequency response of the
receiver is about what it should be,
and the picture should also be normal
unless some defect exists beyond the
point at which the oscilloscope is connected.
On the other hand, let's suppose that
the wave is distorted as shown in Fig.
23B. Such adistortion is caused by a
poor high-frequency response. Compare this carefully with the correct
wave shown in part A of this figure.
Notice that the pedestal of the latter
has a front and back porch, and that
the sync pulse is properly placed on
the pedestal. When the high frequen0 cies are lost, it is impossible for the

On the other hand, if the high frequency response of areceiver is excessive, there will be an over-shoot on
each vertical rise (Fig. 23C). When
this occurs, the oscilloscope tracing
will indicate that the voltage goes beyond the correct point, and must then
fall back to the right level. Such a
condition will produce a form of reversed ghost effect, because any sudden change in shading in the picture
will become even more abrupt than it
should be. If the picture is supposed
to change from black to light gray,
for example, it may, instead, change
from black to white, then to gray.
Conversely, if it is supposed to change
from white to dark gray, it may
change from white to black before it
becomes gray. As aresult, each sharp
change in shade in a picture will be

V-circuit to follow the sharp frequency

changes that are needed to produce
the porches, and the slope or rise of
this nearly square pulse is rounded off.
When this condition occurs, the loss
of high frequencies nlay result in a
loss of picture detail. This condition
may correspond to a misalignment of
the sort shown by the alignment curve
in Fig. 23B.
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FIG. 23. Various possible shapes of the
horizontal sync pulse and the over-all
frequency responses that produce them.

followed by a line that is lighter or
darker than it should be. If there is
much "bounce" or oscillation before
the voltage settles down to the required value, there may be aseries of
black and white lines or striations
following sharp changes in the picture
shading.
Finally, as shown in Fig. 23D, the
set may be deficient in its low-frequency respónse. This deficiency is
indicated by the fact that the portions
of the pulses that should be horizontal
or level tend to slope off instead. This
condition can be caused by amisalignment that has shifted the video i.f.response curve in such away that the
picture carrier is way below the 50%
response point. Such a misalignment
is shown by the response curve in Fig.
23D. (Of course, this loss of low frequencies can also be due to a defect
in the video amplifier.) If the lowfrequency response of a set is below
normal, large picture areas that should
be all of one shade will, instead,
gradually trail off into a gray. Also,
if the very low frequencies are lost,
there will be a smeared picture, and
perhaps aloss of vertical synchronization.

suspect that the set is misaligned, you
can find out if your suspicions are
correct by using asweep signal generator and an oscilloscope to see exactly
what the response of the front end and
the i.f. stages is like. The method of
using these instruments for this purpose will be covered when we study
alignment.
If you believe that the loss is occurring in the video amplifier, you can
feed signals at the frequencies you
suspect through the amplifier, and determine its gain at each frequency by
direct measurement. Alternatively, if
a square-wave signal generator is
available, you can feed asquare-wave
signal of about 60 cycles through the
video amplifier and examine the response. If the trace produced on the
oscilloscope is square, the low-frequency response of the video amplifier is normal. However, if it slopes
off as does the top of the sync pulse
in Fig. 23D, the low-frequency response of the amplifier is falling off,
and there is a low-frequency phase
shift.
SIGNAL TRACING
Most servicemen depend on a TV
station for a signal source when they

Frequency Response Check. If
use an oscilloscope as a signal tracer,
the pulse that we are viewing is the
primarily because test equipment that
horizontal pulse, it will not indicate a
is capable of simulating a TV signal
loss of low frequencies under 15 to 20
is rather costly. However, the demand
kilocycles. Therefore, we will not be
for such equipment is causing less
able to determine if there is any loss
expensive models to be put on the
in the very low frequencies by exmarket, and eventually, the average
amining the horizontal pulse.
serviceman may have a TV signal
There are, however, several other
generator of his own. In such a case,
ways in which we can use an oscillothe signal seen on the oscilloscope will
scope to check the low- and high- depend on what the output signal of
frequency response of a set. If you his equipment is.
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If you do not have such agenerator,
but instead trace a broadcast TV signal, there are certain basic kinds of
signals that you will find in each
section of every TV set. The exact
forms of these signals do depend, however, upon just what is coming in and
upon the design of the set. Therefore,
you must consult the manufacturer's
service information to find out exactly
what you should see when you trace
through his sets.
When you examine asignal with an
oscilloscope, as you learned earlier, it
is desirable to have at least two cycles
visible on the screen, since you can
then get a better idea of the actual
wave shape than you could by examining just one. The composite signal
•passing through the video amplifier
contains not only the video signal itself, but also the line and frameblanking pedestals on which are the
line and frame sync signals—in fact,
the entire modulation transmitted in
the composite signal. The video signal
itself is, of course, constantly changing, and it would be impossible to
synchronize this to any satisfactory
degree. However, the horizontal or
line-blanking pulse that occurs at the
end of each line, and the vertical or

cause a trace of the voltages that
occur in two complete cycles of the
vertical sweep to be produced, whereas
a rate of 7875 cycles will cause a
similar trace of the voltages in two
complete horizontal sweeps.
Video Amplifier Tracing. The signals shown in Fig. 24 are typical of
those that you might see in the video
amplifier. The trace in part A of this
figure shows what you will see if the
oscilloscope sweep rate is 30 cycles;
therefore, the two major traces seen in
this figure represent two fields, and the
empty area between them represents
the blanking that occurs between
fields. All of the lines in each field are
mixed up in this kind of trace, so it
gives you little information about the
true nature of the video signal itself.
It does give you a general idea of the
appearance of the signal, however, and
records the vertical blanking period
with reasonable faithfulness. Also, you
can use such a trace to measure the
peak-to-peak value of the signal. It is

field-blanking pulse that occurs at the
end of each field are fixed and regular
in frequency; the line frequency being
15,750 cycles, and the field frequency,
60 cycles. The oscilloscope can be
synchronized with either of these
pulses. Since we want two complete
cycles, we must set the oscilloscope
sweep to half the frequency of the
blanking pulse that we want to sync
with. Thus, a30-cycle sweep rate will

FIG. 24. Traces representing two fields
(A) and two lines (B), taken from the
video amplifier.

31

useful for you to know what this value during the time it takes you to move
is, because the service manual for the the oscilloscope probes, the part of the
set will usually tell you what it should
trace that represents the video portion
be at various points in the video amof the signal—the "smear" between
plifier. If you do not find the right
the blanking intervals—will tend to
value (which may be as low as 1or 2
change in characteristics somewhat.
volts at the output of the video deThe peak-to-peak value of the sigtector, or as much as 60 volts at the
nal you find at any point should corgrid of the picture tube), you will
respond to the value given by the
know, of course, that some defect
manufacturer, if the local signal
exists.
strength is normal. Regardless of this
The trace shown in Fig. 24B is
what you will see if the oscilloscop e strength, you can determine the gain
of any stage by dividing the peak-tosweep is adjusted to be half the hori
peak
voltage at the output of the stage
ontal sweep rate of the signal. Thi
epresents two lines and the blankin
pace between them. Actually, o
ourse, the trace is produced by a11
he lines that occur during the tim e
hat the oscilloscope is connected t
o
his point in the amplifier, each pai
of lines being superimposed on th
e
air that occurred before it. Since eac h
1
me usually differs somewhat from al 1
he others, the trace is not a clea
epresentation of a pair of lines, bu
ather amixture of the traces produced
yagreat many lines.

by its peak-to-peak input voltage.

Sync Chain Tracing. The signals
seen in the sync chain vary a great
deal in their characteristics. If there
is an input sync amplifier, it is quite
likely to handle the entire signal, including the video portions. However,
there may be some leveling or clipping
in this stage to restrict amplitude
changes caused by noise, so the signal
may look somewhat different from
that found in the video stages.

The peak-to-peak voltage in thi
ase is essentially the same as tha
epresented by the trace shown in Fig
24A, since the peak-to-peak signa
depends primarily on the height of the
ync pulses above the zero level, a
actor that will remain relatively contant even though the signal content
it self does change.
As you move along through the video
amplifier, this trace will be inverted
asyou pass each stage, but its appearance should remain relatively the same
except that it will be amplified. Of
ourse, if the signal itself changes
32

FIG. 25.. Traces representing two vertical
(A) and two horizontal (B) pulses, taken
from the output of the clipper.

equivalent to that of three or more
complete lines), but it looks rather
narrow on an oscilloscope when compared to the over-all sweep time of the
complete field, as shown in Fig. 26.

At the output of the clipper, the
video signal should be almost entirely
removed, and you should get a series
of pulses that consist mostly of the
sync pulses. Once again you can get
your oscilloscope to sync with either
the vertical or the horizontal pulses,

The pulse found in the output of the
integrating network may be anywhere
from 10 to perhaps 40 volts in peakto-peak amplitude, depending on the
set design. As you will recall, this
pulse is used in most receivers either
to unblock a blocking oscillator or to
drive a multivibrator.

FIG. 26. Trace representing the output
of the vertical integrating network.

The wave form to be seen in and
around this oscillator depends upon
the characteristics of the circuit. A
and can therefore view them individually. A typical example is shown in typical example of the wave shape at
Figs. 25A and 25B, the former showing the grid of avertical blocking oscillator is shown in Fig. 27. Here, the
two vertical and the latter two horipeak-to-peak voltage may be rather
zontal pulses.
high—as
much as 300 volts or more
Any sync amplifier following the
in
some
sets,
depending on the inducclipper will increase the amplitude of
tive kickback of the blocking oscillathese signals if it is arranged as a
tor transformer. The peak-to-peak
straight amplifier. However, a second
voltage at the input of amultivibrator
sync amplifier is often actually a secwill
be considerably less.
ond clipper, arranged to square off
The vertical sync signal will look
the pulses, and get rid of any stray
noise and any vestiges of the video
signal. In such acase, the output may
be below that of the first clipper, but
the pulses should be more nearly
square in their shapes. The voltages
at the output of the clipper are usually
somewhere around 50 to 75 volts, since
afairly strong signal is needed for the
integrating and differentiating net-

FIG. 27. Trace representing the wave
shape at the grid of a vertical blocking
oscillator.

works.
The output of the vertical integrating network consists of aseries of
pulses representing the vertical sync
signal. As you will recall, this pulse
is relatively broad in comparison to
a line pulse (in fact, its duration is
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somewhat like the trace shown in Fig.
28 when it is applied to the input of
the vertical sweep output stage in a
set that uses an electromagnetic picture tube. Here, too, the peak-to-peak
voltage may be surprisingly high, perhaps as much as 150 volts or so. Of
course, only the tips of the positive

peaks (which may be only about 20
volts positive) are used to drive the
vertical output tube.
The signal that finally reaches the
vertical deflection coils in a set in
which electromagnetic deflection is
used has the shape shown in Fig. 29.
The peak-to-peak amplitude depends

FIG. 28. Trace representing the vertical
sync signal at the input of the vertical
sweep output stage.

on the design of the coils; it is usually
around 50 to 75 volts.
Horizontal Sweep Tracing. The
shapes of the signals coming through
the horizontal sync chain depend on
whether the set has an a.f.c. horizontal hold system or one of the pulseshaping types. You should consult the
service manual for the set you are
working on to learn what wave shapes

sweep signal will probably be shaped
very much like the vertical sweep signal, except, of course, that its frequency will be 15,750 cycles instead
of 60 cycles. To reproduce two cycles
of this signal on the oscilloscope, therefore, you must set the oscilloscope
sweep frequency at 7875 cycles.
An example of the changes that
occur in a horizontal sweep circuit
that starts from a sine-wave oscillator is given in Fig. 30. The grid input
signal of the oscillator is shown in
part A of this figure. Part B shows the
signal in the plate circuit.
After shaping, the wave resembles
the one shown in part C, which represents the signal that is fed to the grid
of the horizontal-sweep output tube.
A signal much like that in part D
may be found at the plate of the horizontal output tube, but you should not
attempt to measure this pulse without
using special equipment—it may be as
much as 6000 volts peak-to-peak! The
coupling condensers in your oscillo-

you should expect the sync signals to
have.
The wave shapes in the horizontal
sweep chain depend on the kind of
horizontal oscillator that is used. The
horizontal oscillator is often a blocking oscillator or a multivibrator, but
it is quite possible for it to be a sinewave oscillator, particularly if it is in
aset that uses a horizontal a.f.c. system.

FIG. 29. Trace representing the signal
applied to the vertical deflection coils.

scope cannot withstand such voltages;
even if they could, these signals would
drive the spot far off the screen. About
In this last case, you will find a the only way you can measure avoltsine wave across the grid circuit of age of this kind is to use acapacitive
the oscillator but are quite likely to voltage divider that is set up to defind a squared wave in its plate cirliver avery small portion of the total
cuit. If the set uses ablocking oscilla- signal to your oscilloscope. Any such
tor or a multivibrator, the horizontal capacitive voltage divider must use
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fixed condensers rated at 10,000 volts
or more, of course.
The signal across the vertical deflection coils is shown in Fig. 30E.
Here, because of the resonant kickback, we again have ahigh peak voltage; it may be 1000 or more volts
peak-to-peak. Once again, acapacitive
voltage divider, made up of high-voltage condensers, must be used if the
voltage is to be measured.

4c:\cF%

Summary. Keep in mind that the
oscilloscope traces we have shown in
Figs. 24 to 30 are typical for only one
kind of set. You will find quite different signals in other sets, and until you
become accustomed to the signals that
are to be seen, you should always
refer to the manufacturers' information to learn what the typical wave
shapes and peak-to-peak voltage
values are.
In our example, we have shown the
wave shapes that exist in a receiver
using electromagnetic deflection. Many
of the same signals exist in a set in
which electrostatic deflection is used;
however, the signals in the sweep
chains of the latter will be different,
because a saw-tooth voltage must be
applied to the deflection plates of the
electrostatic picture tube. This saw-

o

o

o
FIG. 30. Generation of a horizontal
sweep signal from a sine-wave oscillator.

tooth wave is formed in the saw-tooth
generator in the sweep chain, then amplified in a linear fashion to a very
high voltage level. It is common to
find adeflection voltage. of 800 or more
volts peak-to-peak applied to an electrostatic picture tube. Once again, you
must use a capacitive voltage divider
to measure this voltage.
As we have pointed out, the oscilloscope is particularly useful as asignal
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tracer, because it lets you measure the
peak-to-peak voltage of a signal of
any shape and also makes it possible
for you to see the wave shape of the
signal. When this wave shape departs
radically from what it should be, you
have adefinite indication of trouble in
the section or stage in which the
change of shape occurs. Thus, the
oscilloscope is an extremely valuable
instrument for use in localizing a defect to a particular section or stage.

Most standard radio service equipment (except the signal tracer) is useful for TV servicing if it has the
proper characteristics. Thus, you will
not need aspecial multimeter for TV
work as long as your present one has
ameter with ahigh enough ohms-pervolt rating to provide high ohmmeter
ranges. A high-voltage multiplier
probe is the only extra equipment that
is needed to extend its usefulness to
television. Your tube tester is perfectly satisfactory for TV work if it
can test the latest tube types. A
standard R—C tester is far more useful for TV servicing than it is for
radio work. Your signal generator may
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or may not be useful, depending on the
ranges it covers; we shall discuss such
generators in detail• in the Lesson on
alignment.
In general, most of the basic servicing procedures that you have
learned to use in repairing radio receivers can be applied directly to TV
service work as long as you are careful in interpreting the results of your
tests. For this reason, once you obtain
a certain amount of practical experience, and have learned to recognize
the effects produced on test patterns
by various defects, you will find it
rather easy to service TV receivers
successfully.

Lesson Questions
Be sure to number your Answer Sheet 64R11-3.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1.

If the individual lines in araster are not sharp when the contrast control
is turned down so that no picture is visible, which one of these possible
causes is to blame: 1, poor focus; 2, ghosts; 3, poor high-frequency
response; 4, poor low-frequency response?

2. If it is difficult to keep aset in vertical sync, and the picture is blurred,
which one of these possible causes is to blame: 1, poor focus; 2, ghosts;
3, poor high-frequency response; 4, poor low-frequency response?
3. If aset that originally showed a black-and-white picture later shows a
brown-toned one, what is probably the matter?
4.

If a set uses full-wave rectification in its power supply, what defect is
indicated if (a) one bar and (b) two bars appear on the picture?

5. If apicture has 10 bars across it horizontally, what is the approximate
frequency of the interference?
6. If a sine-wave a.c. source rated at 5 volts r.m.s. is used for calibrating
an oscilloscope, what is the peak-to-peak voltage?
7. What four requirements are essential for an oscilloscope that is to be
used in TV servicing?
8.

Why is a detector probe needed with aTV scope to search through the
video i.f. stages?

9. Why is it desirable to arrange for more than one cycle of the signal to
be visible on the oscilloscope?
I
O.

In viewing the horizontal pulse on aTV oscilloscope, what is wrong with
the receiver response if the porches and flat top of the pulse are rounded
instead of square?

Be sure to fill out a Lesson Label and send it along with your answers.
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PERSISTENCE PAYS
You don't need to be agenius in order to succeed
in your chosen career!
The greatest results in life are usually obtained by
simple means—and by the exercise of ordinary qualities that we all have.
The common every-day life, with its cares, necessities, and duties, gives us plenty of opportunity to
get experience of the best kind—and provides abundant room for self improvement.
The road of human welfare lies along the old
highway of steadfast well-doing. The men who are
most persistent will usually be the most successful.
"Fortune" has often been blamed for her blindness. But "fortune" is not as blind as men are.
"Fortune" is usually on the side of the industrious—.
just as the wind and waves are on the side of the
best navigator.
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a standard sound reALIGNING
ceiver is a relatively simple

4

will have low Q and abroad response,
there is seldom enough drift to make
process: the proper i.f. or r.f. signal is a complete over-all alignment necesinserted and the corresponding circuits sary. On the other hand, because
are tuned for amaximum output indicertain changes in the alignment affect
cation. (Band-pass adjustments are the picture in a manner that is rather
found only in afew high-fidelity sets.)
noticeable to the eye, relatively small
The indications of the need for alignamounts of drift, which may occur
ment of a sound receiver are quite
fairly often, can make spot or section
definite — reduced output, stations alignment necessary. Tuned-circuit
coming in at incorrect points on the drift is more common in a TV set
tuning dial, or distortion due to side- than in a radio because more heat is
band cutting. Since sound receivers developed—heat that will warp coil
are relatively stable, the need for forms and distort tuning capacitors—
alignment is rather infrequent.
and because tube capacities, which are
Aligning a TV set is not a great subject to change, make up part of the
deal more difficult, but the indications
capacity in some tuned circuits.
pointing to the need for alignment are
In general, the sharper the selecnot as definite. In many cases, a set tivity (the higher the Q), the sooner
will exhibit exactly the same symptoms
alignment may be needed, because
when some part is defective in it as it even small amounts of drift affect the
will when it needs re-alignment. In
outputs of high-Q circuits remarkably.
such cases, either you should prove
On the other hand, low-Q circuits can
that no defect exists before you decide drift considerably before the output
that alignment is needed or you should
changes greatly.
use a sweep generator and an oscilloRelatively high-Q circuits are used
scope to show the response curve and
as oscillator tank circuits and as sound
thus determine whether alignment is
and adj acent-channcl rejection traps.
needed.
In some of the stagger-tuned i.f. cirBecause many of the circuits of a cuits, the Q is higher than the width
TV set are heavily loaded so that they of the pass-band might lead you to
1

expect. It is quite possible that any of
these circuits may need touch-up adjustments even when the rest of the
receiver requires no alignment.
Oscillator Drift. It is rather common to find that the oscillator of a
TV set has drifted so much that stations come in too near the end of the
range of the fine tuning control or outside its range altogether. In aset that
does not have afine tuning control but
instead depends on automatic frequency control (a.f.c.) to hold the
oscillator, it is possible for the drift
to cause the signal to fall outside the
range of the a.f.c. network and thus
for the station to be lost completely.
A certain amount of drift of the
oscillator at the high frequencies involved in television is natural. It can
be tolerated as long as it can be corrected by the fine tuning control or by
the a.f.c. system. If the drift becomes
excessive, however, it will be necessary
to re-align the oscillator.
Because the oscillator circuits used
in TV sets depend on the internal tube
capacities for much of the tuning capacity needed, replacing the original
oscillator tube with one that has different internal capacities may easily
throw the oscillator section completely
out of alignment. Therefore, if it
proves impossible to find a replacement tube that matches the original
in its capacities, a certain amount of
re-alignment may be required.
.Traps. Trap circuits also frequently
drift out of proper adjustment. There
are many traps in the average TV set.
Some are tuned to the accompanying
sound channel, some are tuned to the
adjacent sound or picture carriers, some
are used to reduce i.f. interference, and
still others are used (particularly in
sets using the intercarrier sound system) to reduce the 4.5-mc, grain pattern in the picture. Because these
traps are sharply tuned and have much
to do with the over-all response, slight
2

shifts in their tuning may produce
large increases in interference and can
affect the low- or high-frequency response as much as or more than the
stagger-tuned or band-pass circuits do.
Sound-Video Drift. The sound and
video carriers are 4.5 mc. apart. If
either or both of these i.f. sections in
a conventional set drift appreciably,
you may find that best sound and best
picture are not obtained at the same
setting of the tuning control. That is,
if the picture carrier is moved up or
down on the slope of the video i.f. response, the low-frequency response will
be better or worse than it should be,
and consequently the picture quality
will be affected. A shift of the carrier
may also result in a loss of highfrequency response.
In any of the above cases, you can
make a touch-up alignment of the
particular circuit that needs it without
re-aligning any of the rest of the set.
This is similar to what you do when a
radio does not track the dial properly,
in which case you re-align the oscillator but leave the i.f. and r.f. adjustments alone.
Of course, there will eventually
come a time when an over-all alignment will be desirable. Such ageneral
over-all alignment is called for when '
you are overhauling a receiver or
remedying any of the characteristic
conditions described in the following
section.
MISALIGNMENT INDICATIONS
One of the most obvious conditions
indicating a need for alignment is
weak reception. However, unless the
oscillator drifts, the alignment must
shift markedly (usually in more than
one stage) to produce weak reception.
It is more common to find that the
first indication of the need for TV
alignment is aloss of the low- or highfrequency response. This is most
easily seen by observing atest pattern.

Fig. 1shows a typical test pattern.
As we have shown elsewhere, this test
pattern gives considerable information
about the adjustment of the focus,
linearity, and size controls, and also
indicates when the correct contrast
and brilliancy control settings have
been made.
The contrast setting is indicated by
the center circles: proper setting gives
the complete tone range from black to
white. The wedge-shaped groups of
lines show many things. The vertical
wedges show the high-frequency response, because they represent elements along the scanning lines. The
horizontal wedges show other things,
including the low-frequency response.
When we are aligning aset, we are
primarily interested in how the test
pattern will show high- and low-frequency response. When the set is op-

erating normally and has a frequency
response going out to 4or 4.25 me., the
separate lines in the vertical wedges
should be distinguishable all the way
down to the center circle at which
they end. If they appear to blend together short of their ends, the response
of the set is less than 4 me., either
because it is intended to be or b
it is out of alignment, ln this case,
the actual high-frequency response can
be determined by observing where the
lines in the vertical wedges appear to
blend.
In the standard test pattern of Fig.
1, the four pairs of white dots along
the lower vertical wedge are markers
that indicate approximately the frequency response needed to reproduce
the lines in the wedge between each
pair. Thus, the first pair, nearest the
bottom of the test pattern, represents
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FIG. 1. The standard test pattern broadcast by many stations.
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a frequency response of 2 mc. If the
lines are distinguishable between this
pair but not between the next pair of
dots, 2 mc. is the limit of the highfrequency response. The next pair is
for 2.5 mc., the next, 3mc.; the next,
3.5 mc.; and the ends of the wedges
represent aresponse of 4mc. In other
words, if the vertical lines can be dis-

NR! TV Lab Photo

FIG. 2. Poor high-frequency response.
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tinguished sharply all the way to their
inner ends, the horizontal resolution
corresponds to an over-all frequency
band width in the video amplifier,
video i.f., and front end of 4mc.
It may happen that the test patterns
of your local stations do not have
calibration marks, or that non-standard wedges made with fewer or thicker
lines are used. In the latter case, the
frequency response may be less than
4 mc. even though the ends of the
wedges are clearly distinguishable.
Check with your local stations and
use the best local test pattern for your
alignment check.
The horizontal wedges do not show
anything about the band width of the
receiver response. Whether or not the
lines in these wedges can be distinguished depends on the focus, the
roundness of the scanning spot, and
the interlacing of the fields. If the set
is deficient in low-frequency response,
however, the horizontal line wedges

will be gray when the vertical wedges
are black and white.
Examples. Before you can tell
much about the test pattern, you must
adjust the focus for maximum sharpness and set the contrast and brilliancy controls to normal positions. If
the set is very close to a powerful
station, overloading may occur, or you
may not be able to get normal contrast
without turning the control down so
far that overbiasing produces a distorted response. In such cases, use
another signal, or use a resistive pad
in the transmission line to reduce the
strength of the input signal.
Fig. 2 illustrates poor high-frequency response. Notice that the lines
in the vertical wedges join well outside
the inner circle.
Excessive response to any frequency,
an effect that may be caused by regeneration or misalignment, may be
indicated by asmearing or blurring e
the position in the wedge corresponding to that frequency. This is shown
in Fig. 3.
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FIG. 3. Peak in high-frequency response.

Another common indication of misalignment is the appearance of sound
bars across the picture as shown in
Fig. 4. This may mean that the sound
traps are not properly aligned or are
aligned to the wrong frequencies, but
it may also indicate merely that the
4

fine tuning control on the set is misadjusted. If the set uses a.f.c., sound
bars may be caused by excessive drifting of the oscillator or by amisalignment of the discriminator from which
the a.f.e. voltage is obtained.
The grain pattern shown in Fig. 5
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FIG. 4. Sound bars.

may be the result of amisadjustment
of a grain trap, but it may also indicate that the co-channel sound traps
in the i.f. amplifier are misaligned if
the set is a conventional type.
Many of the distorted test patterns
that we have just shown may be
caused by other defects in the set or
by external causes as well as by misalignment. Therefore, you should not
try re-alignment until you have checked the other possible causes of trouble.
Before we take up the methods of
aligning a TV set, let's learn what
frequency response we can expect each
section to have.
CIRCUIT RESPONSES
Front End. In general, the frontend response will be a band-pass response about 6 mc. wide so that the
picture and sound signals can go
through simultaneously.
Video I.F. The response of the
video i.f. amplifier varies considerably
in different receivers. One reason for
the variation is that this response is

often designed to correct for dips or
peaks in the front-end response. Another is that the manufacturer may
intend to locate the picture carrier
higher or lower than the 50% response point, depending on whether he
wants the low-frequency response to
be raised or lowered. And, of course,
the response of the video i.f. amplifier
to the sound carrier will depend upon
whether it is a conventional or an
intercarrier system. Because of these
wide differences, it is very desirable
to have the manufacturer's alignment
instructions before attempting to adjust aTV receiver.
Fig. 6A shows a typical front-end
response. The exact shape of the response curve depends on the design of
the set and even on the channel to
which it is tuned.
If the set has a separate sound
channel, the sound carrier will be suppressed. A typical i.f. response for
such a set is shown in Fig. 6B. The
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FIG. 5. Grain.

over-all r.f.-i.f. response is acombination of the two, which may be somewhat like that shown in Fig. 60.
The shape of the response curve can
be varied considerably, as shown in
Fig. 7A, without making any difference
in the output. In other words, the output will be constant if the picture
carrier is located exactly half way up
any slope that is symmetrical on both,

sides of the carrier, regardless (within
limits) of what the angle of the slope
may be. Thus, the curves 1, 2, and 3
all will -give approximately the same
output. Because of the design of the
peaking circuits and traps, however, it
may be that only one of these curves
can be made symmetrical, so it is
necessary for you to learn from the
manufacturer's instructions just what
slope is to be obtained on the particular set on which you are working.
The position of the picture carrier
on the slope affects the low-frequency
response. If it is above the mid-point

VIDEO

AMPLIFIER

RESPONSE

FIG. 7. The shape of the i.f. response
curve (A) has little effect on the output,
but the position of the sound carrier on
the curve (B) can be used to compensate
for variations in the video amplifier response (C).

of the curve, the low-frequency output
is higher than normal; if below, the
low-frequency output is lower than
normal. This fact is helpful when
the video amplifier response is to be
compensated for. If the video amplifier response is flat as shown by curve
2 in Fig. 70, for example, the carrier
should be at the 50% point on the
response curve in Fig. 7B. On the
other hand, if the video amplifier response peaks at the low frequencies
as shown by curve 1 in Fig. 70, the
carrier should be lower down on the
curve, perhaps near the 30% point
(Fig. 7B). This arrangement will reduce the amount of low-frequency
signal applied to the video amplifier,
thus compensating for the peak in the
response of the latter. Similarly, if
the video amplifier response is deficient at the low frequencies (curve 3
in Fig. 70), the carrier should be

FIG. 6. Ihe combination of the front-end
response (A) with the i.f. response (B)
produces the over-all response of the
set (C).
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FIG. 8. Typical video i.f. responses of
intercarrier sets.

farther up the slope, perhaps near the
70% point (Fig. 7B), to compensate.
Once again, the manufacturer's alignment instructions must be followed.
Of course, if the receiver uses the
intercarrier sound system, in which
the sound signal must get through the
picture i.f. along with the video signal,
the response curve of the i.f. amplifier
will be quite different. Fig. 8 shows
two typical intercarrier video i.f. responses. The curve in Fig. 8A is nearly
symmetrical on the sides, but the picture carrier is much farther up the
slope than is the sound carrier. In
some sets, traps are used to create a
small plateau at the point where the
sound carrier intercepts the response
curve (see Fig. 8B). Once again, you
will have to learn from the manufac-

turer's instructions what adjustments
must be made.
Sound I.F. The response of the
sound i.f. amplifier has the shape
shown in Fig. 9A. The response is
rather narrow, since a band of frequencies only 50 to 100 kc. wide is all
that has to be passed. Hence, a response characteristic that is 200 to 300
kc. wide is entirely sufficient for most
purposes and will even permit a reasonable amount of oscillator drift.
Since the sound is f.m., the discriminator response has the standard Scurve shape shown in Fig. 9B. The
distance between the peaks on this
S curve varies from set to set; once
again, your adjustments must be
guided by the manufacturer's information.

...,SOUND CARRIER

o

SOUND CARRIER

FIG. 9. Sound i.f. (A) and discriminator
(B) responses.

Methods of Alignment
The pass band of a TV set, as you
have learned, must be wide and flat
and have very carefully shaped skirts.
Either band-pass or stagger-tuned circuits are used in the front end and
video i.f. amplifier sections to make
the response sufficiently wide and flat,
and traps are commonly used both to
eliminate undesired carriers and to
shape the response. Any one or all of
these circuits may need to be aligned.
It is possible to align stagger-tuned

circuits with an ordinary signal generator by adjusting each for maximum
output at its proper frequency. The
combined response curve of all the
circuits will then have the desired
shape.
A signal generator can also be used
to align band-pass circuits fairly well,
but a sweep signal generator is far
better for the purpose. This same
sweep signal generator can also be

used to align stagger-tuned circuits if
a cathode-ray oscilloscope is used as
the output indicator; the oscilloscope
will make the response curve visible,
and any defects shown in the curve
can easily be remedied.
Before we learn just how to align
the various sections of a TV receiver,
let's see what requirements the equipment used to do so must meet.
SWEEP SIGNAL GENERATORS
The sweep signal generator used in
television resembles the frequencymodulated or "wobbulated" signal
generator that is used to align highfidelity sound receivers. The only
basic difference is that the television
sweep signal generator covers a wider
sweep band.
As you know, the output of awobbulated signal generator consists of a
signal voltage that is swept back and
forth over a range of frequencies on
each side of a tunable operating or
center frequency. For television use,
this sweep must extend over a rather
wide range—it is common to use

sweeps 10 mc. (or more) wide for TV
alignment.
This sweep can be obtained either
mechanically or electronically. Three
kinds of mechanical sweep generators
are shown in Figs. 10A, B, and C. In
the one shown in Fig. 10A, a motor
rotates a tuning condenser plate so
that the capacity in the L-C circuit is
continuously varied. In that in Fig.
10B, a vibrator vibrates one plate of
the condenser with respect to the fixed
plate so that the capacity is varied.
In that in Fig. 100, a vibrator moves
a disc with respect to the tuning coil
so that the inductance is varied.
An electronic generator is shown in
Fig. 10D. Here areactance tube (like
the one used in a.f.c. systems) is connected across the oscillator tank circuit. The grid of the reactance tube
is fed from an a.c. source. As aresult,
its reactance varies at the a.c. frequency and therefore varies the frequency of the oscillator.
A major defect of the motor system
shown in Fig. 10A is that there is no
easy way to vary the width of the
range over which the signal frequency

FIG. 10. Sweep generators used in sweep signal generators.
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is swept. In the other systems, we can
vary the range over which the frequency change occurs by varying the
amplitude of the a.c. voltage applied
to the vibrator or to the grid of the
reactance tube. An increase in the
voltage will cause an increased change
VARIABLE
1
.1
OSCILLATOR

MIXER

FILTER
(TUNED
CIRCUIT)

m•••••

SWEPT
II
OSCILLATOR

FIG. U. Block diagram of a sweep signal
generator.

in capacity or inductance and consequently an increase in the width of
the sweep. Conversely, a decrease in
the voltage will cause adecrease in the
width of the sweep. It is very desirable to be able to vary the width of
the sweep, since we want a width of
less than 1 mc. for f.m. and audio
section alignment, and a width of 10
or 15 me. for video alignment.
The sweep rate is equal to the frequency of the a.c. signal used to vary
the output frequency of the generator.
In other words, it is the number of
times per second that the output of
the generator is swept through its
range and returned to its starting
point. This sweep rate need be only
high enough to be within the response
range of an oscilloscope. A 60-cycle
a.c. is readily available from the
power line or from afilament winding,
and 120-cycle a.c. can be obtained
from the ripple output of a full-wave
rectifier. Either can be used for the
sweeping signal if the oscilloscope has
a reasonably good response at these
frequencies.
The heterodyne principle is used in
all practical sweep signal generators
to simplify the problem of getting
sweeps of adequate width at any de9

sired center frequency. The block
diagram in Fig. 11 shows the general
arrangement of such an oscillator. As
you can see, it consists of two oscillators, a mixer stage in which the outputs of the two oscillators beat together, and a filter circuit that passes
only the difference frequency produced by the beating process.
One oscillator, called the swept oscillator, has a fixed center frequency
that is sweep-modulated over the desired range. Since the center frequency
of this oscillator is very high—usually
well over 100 mc.—it is easy to vary
the reactance in its tank circuit enough
to produce a sweep range of 10 or 15
me. The frequency of the other oscillator, called the variable oscillator,
can be adjusted to any desired single
value within a fairly wide range.
To see how this sweep signal generator works, let's suppose that the
swept oscillator has an output of 125
mc. that is swept over a range of 15
me. The center frequency of the output of the generator will be equal to
the difference between 125 me. and
the frequency of the variable oscillator. If we adjust the variable oscillator to a frequency of 100 mc., for example, the generator output will have
a center frequency of 25 me. (125 100), which will be swept over a 15mc. range.
To be useful for television servicing,
a sweep signal generator should have
an output voltage that is practically
flat over the entire tunable frequency
range, or at least over the range over
which the signal is swept. This output
voltage should be high, because as
much as .5 volt may be necessary to
give a usable response on an oscilloscope when the signal is fed through
a single i.f. stage. There should be
some provision for attenuating this
output, however, since only 500 microvolts or less may be wanted when you

are checking the over-all response of
aset that has high gain.
It is necessary, of course, to synchronize the horizontal sweep of the
oscilloscope with the sweep of the
generator to produce asteady pattern
on the oscilloscope face. Some gener-

In general, therefore, asweep signal
generator will have a frequency control to adjust the operating frequency,
an attenuator to control the output,
a phasing control to permit the sweep
image to be overlapped properly, and
a sweep width control to vary the
width of the swept band.
MARKERS

FIG. 12. A double trace (A) should be
overlapped to produce a single trace (B)
by adjusting the phasing control of your
sweep signal generator.

ators supply a synchronizing signal
that can be used to lock the sweep of
the oscilloscope to the right frequency;
others furnish the horizontal deflection voltage for the oscilloscope directly. (The latter is applied through
the horizontal amplifier instead of
the oscilloscope sweep voltage.)
It is possible for a sweep signal
generator to produce a single trace
pattern, but whenever a.c. is used to
produce the sweep, the output will be
a double trace. Thus, if the center
frequency is 25 mc. and there is a
10-mc. sweep, the signal will be swept
from 20 through 25 to 30, then back
from 30 through 25 to 20. Thus, it
goes over the frequency range twice
for each complete sweep—once from
the low end up, and once from the
high end down—and therefore produces a double trace on an oscilloscope. For easiest observation, these
two traces should exactly overlap each
other as shown in Fig. 12B instead of
appearing as separate traces as in
Fig. 12A. This overlapping will be
Vproduced if the phase of the output is
arranged properly; therefore, acontrol
is incorporated in the sweep generator
to permit the phase to be adjusted.

The manner in which a sweep generator produces its output makes its
calibration subject to rather large
errors. For example, let's suppose that
two oscillators operating at 125 mc.
and 100 mc. respectively are being
used to produce a 25-mc. beat output
frequency. Assuming a 1% accuracy
for each oscillator, the output of one
may be between 126.25 and 123.75 me.,
and that of the other may be between
99 and 101 mc. The beat may therefore be anywhere between 22.75 and
27.25 mc., meaning that it may be as
much as 9% away from the desired
25-mc. frequency. Further, there is no
guarantee that the sweep will be exactly the same width on either side of
the resting frequency or that the width
of the sweep will be accurately known.
SWEEP
GENERATOR

OUTPUT

TO
RECEIVER

MARKER

FIG. 13. How to connect adipper marker.

Since it is important to know exactly what frequencies are produced
by a signal generator, it is necessary
to use some "marker" with the generator that will produce accurate ire-
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quency indications on the sweep trace
on the oscilloscope. This marker must
be accurately calibrated; an accuracy
of .1 mc. is not good enough, even
though this represents 1/10 of 1% at
100 mc.
Dipper. Perhaps the simplest form
of marker is an absorption wavemeter
like that shown connected to the cable
of a sweep generator in Fig. 13. Some

FIG. 14. Frequency indications produced
by a sweep generator marker (A), a
dipper marker (B), and a blanker
marker (C).

marker by turning its tuning condenser to some other position, the dip
will move along the response curve to
a position corresponding to the new
resonant frequency. Thus, the marker
dip can be used to indicate exactly
the frequency to which any particular
point on the curve corresponds.
Pipper. It is also possible to use
an accurately calibrated signal generator as a marker. If the output of
the signal generator is fed into the
circuit in parallel with the output from
the sweep generator, a "pip" will appear on the response curve seen on the
oscilloscope, as shown in Fig. 14A.
However, whereas the absorption tank
circuit produces asingle dip, amarker
signal generator will produce anumber
of "wiggles" along the response curve,
since there will be beats between the
signals of the signal generator and
the sweep signal generator that will
cover an infinite band. All that limits
the number of beats that are visible
are the band-width response of the
video output with the oscilloscope connected and the response of the vertical
amplifier of the oscilloscope. An oscilloscope with a limited response produces a limited series of beats (Fig.
15A), but one with a wide-range re-

sweep generators have a marker of
this kind built in.
Essentially, this marker is a tuned
circuit made with high precision from
quality parts. It has acalibrated dial
that indicates accurately the freFIG. 15. Marks produced by a signal
quency to which it is tuned. When it generator marker on an oscilloscope with
is connected between a generator and a narrow response (A) and on one with
awide response (S).
a receiver as shown in Fig. 13, the
tuned circuit will absorb energy at its
sponse passes anumber of beats
resonant frequency from the coil L2
15B). As we shall point out later, it
and hence will produce a drop in the
is necessary to have only a narrow
voltage supplied to the receiver at band of beats reproduced if the pip
this particular frequency. This gives a marker is to be used. If the oscillo"dip" in the response curve like that scope response is too good, therefore,
shown in Fig. 14B. If you change the the response must be narrowed at the
resonant frequency of the absorption point where the oscilloscope is con11

you can be reasonably sure that it will
nected to the set. In this case, an inbe accurately calibrated between these
expensive oscilloscope with a reduced
response is as useful as a wide-band, points. The exact method of producing
and detecting the zero beats depends
high-quality instrument. (For other
upon the equipment you have: the
TV uses, of course, the more expensive
manufacturer of your marker generainstrument is better.)
Incidentally, the marker can be any tor will supply calibration instructions
good signal generator that covers the with the instrument.
frequencies involved, provided that it
THE OSCILLOSCOPE
is accurate in its calibration or that a
crystal calibrator is used with it. Since
The oscilloscope used for alignment
few service generators cover the right
can be any of the standard types used
frequencies, however, TV markers are
for radio receiver servicing. It must
usually bought especially for this use.
have a fairly good response down
Blanker. A third way to produce
around 60 cycles and a reasonable
a mark is to mix the marker and
sensitivity, but it need not have a
sweep signals and to ultilize the beat good high-frequency response. Of
output to produce a high negative
course, if the oscilloscope is to be used
voltage that is applied to the grid of
for other TV servicing uses, it should
the oscilloscope. In this case, the rehave a very good high-frequency response curve will be blanked out, as
sponse, high gain, and low input cashown in Fig. 14C, at the point correpacity.
sponding to the marker frequency.
The oscilloscope is absolutely necesAt the present time, blanking marksary for making a band-pass aligners are not commonly available.
ment or for checking the over-all freCalibrators. A dipper marker must quency response. However, when you
be accurately calibrated. Once this are peak-aligning stagger-tuned cirhas been done properly, the calibracuits, you can measure the output with
tion should remain accurate if the
avacuum-tube voltmeter or a20,000instrument is of reasonable quality.
ohms-per-volt multimeter (preferably
The calibration of a signal generator the former) instead of an oscilloscope.
may become inaccurate after a time,
however. If such an instrument is to
ALIGNMENT TOOLS
be used as amarker, therefore, it must
TV alignment tools are very similar
be re-calibrated frequently.
to those used in ordinary receiver
A very accurate crystal oscillator
alignment. It is important to use nonis often used for this purpose (in fact,
metallic alignment tools insofar as
some TV marker generators have such
possible, and the types with long, thin
crystal oscillators built in). The funshanks may be needed to reach some
damental and harmonic frequencies of
of the adjustments. Any special alignthe crystal can be used as calibrament tool needed for a particular set
tion points. If a5-mc. crystal is used,
can be obtained from the manufacfor example, its output will contain turer, his local distributor, or your
harmonics every 5 mc. This fact regular supply house.
makes it possible to locate points at
When you align over-coupled or
5, 10, 15, 20, 25 (etc.) mc. accurately.
band-pass circuits, it is sometimes
If you adjust the marker generator advisable to use two tools and to adso that it zero-beats accurately with just the primary and secondary of
each transformer more or less simulthe oscillator output at these points,
12

done if the set should need complete
Alignment. Once again we must caution you to follow the manufacturer's
instructions carefully.
In making a complete alignment, it
is quite common to align the sound
system first, then the video i.f., and
finally the front end. Some manufacturers, however, recommend that
the video i.f. be aligned before the
audio system. Actually, unless the
sound signal passes through one or
more of the video stages, it makes
little difference which section is
aligned first. It is wise to follow the
order suggested by the set manufacturer, however.

taneously. Of course, it is possible to
adjust first one and then the other,
but you will waste alot of time moving atool rack back and forth between
the adjustments. (Usually, one adjustment is above the chassis and the
other below.)
Now that you have a general idea
of the tools, equipment, and procedures involved in alignment of a TV
set, let's discuss the alignment of each
of the sections of a TV set. As we
said, most of the time you can remedy
alignment defects merely by readjusting one or two circuits; however we
shall give the complete procedure so
you will know just what needs to be

Video I. F. Alignment
Before we discuss the processes involved in aligning the video i.f., there
are several preliminary matters we
must take up. Let's do so now.
Obviously, you must be able to
identify each adjustment you are going to use. Unless you are quite familiar with the set, therefore, you
must have the manufacturer's layout
so that you can locate these adjustments.
Fixing the Bias. In aligning the
video i.f. amplifier, we have to consider the fact that the contrast control
(or the a.g.c. system, if the set has
one) varies the gain of the video amplifier by varying the bias on some of
the stages. The over-all response of a
group of stages depends, of course, on
their individual gains. If the gains of
some of the stages are changed, as
they will be if there is change in bias,
obviously the over-all response of the
i.f. amplifier will be greatly affected.
,F or this reason, the bias on each stage
that is to be aligned must be kept constant during the alignment procedure.

Manufacturers usually recommend
the use of amoderate bias voltage so
that the alignment will be made under
the conditions that would exist if a
reasonable local signal were being received. In sets without a.g.c., the contrast control is set to produce the desired bias, which is measured with the
aid of a vacuum-tube voltmeter. As
the alignment progresses, this voltage
is remeasured from time to time, and,
if necessary, the contrast control is reset to bring the voltage back to the
right value.
Most manufacturers of sets in which
a.g.c. is used recommend that the system be blocked either by removing a
tube in the a.g.c. chain or by connecting alarge condenser to the a.g.c. network. This condenser must make the
time constant so long that it will be
impossible for the a.g.c. to follow the
variations in output caused by the
alignment.
If a set is constructed so that the
a.g.c. system or the contrast control
cannot be adjusted to produce afixed
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voltage of the desired value, the manufacturer may recommend the use of a
bias from a separate source. Fig. 16
shows atypical arrangement. The potentiometer across the 4.5-volt battery
can be used to adjust the bias. When

here the response curve depends so
much on exact amounts of coupling
(which may vary from stage to stage)
and on precise adjustments, that the
stage-by-stage method may be recommended.
Over-all Video I.F. For over-all
alignment of the video i.f. amplifier,
the signal generator can be connected
to the grid circuit of the mixer stage
I. TO VIDEO I.F. A.G.C. BUS
or even to the antenna connections of
R.5000
the set. Although a signal fed from
the antenna will be reduced by the r.f.
Ir TO SET CHASSIS OR GROUND
stage, its level at the input to the video
i.f. amplifier may be about as high as
FIG. 16. Alignment bias source.
it would be if it were fed to the grid of
the
mixer, because the grid circuit of
such aseparate bias is used, the a.g.c.
the
mixer
may contain atrap tuned to
network or the contrast control is usually disconnected at some point. The the i.f. frequency that would reduce
manufacturer's instructions will tell the input to alow level. In such cases,
the manufacturer may give special inyou where.
structions for making 'connections in
COUPLING TO
the input tuner, because it is necessary to feed the signal through the
VIDEO I.F. STAGES
mixer to align the i.f. transformer in
An important point to remember is
its plate circuit properly.
that a signal generator can never be
Getting a simple connection to the
connected directly across atuned circircuit is sometimes a problem. In
cuit that is to be aligned. It must alsome instances, the manufacturer will
ways be decoupled from this circuit.
instruct you to make up a dummy
The simplest way of doing this is, of
tube—one with one or more pins cut
course, to connect the signal generator
off—that will provide the necessary
to a stage that is nearer the antenna
connection for the signal generator.
than the one that is being aligned. If
Another and even simpler method of
you connect your signal generator to
connection is shown in Fig. 17. There
the grid circuit of the tube ahead of
the tuned circuit you are going to will be sufficient capacitive coupling
align, for example, the tube will act as between a shield of this sort and the
adecoupler and revent the generator tube elements to transfer the signal
without greatly upsetting the circuit
from detuning the circuit.
Manufacturers
recommend
two to which the tube is connected. Of
basic approaches to video i.f. align- course, the shield must fit so snugly
ment: 1, a stage-by-stage process; that it will not slip down the tube and
and 2, an over-all technique. In a touch the chassis; if it did, the hot
stagger-tuned section, the over-all side of the signal generator output
technique is usually followed unless would be grounded.
the stages are very far out of adjustWhen you are making an over-all
ment because of excessive drift or of alignment, you can connect the output
tampering. An over-all technique will indicator to the plate load of the video
work on band-pass circuits also, but detector (or even to the output of the
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video amplifier if a modulated signal
is used.) The kind of output indicator
will depend on what you use as asignal source—if it is a standard signal
generator, as it will be when you align
a stagger-tuned i.f., you should use a
vacuum-tube voltmeter or a multimeter as the output indicator. On the
other hand, if you use a sweep signal
generator in making an over-all check
on alignment, the output indicator
should be an oscilloscope. We shall
describe the connections of these devices in more detail a little later.
Stage-by-Stage Video I.F. Alignment. There are two methods of
getting astage-by-stage alignment. In
the more popular one, the output indicator is connected to the detector
plate load, and the signal source is
moved from the last i.f. stage back
toward the converter stage, a stage
at a time. However, a few manufacturers recommend that the signal
source be connected to the converter
or to the antenna connections and
that the output indicator be moved
from the first video i.f. stage back
toward the video detector, a stage at
a time. Essentially the same results
will be obtained by either method.
You must follow the manufacturer's
instructions, however, particularly

when you align band-pass circuits,
because that is the only way you can
duplicate the curves that he shows in
his service manual.
As far as making connections is concerned, it is somewhat more difficult
to align by moving from the output
back toward the input, since you must
move both the sweep generator connections and the marker signal gen,
erator connections each time you align
a stage. Going in the other direction,
you need to move only the oscilloscope
connection, but a special coupling device consisting of a rectifier and an
R-C decoupling network must be attached to the end of the oscilloscope
cable to make it possible to use it this
way. We'll describe asimple coupling
device that can be used for this purpose a little later in this text.
CONNECTION HINTS

When you align any section of aTV
receiver, you must make sure that
good ground connections exist between
all of the pieces of equipment that are
connected together. Some manufacturers even recommend the use of a
metal-topped bench to insure good
common grounding; such a bench is
dangerous from other standpoints,
however, so you should use some other
SNUG-FITTING
means to make the ground connecTUBE SHIELD
tions. If you find at any time that
moving the cables or bringing your
hand near them causes the signal
strength to vary or the frequency to
.005 MFD
change, you do not have an adequate
ground connection between the set and
TO SWEEP
AND MARKER
SOLDER
equipment.
GENERATORS
Although all of the cables that are
commonly used for making connections have clips for grounding, these
may
prove insufficient. Pieces of
CONVERTER
TUBE
shielding braid with heavy clamps on
the ends can be used to connect various pieces of equipment together.
FiG. 17. Simple method of coupling a
You must take special precautions if
signal generator to a set.
15

any piece of your test equipment or the
set on which you are working is of the
a.c.-d.c. type that has adirect connection to the power line. If you have a
piece of a.c.-d.c. test equipment, it is
advisable to install an isolating transformer between it and the power line.
(An isolating transformer has a oneto-one turns ratio: it does not change
the voltage, but it does separate the
device from the power line.) Such a
transformer is needed when you work
on sets that use filament strings and
voltage-doubling power supplies so
that there will be no chance of short
circuits developing through your
grounding connections.
When you align aset that does not
have a series filament string, you can
leave the picture tube out if it interferes with easy handling of the set
chassis. (Leave the deflecting yokes
plugged in, however.) If the filament
of the picture tube is in series with
others in a filament string arrangement, either leave it in the set or connect a 5-watt, 10-ohm resistor across
the filament terminals of its socket to
take its place. Of course, you should
never attempt to remove the tube
while the receiver is on.
If you remove an electromagnetic
tube, you must do something to make
the high-voltage lead safe. Either
fasten this lead in a position where
you will not be able to touch its terminal and where the terminal will not
be able to touch the chassis, or make
the high-voltage supply inoperative.
The latter may be accomplished either
by removing the high-voltage rectifier
tube (or tubes) from its socket or by
removing the r.f. oscillator tube or the
horizontal output tube, depending on
what kind of power supply is used in
the set.
It is very important not to use too
strong asignal for aligning any section
of the TV set, the video i.f. in par-

ticular. If the input signal is too
strong, some of the stages will be overloaded, to such an extent that they will
act as limiters and thus produce a
false flattening in the trace of the
over-all response on the face of the
oscilloscope. The alignment cannot be
properly made under such conditions.
To prevent overloading, limit the input enough to keep the voltage across
the video detector load under 2 volts.
If you align the i.f. stages with the
signal generator connected to or ahead
of the converter, it is always possible
for the local oscillator in the receiver
to beat with the signal and thus give
a number of spurious frequency indications. If this proves annoying, you
may have to kill the local oscillator
completely by removing the tube, replacing it with adummy tube to complete the filament circuit if the set has
a series filament string. (A dummy
tube for this use is aregular tube from
which the grid and plate prongs have
been removed, leaving only the filament operative.)
Of course, if the oscillator is a section of a dual tube, you may not be
able to remove it. In such a case, it
may be practical to tune to some
channel far removed from the i.f. frequency (one of the upper channels on
the high band) so that the oscillator
frequency will be as far removed as
possible from the signal you are using.
Now let's learn how to align video ,
i.f. stages.
STAGGER ALIGNMENT
When the video i.f. amplifier uses
stagger-tuned circuits, the most usual
method of alignment is to adjust the
tuned circuits, one at a time, with
the aid of astandard.signal generator
and an output meter. The manufacturer's instructions will usually have
you start with the traps, which are adjusted to give minimum responses,
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after which you adjust the regular
tuned circuits for maximum outputs
at their resonant frequencies.
Using such a system, and of course
changing the signal generator to the
proper frequency for each alignment
adjustment you make, you can be
reasonably sure that you will get the
desired over-all results. If you have
any doubts after you have completed
the stagger-tuned alignment, you can
always use a sweep generator, a
marker, and an oscilloscope to check
the over-all response and make any
necessary corrections in it. As amatter of fact, you can use the sweep generator and the marker combination to
align these circuits in the first place by
adjusting each trimmer until the overall response is that desired for the particular set you are working on. The
difficulty with this arrangement is that
if the trimmers are far out of adjustment, you may find it very difficult to
get the proper over-all response with
maximum output. In such acase, you
will probably have to align the stages
to approximately their right frequencies before making asweep alignment.
Let us run through the adjustment
procedure you should use to align
stagger-tuned circuits, first with a
standard signal generator and an output meter, and then with asweep generator and an oscilloscope.
Standard Generator. Aligning the
video i.f. amplifier with a standard
signal generator and an output meter
is aprocess that is very similar to the
one you use to align a radio receiver.
If the circuits are not too badly out of
alignment, the signal generator may be
connected to the grid circuit of the
mixer or even to the antenna terminals
of the set.
The output meter may be either a
vacuum-tube voltmeter or a multimeter of high sensitivity. Connect it

across the load of the video detector.
You will often find that the receiver
is equipped with aconvenient terminal
on the top or rear of the chassis for
making this connection. Refer to the
manufacturer's instructions to see if
this is true of the set you are working
on.
If you are using a standard signal
generator, you can use it modulated or
not, as you wish. In either case, ad.c.
voltage will be developed across the
video detector load; measuring this
voltage with your output meter will
give your output indication.
Of
course, the proper polarity for your
output meter connections depends
upon the picture phase for which the
video detector is adjusted. If the video
detector load resistor is in its cathode
circuit (cathode to ground), connect
the negative lead of the voltmeter to
ground. If the video load is in the
plate circuit, connect the positive voltmeter lead to ground.
You can also measure the a.c. voltage produced by the modulation of the
signal generator if you wish, but since
most signal generators are modulated
only about 30% to 50%, the a.c. output voltage will be rather low.
If you are using a marker signal
generator, you may find that there are
no provisions for modulating it. In
this case, you must depend on the d.c.
indication.
You must, of course, refer to the
manufacturer's instructions to learn
exactly what frequencies each of the
traps and the tuned circuits must be
set to and in what order the stages
should be aligned. Follow this order
exactly. If you do not, you may get
two of the circuits aligned to the same
frequency, in which case feedback
may be set up, and some stage may go
into oscillation. If you make the
alignment in the proper order, the normal staggering of the tuning arrange-
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ment will prevent the resonant frequencies of the circuits from crossing
each other in this manner.
A stagger-tuned video i.f. amplifier
always has several traps, each of
which must be adjusted to the frequency specified for it in the manufacturer's instructions. To align a
trap, set the signal generator to the
proper frequency and then adjust the
trap to produce aminimum output indication.
Usually, though not always, the
manufacturer's instructions will tell
you to adjust the various traps first.
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FIG. 18. Individual and over-all responses
of a stagger-tuned i.f. section.

When you have adjusted them, proceed to align the various stages in the
specified order. To align a stage, set
the signal generator to the proper frequency and turn whatever adjustment
the stage has until you get maximum
output.
When each trap and stage has been
properly adjusted, the over-all response should have the form shown by
the broken line in Fig. 18. This response curve is the resultant of the
responses of the individual stages
(shown by the solid lines), and the
notches cut by the various traps.
The proper response curve may not
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be produced by this method of alignment, however, if there has been a
change in the bias applied to one or
more stages or if the characteristic of
some tube has changed because of
aging. Either of these causes will affect the gain of a stage; and, unless
the gains of all the stages are affected
equally, the over-all response of the i.f.
section will therefore be changed from
what it was at the time the set was
made. An incorrect response curve
may also be produced, as we pointed
out earlier, if too strong a signal is
used. You can avoid this possibility
by following the manufacturer's instructions carefully.
Oscillation. A severe misalignment
may produce oscillation. If you suspect the alignment, and have another
set like it, move all the adjusting
screws of the set on which you are
working to approximately the positions of those in the set that is working
normally; the circuits should then be
somewhere near the right adjustment
—perhaps near enough so that you car
go on to make a proper alignment. If
not, you may have to align the circuits, one at a time, by aligning the
last i.f. stage first and working back
toward the input. In such a case, it
is necessary to block the oscillation. If
the receiver has four i.f. tubes, for example, remove the third i.f. tube to
block all signals coming from stages
nearer the antenna. Then connect
your signal generator to the grid circuit of the fourth i.f. stage and align
this stage for maximum output. Next,
put the third tube back in place, remove the second tube, and connect the
signal generator to the grid of the
third tube. Progressing in this manner, you should be able to reach an adjustment that will stop the oscillation,
after which you can make the final adjustment in the proper order.
Incidentally, when a set is severely

out of alignment, a procedure of this
type may be necessary whether or not
oscillation occurs. When you are feeding a signal into the grid of one tube,
the tuned circuits that are between
the plate of the preceding tube and the
point where your signal is applied may
act as an absorption trap and reduce
the output from your signal generator
to a low level. By removing the preceding tube, you remove that tube's
capacity and so detune the circuit that
such absorption is unlikely. Of course,
any procedure that involves the removal of a tube cannot be used in a
set that has a series filament string
unless you can put adummy in place
of the one you wish to remove.
Sweep Alignment. If you want to
see the over-all response after having
aligned the circuit in the manner just
described, or if you want to align with
the sweep generator, you can connect
a sweep generator and a marker in
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place of the standard generator and
connect an oscilloscope as the output
indicator.
If the oscilloscope has an excellent
high-frequency response, the beat between the marker and the signal generator will spread over such a wide
band that it will not be practical to
use it. In such a case, the high-fre-

quency response must be reduced.
One way of doing this is to connect a
resistance of 10,000 to 25,000 ohms in
series with the hot lead going to the
oscilloscope. This will cause the cable
capacity (between the point of connection and the oscilloscope) to act
with the resistance as an R-C low-

FIG. 19. A "normal" (A) and an inverted
(B) trace of the same signal.

pass filter, thereby reducing the input
to the oscilloscope at high frequencies.
Another way to reduce the response is
to shunt the detector load with asmall
condenser. The size of such a condenser would have to be determined
by experiment if there is no recommendation in the oscilloscope instructions.
You may sometimes find that the
oscilloscope picture is upside down, as
shown in Fig. 19B, instead of having
the normal position shown in Fig. 19A.
Some oscilloscopes have a switch that
permits you to turn over the trace by
reversing the oscilloscope connections.
An upside-down picture is just as
useful for alignment as a normal one
is, so if your oscilloscope has no
phasing switch, you can use the trace,
or if you prefer, you can get the picture to turn over by inverting the picture phase, which you can do by connecting your oscilloscope to the output
of the first video stage following the
detector. If you do so, remember
that you must not short-circuit the B
supply. If your oscilloscope does not
have ablocking condenser in its input
lead, you must connect one in series
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with this lead to prevent such ashort
circuit.
The proper method of connecting
the sweep and the marker depends on
the equipment you have. If the
marker is an absorption wavemeter or
dipper, it will just be connected in the
output lead from the sweep signal generator to produce adip in the response.
If the marker is a signal generator,
however, it may be connected in parallel with the sweep generator, it may be
connected at another point in the circuit, or it may be connected directly
to the oscilloscope, depending on its
type.

near the mixer circuit. In general, you
should follow the instructions accompanying your marker and generator
combination in connecting them to a
receiver.
As a simple check on whether the
marker is properly connected, set up
the sweep signal generator and oscilloscope and get aresponse. Next, connect the marker and turn it on. The
response curve should then have the
characteristic wiggles of a pip on it,
but should otherwise be unchanged.
If it does change, either the marker
output must be reduced or the marker
must be connected at adifferent point
so that it does not upset the sweep output.
The sweep generator-marker-oscilloscope method of alignment has two
advantages: it lets you see whether
the over-all response curve has the
right shape, and lets you determine
whether the curve covers the right
frequency range. It is always possible
for the response to have exactly the
right shape but to be shifted above or
below the correct frequency range.
You can tell whether this has hap-

You may get into some trouble because the marker output may be far
higher than is necessary. If its attenuator cannot reduce the output sufficiently, you may have to include a
resistance in series with the hot lead
from the marker generator. A 100,000-ohm resistor is generally used.
Some of the newest marker signal
generators are quite different from the
kind we have already described.
These contain a built-in mixer-detector stage in which the marker signal is mixed with a small amount of
energy taken from the output of the
ADJACET
ADJACENT
sweep generator. The resulting beat
HANNEL
r«WIANNEL
output is then fed directly to the oscilPICTURE
loscope, where it is connected in parallel with the sweep output that is
coming from the set. In other words,
ADJACENT
ADJACENT
only the sweep generator signal goes
CHANNEL
CHANNEL
SOUND
PICTURE
through the receiver, but the output of
the marker unit has the necessary beat
FIG. 20. Position of carriers on aresponse
at the right point (since it is in syncurve.
chronism with the sweep) to indicate
the frequencies on the curve shown by poned by using your marker to locate
the oscilloscope. Instruments of this various frequencies—such as the carkind have crystal calibrators built in rier frequencies—whose relationship
them for checking the marker gener- to the curve is known. Fig. 20 shows
ator alignment from time to time.
where the various carriers are supSome servicemen couple a marker posed to occur in many sets. If you
generator to a receiver capacitively
find, with the aid of your marker, that
simply by placing the marker lead
the picture carrier is not half-way
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down the slope of the response, you
know at once that the response curve
does not have the frequency range it
should have. The manufacturer's instructions will show you where the
various carriers should be with respect
(1N34)
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FIG. 21. Schematic of a crystal detector
probe.

to the response curve for the set you
are interested in.
BAND-PASS ALIGNMENT
Two basic kinds of band-pass circuits are used in video i.f. stages. In
one, each circuit covers practically
the full band width, in the other, the
circuits are band passed but are also
somewhat stagger tuned in their arrangement.
It is sometimes possible to align
either kind of band-pass circuit fairly
well with a standard signal generator
(we will show you how later on). It
is far better, however, to use a sweep
generator and an oscilloscope for the
purpose.
Band-pass circuits, because they are
overcoupled, are critical in their adjustment. It is very easy to get them
out of adjustment so that the response
curve is lopsided or consists of two
widely separated peaks having a valley between them. The best way to
avoid such difficulties is to adjust the
primary and secondary simultaneously
on each transformer as you move
along.
As we have pointed out, there are
two basic ways in which you can make
the alignment. One is to connect the
oscilloscope to the detector load and
then move the sweep generator and

marker back astage at atime toward
the input. The other is to connect the
marker and sweep generator to the
converter stage and move the oscilloscope from the input toward the output, a stage at a time. In the latter
case, the oscilloscope must be connected to the set through a rectifier
and decoupling network like that
shown in Fig. 21. You can buy such a
coupling unit made up in an enlarged
probe, or you can make one if you are
careful to arrange it to take a minimum of space.
No matter which way you move
through the video i.f. amplifier in a
stage-by-stage alignment, you must
have the manufacturer's instructions
so that you will know what response
curves you should see for the various
groupings of the stages that you have.
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FIG. 22. Partial and over-all responses of
a band-pass i.f. section.

That is, you will need to know what
the response curve for one stage alone
looks like, then what shape the curve
for two should have, and so on.
A typical example of such curves
is shown in Fig. 22. Part A of this
figure shows the curve for one stage
(the output stage) ;B, that for two
stages; C, for three; and D, the overall response. Notice that the other
curves do not closely resemble the one
showing the over-all response.
It may be possible to make an over21

all alignment adjustment of a bandpass i.f. when the trimmers are not
very far out and when the coupling
need not be disturbed. If the coupling
has to be adjusted, however, the
'proper pass-band shape can usually
be obtained only by making a stageby-stage adjustment.
Notice that the various marker positions are very carefully indicated in
Fig. 22. It is quite important to make
sure that the various points on the response curve occur at the right frequencies.
If you do not have a sweep signal
generator, you may be able to use
the method shown in Fig. 23 to align
a stage in which an over-coupled
transformer is used. A load resistor of
the size recommended by the manufacturer (usually 1000 ohms or less)
is connected across one of the circuits;
then the other is aligned. Next, the
resistor is moved to the other circuit,
and the circuit across which it was
first placed is aligned. As shown in
Fig. 23A, for example, aresistor is used
to load the primary, and the secondary
is tuned to resonance. Then, as shown
in Fig. 23B, the resistor is moved to
the secondary, and the primary is
tuned to resonance. When the resistor
is removed from both windings, the
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over-coupling that will be present
without the resistor should give the/
band-pass response shown in Fig. 23C.
INTERCARRIER RECEIVERS
Receivers that use the intercarrier
method of obtaining the sound may
either be stagger tuned or have bandpass circuits. The alignment procedures for these sets are quite similar
to those that we have just described.
One difference is that you seldom align
the sound i.f. amplifier of a conventional set unless it actually needs it,
whereas it is customary to align the
sound i.f. amplifier of an intercarricr
set as amatter of course before aligning the video i.f. amplifier. About the
only difference between the two kinds
of sets in the alignment of the video
i.f. amplifier is that you want to get
an over-all response curve in an intercarrier set that is somewhat different
from the one you want in a conventional set, since the video i.f. amplifier of the former must pass at least a
small portion of the sound carrier.
In general, the over-all video response curve of an intercarrier set is
more symmetrical on the two side›--)
than that of a conventional set is. If
there are any traps for the accompanying sound signal, they will not
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FIG. 23. Method of aligning a band-pass i.f. Section with a non-sweeping generator.
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have the high Q of those used in conventional sets or will be detuned sufficiently to permit a certain amount
of the sound carrier to go through.
Once again, you should follow the
manufacturer's instructions concerning the exact order of the trimmer adjustments and the response curves that
should be obtained.
Grain Traps. A grain trap is commonly used in an intercarrier set at
the point of sound take-off (and sometimes also in any following video
stage) to remove the 4.5-mc. beat
from the picture signal before it is
\`' applied to the picture tube. Such traps
--E""i,re also used in some conventional
sets.
The adjustment of a grain trap is
quite simple. Just apply a4.5-mc, signal to the first video amplifier, then
adjust the trap until a minimum

amount of grain is visible on the picture tube of the set. If you prefer, you
can connect an oscilloscope having a
rectifying probe to the output of the
video amplifier and adjust the trap
for minimum signal on the oscilloscope. This adjustment must be made
with the contrast control in its maximum position if the contrast control is
located in the video amplifier. If the
contrast control is located in the video
i.f. amplifier, its setting is immaterial,
unless you are watching a picture on
the picture tube to determine when the
grain is minimized instead of using a
signal generator.
Although this trap is in the video
amplifier, not in the video i.f. amplifier, we have included its adjustment
here because it is usually adjusted
after the video i.f. amplifier has been
aligned.

Sound I. F. Alignment
The sound i.f. section of a TV receiver is aligned in just the same way
that the i.f. section of an f.m. radio is.
We shall sketch the method briefly
here; full details were given earlier in
your Course.
The sound i.f. amplifier itself consists of from 1to perhaps 3stages that
are tuned to the sound i.f. frequency.
In an intercarrier receiver, this frequency is 4.5 megacycles. In a conventional set, this frequency is 4.5
megacycles below whatever the video
i.f. carrier frequency may be.
Although these amplifier stages
may be coupled by semi-band-pass
circuits, the pass band is usually narrow enough for them to be peak
aligned. Therefore, you can use either
a signal generator and avacuum-tube
voltmeter (peak alignment) or asweep
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signal generator, a marker, and an
oscilloscope (sweep alignment).
You must connect your signal generator to some point ahead of the
place where the sound signal is taken
off. In a conventional set, a logical
place is at the grid of the mixer-converter. In an intercarrier set, you can
feed the signal in anywhere in the
video amplifier ahead of the sound
take-off.
The point to which you should connect your output indicator depends
upon whether the set uses a limiterdiscriminator or a ratio detector.
If the set uses a limiter, it is considered best to adjust the sound i.f.
circuits for a maximum indication
across the grid resistor of the limiter,
so that is the logical place to connect
your vacuum-tube voltmeter or oscil-

loseope. If you use an oscilloscope,
connect adecoupling resistor of about
50,000 ohms in series with the hot
lead to prevent the input of the oscilloscope from affecting the time constant of the limiter circuit too much.
After the circuits up to the input
of the limiter have been adjusted for
maximum response, you must move
your output indicator to the output of
the discriminator. At that time, you
can make the proper adjustment of
the transformer that connects the
limiter to the discriminator. We shall
say more about this adjustment in a
moment.
A set that uses aratio detector has
no limiter stage (or has only partial
limiting). In such a set, the proper
place to put the output indicator is
across the ratio circuit, as we shall
show. Once again, the purpose of the
adjustment is to produce maximum
output.

do not go too far. If you suspect that
you have, reverse the test leads and
see if you get areading. If you do, readjust the secondary slightly. You
will have gotten the right adjustment
when the reading remains as near zero
as possible when you reverse the leads.
The output meter connections for
this adjustment depend on the type of
detector circuit. If the set uses the
standard discriminator circuit shown
in Fig. 24, connect the v.t.v.m. between
point Y and ground, and adjust the
primary trimmer CI until you get a
maximum reading. Then connect the
v.t.v.m. between point X and ground,
and adjust the secondary trimmer C2

F.M. DETECTOR ALIGNMENT
Although it is possible to adjust a
discriminator or a ratio detector with
a signal generator and an output
meter, it is better to use asweep signal generator and an oscilloscope.
We'll describe both methods.
Peak Adjustment. The transformer that feeds the f.m. detector
must be very carefully adjusted if
best results are to be obtained. You
must first set the signal generator to
produce the sound i.f. center frequency, then tune the primary to obtain maximum output, and then tune
the secondary to get aminimum output. Be careful in adjusting the secondary---a slight misadjustment beyond the correct point will cause areversal of the polarity of the output
voltage. Since many vacuum-tube
voltmeters will not indicate areversed
voltage, you have to be careful in approaching zero output to be sure you
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FIG. 24. Output meter connection points
in a standard discriminator circuit.

until you get aminimum output. You
may have to go back and forth, repeating each adjustment one or more
times, because of interlocking between
these circuits.
When the ratio detector is used, the
connections will depend on the design
of the circuit. In the balanced detector
shown in Fig. 25, there is a centertapped resistor network across the
charge-storing condenser C3.Connect
the v.t.v.m. between point Y and
ground to align the primary for maximum output, and connect it between
point X and ground to align the secondary for minimum output. You
should also connect it between point Y
and ground for use as an output meter
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when you align the preceding i.f. amplifier circuits. These circuits should
be adjusted to produce maximum output when the v.t.v.m. is connected in
this manner.
The ratio detector shown in Fig. 26
is unbalanced. When you align this

FIG. 25. Output meter connection points
in a balanced ratio detector circuit.

This peak adjustment procedure
does not necessarily give asymmetrical
response curve. For this reason, sweep
alignment (which does give a symmetrical curve) is preferred.
Sweep Alignment. When you use
a sweep signal generator, you must
connect the oscilloscope to the point in
the output circuit of the discriminator
to which the audio frequency take-off
lead is connected. You will then get
an "S" curve somewhat like that in
Fig. 27A if the oscilloscope is swept
from the sweep generator. If the
sweep generator furnishes async voltage instead of a sweep voltage to the
oscilloscope, you can get the double
response curve shown in Fig. 27D by
reducing the horizontal sweep frequency to one-half that of the sweep
generator. This pattern is sometimes
useful in obtaining perfect balance in
the discriminator response, because it
is easier to determine whether the two
sections of the double "S" curve are

kind of detector, you should connect
the v.t.v.m. between X and ground to
align the primary circuit L1-01 and
the preceding i.f. amplifier circuits to
produce maximum output, just as you
do when you align abalanced detector.
To adjust the secondary circuit L2C2, however, you must establish an
artificial balance point, because the
load resistor R, has no center tap. To
do so, connect two resistors of about
100,000 ohms (R 2 and R2) across R1
as shown. These resistors should have
the same resistance within 5%. Then FIG. 26. Output meter connection points
connect the v.t.v.m. between the junc- in an unbalanced ratio detector circuit.
tion point W and point Y, and adjust
alike than it is to compare halves of a
the secondary to get a minimum
single curve.
reading.
You should use amarker signal genNotice that two core adjusters are
erator to determine the exact midindicated for L2 in Fig. 26. These are
provided so that the secondary can be point of the S curve (point 1 in Fig.
adjusted to feed the proper signal to 27A). This marker should be modulated by an audio tone. If the marker
each diode. Adjust them simultaneis not modulated, the pip it produces
ously for minimum output between W
will be visible if it occurs near one of
and Y.
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the peaks of the discriminator curve tally, this is practically the only case
(at point 2in Fig. 27B, for example), in TV alignment in which it is desirabut it will not be easily visible if it ble to modulate amarker.
occurs at the midpoint of the Scurve.
As you adjust the secondary of the
If the marker signal generator is mod- discriminator transformer, you will
ulated by an audio tone, however, a move the S curve from side to side.
series of beats will show up on either When the transformer is properly adjusted, the positive and negative peaks
should be equally distant from the reference line, the S curve should be
straight between the two peaks, and
the frequency separation of the two
peaks should be what the manufacturer recommends. This separation
(which represents the pass band of the
discriminator) may be anywhere from
200 to 500 kc., depending on the set.
Use your marker to determine exactly
where these peaks occur.
You should align the sound system
as accurately as the video section. If
you happen to align the sound system
FIG. 27. The text describes the use of
these curves in aligning a discriminator.
to the wrong center frequency, the
points of best picture and best sound
side of the S curve, as shown in Fig. may not be at the same setting of the
27C, except when the marker is tuned fine tuning control. If it is necessary
exactly to the midpoint of the curve. to make any great change in the alignIn other words, as long as the beat ment of the sound circuits, and the
pattern appears outside the S curve, set uses automatic frequency control
the marker frequency is not the same
(a.f.c.), it may be necessary to reas the center frequency of the Scurve.
adjust the oscillator as well to make it
The beats will disappear when the two possible for the a.f.c. system to mainfrequencies are the same. Inciden- tain control.

Front End Alignment
Because it drifts so much, the oscillator circuit needs re-alignment more
frequently than does any other TV
circuit. The fine tuning control or the
a.f.c. system used in most sets has a
wide enough range to compensate for
a rather large drift. Sooner or later
the drift will exceed the adjustment
range of these compensators, however,
and then the oscillator alignment must
be touched up.
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It may also be necessary to realign the oscillator if the oscillator
tube burns out, because the interelectrode capacities of this tube affect the
tuning, and areplacement tube is very
unlikely to have exactly the same capacities. Before you make the realignment, however, you should try a
number of different tubes to see if you
can find one that is exactly right. If
you are not lucky enough to find such

atube, use the we that comes nearest
to being right so that a minimum of
readjusting will be necessary.
Once again, you should be guided by
the instructions furnished by the manufacturer of the set. In some sets, the
oscillator circuits are entirely independent of each other, which makes
it possible for you to re-align only the
channel or channels that are improperly adjusted. More commonly, however, the oscillator coils for the various
channels are in series, which means
that adjusting one channel will affect
the adjustments of all of the channels
having lower frequencies. If you realign channel 9, for example, you will
find that the adjustments for stations
on channels 7, 5, and 4 will be off.
When you re-align the front end of a
set in which the oscillator coils are in
series, therefore, you must align all
channels, starting at the highest-frequency channel and working downward.
A skilled serviceman may be able
to find a reasonably good adjustment
by using the stations themselves as
signal sources. In general, however, it
is best to use astandard signal source
of considerable accuracy for this purpose.
Getting accuracy at such high frequencies is not easy. For this reason,
the most practical signal generator for
TV front-end alignment consists of a
crystal-controlled oscillator having
separate crystals for each channel. It
is possible to connect such an instrument to the input of the set and to adjust the oscillator, channel by channel,
for maximum output. Then, if necessary, you can make a final touch-up
adjustment by using the available stations as signal sources on the stations
themselves.
When you adjust the oscillator, you
must set the fine tuning control somewhere near the middle of its range.

If the set uses a.f.c., you must disable
the a.f.c. circuit temporarily in the
manner recommended by the set manufacturer.
R.F. ALIGNMENT
The r.f. circuits of the average input
tuner are rarely adjustable. In general, the original adjustment that was
made at the factory was made by
spacing the coil turns and by making
other physical adjustments to give the
proper band-pass response. Factory
equipment must ordinarily be used to
re-adjust such circuits. If the r.f. end
is badly out of alignment for any reason (a very rare occurrence), you
should remove it and return it to the
factory for re-adjustment.
There are usually one or two adjustments, however, that can be made
in the r.f. section. These usually consist of adjustments for channels 6and
13, the highest channels in the two
bands. If there are local stations on
these channels, it is usually possible
to set each of these adjustments correctly by turning it to produce maximum output with the set tuned to the
appropriate station. Use a v.t.v.m.
across the load of the video detector
to measure the output. If there are
no local stations on these channels,
you can use a signal generator to furnish the necessary input signal.
A disadvantage of this maximumoutput method of aligning the front
end is that it may upset the band-pass
characteristics of the receiver. It is
therefore a good idea to check the response with a sweep signal generator
after making a maximum-output adjustment. You can check the response
on all channels this way. If you want
to see what the r.f. band-pass characteristic looks like, connect your oscilloscope with a crystal detector
probe to the output of the mixer circuit. If you want to check the over-all
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response instead, connect your oscilloscope to the video detector' output ;the
resulting characteristic curve will include the response of the r.f. circuit
and of the video i.f. amplifier as well.
Of course, make sure that the video i.f.
amplifier is properly aligned before
making this latter check.
Should you ever check the response
of a TV receiver in this manner, you
may be surprised to see how much
difference there is in the responses that
are obtained on the different channels.
Don't worry about such differences as
long as the responses are within the
tolerances specified by the manufacturer. As ageneral rule, you will find
that the tuned circuits for the upperfrequency channels are far wider and
give lower outputs than do those for
the lower channels, because most manufacturers find it impossible to prevent
the Q of atuned circuit from decreasing as the frequency to which it is
tuned increases.
R.F. TRAPS
There may be several adjustable
traps associated with afront end. For
example, there is often an i.f. trap
associated with the grid circuit of the
mixer. To adjust such atrap, connect
a signal generator or marker to the
antenna terminals, tune the generator
to the video i.f., and adjust the trap
to produce a minimum output across
the load of the video detector.
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There may be other traps that are
intended to eliminate interfering signals, such as those from f.m. stations.
If you wish to use such a trap to
eliminate an interference having a
known frequency, you can use asignal
generator to supply a signal of that
frequency while you adjust the trap
for a minimum output. If you do not
know the frequency of the interference
you want to eliminate, wait until the
interference is present, then tune the
trap through its range to see if it has
any effect on the picture as far as the
interference is concerned.
We have advised you many times in
this Lesson to follow the manufacturer's instructions. This applies both
to the instructions for the receiver you
are working on and to those that accompany your servicing equipment.
You will find a number of important
hints for speeding up your alignment
work and for carrying it out in the
proper order given in these manuals. If you follow the set manufacturer's instructions faithfully and use
your test equipment as it is supposed
to be used, you should have little difficulty in getting the desired alignment.
Most of this text has been devoted
to the video i.f. stages because we
wanted to give the methods of sweep
and stagger-tuning alignment in detail. Much of this information also
applies to the alignment of the sound
i.f. stages and of the front end.

Lesson Questions
Be sure to number your Answer Sheet 65R11-4.
Place your Student Number on every Answer Sheet.
Send in your set of answers for this Lesson immediately after you
finish them, as instructed in the Study Schedule. This will give you the
greatest possible benefit from our speedy personal grading service.
1. If, after focusing a receiver properly, you find that the lines in the
vertical wedges of a standard test pattern blend together short of their
ends, in what respect is the receiver deficient?
2. If, after focusing a receiver properly, you find that the lines in the
horizontal wedges of astandard test pattern are gray while those in the
vertical wedges are black, in what respect is the receiver deficient?
3. What is the purpose of the "phasing" control that is found on sweep
generators that are swept sinusoidally?
4. Why is it necessary to reduce the frequency response of a wide-range
oscilloscope to use it with a marker generator for alignment?
5. What will happen if the bias on the stages being aligned is not kept
constant during alignment?
8. Why is it desirable to connect your signal generator to the grid circuit
of the tube ahead of the tuned circuit you are going to align?
7. If you find that moving the cables that connect your test instruments to
the set that you are aligning causes the signal strength to change, what
is the matter?
8. What may happen if too strong asignal is used in aligning the video i.f.
section?
9. In what way does the video i.f. response for an intercanier set differ
from that of astandard set?
10. Where are grain traps used in an intercanier TV set?

Be sure to fill out a Lesson Label and send ft along with your answers.
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COMMENCEMENT-AND
YOUR FUTURE
This is your last regular Lesson in the NR! Course.
With it, you have received a thorough basic training
in Radio, Electronics, and Television. But more than
this, you llave learned to think for yourself; you have
acquired the ability to locate and use printed information which has been prepared by others; you have
learned to answer questions precisely, briefly, and
clearly—you have learned to do exactly the type of
work which leaders of men must do to gain their
successes.
With all these added qualifications, new developments in your chosen field should be no obstacle;
you are equipped to keep in step with future developments.
It has been a real thrill for me to watch your
progress through this Course, to see you tackle and
hurdle even the toughest Lessons in the Course. My
admiration — my heartiest congratulations — my
wishes for happiness and speedy success go to you—
a man who will not quit when new problems arise!
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NATIONA „RADIO INSTITUTE
WASHINGTON, D. C.
ESTABLISHED 1914 ed'ei

IMPORTANT
Instructions in How to Use This Reference Book
This reference book is divided into four parts: A, an index of
radio receiver troubles under the usual symptoms (effects), under
which are listed the probable causes; B, a discussion of general
defects and tests; C, a section devoted to general troubles of receivers, their cause and remedy; and D, asection on receiver alignment and balancing.
In using this text as a means of shooting trouble, refer to the
index. The main headings give the symptoms or other obvious
results of adefect. For example: Receiver squeals, howls, or putputs; hums, smokes, etc. After you locate the proper section according to the defects you observe, you will find alist of probable
causes. The causes listed should indicate to you some part or connection to check. In the beginning all the references given should
be studied. In trouble shooting, select first the causes you think
most likely to give the trouble i
n the receiver you are servicing.
After most of the probable causes you will see anumber followed
by a letter. The number refers you to the section; the letter to
the paragraph in that section.
If incorrect alignment or an unbalance is given as the cause of
trouble the proper procedure for realigning or balancing areceiver
is given in the section on alignment.
You should carefully read the sections on general defects and
tests, general receiver troubles, and alignment and balancing, so
you will be familiar with the contents. Select any section that interests you. Read especially section 22, "Voltage and current
measurements as an aid in locating the defect."
When reference is not made in the index to an explanation in
the following selections the information in the index is sufficient
to indicate what is to be done. For example: The customer complains that: "Stations are not received at the proper points on the
dial." Referring to the index the probable cause "Dial slipped on
condenser's shaft" fits this case. No further instructions are
needed, as the cause itself is an indication of what you should do—
reset the dial and tighten the set screw.
Remember, this reference text will be more and more helpful as
you study and learn more about radio and radio receivers.
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A: INDEX OF RADIO RECEIVER TROUBLES BY EFFECTS
OBSERVED, FOLLOWED BY PROBABLE CAUSE
BALLAST GETS TOO HOT OR
BURNS OUT
Shows White Heat or is Too Hot to Touch

2
1
1

Natural Condition; 2:0
Ground or Short in Filter System; Ma
Filter Condenser Shorted; 18a, 14f, 14h
Choke Coil Grounded; 17c, 31a
Shorted Rectifier Tube; 6b, 43e, 43g
Power Transformer Defective; 17d
Shorted Line Filter Condenser in Power
Transformer Primary Circuit; 13a, 36b
Selecting the Proper Ballast; 9a, 9e
Incorrect Ballast; 9b
Burned out pilot lamp; 7d
Short-circuited filament circuit; 4a, 4b
BROAD TUNING
Several Conditions Arise. Condition A. Receiver Tunes Broad on Local or Semi-Local
Stations; But is normal in other respects;
Condition B. Receiver Broader Than Usual
and "Pep" of Receiver Gone; Finally, Condition C, Tunes Broad and Only Local and
Semi-Local Stations Received.
The Ability of the Receiver Must Be Carefully Borne in Mind in Judging a Condition
of Broad Tuning. Read 28n. When the Defect
Causing Broad Tuning is Not Readily Fixed,
or Has no Appreciable Effect When Fixed,
the Worst Offender May Be Suppressed With
a Wave Trap.

Storage Battery Charge Low; 21e
"B" Batteries Run Down; 21i
Low Line Voltage; 30c
Open or Shorted Bypass Condenser; 12a,
12b, 12c, 13a
Weak Tubes; 6b
Shields Not Firmly in Place, or a Good
Chassis to Shield Contact Does Not Exist;
19a, 3f, 20d
Condition C: Usually Due to no Supply
Voltage to Some Stage, or an Open
Circuit:
Dead or Defective Tube; 6f, 6a
No Plate Voltage on an R. F. Tube; study
section 22
Open Grid Circuit; 1d
Variable Condensers Partially or Totally
Shorted in Some Section; 15g
Control Grid Clip Loose, Corroded or
Grounded; 3f, 5c
See Causes Creating Condition B.
CONDENSERS LEAK WAX
Poor Ventilation; 26g
Condensers Leaky; 13a, 12e
Defective Condenser; 13e, 12c
Voltage Rating of Condenser Used Too Low;
11c, 26g
Excessive Wax Used in Manufacture; No
Harm Done
CONDENSERS HISS OR SIZZLE
Sound

Condition A: Usually a Natural Condition:
Inexpensive Receiver, Broad Tuning Normal; 23d, 23e
Too Close to Local Stations; 28e
Antenna Too Long; 29d
Station Tuning Broad is Unusually Powerful; 28e
Grid Leak-Grid Condenser Type Detector;
28n
Condition B: Generally Due to High Resistance in Signal Circuit or Abnormal Tube
Operation:
Loose and High Resistance Connections;
3a, 8d, 5a to 5f
High Resistance in Grid Circuit; 5a to 5f
Poor Tube Prong to Socket Contact; 8f
Improper R.F. Alignment; 45f, 45i
I.F. Stage Improperly Aligned; 45g to 45k
Return Signal Circuit Leads Not Grounded;
1f, 1d
Grid and Plate Leads Out of Place; do not
try to correct, pep up receiver
No Ground to Receiver; check
Variable Condensers Dirty; 16b
Ineffective or Defective Volume Control;
10a

Coming Directly From Electrolytic
Condenser

Loudspeaker Cable Not Plugged or Connected to the Main Chassis; 145
Excessive Voltage Across Electrolytic Condenser. (Producible by Any Defect or
Open in the Receiver Which Will Cause
Excessive Voltage at This Filter Condenser). 145
Condenser Defective or Not Used for Some
Time i
•14k
Electrolytic Condenser Improperly Connected; 14i
Electrolytic Condenser Incompletely
Formed; 14k
DEAD SPOTS SHORT WAVE
CONVERTER
Reception Peculiar to Short Wave Bands;
25a to 25k
Incorrect Receiver Adjustment; 25c
Oscillator Not Working; section 40
Shorted Tuning Condenser; 15g
Incorrect Coil Plugged in (plug-in coila
used).
1

INDEX-1

Out and Reception
Distorted.

DEAD SPOTS, ONE BAND OF
ALL-WAVE RECEIVER
Switching Arrangement Defective; 18b, 18c
Improper Matching in All-Wave Antenna
System; 29e
Oscillator Tube Fails to Oscillate; section 40
Oscillator Cathode Resistor Open or Too
High; 8d
Reception Peculiar in Short Wave Band;
section 25
Ability of Receiver Over-Estimated; 23f
All-Wave Antenna Not Used; 291, 23f

Gets

Muffled

or

A Natural Receiving Condition; 25i
Aerial Swaying; 29g
Power Line Voltage Varying; 30e
A.V.C. Tube Improperly Chosen; 6h
FADING OR INTERMITTENT
RECEPTION
When

Local

as Well

as

Distant

Stations

Come in and Fade Out or Come In and Grow
Weak Alternately; or the Receiver Plays and
Cuts Off to Come Back Almost Immediately

DEAD SPOTS, SEVERAL BANDS OF
ALL-WAVE RECEIVER

or Not at all, or by Tapping the Chassis or
Touching Some Part or Snapping Power Switch
—A Circuit or Part Defect is Indicated.
eral Conditions Arise.

Defective Switching; 18b, 18e
Oscillator Tube Fails to Oscillate; section 40
Oscillator Cathode Resistor Open or Too
High; 8d
DEAD SPOTS

Sev-

Condition A: Unstable Circuit in Oscillator
or A.V.C. controlled stage, Tube Starts
and Stops.
Gassy Tube; 6c, 6d, 6h, 41a
Tube Overloads and Blocks; 37b
Condition B: Thermostatic Connection Of
Joint Appears After Receiver Heats Up
Resulting in Fading or Intermittent Reception—Has a Definite Time Period
Any Connection or Part Defective; read
section 1
Tube With Thermostatic Joint; 3i
Condition C: Opens, Shorts, High Resistance Connections Plus Vibration, Condensers Are a Very Common Source of
This Trouble
Poor Connecting Joints in Antenna System;
29b, 29f, 29s
Poor Tube Prong and Socket Contacts; 3f
Coupling Condensers Defective; 12a
Condenser Defects a Common Source of
Trouble; sections 12, 13, 14
Resistor Defective; 8d
Transformer or Coil Defective; section 16
Volume Control Defective; 10a
Dirt or Metal Flakes in Tuning Condenser;
15b
Corroded or Poorly Soldered Connections;
3d, 5c
Improper Wiping or Pressure Contacts; Sc
Loose Trimmer or Adjustable Parts; 20d,
15f
Condition D: Normal Defects
Weak A, B, and C Batteries; section 21
Defective Copper Oxide Rectifier Elements; 38b
Rectifier Tube With Low Emission; 6b

Receiver Ineffective at Some Tuning Points,
Normal Otherwise

Natural Condition for Your Locality; 25i
Oscillator Cuts Off at Some Tuning Point;
section 40
Poor Connection Between Tuning Condenser Rotors and Chassis; 15e
Shorts Between Tuning Condenser Plates at
Some Tuning Points; 15b
Improper Alignment of R.F. Stages; 45e
Preselect or and Oscillator do not Track; 40d
Regeneration at Dead Spot; 32f to 32j
Primary to Secondary Sensitivity Equalizing System in R.F. Transformer Open; /c
DISTANT RECEPTION POOR
See Sections on "Signals Weak"

Reception Peculiar in Short Wave Bands;
read section 25
Natural in small sets; 23d
FUSE BLOWS
Defective or Gassy Rectifier Tube; 43d
Defective Power Tube; 6e
A Power Line Wiring Ground to the Chassis; 4b
A Defective Power Transformer; section 17
Line Voltage D.C. Instead of AC.; 30a
Defective Electrolytic Condenser; 14f to 14k
Short or Ground Filter Circuit
Defective Line Switch; 18a, 30g
Defective Filter Condenser Across Power
Transformer Primary; 13a, 36b
Pitted or Dirty Vibrator Points; 44b, 44d

GROUND CONNECTION,
SPARKING AT

FADING, DISTANT STATIONS ONLY

Natural Condition; 24d

Far Distant Stations Get Louder and Weak,
Alternately, or When Normally Set to Average
Sound Volume Gets Weaker or Fades Out and

HUM, BATTERY RECEIVERS
Condition A: Tunable Hum, Tubes or R.F,
Stages Capable of Modulation

Then Gets Normal Again Repeatedly. Stations
50 to 150 Miles Away Alternately Fade in and

INDEX-2

Also

2

Aerial Close to High Voltage A.C. Wire;
35f
Improper Ground; 35f
Induction Into Circuits from Nearby A.C.
Lines; 351
Condition B: Direct Hum Pick-up
A.C. Lead Near a Sensitive Detector; 35f
Direct Pick-up by Audio Stage; 35f
HUM, A. C. RECEIVERS
Hum That is Heard From the Loudspeaker at
All Times

Condition A: Ineffective or Defective Filters and Power Supply
Defective Rectifier Tube; 31a, 6b
Improperly Grounded Filament Circuits;
lc, 30k
Open Filament Mid-tap Resistor; 8f
Defective or Open Filter Condenser; 32f
Open or Shorted Bypass Condenser; sections 12, 13, 14
Resistor-Capacitor Supply Lead Filter Defective or Ineffective; sections 12, 13, 14
Grid Bias Resistor Condenser, Open or
Inadequate; 12a
Conductive Coupling Between Circuits; 51
Grounded or Shorted Filter Choke; 31c, 31d
Power Transformer Turns Shorted; 17d
Power Transformer Secondary Voltages
Not Electrically Center Tapped; 17e
A.C. Power Plug Reversed; 30h
Loudspeaker Field Coil Defective; 38a
Condition B: Low Voltage, Old Tube and
More Circuit Defects
Open Grid Circuit; ld
Open Antenna Choke; lg
Grounded A.F. Transformer; 16e
Ground Post Not Secure to Chassis; 3e
Grounded or Open: Choke Coil, Resistor or
Plate Circuit; section 1
Volume Control Defective; 10e, id
Lack of Ground on Iron Core Coils and
Transformers; add connections
Open in Ground System; id
Open R.F. Transformer Secondary; lg
Loose Connections; 3d
Incorrect Voltages; section 22
Tubes Weak or Defective; 6b
Gassy Power Tube; 6b, 6c
Cathode to Heater Leakage in Tube; 6b
Resistor Grounded, Open or Defective; section 8, lc
Condition C: Circuit or Tubes Out of
Balance
Unmatched Power Tubes; 6j
Over Sensitive Detector Tube; 6b
R.F. Tube Oscillating; 32f to 32i
Neutralization Adjustments Out of Balance; 32d, 45d
Hum Adjuster Defective or Out of Adjustment; 35g
3

Hum Bucking Coil or Other Loudspeaker
Hum Balancers Out of Adjustment or
Defective; 35g, lc
One Half of a Full Wave Rectifier Tube
Defective or Weak; 6/
Special Conditions and References
Normal Hum Amplified by Room or Cabinet Resonance Effects; 39a, 39b
Localizing Hum, Procedure; section 35
Minimizing Hum by Baffle Adjustment;
351
A.C. Operated Loudspeaker in Which: Defective Rectifier, Defective Filter Condenser or None Used; 38g, 14c, 141
See Hum, Battery Receivers
HUM IN UNIVERSAL RECEIVERS
Only When Used on A.C.

Defective
Defective
12, 13
Defective
Defective
12

Filter System; section 31
Filter Condensers; sections 11,
Tube; 6b
Bypass Condenser; sections 11,

HUM RESONANT OR TUNABLE
Hum From Loudspeaker Only When Tuned to
A Broadcast Station or Its Carrier

Open Control Grid Return; id
R.F. Stages Oscillating; 32d to 32j
Defective or Weak Tube; 6b
Defective Cathode Bypass Condenser; 12e,
13a
R.F. Filament Improperly Center Tapped;
8f, 30m, 30n, 17e
R.F. Bias Resistor Incorrect Value; section
22
Resonant Effect in Room; 39e, 39c
Cathode-Heater Leak in Tube; 6b
Incorrect Screen Grid or Pentode Tube
Used; 28f
R.F. Plate Voltage Too Low; section 22
Receiver With Choke or Resistor Aperiodic
Input Hum Readily on Locals; Use Wave
Trap
Any Defect in the R.F. Section Which
Would Create Normal Hum (See "Hum
in A.C. Receiver")
HUM FROM PARTS
How to Identify; 35e
Loose Laminations on Transformer; 35e
Loose Parts, 35e
Resonant Condition of Cabinet or Room;
39e
NOISE, CODE INTERFERENCE
Can be Tuned; 28i
Cannot be Tuned: 281
INDEX-3

in Antenna or Ground Systems; 29b, 290
to 293
Partially Grounded Lead-in or Antenna;
29f
A.C. Plug Prongs or Cable Connection to
it Loose; 36e
Lightning Arrester Defective; 29k
Improper Emergency House Line Fuse; 36g
Two or More Sets on Same Aerial, Other
Receiver Defective; 29n
Poor Connections to Electrical Outlets in
House; 36f
Autos and Trucks Interfering in Short Wave
Band; 27e
Noise Entering Through Power Line; 36b
Inter-Station Noise (AVC Receivers); 41b;
23i
Importance of Noise-Reducing Antenna;
36e, 36d, 29e

NOISE INTERNAL, WHEN RECEIVER
IS ADJUSTED
Plates of Tuning Condensers Short; 15b
Defective Pig-Tail Connections or Bearing
Contacts on Variable Condenser; 15e
Dirt or Flakes in Variable Condenser; 15b
Any Wire or Part Having a Poor Connection Disturbed Mechanically When Set is
Tuned: 20d
Volume or Tone Control Defective; section
10
Power or Band Selector Switch Defective;
section 18
Any Manual Control Defective; 20d
NOISE, INTERNAL
Station Tuned In, No Part Touched or Adjusted, and Hiss, Scratches, Rattles and Racket
Noises Heard.

NOISE, MECHANICAL

Test for Internal Noise; 36a, b, and c
Loose or Poorly Soldered Connections; section 3
Poor or Corroded Ground Connedions;
section 5
Tubes, Noisy, Defective; 6g
Natural Circuit Noise; 23h, 23i
Leaky Fixed Condenser; 12d
Defective Resistor Across Secondary Terminals of Audio Transformer; 12d
Defective Loudspeaker Cord or Cable Resistances, Defective; section 8
Power Transformers, Defective; lb
Variable Condenser Connections Defective;
3h
Volume Control Connections Defective; lb
Partially Shorted Circuits; lb
Audio Transformer Defective; lb
Incompletely Grounded Shields; 19a
.
Pilot Lamp Loose in Socket; 7e
Control Grid Clips Loose or Partially
Grounded; 3f
Defective Loudspeaker; lb, 38e
Defective Electrolytic Condenser; 141
Storage Battery Weak or Too Freshly
Charged on Supersensitive Receivers; 21e
Battery Terminals Corroded; 3e, 21e
"B" Batteries Run Down or Cell Defective;
21j, 21k
Defective "A" Battery; 21a to 21g
Dirty Contacts on Inductance Switches of
All-Wave Sets; 18b
Defective R.F. and I.F. Transformers; lb
Plate Chokes of Mercury Vapor Rectifier
Tubes Defective; 31b

Noise is Not Emitted From Loudspeaker and
Heard Only With Set Playing

Loose Parts in Cabinet; 39b
Resonant Cabinet Effects; 39b
Resonant Room Effects; 39b
Transformer Laminations Loose; 17f
Tube or Coil Shields Loose; 19a, 20d
Microphonic Tubes; 34b
NOISE, INTERNAL; AUTO RADIO
The Defects Listed Below Are Only Peculiar
to Auto Radios. But an Auto Radio Also is
Subject to Defects Producing Noise Like Other
Receivers.

NOISE, EXTERNAL

OSCILLATIONS

Noise Comes Through Loudspeaker And is Not
in The Chassis

See Sections on "Squeals"

Test for External Noise; 36a, b, and c
Static, Natural; section 27
Aerial Rubbing or Close to High Voltage
Wire; 29f, 29h
Poor Connections or High Resistance Joints
INDEX-4

Hence See "NOISE INTERNAL"

Incomplete Noise Suppression, Ignition
Noise; 44e
Suppressor Defective or Not Completely
Connected; 44e
Noise Reducing Condensers Defective; 44e
Ignition Wire Out of Place; 44e
Motor Badly Out of Balance; job for auto
mechanic
Body Loose; job for auto mechanic
Wheel or Brake Producing Noise; 44g
Defective Commutation in Charging Generator; 44i
Antenna or Its Lead-in Rubbing Against
Car Body; 44h
Defective Vibrator or Leads to Vibrator;
44b to 44d
Noise When Running Over Rough Road;
44f
Car Electrostatic Noise; 44f, 44g
Poor Ground Connections; 44e
Dirty Vibrator Points; 44b to 44d

PILOT LIGHT BURNS OUT
TOO OFTEN
Inferior Quality of Pilot Light Used; 7f
Voltage Rating of Pilot Light Too Low; 7b
4

Pilot Light as a Fuse, Overloaded; 7d
Resistor in Series With Pilot Lamp Shorted;
7d
Resistor in Shunt With Pilot Lamp Open;
7d
Wrong Type of Pilot Lamp; 7d

PILOT LIGHT FLICKERS OR
TOO DIM
Pilot Light Loose in Socket; 7e
Lamp Rating Too Low; 7b
Line Voltage Fluctuates; 30e
Power Transformer With Poor Regulation
Used; a Better Transformer Must be
Used, and Change Unwise
Defective Connection or Lead to Lamp; 7e

RECTIFIER TUBE PLATES GET RED
Output of Rectifier is Shorted; section 31,
43d
Defective Filter Condenser; 31a
Defective Rectifier Tube; 31a
Filter Choke Grounded; 31e
See Section "Ballast Gets Too Hot"

RESISTOR OVERHEATS OR
EMITS SMOKE
Resistor Defective; 8e to 8g
Incorrect Size or Wattage Rating Used in
Repair; 8b, 261
Shorted to Chassis; 43e, 4b
Extra Current Due to aDefect in Associated
Equipment; section 43

RESISTORS GET WARM
Natural Condition; 24e

RECEIVER SMOKES
Shorted Tube; 6b
Shorted Condenser; 13a, 43a, 43b
Shorted Power Transformer; 17d•
Part of Circuit Overloaded; section 43
Receiver Operated on Other Than Recommended Supply Line; 30a
Defective Insulation; 17e
See "Resistor Overheats or Emits Smoke"

SHOCK WHEN CHASSIS IS TOUCHED
If Ground Connection Sparks on Connecting; 24d
Universal and D.C. Receivers, Natural; 301

SIGNAL DISTORTED OR MUFFLED
Several General Conditions Arise. Condition
A: Signal is Distorted All The Time; Condition B: Signals Distorted at High Sound
Levels; Condition C: Signals Distorted
Low Sound Levels—Otherwise Normal.

at

CONDITION A: Signal Distorted or Muffled Regardless of Receiver Adjustment
Located in R.F. System
Oscillation Occurring; section 32
I.F. or R.F. Peaked Too Sharply; 45h
Natural, When Accompanied by Fading;
281, 25i
Interference Between Stations of Nearly
Same Frequency; 281
Oscillator Tube Weak; 40b
Located in Detector or A.V.C. System
Detector Defective; 6b
Controlled Tube Bias Shorted or Incorrect;
41a
A.V.C. Not Working; section 41
Defective A.V.C. Bypass Condenser; 41a
Located in Audio System
One-half of Push-pull (Input or Output)
Shorted or Grounded; 65
Defective A.F. Transformer; 16e
Resistance Across A.F. Transformer Secondary Open; 8e
Push-Pull or Push-Push Tubes Not Properly Matched; 65
Bias Resistor Filter Condenser, Open or
Value Insufficient; sections 11, 12, 13
Push-Pull or Push-Push Stage Regenerating; 33d
One Push-Pull or Push-Push Tube Weak or
Dead; 6b
Located in Loudspeaker Unit
Defective Loudspeaker; section 38
Loudspeaker Voice Coil Grounded; 4e
Rectifier Unit Defective (Separately Excited Units); 38b
Voice Coil or Armature Off Center; 38d
Voice Coil Circuit Partially Completed;
38e
Voice Coil Turns Loose, 38e
Iron Filings or Dirt in Voice Coil or Armature Free Space; 38d
Voice Coil Spider Defective; 38e

RECEIVER UNSATISFACTORY (INEXPENSIVE MIDGET)
Natural Condition; 23a to 23e
Refer to Specific Trouble if Reception is
Considered Below Normal

POOR SELECTIVITY

Located in Power Supply System
Excessive Voltage From Power Supply;
30b to 30e
Excessive Filament Voltage; 30e
Defective Rectifier Tube; 6b
Incorrect Voltage Applied to Power Tube;
section 22

See Broad Tuning

SHOCK WHEN AERIAL IS TOUCHED
Receiver Not Grounded (Natural); 24d
Static Electricity; 27b
Antenna Touching Nearby Power Line; 29h
Two Sets on One Antenna; 29n
5
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Incorrect Grid, Plate, Screen Voltages; section 22
Defective Electrolytic Condensers; section
14
A Storage Battery Charge Down; 21e
Battery Terminals Corroded; 21e
High Resistance in Battery Supply; 21j,
21k
Defective A, B, or C Supply; section 21;
section 30
Defective Power Transformer; 16b to 16d
Too High or Too Low a Line Voltage; 30b
to 30c
General Defects Causing Distortion or
Muffled Signals
Wrong Tube in Socket; 265
Tube or Tubes Defective or Weak; 6b
Grid Resistance Shorted; 8d, 8e
Open or Grounded Grid Bias Resistor or
Grid Circuit, id, 8e
Grounded or Open Resistor, 1d, 8e
Open or Shorted Condenser; sections 11,
12, 13
Volume Control Defective; 10e
A High Resistance Connection; section 5
CONDITION B: Signals Distorted at High
Levels, Volume Control on Towards Full
Inexpensive Receiver, a Natural; 23d, 23e
Detector Overloaded; 37b
Loudspeaker Overloaded; 37e
Power Tubes Overloaded; 37d
Weak Tubes; 6b
Defective A.V.C. System; section 41
Improper Supply Voltages; section 22
Defective Cone, Voice Coil or Armature of
Loudspeaker; section 38
Oscillations; section 32
Receiver Not Tuned Correctly; 37e
Manual Volume Control Advanced Too
Far; 37a
CONDITION C: Signals Distorted at Low
Levels, Volume Control Towards Low
No Field Excitation to Loudspeaker; 38b
Incorrect Grid Leak in Detector Stage; 37b
Power Tubes Insufficiently Excited; operate
set louder
Supply Voltages Incorrect; section 22
Detector Output Overloaded With R.F.;
37e
Weak or Defective Tubes; 6a
SIGNALS, NONE; TUBES DO
NOT LIGHT
See Section "Tubes Do Not Light"

SIGNALS, NONE; SOME
TUBES LIGHT
Poor Socket Contact; 3f
Poor Soldered Filament Connection; 3h, 3d
Open Filament Resistor; lc
Burned Out Tube; 6b, 6f
Part of Ballast Tube Defective; 9d
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Shorted Secondary Winding of Power
Transformer or Shorted Filament Lead;
17d
SIGNALS, NONE; ALL TUBES LIGHT
Defective Tubes; section 6
Short Circuited Lightning Arrester; 29k,
290
Grounded Lead-in or Antenna; 29f, 290
Short-Circuited Antenna Coil; 290
Poor Contact in Tube Socket; 3f
No Plate Voltage; section 22
Incorrect Supply Voltages; section 22
Transformer Defective; section 16
Open Circuit; section 1
Defective Choke Coil; section 16
Defective Filter Condenser; sections 11,
12, 13, 14
Open or Shorted Bypass Condenser; sections 11, 12, 13
Variable Condenser Shorted; 15g
Defective Loudspeaker; section 38
Tube in Wrong Socket; 265
"A" Battery Polarity Reversed; 21d
"B" Battery Polarity Reversed; 21h
"A" and "B" Batteries Run Down; section
21
Line Plug Reversed (Universal A.C.-D.C.
Sets); 30h
Oscillator Tube or Stage Defective; section
40
Coupling Condenser Open. Shorted,
Grounded or Leaky; sections 11, 12, 13
Defective A.V.C. System; 41a
Gassy Tubes; 6b
Volume Control Defective; 10a
Antenna to R.F. Line, or R.F. Line to Receiver Transformer Defective; 29p to 29r
Receiver Alignment Has Been Tampered
With; 45f to 455
SIGNALS HEARD OTHER THAN
FROM LOUDSPEAKER
Loose Audio Transformer Laminations; 17f
How to Trace Defect if Loudspeaker Emits
no Sound; 37f
SIGNALS NONE; SHORT WAVE
CONVERTER USED
Noise Heard Indicating Broadcast Receiver
O. K. But no Signals When Tuning Converter.

No Antenna Connection to Converter; 25e
Defective Oscillator Tube; 6b
Improper Connections to Broadcast Receiver; 25e
Wrong Plug in Coils; check coils
Reception Peculiar in Short Wave Bands;
section 25
SIGNALS WEAK, DAY TIME ONLY
Natural Receiving Conditions; section 25
Aerial Too Short; tea

Location B: B.F. Section Defective

Line Voltage Low; 30e
Receiver Inexpensive; 23d, 23e
Also see "Signals Weak"

Receiver Improperly Neutralized; 45d
Excessive Oscillation; 32f to 32j
Tuning Condensers Not Aligned; 45g
Volume Control Defective; 10e
Open Secondary R.F. or I.F. Transformer;
16e
Shorted Primary R.F. or I.F. Transformer;
16e
I.F. Stages Incorrectly Aligned; 45g, 45h
Preselector and Oscillator Do Not Track;
45i
Defective or Dirty Variable or Trimmer
Condenser; 15f, 15g
R.F. Choke Coils Defective; 16e
Gassy R.F. or I.F. Tubes; 6b
Oscillator Tube Not Functioning Properly;
6b

SIGNALS FADE
See Sections on "Fading"

SIGNAL AT MORE THAN ONE
POINT ON DIAL
Two Conditions Arise. Condition A, Broadcaster Heard Clearly at Assigned or Not
Assigned Frequency; Condition B, Local Station Riding in on Distant Station, a Condition
Called Cross Modulation. When the Defect
Causing This Condition is Not Readily Fixed,
a Wave Trap Should be Tried.

Condition A:
Natural or Harmonics of Broadcaster; 28g,
28h
Two Chain-Stations, Same Program; 28k
Inexpensive Receiver; 23d
Insufficient Preselection; 28e
Defective Preselection; 1d
Image Frequency Trap Defective; 1d
Condition B:
Wrong R.F. or I.F. Tubes Used; 263, 281
Too Near Local Station; 28e
C Bias of First R.F. Tube Too High, or
Plate Voltage Too Low; 28f
First R.F. Tube Oscillating; 321 to 323
Antenna Too Long; 29d
Choke and Resistor Antenna Input; 29m
Weak First R.F. Tube; 6b
SIGNALS WEAK
Symptoms Observed Are Important As They
Indicate to Some Extent The Location of The
Defect. Thus You Will Find; Symptom A,
Distant Stations Weak, Locals Rather Normal, Indicating a Defect in The Antenna
System or in The R.F. Section; Symptom B,
Plenty of Stations Picked Up and All Stations
Including Locals Are Weak; Indicating a Defect in The Last Detector, Audio System or
Loudspeaker; Symptom C, Local Stations Only
Received, Indicating in General a Circuit
Defect Particularly in The R.F. and Pickup
Sections, or Low Supply Voltages; Symptom
D, General Weak Signals in Which Any of
The Above Defects May be Indicated.

Location C: Detector and A.V.C.'s
C Bias Incorrect, Accompanied With Distortion; 37b
A.V.C. Tube Weak or Improperly Selected;
6b, 6h
Grid Leak Defective or of Improper Value;
37b
Defect in The A.V.C. Circuits; 41a
Natural Weak Reception Due to A.V.C.
Action; 41b
Location D: Audio Circuits
Audio Transformer Defective; 16e
Open or Defective Audio Plate to Grid
Coupling Condenser; 12e
Location E: Power Supply
'Low Line Voltage; 30e
Shorted Secondary Power Transformer: 17d
Storage Battery Charge Run Down; 21c
"C" Battery Run Down or Incorrect Voltage Used; 21i
"B" Batteries Run Down; 21i
"A" Battery Polarity Reversed; 21d
Battery Terminals Corroded; 21e
Defective A, B, and C Batteries; section 21
Defective Filter Condenser in Power Supply; sections 13, 14
No Plate Voltage to Some Stage; section
22
Incorrect Voltage; section 22
Location F: Loudspeaker Defect
Permanent Magnets Weak; 38i
Field Circuit Open or Shorted: 38e, 38b
Voice Coil Open; 38c
Rectifier Unit in Self Excited Loudspeaker
Defective; 38b
Polarity of Magnetic Loudspeaker Reversed, 38i

Location A: Pick-up
Poor or High Resistance Connections in
Antenna or Ground; 29b
Short Circuited Lightning Arrester; 29k
Open in Ground System; 290
Open Antenna Choke or Coil; 290
Aerial Too Short; 29e, 29c
Aerial to R.F. Line, or R.F. Line to Receiver Transformer Incorrectly Connected
or Defective; 29p to 29r

General Defects Producing Weak Signals
Poor Contact at Tube or Tube Socket; 3d,
3f
Leaky Condensers; section 12
Open or Shorted Condenser; sections 12, 13
Loose Connections; section 3
7
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Defective or Weak Tube; 6b
Open Circuit; section 1
Shorted Circuit or Part; section 4
Grounded Circuits; 4b
Open C Bias Resistor; 8d
Defective Resistor; 8d
An Inexpensive Receiver; 23d, 23e
Open Grid Circuit; 1d
Control or Top Cap Clips Loose
Grounded; 3f

Incorrect Bypass Capacity; lib
Motorboating; section 33
Condition B: Change in Adjustment or
Incorrect Receiver Operation
Aerial Too Short or Antenna System Open;
29c, 29o, 45k
Receiver Improperly Neutralized; 32d, 45e
Grid Suppressor Shorted or Its Value Incorrect; 32d
High Line Voltage; section 22
Excessive Output Voltage of Power Pack;
section 22
Excessive or Incorrect Plate, Grid, Screen,
and Filament Voltage; section 22
Defect in A.V.C. System; 41a
Wrong Tubes in Socket; 26j
Regeneration Control Improperly Set; 45d

or

SQUEALS, HOWLS, PUT-PUTS
Often Referred to as Regeneration, Oscillation, Whistling, Spilling Over, Instability,
Growling, Motor-Boating, Feed-Back
and
Parasitic Coupling. In the Following Cause
List We Refer to the Condition Where This
Disturbance is Continuous or While Receiver is
Tuned or Playing. These Squeals Are Not a
Feature of a Regular Receiver, as it Would Be
in Regenerative Receivers and Beat Frequency
Locaters in Short Wave Receivers. In the Latter Case The Squeals May Be Stopped at Will.
Squealing, Howling and Put-Puts Are an Indication That Undesirable Audible Frequencies
Are Present.
Squeals and Howls are Generally an R.F., I.F., and Detector Defect;
While Put-Puts Referred to as Motor-Boating,
Indicates Audio Stage Trouble.
This Type
of Interference Arises From Several Basic Conditions: Condition A, Open, Short or Undesirable High Resistance Causing One Stage
to be Coupled to Another Producing Feed
Back; Condition B, Change in Setting, or Defect in the Oscillation Suppression System, or
Change in Voltages; Condition C, a Defect in
the Receiver; and Condition D, Mechanical or
Acoustical Feed Back, Detected By a Gradual
Rising Whining Sound.

Condition C: Receiver or Tube Defect
Defective Tube; section 6
Gassy Tube; 6c, 6b
Filament Not Grounded; 801
Open Secondary R.F. Transformer; 17b
Resistor Across Secondary 1st Audio Open;
8e
Open Grid Circuit; 1d
Control Grid Cap Making Poor or No Contact; 3f
Shorted Bias Resistor; 8d
Grid Leak Open, Defective, Incorrect; 8d
Shorted Loudspeaker Field (Hum Too);
31c, 17b
Condition D: Mechanical Resonance and
Coupling
Microphonic Tube; 34b
Loudspeaker Too Close to Receiver or Too
Rigidly Mounted in Cabinet; 33d
Receiver Not Cushioned on Rubber; 33c
Condenser Plates Too Thin; 15d

Condition A: Electrical Feed Back Due
To Part or Circuit Defect
Undesirable Inductive Coupling Between
Circuits; 32k
Grid Leads Out of Place; 32d, 32c
Poor Ground Connection; 325
R.F. Bypass Condenser Poorly Grounded;
32i
Open or Shorted Bypass Condenser; 32i, 12d,
13a
Open Condenser in Power Pack Bleeder Resistor; 32i
Shorted R.F. Choke or Choke Resistor; 4c
High Resistance or Corroded Connection;
4f, 4e
Variable Condensers Not Grounded; 325
Poor Connection at Rotor of Variable Condenser; 325
Poor Connections in Circuit or Chassis and
Shields; 325
Open or Shorted Resistor; 8d
Incorrect Resistor; 8g
Weak or Defective "A" Battery; 21c
Run Down "B" Batteries or a Defective
Cell; 21i, 215, 21k
Insufficient Bypassing and Filtering; 11b
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SQUEALS, HOWLS, PUT-PUTS; ONLY
WHILE SET WARMS UP
Slow Heater Detector or First A.F.; 6b
Audio Transformer Primary Connection
Reversed; 16d
Gassy Tube; 6b
Resistor Across First A.F. Transformer Secondary Open; 8e
SQUEALS, HOWLS; DISTORTION ON
SOME DISTANT STATIONS
Natural Condition; 281
Lack of Selectivity; 24e, 45f to 45n
SIGNALS WEAK, AT ONE END
OF DIAL
R.F. or Oscillator Not Tracking; 45i
Oscillator High Frequency Trimmer Improperly Set; 45i
Oscillator Low Frequency Padder Improperly Set; 45i
Coils Improperly Matched; 16h
8

Coil Turns Shorted; 16e
R.F. System Used to Give Equal All-Band
Reception Defective; 16e
Grid Suppressor Shorted or of Improper
Value; 32d
Coils and Condensers Damp, Dirty and
Leaky; 16g
Improperly Neutralized; 45d, 45e
Wrong Connection to Noise Reducing Antenna Transformer; 291
STATIONS NOT RECEIVED AT
PROPER POINTS
Receiver Not Correctly Aligned to Dial
Scale; section 20
Dial Slipped on Condenser Shaft; section 20
Cable Slips Auto Sets; section 20
Receiver Improperly Aligned; 45i
TONE CONTROL, INOPERATIVE
MANUAL
Open Circuit in Resistor, Condenser, or
Lead Associated With Control; lg
Variable Resistor Defective; section 10
TONE CONTROL ADJUSTMENT
MAKES SET DEAD

TUBES GO BAD OR BURN OUT
TOO OFTEN
Tubes Have a Limited Life and They Terminate Their Useful Service Generally By Losing Emission or Becoming Gassy. Often After
Hard Use the Filament Burns Out. Defects or
Improper Operation of a Receiver Shorten
its Useful Life, Often Roughly Figured as
One Year of Fairly Constant Use.

High Line Voltage; 30e
Poor Quality of Tube Used; 23g
Tube Had an Inherent Defect; 23g
Low Line Voltage Plus Vibration; 30e
Ballast Tube or Resistor Defective or Incorrectly Chosen; 9a, 9b
Ballast Shorted; 9e
Tube Placed in Wrong Socket; 265
"C" Bias Too Low, Emission Reduced
Quickly; section 22
Excessive "A" Battery Voltage or Customer
Pushes Filament Current Up For Volume; 21g
Pilot Lamp in Shunt With a Filament Open
or Burned Out (A.C.-D.0 Receiver); 7d
Series or Shunt Resistor in Filament Shorted
or Open (A.C.-D.C. Receiver); 7d
Customer's Opinion; 23g
TUBES GET BLUE ON GLASS
Natural Condition of Fluorescence; 6e

Shorted Condenser in Tone Control; 13a
Connections Shorted or Grounded; lg

TUBES GET BLUE INSIDE AMONG
ELEMENTS

TUBE OR TUBES DO NOT LIGHT

Natural in Case of Mercury Vapor Tubes

Defective Tube; 6b, 6f
Poor Contact Between Tube and Socket;
305
Open or Short Circuit; sections 1 and 4
Grounded Filament Circuit; 30k
Open Primary Power Transformer; 17a, 17b
Open Secondary of Power Transformer;
17a, 17b
Open Lead in A.C. Plug Cord; 305, 301
Storage Battery Weak (Tubes Apparently
Do Not Light); 21c
Battery Terminals Corroded; 21e
Tube in Socket Having Lower Than Required Voltage; section 22
"A" Batteries Run Down; 21g
Pilot Light Burned Out; 7d
Set Fuse Burned Out; use new one
Filament Cord Resistor Open; 305
No Line Power Supply; check power outlet
Burned Out House Fuse; use new one
Off-On Switch Defective; 30f, 18a
One Tube Burnt Out in The Series Circuit
Universal Receivers; 6b, check each tube
Filament Resistor or Ballast Open or
Burned Out; section 22
Open in aSeries Circuit Universal Receiver;
lb

More Often Due To:
Shorted Stage; lb
Grounded Filter Choke; 17e
Shorted Filter Condenser; 13a, 14h
Open Bleeder Resistor; ld, 8d
Shorted or Grounded Loudspeaker Field
Coil; 31a
Open Grid Return in Power Stage; section
22, ld
Excessive Plate Current; section 22
Excessive Plate Voltage; section 22
Less Often Due To:
Shorted Bias Resistor; section 22
Positive Grid Voltage; section 22
Excessive Screen Voltage; section 22
Defective Coupling Condenser; 12d
Defective By-Pass Condenser; 13a
TUNE, CANNOT
Defect Clearly Mechanical and Easily Located
by The Action Observed

Dial Slips; 20a
Bearings Frozen; 20b
Cable Broken or Off Pulleys; 20a
Wire Laying in Path of Condenser; 20d
Chassis Too Far Into Cabinet; 20d
9
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Condenser Plates Bent; 20d
Chassis Not in Proper Position; 20d
Gears Worn—Back Lash; 20e
Gears Improperly Spaced; 20d
Cable Loose; 20a
Set Screws Loose; 20d
Tuning Locked; 20b
Defective Tuning Apparatus; 20d
Cable Improperly Restrung; 20e

Needs Realignment; 451 to 45k
Shorted Tuning Meter; 42e, 42d
Shadowgraph Pilot Lamp Burnt Out or Not
Secure in Socket; 42e
Open Circuit (Meter Burnt Out); 42e
A Defective A.V.C. System; 42g, 41a
Case B: Neon Indicator
Defective Indicator Tube; 42e
Shorted or Defective Neon Lamp Current
Limiting Resistor; 8d
Low Supply Voltage to Neon Indicator;
42e
A Defective A.V.C. System; 42g, 41a

VIBRATOR DOES NOT LAST
Typical of Auto Radios and 8, 32, and 110
volt

Vibrator

"B"

Eliminators

Operating With Excessive
Burning of Contacts.

Continuous

Sparking

Causes

Condition A: Overload
Defective Rectifier Tube; 6b
Defective Filter Condenser; 13a, 14h
Defective Bypass Condenser; 13a
Defective Tube in Receiver; 6b
Open Bleeder Resistance; 1d
Defective Transformer Into Which Rectifier
Feeds; 17b, 17e

Case C: Blinker Lamp System
Defective Lamp; 42e
Defective Transformer to Blinker Lamp;
42f
Defective Blinker Transformer Filter Condenser; 42f
A Defective A.V.C. System; 42g, 41a

Condition B: Underload
Weak Tubes in Receiver or Rectifier; 6d
Condition C: Improper
Contacts; 44b

Adjustment

VOLUME GREATER WITH GROUND
WIRE DISCONNECTED

of

Poor Antenna—Pickup via Power Line; 29i

VISUAL TUNING INDICATOR, NO
ACTION OF

VOLUME, LOWER WITH ALL
WAVE ANTENNA

When a Strong Broadcaster is Tuned in The
Needle (Meter Indicator) or The Shadow
Width
(Shadowgraph Indicator) Neon or

Improper Matching of Impedances; 291
Antenna Poorly Designed or Erected; 29e,
291
Defect in All Wave Antenna System; 29p
to 29r
Improper Connection of Receiver, Line
Transformer; 291
Customer Expects Too Much; 23f

Blinker Lamp Shows No Change, It is Understood That The Receiver Has A.V.C. and
Reception is Normal
dicator Defects.

Except for A.V.C. In-

Case A: Meter and Shadowgraph
Gassy Control or Controlled Tube; 6d, 6b
Insufficient Signal Pick-up; 42b

B: GENERAL DEFECTS AND TESTS
1. OPEN CIRCUITS. (a) In testing a radio circuit an "open circuit" is taken to mean
a break in the path of D.C. supply currents or
signal currents.

(c) An ohmmeter is essential to prove that
a circuit is continuous, shorted or open. A
circuit diagram of the receiver you are working on is of great help, as you may trace each
circuit for continuity or for exact resistance
by referring to the diagram.

(b) As any path for a D.C. current must be
continuous over a conductor, an open or break
is tested with an ohmmeter. This device is
indispensable and no serviceman would think
of tackling ajob without it. Between any two
points or terminals of a D.C. path there must
be a definite value of ohmic resistance. If
you test between these two points and merely
observe that the ohmmeter reads a resistance
value, you have proved that the path is continuous—you have tested for continuity; if
you get no resistance reading the circuit is
open and defective; if you get a varying reading, a make and break connection exists; if
you compare the resistance value with what it
should be, you have gone a step farther and
may be able to tell if some part is shorted.

INDEX-10; SECTIONS /a to id

(d) When a circuit diagram is not available it is possible to check a D.C. path for

continuity if the following rules are remembered. Continuity in any tube circuit should
exist between: 1, a plate and the filament (or
cathode) of the rectifier tube; 2, a screen grid
and the cathode of the rectifier tube; 3, a
control grid and the chassis; 4, a suppressor
grid and the chassis; 3, a cathode and the
chassis.
Continuity may or may not exist
between the chassis and the filament (or
cathode) of the rectifier tube, depending on
whether a power pack bleeder resistor is or

is not used (check the circuit diagram).
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(a) As the electrodes of most tubes in a
radio receiver are series fed (through the signal circuit parts) in general a continuity
check for D.C. supply will be a check on signal
circuits. The exception is inductive and capacitive coupling between stages or sections.
(I) As a rule a break in a D.C. supply circuit destroys reception, a break in a signal
circuit may create many forms of troubles,
which are pointed out in the index on receiver
troubles. A circuit disturbance test will indicate the defective stage of a dead receiver.
(g) Any part in a circuit may be checked
for an open by merely connecting an ohmmeter
to its terminals. Coils, resistors, and transformers may be checked for continuity and
exact resistance, if you know what its value
should be. Usually the circuit diagram gives
the ohmic value. Condensers should test open
(see section on condensers).
(h) An absolute check on any part with an
ohmmeter should be made with one of its terminals disconnected from the chassis, for if
that part is shunted by some other part or circuit which conducts a D.C. current a true
reading will not be obtained. A circuit diagram will help you decide whether this procedure will be necessary. If no diagram is
available, and you question the reading you
get while the part is in the circuit, disconnect
it for the test.
(i) Several ohmmeters which you can construct will be mentioned in the Course. You
can build one from the parts supplied with
your Experimental Outfits.
2. THE CIRCUIT DISTURBANCE
TEST. (a) When a receiver is dead—does
not play, then there are no symptoms to help
you locate the trouble. A test should be conducted to find out which stage is defective.
Realizing that a radio receiver is nothing
more than a chain of stages (R.F., Detector,
A.F., Loudspeaker sections in cascade), a
simple test is possible. It is called the circuit
disturbance test, and is based on the principle,
that if any stage is disturbed or shocked, the
current change in that stage will be relayed on
towards and through the loudspeaker, coming
out as a click—if the stages .following the one
disturbed are in working order. You can
create a disturbance by 1, pulling out and returning a tube from its socket; 2, touching
the control grid of a screen grid tube; 3, in
the case of tuned R.F. stages touch the stator
section of the variable condenser in the stage
being tested; or 4, remove and return the
control grid cap of the screen grid tube. Any
one of these should produce a click or squeal,
and as the test proceeds from the loudspeaker
to the antenna the clicks should, in general,
become louder.
(b) In locating the defective stage by
means of the circuit disturbance test, start
with the power output stage. Pull out the
tube, and immediately insert it back into its
socket. A click means: a normal section from
the power tube through the loudspeaker; no
click means: lack of power supply, defective
loudspeaker, defective tube, or an open circuit—tests you will find in this reference book.
Repeat this test for the other power tube, if
one is used. If the output stage is working
11

according to this click test, proceed to test tue
A.F. Detector, and T.R.F. stages for a tuned
radio frequency receiver; test the second detector, I.F., oscillator, first detector, and preselector stages in the ease of a super. Use
any of the four methods of getting a disturbance, previously mentioned. When you go
from a click to no click, the defective stage is
isolated. Test the tube, and check the continuity of that stage.
(a) Checking the oscillator in a superheterodyne receiver by the click method may be
a little confusing. A sure test is made as follows. If pulling out the first detector tube
produces a click, and connecting the antenna
to the grid of the first detector (set normally
tuned to a local station) doesn't produce signals in the loudspeaker, the oscillator is defective. Test the oscillator tube and the continuity of its circuits.
3. LOOSE CONNECTIONS.
(a) By a
loose connection we usually mean, a connection that appears to be properly made, but
actually is not a solid one. All connections
must either be soldered, or securely clamped
together. Only antenna and ground connections should be made through a binding post.
Power supply, loudspeaker and isolated sections (R.F. and detector chassis separated
from the A.F. and power supply) are connected by prong and receptacle connections.
(b) Any connection which is insecure, that
is, its contact resistance varies, is a loose
connection. When the connection opens electrically it may be considered an open connection, and a physical jar or a vibration will
often restore the connection.
(c) When noise is emitted from a receiver,
and still exists when the antenna and ground
leads are disconnected, and the noise will
change when the chassis is violently slapped
with the palm of your hand, a loose connection probably exists—a connection whose contact resistance is varying.
(d) Loose or improperly soldered connections can usually be located by touching the
various joints in the receiver with a wooden
stick.
Of course, the receiver chassis and
loudspeaker are removed from the cabinet,
the chassis set on one of its ends so all parte
are easily seen and touched, and the receiver
is turned on. An orange wood stick can be
used as they are very durable and can be
bought at any drug store. Press firmly on
each joint. Very often joints that appear to
be well soldered are held only by rosin. If the
receiver is properly connected for operation,
the pressure on a suspected joint will usually
produce a crackling sound in the loudspeaker.
Another frequent cause of trouble is broken
wiring under the insulation of flexible wire.
Manipulation of the wire from side to side
will usually indicate where the trouble occurs.
(e) Wiggle all cable plug connections, the
A.C. plug, antenna and ground binding posts
and leads, and battery lead connections; if
the receiver is of the battery type.
(f) When the loose connection is disturbed
the noise will be more violent, or may be produced at will. Quite often the loose connection may be inside the part, particularly fixed
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condensers. Be sure to wiggle and snap with
your fingers: all tubes; tube top caps; and
those parts covered with acan, case or shield;
and all controls. A loose connection may be
internal. If the loose connection is inside
some part and the connection cannot be rectified, anew part should be used. Check socket
contacts and connections.
(g) If with the noise, definite receiver
troubles are observed (hum, oscillation, weak
signals, improper control, etc.), the symptom
will very likely indicate the probable cause
and location of the defect. Refer to the probable causes in the index under the symptom
observed.
(h) A total break in a connection which
cannot be seen, hence called a loose connection, will not produce noise. Usually by pulling on the various leads the connection will
break or noise will be heard. These loose
connections can be traced with a continuity
test. Furthermore, the symptom will often
lead you to the probable location of the defect.
(i) Quite often the heat of the chassis will
cause a connection to open and close. This
difficulty is handled in the same way, although
actual tracing of the defect may be difficult
because the connection may, while testing,
become secure.
4. (a) SHORT CIRCUITS may or may
not destroy reception, depending of course on
where the short exists. When a short destroys reception, the defective stage may be
isolated by the circuit disturbance test. Read
section Z. Then an ohmmeter check on each
part in that stage will show up the shorted
part; the ohmmeter will read zero or abnormally low resistance. If the short cannot be
rectified, use a new part. Where you suspect
apartial short in a high-voltage tube filament
which is in series with other tube filaments,
measure the filament voltage. Low voltage on
this one filament indicates it is partially
shorted.
(b) In a number of cases a part will be
grounded to the chassis and in this way becomes shorted. This is often caused by a
part being pushed from its correct position,
or the insulation of its lead through the chassis becoming worn, thus creating the short.
Repositioning the part or replacing the defective insulation removes the short.
(e) If the short does not destroy reception,
only ruins it, the symptoms observed will help
localize the short, and then the parts in the
circuit can be checked with an ohmmeter.
5. HIGH RESISTANCE AND CORRODED CONNECTIONS. (a) A connection or joint of only a few ohms is not wanted
as it produces many undesirable effects. Anything above a near zero ohm connection is
referred to as a high resistance connection.
Although a low range ohmmeter (0 to 10 ohm
range) will allow you to check such joints, it
is easier to spot these poor connections and
make new ones. Here are a few hints in spotting high resistance joints.
(b) Joints that have an excessive amount
of rosin, are likely to become poor joints.
Resolder such connections.
(o) A greenish covering on ajoint indicates
corrosion and eventually a high resistance
SECTIONS 3f to 6g

connection.
Resolder such connections, or
clean corrosion off if only apressure contact is
used.
(d) A connection made with excessive solder may have a high resistance if the two
parts or wires to be connected are separated
by a lump of solder instead of being soldered
close together. Such joints are particularly
objectionable in short wave circuits.
(e) A good solder joint may be made if
the two surfaces to be connected are cleaned,
tinned and physically clamped together before
being soldered. Acid or acid core solder must
not be used.
(f) High resistance and corroded connections will result in feed back, poor selectivity,
lack of sensitivity and many other defects
indicated in the index of receiver troubles.
6. TUBES. (a) It is safe to say that a
majority of receiver troubles are caused by
tubes which are bad in one way or another.
The filaments of tubes may burn out, may
lose their emission, their elements may short,
the tube may become gassy, its characteristics
may change and poor connections inside the
tube may develop.
(b) The most satisfactory test of a tube is
to try a new one in its place. A test in a
tube tester is not always sufficient because
although the tester may indicate that the tube
is good it may not be satisfactory for certain
purposes.
(e) For example, a tube may have a slight
amount of gas. It would be entirely unsatisfactory for use in an automatic volume controlled or oscillator stage, as the output volume would vary.
(It might work fine in
another stage of the receiver.) Power tube.
should show no glow between elements and
they will if gas is present. A blue glow on the
glass is natural, a condition of fluorescence.
(d) In many service shops the first thing
which is done to a set coming in for repairs
is to remove the old tubes and try an entire
new set. Should the trouble clear up, the old
tubes are reinserted one at a time until the
bad one is located by recurrence of the
difficulty.
(e) Elsewhere in the Course, we show how
tubes may be tested in regulation tube testers
and if you have such a tube tester you need
only follow the manufacturer's instructions.
Also, we show how short checkers can be
made and operated. An ohmmeter, however,
will enable you to check a tube for shorts.
The only two prongs which should show continuity are the filament prongs.
(f) By placing your hand on a tube while
the receiver is operating, you can often-times
tell whether it is working. If the tube is cool
it has no plate current and a new one should
be tried. Excessive heat may indicate the
presence of improper control grid voltage or
circuit defects which would result in excessive
plate or screen voltage and this would lead
you to make actual voltage and current measurements on that stage.
(g) Noisy tubes can be tested by snapping
them with your finger when the set is operating. If this causes the noise to show up, a
new tube should be tried.
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(à) When choosing a tube for use in an
automatic volume stage, tune in a weak signal
and then try a number of tubes. Use the one
which reduces the volume the least but cuts
the volume down on powerful stations.
(1) When several similar type tubes are
used in the same receiver (for example, three
type 58 tubes) interchange the tubes for the
best results.
(j) Whenever tubes are used in pairs
(push-pull, push-push), it is important that
two tubes each with the same characteristics
be used, otherwise hum and distortion may
result. Full-wave rectifier tubes should have
equal emission per plate. Balanced tubes are
best checked in a tube tester, but they must
also be checked in the receiver as a receiver
short or ground may exist.
7. (a) PILOT LIGHTS are a source of
nuisance and trouble. They burn out or cause
receiver troubles. Their voltage rating should
be equal to the voltage of the filament line to
which they are connected, if a shunt connection is used; or their current rating equal to
the line current if a series connection is used.
Check the voltage with a low range A.C. voltmeter, if a large number of burn outs occur;
or check the circuit diagram and determine by
referring to a tube table what the filament
current should be of the tubes with which the
lamp is in series.
(b) A pilot lamp with higher voltage rating
than the source voltage may be used, if sufficient light is obtained; but a low voltage
lamp must not be used on high voltage source.
For example; a 6.3 volt pilot lamp may be
connected to a 5volt source, but a 5 volt lamp
must not be connected to a 6.3 volt source. A
lamp with higher voltage rating than its
source will burn dim.
(c) Loose connections in the pilot lamp circuit or failure to screw the lamp tightly into
its socket will cause a flicker. It is possible
to solder these lamps in place, if they get loose
too often. A loose connection in the pilot light
circuit will often times cause noise.
You
should be sure that the pilot lamp leads cannot
be hit by the tuning condenser mechanism as
it revolves.
(d) In some universal sets, the pilot lamp
is used as a fuse, in series with the filaments.
In others, the lamp is shunted across a resistor, tube filament or asection of the ballast
tube. If the lamp burns out, excessive voltage
will exist across the part shunted.
If the pilot lamp is shunted across a section
of the rectifier tube filament and the rectifier
plate is fed from the filament tap, be on the
lookout for broken-down filter condensers as
they would cause the rectifier plate current to
be excessive and this would burn out the pilot
lamp.
Always replace any burned-out pilot lamps
found in universal sets. Use an exact duplicate type as the voltage and current rating
is very important in such a set.
(e) In receivers using a center tap filament
circuit care must be taken that the pilot lamp
does not become grounded as this would unbalance the center tap and hum would be
heard.
(f) To be on the safe side always use high
quality pilot lamps for replacements.
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S. (a) RESISTORS are made in three
general forms: 1, wire wound on atube (porcelain or bakelite) and often coated with baked
vitreous enamel; 2, resistance material like
carbon mixed with a binder (bakelite resin
or a ceramic), extruded into rods, cut and
baked; 3,glass or porcelain coated with a resistive material. Of course, these elements
are capped with terminals, coated with
enamel and labeled to improve their appearance, and to help identify their value. A resistor is rated as to resistance and power
dissipation. For ordinary radio receiver use,
wire wound resistors are accurate to 5 percent, ceramic and coated (metallized) resistors are accurate to 10 percent.
These
facts are important in checking their ohmic
value. The exact value is dictated by the use
to which a resistor is put. For replacement
be governed by the service diagram, or label
or color code on the resistor found defective.
(b) Power rating is important if you want
the resistor to stand up. Grid resistors may
be 1 or 2 watt types, plate resistors 2 watts,
bleeder resistor 5 watts and power pack resistors must be calculated or manufacturer's
specifications followed. In the final analysis
the watts dissipated in a resistor is the current through it in amperes, times the voltage
drop. If the resistor is under the chassis or
covered, the resistor should have a rating 4
times this computed value; if the resistor is
well exposed to air a safety factor of 1.5 to 2
times, will suffice. It is a good idea to never
use a resistor less than 1 watt rating where
space will permit.
(e) There are other ways of judging a resistor: voltage, temperature, and age tests;
but if a reliable make of resistor is used, these
items may be ignored.
(d) There is only one simple way of testing
aresistor—with a multi-range ohmmeter (one
part of a multimeter). It should be able to
test as low as one ohm and at least as high as
2 megohms. When a good ohmmeter is not
available, you may use a 0-50 voltmeter connected in series with a 45 B Battery block.
Of course, only continuity may be checked.
The free end of the voltmeter and the battery
are connected to two probe leads. Bring the
two probe points together and note the deflection; it should be about 45 volts. Now
when you connect the probes to a resistor and
get maximum reading the resistor is either
shorted or has a very low resistance; if no
reading is obtained the resistor is open; any
in-between reading indicates continuity and
the resistor is probably o. k. If you use an
ohmmeter (calibrated to read directly in
ohms) there is no guessing about the resistor
value. Now for a few hints.
(e) In testing any resistance, always be
sure that it is not connected to other apparatus, such as a coil; as this would give an
apparent short-circuit reading.
If the resistance is in a receiving set this can be determined by very carefully checking over the
entire circuit to which the resistor is connected, using the schematic diagram if one is
available. In case of doubt on this subject,
it is the best policy to disconnect one lead of
the resistor from the circuit for test purposes.
SECTIONS 6h to 8e

(f) In the case of tapped resistors such as
those used in many power packs and also the
hum adjustors on many sets, it is necessary
to test each individual section of the resistance.
(g) It sometimes happens that a resistance
may not burn out, but may change in value,
either increasing or decreasing. Occasionally
an incorrect resistor may accidentally be
placed in a circuit. In such cases it is necessary to use an ohmmeter in order to check
the resistor with the value specified in the
manufacturer's service data.
9. BALLAST RESISTORS. (a) Unless
the ballast has been chosen correctly, either
the ballast itself or the tubes will burn out
too often.
Ballasts are rated as to their
current carrying capacity and average voltage
drop. The latter means that if you set the
primary of a power transformer to 100 volts,
the ballast takes up the voltage difference in
the line supply. Receivers using 5, 6, 7, 8, etc.
tubes require ballasts of different current
capacity. Be sure to order and use a ballast
for:
A: the wattage or number of tubes in the
receiver, and
B: for either 100 volt or 85 volt primary
transformer voltages.
Buy from a distributor or manufacturer willing to give you help in selecting the proper
size ballast.
(b) The ballast will burn out if it was designed for a receiver of less wattage or tubes
—or for a lower primary voltage. If the ballast was designed for a set with more tubes,
the ballast action will be less and more chances
for tube burn outs exist.
(e) A number of line voltage controls are
either variable resistors or resistors of fixed
ohmic value. They do not have any ballast
action. A ballast of reliable make is preferred on a line of varying voltage.
(d) Modern battery receivers employ filament supply ballast resistors. In some receivers, the filament system is divided into
two sections each controlled by aballast; both
ballast resistors in the same ballast tube. If
one burns out the tubes in that section do not
heat up. Check the radio tubes, if found o. k.
check the ballast. A check consists of a continuity test and inspection of the part value
used in the receiver. A ballast resistor of the
glass envelope type should burn a deep cherry
red.
(e) If the ballast resistor has been shorted
accidentally or intentionally because the latter
has to be replaced to often, the radio tubes
will quickly burn out. If the correct ballast
is used and burns out too often, the receiver
is defective (see index for probable causes).
10. VOLUME CONTROLS OR VARIABLE RESISTORS.
(a) Volume controls
usually are some form of variable resistance.
They are either of the wire wound or coated
type. First inspect the volume control for
mechanical perfection.
No wire should be
loose and the resistor coating should not be
flaky. The movable contact should be firm
against the resistor element, and make a good
contact. The arm should turn freely. Then
connect an ohmmeter to it and see that as
the movable arm is rotated the resistance
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varies without sudden changes. If the resistance element is broken or worn it should be
considered as defective and the entire volume
control replaced.
(b) A popping, cracking noise heard in the
receiver only when the volume control is adjusted is positive indication that the device
is defective.
(An exception—a good volume
control in the cbias or grid circuit of a gassy
tube will give this action—try a new tube.)
Generally speaking, it is not practicable to
attempt to repair a volume control. It should
be replaced with a new one which can be
obtained from the distributor of the receiving
set in your locality or from any large radio
supply house, if you give them the exact name
and model number of the receiver.
(e) Before removing the old control prior
to replacement draw a picture diagram of the
connections—then it will be easy to connect
the new control.
11. CONDENSER. FIXED. (a) Most
fixed condensers used in radio receivers either
use wax paper or mica as the dielectric and
are therefore referred to as paper or mica
condensers.
Paper condensers are either
housed in aluminum, tinned sheet steel,
moulded bakelite or paper containers with
suitable lugs protruding as the terminals;
mica condensers are moulded inside of bakelite forms. Moulded condensers are usually
small capacity devices, rarely over .05 microfarads; the paper condenser values range
from .05 to 10 microfarads.
(b) Condensers are first rated as to their
capacity—in microfarads. A variation of 10
percent (except padding condensers used in
the oscillator circuit of a superheterodyne receiver) is of no importance. Although a capacity checker is used by a few servicemen, it
is not an essential service device. Be governed
by the service diagram for the correct value
to use; the capacity on the condenser label or
case put on by the condenser maker is a sufficient guide. If no service diagram is available use: .1 to .25 mfd. for R.F. and I.F. bypasses; .25 to 1 mfd. for A.F. bypass; 1 to
10 mfd. for C bias resistor shunt capacitors in
A.F. circuits; .00025 for grid leak detectors;
.0001 for R.F. coupling condensers; .01 to .25
for A.F. coupling condensers.
(e) The voltage rating of a fixed condenser
is important. The voltage across the terminals to which the condenser is connected is
your guide. Its rating should be greater than
this value.
Many servicemen never use a
fixed (paper or mica) condenser with less
than a 600 volt rating even if the condenser is
to be used in a low-voltage circuit. The increase in cost is only a few cents and this is
excellent insurance against acall-back. Buffer
condensers in vibrator power supplies should
be rated at 1600 volts or more. Filter condensers of the paper type should have a 600
volt rating. These are good replacement rules
to use.
12. OPENS AND LEAKS. (a) The
easiest way to locate an open condenser in a
receiver is to place the receiver in such a
position that the connections to the various
condensers can be easily reached. Turn the
receiver on and then connect a condenser of
approximately the same size and known to be
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in good condition across the connections to
the condenser which you are testing. If normal reception is obtained when making the
connection it is an indication that the condenser under test is defective.
(b) Another method of testing a condenser
is to entirely disconnect the condenser from
the receiver and to then charge the condenser
by momentarily touching the connections of a
45 volt "B" battery across the condenser
terminals. A condenser, not of the electrolytic type, should hold a charge for several
minutes, which can be checked by shorting it
and observing the spark. If the charged condenser being tested is of small capacity, the
cord tips of ahead-set can then be touched to
its terminal, care being exercised not to touch
the cord tips or the condenser terminals with
the fingers. A sharp click in the phones when
the contact is made indicates that the condenser is in good condition and has held the
charge. In the case of paper condensers having a capacity of .5 mfd. or larger, merely
short circuiting the terminals after the condenser has been charged should produce a
bright spark accompanied with a loud snap.
Such a condenser should be able to hold a
charge three or four minutes between the time
it is charged and discharged.

is invariably negative, the insulated electrode
the positive terminal; in the case of paper
wrapped electrolytics the container near each
lead or lug is marked -F or —. If no marking
is to be seen the red lead is invariably +.
(b) Electrolytic condensers are rated as to
capacity and working voltage. For filter use
the most common sizes are 4 and 8 microfarads, although small and larger capacities
are readily obtained. Use only condensers
with arating of 450 to 475 D.C. working volts.
(e) A.F. bypass condensers are often of
the dry electrolytic type. As the required
voltage rating is low, and the capacity high,
a small compact unit is available. Unite of
10, 25 or 50 microfarads with 25 to 75 volt
ratings are used. For filtering rectified A
supplies 15 volt-1000 or 2000 microfarad dry
electrolytics are employed.

(0) If the condenser does not hold its
charge and no spark or a very feeble spark is
obtained it indicates that the condenser is
leaky or open and it should be replaced with a
new condenser. If a high voltage, high range
ohmmeter is available, capable of measuring
up to 50 megohms, a good 1 mfd. condenser
should show not more than 50 megohms leakage resistance.
(d) If the leak in a fixed condenser varies,
noise will result. After prying parts and
connections with an orangewood stick to be
sure they are not at fault, then unsolder each
fixed condenser and listen if the noise has
disappeared (set turned on). Resolder connections before testing another condenser. If
reception stops, atemporary perfect condenser
should be used. Defective resistors causing
noise may be located in the same way provided opening the circuit does not stop the
receiver. Don't solder or unsolder with the
set turned on.
13. SHORTS. (a) Condensers, not of the
electrolytic type, can best be tested for shorts
and leaks by connecting an ohmmeter, or a
voltmeter in series with abattery, across their
terminals. A steady reading should not be
obtained.
A momentary deflection of the
pointer of the meter, which then returns to
zero, indicates that the condenser is neither
open nor shorted. If a steady deflection is
obtained it indicates that the condenser is
defective and it should, of course, be replaced.
14. (a) ELECTROLYTIC CONDENSERS are made in two forms for use in radio
receivers: the wet type in a long cylindrical
aluminum can; or the dry (paste electrolyte)
in a paper container. Although some are
made with 2, 3 and 4 units in one container,
the usual form is a single unit electrolytic
condenser.
An electrolytic condenser has
polarity. In the metal container unit the can
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(d) In replacing an electrolytic be guided
by the specifications given on the service circuit diagram, wherever possible; otherwise be
guided by the information given elsewhere in
this book.
(e) Electrolytic condensers develop shorts
and opens and may also develop trouble which
is not made evident by tests the ordinary
serviceman has facilities to make. For this
reason, it is recommended that, if a large
amount of service work is done, a 4 and 8
mfd. electrolytic condenser with a high voltage rating be carried with you on all jobs
for test purposes. The leads of the condenser
suspected of being defective can be unsoldered
and the one you know to be in good condition
can be connected in the circuit in its place.
This will give you a check on the original
condenser.
(f) To test for short circuits or excessive
leakage through an electrolytic condenser, a
0-100 milliammeter should be connected in
series with the condenser while the receiver
is in operation. However, before turning on
the power a 6 or 10 ohm rheostat should be
connected across the terminals of the milliammeter. The rheostat should be of the type
that has an open end; in other words, so that
the rotating arm can slide off of the resistance
winding which, in effect, means the rheostat is
not connected across the milliammeter. The
rheostat shunts the meter and increases its
range, which will prevent burn-out of the
meter if the condenser is entirely shorted or
while the film of the condenser is building up.
(g) The receiver is then turned on. At
first the current through the condenser is
likely to be as high as 85 or 90 milliamperes.
However, this high value of current should
only be evident momentarily and after three
or four minutes of operation, the current
through the condenser should reduce to less
than Y
4 milliampere per microfarad.
In other
words, if the condenser under test is an 8
mfd. electrolytic condenser, the total current
flow as measured by the milliammeter after
five minutes of operation should not be more
than eight times 1/
4 or 2milliamperes. If more
than 2 milliamperes is measured, after a few
minutes of operation, then the electrolytic
condenser has excessive leakage and another
one should be used in its place. Unless the
condenser is completely shorted, the rheostat
should be turned to the off position so as to
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get the true value of current through the condenser.
(h) Many servicemen test an electrolytic
condenser by shunting it with an 0-1 naegohm
ohmmeter (an ohmmeter with a 45 battery
is preferred). Connect the ohmmeter so the
ohm indication increases, showing that the
film is building up. As an average value the
reading should exceed 1 megohm. You should
check several good electrolytics to obtain an
idea of what this value should be with your
ohmmeter
(i) Electrolytic condensers, it has been mentioned, have positive and negative terminals
and if they are connected into a circuit incorrectly they will pass too much current. This
may cause them to make a hissing or frying
noise, and if kept up for any length of time,
ruin the condenser, rectifier tube, and filter
chokes
(j) A voltage applied to acondenser higher
than its rated working voltage will cause it
to hiss and fry and eventually break down.
This happens quite often, when the loudspeaker cable has not been connected to the
chassis
Any defect in the power stage or
loudspeaker that removes the load on the
power pack, increases the rectified output
voltage, will have the same effect.
(k) Electrolytic condensers the have not
been used for a long time, especially in cold
weather, may hiss and fry when voltage is
applied to them due to the fact that they are
improperly formed. Usually this will not last
over a few minutes after which they will be in
good condition. But if they hiss, watch the
rectifier tube. If the space between the elements starts to turn blue shut the power on
the receiver off at once. Use a new electrolytic.
(0 In checking an electrolytic condenser
by the substitution method, listen to the receiver play so you can tell whether the new
one makes an improvement in results.
15. TUNING OR ADJUSTING CONDENSERS. (a) Variable condensers are usually rated as to maximum capacity. Their
minimum capacity and high frequency resistance are important factors but these factors
are not easily checked by a serviceman.
Always consider the maker, and when a replacement is required insist on an exact duplicate. In general a good variable condenser
may be judged by its mechanical construction.
The plates should be large gauge sheet aluminum, alignment of plates exact, and the frame
of solid appearance. Sliding or pigtail connections should exist at each rotor section.

(e) The connections between the rotors of
the tuning condensers and the chassis are very
important. Should a poor connection occur,
the ground will have to be through one of the
other tuning condensers and this may result
in feedback and consequent oscillation. When
spring wiping contacts are used bend them
to get a good contact and if necessary sandpaper all points of contact. Sometimes a pigtail (flexible) wire may be used to ground
the rotors. If the wire cannot be readily
soldered to the condenser shaft a small hole
may be drilled in the shaft and a screw used
to connect the wire and the shaft. Enough
slack must be left so that the pigtail can
wrap around the shaft when the condenser
is turned.
(d) In some poorly designed receivers the
condenser plates are so thin that they will
vibrate. Naturally this change in capacity
will cause very unstable reception. In most
eases a new condenser gang is about the only
remedy although some servicemen float the
condenser on soft sponge rubber to reduce the
vibrational pickup.
(e) If you find that it is impossible to tune
a receiver over its entire range examine the
tuning condensers as they may hit a wire or
other stationary object which prevents them
from turning.
(f) Trimmer Condensers sometimes short
and they should be tested for continuity. Remember when testing any condenser to disconnect one of its leads otherwise you will obtain
a reading through some object shunting it.
If the mica in a trimmer condenser appears
cracked it may be removed and a new piece
installed.
• (g) To check a section of a ganged condenser or a trimmer, unsolder the lead from
one end of the condenser so the coil shunting
it is disconnected, and cheek the condenser
with an ohmmeter. No reading should be
observed.
16. (a) COILS. R.F. CHOKES AND
A.F. TRANSFORMERS are an important
part of a radio receiver and naturally are
used for their inductance. We will consider;
1, the R.F. coils wound single layer on an
insulating tube; 2, the multi-layer coil used
extensively in I. F. transformers, primary of
R.F. transformers, secondaries of coils in midget receivers, and R.F. and I.F. choke coils;
and 3, the audio transformer.

(b) Many service calls may be traced to
defects in the tuning condensers. The plates
of the condensers sometimes touch each other.
They should be carefully bent so that this does
not occur. Dust or dirt between the plates
may be removed with apipe cleaner. A metallic fuzz sometimes gets between the plates
causing shorts to occur at some points of the
dial setting. A pipe cleaner will not remove
this. It may be removed by burning it off
by the application of a high voltage across the
condenser plates. Unsolder the lead to the
stator plate and apply the high voltage diSECTIONS 14g to 16b

rectly across the condenser, turning the tuning
knob so that all shorts will be burned out.
Dirt may be removed and leaks between plates
may be eliminated by the same process. This
voltage may be obtained from the high voltage
winding of a power transformer, not the one
in the set; and to protect the transformer a
100 watt lamp should be placed in series with
the primary.

(b) R.F. coils are fundamentally designed
to have a definite inductance, a minimum
amount of distributed capacity, and low high
frequency resistance (or Q factor). The high
frequency resistance cannot be judged from
its D. C. resistance (measured with an ohmmeter) and is generally much greater. Audio
transformers are designed for a definite fre16

quency range, definite D.C. primary current,
turn ratio and minimum distributed capacity,
and maximum watt handling power. Tests
for these properties are not made by the serviceman, unless agreat deal of original designing is done.

intact. Test for opens, shorts, leads and resistance of windings.

(c) The usual tests are for continuity,
opens, shorts, grounds and D.C. resistance of
the windings. In the case of coils used in a
tuning section the coils must match: have
equal inductance and distributed capacity,
best accomplished by using identically constructed coils.
(d) In connecting an B.F. or A.F. choke
remember that they are so designed that the
inside turn (nearest the core or form) is the
ground or a low potential connection, the last
outside turn is the high voltage (R.F. or A.F.)
terminal. In connecting R.F. or A.F. transformers the inside turn of the primary (one
nearest the core) is the plate connection; the
outside primary turn, the +B connection. In
transformers the outside turn of the secondary
is the grid terminal, the inside turn (nearest
the core) is the ground connection. In tracing the coils from the plate, to +B, to ground,
to grid, a continuous winding, all in the same
direction, should exist.
Most servicemen
merely reverse primary or secondary connections, and observe whether an improvement
exists. In the case of split primary or secondaries, the center tap is ground, +It or —C,
and the outer two terminals are the plate or
grid connections.
(e) To test for continuity or winding resistance use an ohmmeter, the probes connected to the two terminals of the winding
you wish to measure. Be governed by the
values given on the circuit diagram. Shorts
between a few turns are not easily detected
by this test. Shorts in R.F. transformers can
be judged by inability to line up the stage
with another, broad tuning and lack of selectivity; in audio transformers no easy means
of detecting a short between a few turns are
possible. Of course, a replacement test will
quickly show up any short; the action of the
receiver will indicate its presence. Opens are
easily detected by a continuity test. By unsoldering the terminals of a coil, choke or
transformer, grounds or shorts to the frame
or core are easily detected with an ohmmeter.
Connect the ohmmeter to one terminal of
each winding (the receiver leads unsoldered),
and the core, or chassis of the device. No
reading should be observed. Leaks are detected by employing a high range ohmmeter
(at least 2 megohms).
(f) Opens occur because of poor soldering,
corrosion at joints, and aphysical tear; shorts
are produced by high voltage arc overs, atmospheric conditions (moisture and fumes in the
air), and tampering; leaks occur because of
accumulation of dust and dirt plus moisture,
breakdown of insulation; and change in inductance because the windings get loose, are
crushed physically, or the shield has been
disturbed.
(g) A physical inspection of coils is imperative. If the coil is moist be sure to bake
it under a lamp, Go over joints and connections. Be sure the windings and shields are
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(h) If an R.F. or I.F. coil is damaged be
yond repair (one or two turns may safely
be removed) use a new coil. Do not try to
replace asecondary or aprimary. Get awhole
new part and an exact duplicate preferably
made by the maker of the receiver you are
servicing. If the new (or old) coil will not
align with the others, either the other coils
must be adjusted for turns, or a whole new
set of coils procured and used.
17. POWER TRANSFORMERS AND
IRON CORE CHOKES. (a) Power Transformera are designed to operate from a line
of a definite frequency and voltage; to supply
definite voltages from the secondaries when
definite currents are drawn; and to handle a
definite total ampere X volts—the apparent
watts rating. /ron Core Chokes are designed
to have a definite inductance (usually measured in henries) when a definite D.C. component flows through it. It must be able to
handle this current with negligible temperature rise. The serviceman in making a replacement must assume that the new device
is correct in these respects because reliable
makers rate their devices correctly. Other
than this the usual tests are for opens, shorts
(continuity), resistance of windings and leakage. A number of special tests will now be
considered.
(b) In testing a power transformer or iron
core choke in the chassis with an ohmmeter
make sure that there are no resistors or other
parts capable of passing a D.C. current connected across it; otherwise the readings will
be incorrect. When in doubt unsolder the
connections, so the terminals of the device
are free.
(0) A test should be made between the
transformer taps or terminals and the core
and shield of the transformer. No reading
should be obtained. If the ohmmeter shows a
reading ' it indicates that the winding is
grounded or leaky to the core or shield and
the trouble should be repaired at once. No
reading should be obtained when testing between any secondary winding and the primary
winding. As the center tap on the secondary
of the power transformer is usually grounded
—unsolder the connection for a ground or
leak test.
(d) Shorted turns in some cases can be
checked with an ohmmeter, comparing the
resistance you read with the value given in
the circuit diagram. A short in the primary
turns may increase the secondary voltage and
overheat the transformer; a short in the
secondary turns of a transformer will reduce
the secondary voltage of the section shorted
and overheat the device. The best test for
a transformer or iron core choke is to connect
it to asource of correct voltage and frequency
(secondaries open in the ease of transformers)
and measure the A.C. primary or coil current. '
In the case of transformers the current should
be less than .25 ampere; if more than that
value ashort exists. Even lower values should
be indicated in checking a choke. Considerable experience is required to interpret the
readings.

SECTIONS 166 to .17d

(e) Secondary filament windings on power
transformers sometimes have center taps to
which the grid returns are connected. If these
taps are not exactly in the center of the winding, then A.C. hum is apt to be present. This
trouble is seldom encountered in transformers
manufactured by reliable companies. In such
cases it is, of course, impractical to reconstruct the transformer. It is possible, however, to use small center-tapped resistances
especially built for the purpose.
The two
ends of the resistance are connected directly
across the filament taps on the transformer
and the center tap of the resistance is used in
place of the center tap on the winding, which
is not used and should be disconnected. It is
impossible to center tap the high voltage
winding in this manner.

heard from the loud speaker. Bending the
shields so that they tightly grip their supports
will prevent this. Be sure that the shields
are in place, and not pushed out of line or to
one side.
20. MECHANICAL TROUBLES. (a)
Once the source of a mechanical trouble is
located the repair is obvious. If a dial cord
slips, the tension on the cord should be increased. The manner in which this should be
done will be clear after an examination of
the particular system in use.
Perhaps a
spring has slipped off its hook or a screw
needs tightening.
(b) If a bearing is frozen (jammed) "3 in
1 oil" should be worked into the housing; if
the bearing does not turn freely, remove it
and rub it down with afine sandpaper, return
it and use a lubricant with a graphite base.
The turning condenser gang must turn easily,
particularly where a rubber friction drive
is used—oil bearings and if there are any
tension screws at the end of the shaft, loosen
them until the gang moves freely.

(f) Loose Laminations in a replacement
part are usually due to faulty construction
and the defective piece of apparatus should
be returned to the manufacturer. In some
cases the laminations can be tightened by
tightening the bolts holding the apparatus
together or by driving a small wooden wedge
between the laminations.

(c) Where the dial cord has broken it is
necessary to install a new cord, which should
be obtained from the manufacturer or his
distributor. Oftentimes you will be able to
obtain, on request, specific instructions on
restringing the cord along with the new cord
you order. It is possible to get along nicely
without such instructions but then one must
pay careful attention to the system, figuring
out in one's mind just how the cord must go
on if the system is to work properly. You
may have to try two or three times before
you get it just right.

18. SWITCHES. (a) The power off and
on switch may become defective.
This is
easily indicated by the lack of light from the
pilot lamp or the other tubes in the receiver.
Of course, a careful cheek must be made to
determine definitely whether or not the radio
receiver obtains its power from the wall outlet. The power cord and plug, and fuses if
used, must be in good condition.
If the
switch is defective (always open) then there
will be no continuity when testing the plug
tap terminals with an ohmmeter; if always
closed it will be impossible to turn the set
off.
These conditions will occur with the
switch in the closed or open position.

(d) In any mechanical trouble, personal
observation is the key to success. In radio
receivers all mechanical systems have been
made as simply as possible although hardly
any two are alike.

(b) The inductance switches used in allwave sets may cause noise if they are dirty.
Dirt will also cause certain bands on an allwave receiver to be dead. Clean the contacts
of the switches with a clean cloth (free of
oil) using a little carbon tetrachloride (Carbona). This will remove all grease and dirt
from the switch contacts.

(e) You must be the judge of when replacement of parts will be necessary. When new
parts may be easily obtained and the originals
seem badly worn, don't waste time trying to
patch them up—put in new ones.
21. (a) BATTERIES are used extensively
on receivers where socket power is not available. These battery receivers are to be found
in camps, farms, rural and unwired homes.
Then, too, there are obsolete battery operated
receivers in homes where a modern all-electric
receiver has not been installed. In all these
cases, the batteries must be carefully inspected
and tested as they are a constant source of
trouble.

(0) The rotating arms of all of the sections
of an inductance switch must rotate when
changed from one band position to another.
Any switch arm failing to make contact
should be repaired. Bend the switch arm into
the proper position if it is damaged.
19. (a) SHIELDING in receivers is employed to prevent undesired coupling between
circuits.
Lack of shielding will result in
oscillations and broad tuning. Not only lack
of shielding will cause this but also poor or
inefficient shielding.
Dirty connections between shields and the chassis make them ineffective and you should be sure that the connections are tight and clean. A little sandpaper rubbed over the points of contact between the shield and chassis will eliminate
this cause of trouble. Loose shielding will
result in mechanical noises when set into
vibration by sound waves from the speaker.
Also, loose shielding will cause noises to arise
in the receiver circuits and this noise will be
SECTIONS 17e to 21c

(b) "A" Batteries furnish power to heat
the tube filaments, and if they run down (voltage drops) they no longer serve their intended
purpose.
(c) Storage Batteries generally consist of
three 2 volt cells in series, a total of 6 volts.
Checking the voltage of each cell is only an
approximate means •of testing the cell. A
true voltage check should consist of loading the
battery (the set turned on) and checking each
cell for voltage at the start of the test run
and 10 to 20 minutes later. The voltage should
not be less than 1.9 volts per cell. A better
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Follow the markings on the cable tabs or the
receiver instructions.
(i) "B" and "C" batteries should be replaced with new ones just as soon as the voltage has dropped 20 per cent. That is, any 45
volt battery should be replaced as soon as the
voltmeter reading shows a voltage as low as
36 volts under load.
(j) It occasionally happens that adefective
connection or a defective cell inside a battery
will develop and cause trouble. The only
remedy is to replace the entire battery with
anew one.
(k) Reception frequently can be improved
by placing a bypass condenser across the "B"
and "C" batteries. Connect one terminal of a
condenser having a value between .1 mfd. and
1mfd. to minus B and the other terminal of
the condenser to the highest voltage terminal
of the "B" batteries—that is, 90, 135 or 180
volts as the case may be. The connection
should be in the set if it is found that the
condenser improves the results.

and quicker test is to check the specific gravity
of the electrolyte (liquid) in each cell, with
a hydrometer. When the reading drops below
1.150 the battery should be recharged. The
electrolyte in a fully charged cell should have
a specific gravity of about 1.300. Connect the
battery to a charger with the vents of each
cell open. Charge until the electrolyte in each
cell bubbles. Check the specific gravity of
each cell, which should be about 1.300. If one
cell shows alow density electrolyte, try charging this cell for a couple more hours and if
the density of the electrolyte does not come
up, have the cell repaired at areliable battery
repair station. If at the start of the charge,
the liquid in any cell is low, add distilled
water only, to about one-half inch above the
plates.
(d) Confusion sometimes arises in determining the polarity of the terminals. The
plus terminal may be marked -I--; or it may be
painted red; or if you connect a D.C. voltmeter to the terminals of the battery so the
meter needle reads up-scale, the + terminal
of the voltmeter (always marked) connects
to the -F terminal of the battery. The latter
is agood test for any D.C. source of power.

(1) It is actually more economical to use
large "B" blocks instead of small capacity
"B" batteries. The initial cost is greater, but
the over-all cost is less.

(e) All battery terminals should be kept
clean and tight. Connections to storage batteries should be carefully watched as they
corrode quite easily. If the terminals are
corroded they can be cleaned by scrubbing
vigorously with hot water, being careful not
to let the water get into the cells of the battery. After the terminals are cleaned the
connecting wires should be attached by means
of battery clamps which also have been carefully scraped until they are clean and bright.
A liberal application of vaseline applied over
the storage battery terminals and connections
will tend to eliminate corrosion.

22. VOLTAGE AND CURRENT MEASUREMENTS AS AN AID IN LOCATING
THE DEFECT. (a) Voltage measurements
afford a quick check on the voltage supply
circuits but usually are of no use when a
signal circuit defect exists. For example, an
open coupling condenser or a shorted tuning
condenser will have no effect on the operating
voltages.
(b) You must be "on your toes" when making voltage measurements. The actual measurements are simple but the proper interpretation of the results is amore difficult matter.
You must remember that the voltmeter is not
only a measuring device but that it is also a
resistor. Many aserviceman has been puzzled
by the fact that on measuring the voltage
across some part of the set started to play. The
part was burned out but the meter when connected across the part completed the circuit.

(f) Air Cells are best tested with a voltmeter. To be sure that the battery will not
be drained too much, use a high resistance
voltmeter (any radio voltmeter will suffice).
The voltage should not be below 2volts. The
best test is to check the battery voltage before
and after a 10 minute test run. A radical
change would be at least .1 volt. Then if the
voltage is below 2 volts get a new air cell
battery. Follow the instructions in filling it
with water, and be sure that the cellophane on
the breathing electrodes is taken off.

(c) For the experienced man as well as
the beginner, good equipment• is necessary if
satisfactory results are to be obtained. The
best outfit to own is a good high resistance
multimeter which will enable you to measure
currents, resistance values, and A.C. or D.C.
voltages.

(g) Dry "A" Cells are extensively used for
filament supply on modern 2 volt tube receivers. Two in series are required and sets
of two all in parallel help to get greater life
between battery changes. Dry cells are tested
with an ammeter connected across the terminals. When new, about 35 amperes is normal.
When the combination can no longer supply
more than 2.5 volts, the cells should be discarded. A load test should be made. If the
voltage drops rapidly while used, the life of
the battery is exhausted. If a line variable
resistor is used be sure to caution the customer
not to reduce its value too often. A change
of once a month is normal. Always replace
the entire set of cells, for one bad cell will
throw the load on the good ones.

(d) Now suppose you have something with
which to cheek voltages, whether it be amultimeter or the parts in your experimental outfits. The chassis is turned upside down and
with the negative test probe from the meter
on the cathode of one of the tubes touch the
positive lead to the other elctrode prongs
one at a time. -Write down your readings so
they may be compared to those furnished by
the manufacturer. If the grid return is made
to the chassis a check from cathode to chassis
will give the control grid voltage, otherwise
a test must be made from the control grid to
chassis. If the control grid bias voltage is
correct, the plate current is in all probability
of the right value. To meaSure the plate
current the set is turned off, the lead to the

(h) "B" and "C" Batteries must furnish
current to the various electrodes of the tubes.
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High grid bias voltage.
Incorrect tap upon power pack divider.
Open bleeder resistance between circuits.
Open bleeder resistance in divider.
Shorted filter choke or loud speaker field in
power pack.

plate disconnected and the milliammeter leads
connected to it and the plate. This places the
milliammeter in series with the plate and on
turning on the set the plate current will
gradually come up to normal if everything
is all right. A socket plug in adapter simplifies current and voltage measurements.
(e) In checking the rectifier, a test with
the D.C. voltmeter connected from the filament or cathode to chassis will check the
general condition of the tube and power transformer high voltage winding.
The power
transformer may be checked by itself with
an A.C. voltmeter. The high voltage winding
has about 700 or 750 volts A.C. across it and
the winding is center tapped in the ease of
full-wave rectifiers. Each half may be measured separately from a rectifier plate to the
center tap which may or may not be directly
grounded. The entire A.C. voltage is measured by connecting the A.C. voltmeter to both
plates.
(f) In making measurements always use the
highest range of the meter. This will protect
the meter if the voltage is higher than normal
and will show if a lower range may be used.
Never use the milliammeter to measure voltage as this will burn out the meter. If the
meter reads backwards, reverse the test
probes. Use the A.C. range for A.C. measurements and the D.C. range for D.C. measurements.
(g) The internal resistance of your meter
will affect the reading you obtain when testing voltages in high resistance circuits, such
as plate and control grid circuits of resistance
coupled systems. The lower the resistance of
your meter the lower will be the measured
voltage. The meters used by manufacturers
when making up their voltage charts generally
have a resistance of 1000 ohms per volt. A
1000 ohm per volt voltmeter will be satisfactory for you, although you may use a 20,000
ohm per volt meter, if you wish.
(h) Remember that slight differences in
line voltage will change your readings and
that manufacturers' tolerances in resistor
values will introduce another cause for variation from specified voltage values. As long
as the measured values are within 20% of the
specified values they are to be accepted as
normal, if you use a 1000 ohm per volt meter.
Where recommended voltage charts are not
available, tube manufacturers' charts will give
you some idea of what to expect although you
must not follow them too closely. After you
have done some service work you will know
without charts whether the voltages are approximately correct.
(i) The following index is to help you interpret voltage and current readings. Study
the index carefully.
COMMON CAUSES OF INCORRECT
VOLTAGES AND CURRENTS

(Output Tube Plate Current Low)
Excessive grid bias resistor (output stage).
Defective output tube or tubes.
LOW PLATE POTENTIAL
Excessive current drain upon power supply.
Open or leaky filter condenser.
Insufficient grid bias.
Shorted bleeder resistance.
Low line voltage.
Defective operation of line ballast, replace
with a new one.
Leak through bypass condenser.
Shorted or defective section of voltage divider
Defect in power transformer.
Defective rectifier.
Defective filter choke or loud speaker field.
LOW PLATE VOLTAGE ON ALL
TUBES
(High Plate Current in Rectifier)
Defective filter condenser.
Short circuit in voltage divider system.
High resistance short in output tube plate
circuit.
Resistance short in eliminator filter chokes.
Gassy tube in output system.
LOW PLATE VOLTAGE
(High Plate Current in Output Tube)
Shorted or grounded grid bias resistor.
Shorted or grounded grid bias resistor bypass condenser.
Ground connection to input push-pull secondary winding open.
Open grid bias resistance.
Open grid circuit.
Gassy output tube or tubes.
Shorted output tube.
NO PLATE VOLTAGE ON ALL
TUBES
Shorted power transformer winding.
Shorted filter condenser.
Defective rectifier tube.
Open filter choke.
Open in — B circuit.
Ground in output tube plate circuit.
Open loud speaker field.
NO PLATE VOLTAGE UPON ONE
TUBE AND REDUCED PLATE

High Plate Potential
Insufficient load upon power pack due to
weak tubes.
Open high current load in receiver.
Short circuited voltage reducing resistance.
High line voltage.
SECTIONS 22d to 221

HIGH PLATE VOLTAGE ON ALL
TUBES

VOLTAGE UPON OTHER TUBES
Open R.F. choke in plate circuit which does
not secure plate voltage.
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Shorted bypass condenser.
Grounded plate circuit.
Shorted voltage divider bleeder section if it
is the detector stage.
Grounded plate coupling unit in plate circuit.
Shorted plate element in tube.

LOW GRID BIAS
Low plate current.
Shorted bias resistance or bypass condenser.
Defective resistance or incorrect value.
Measurement made incorrectly.
NO GRID BIAS

NO PLATE VOLTAGE ON OUTPUT

(High Plate Current)
Shorted grid bias bypass condenser.
Grounded cathode.
Grounded filament.
Open grid circuit.

TUBES
(Plate Voltage Available on Other Tubes)
Open in plate circuit.
Open in output unit.
Open in -- B connection to grid bias resistance.
Open in grid bias resistor.
Defective tone control.
Plate to chassis condenser broken down.

LOW OR NO SCREEN VOLTAGE
Open variable control for screen grid voltage.
Open screen grid circuit.
Open resistance in screen grid circuit.
Broken down screen' bypass condenser.

EXCESSIVE PLATE CURRENT

NO SCREEN VOLTAGE UPON ONE

Gassy tube.
Insufficient grid bias.
Excessive plate voltage.
Excessive positive bias upon screen grid.
Open grid circuit.
Leaky or broken down grid coupling condenser.
Defective AVC system.

TUBE
(Low Plate Voltage Upon Other Tubes)
Grounded variable control.
Shorted screen grid bypass condenser.
Short in voltage divider across bleeder or
screen grid control resistance.
Shorted screen grid in tube.

NO PLATE CURRENT

EXCESSIVE FILAMENT OR HEATER
POTENTIAL

Open plate circuit.
No plate voltage.
Open filament circuit cathode circuit.
Defective tube.
Very high negative bias.

Incorrect adjustment of voltage reducing
resistance.
High line voltage to power pack.
Insufficient load upon filament or heater
winding; open filament circuit, or defective tubes.
Wrong tube; use correct tube.
Short circuit in power transformer primary.
•Hi-lo switch in lo position.

INSUFFICIENT PLATE CURRENT
(Normal or High Plate Voltages)
Defective tube.
Low filament voltage.
High grid bias.
Low screen grid voltage.
Defective AVC system.

INSUFFICIENT FILAMENT OR
HEATER VOLTAGE
Too great load on heater or filament winding.
Low line voltage.
Wrong tube in socket causing excessive current drain.
Incorrect line voltage reducing resistance.
Defective operation of ballast; replace.
Short circuit in transformer.
Short circuit in filament circuit.
Hi-lo switch in hi position.

HIGH GRID BIAS
High plate current.
High value of bias resistance use correct
value.
Defective bias resistance.
Defective bleeder resistor.
Defective condenser or resistor in grid return.

C: GENERAL TROUBLES, CAUSE AND REMEDY
ways. A receiver may be loud and clear but
have poor selectivity; or it may be selective
but poor in quality.
(b) If the receiver is of a reliable make
(not necessarily the most advertised or the
product of the largest manufacturer) and
was not designed to sell for a low price,
reasonable performance should be expected.
But don't expect the receiver built three or
four years ago to be as good as the one made
recently. Improvements are constantly being

23. CUSTOMER'S OPINION—NATURAL EFFECTS (a) Of course, you want
the customer's opinion of what is wrong—
because your job is to service that complaint.
But you must know when a complaint is just
or unreasonable. If you find that the opinion
is unreasonable, explain the situation as carefully as you can without offending the customer. Experience is an important factor in
judging the performance of a receiver. Receivers are frequently weak in one or more
21
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made and each year the higher priced receivers are better all around.
(c) In general, the more tubes used in a
receiver the better it should perform. Do not
include AVC tubes, squelch tubes, automatic
tone control tubes, tuning monitors, as they
are merely aids to simple operation. A superheterodyne receiver is generally better than
a tuned R.F. receiver. Selectivity and sensitivity are improved as more R.F. and I.F.
stages are employed, and this should be used
as a guide. Tone and volume are greatly governed by the size of the cabinet, type of power
output tubes and cost of the receiver (including good workmanship and design, good
material).
(d) When inexpensive receivers are encountered, such as midget, universal, some
D. C. receivers, too much should not be expected. These receivers were made to sell at
a low cost and naturally only a limited performance may be expected. These receivers
neither have sensitivity, selectivity, volume,
nor fidelity comparable with a higher priced
receiver. Here too the number of tubes and
the size of the cabinet are used roughly to
judge their worth.
(e) Some of the shortcomings of an inexpensive receiver which cannot be readily
changed are: Only local stations are strong,
distant stations weak or absent (try a longer
aerial) ;distorts on high volume (try adjusting loudspeaker if of the magnetic type and if
voltages are correct nothing can be done) ;
distorts on low volume (nothing can be done);
only local stations during the day (natural) ;
tunes broad (natural).
(f) Customers expect too much from allwave receivers. They must be told that only
local and semi-local powerful broadcasts are
reliable and free from noise. Foreign and
distant shortwave reception is quite irregular,
varying from day to day, hour to hour, and
every minute. The same receiver will perform differently in various locations. An allwave antenna should be used as it will generally give greater signal strength, but quite
often only a reduction in noise will be obtained—in itself a very good reason for using
one. Certain bands of the all-wave receiver
work best during the day (ultra short-wave),
while other bands work best at night. This
is anatural condition. For more information
on short-waves read section 25.
(g) Chance will have it that tubes burn
out one after the other without any defect in
the chassis. The whole set of tubes may be
old and weak, and instead of replacing all at
once, they are replaced as they burn out.
Naturally they seem to require constant service. Tubes are normally rated for 1000 hours,
approximately one year, and no one should
expect longer life. A chassis and power line
voltage cheek will quickly tell if the frequent
burning out is normal. If the line voltage
fluctuates use aline ballast.
(h) Very sensitive receivers are naturally
noisy except on local and powerful stations.
Circuit and tube noises exist and cannot be
remedied. The customer must be told to expect this on distant stations.
(i) Receivers with AVC Will be noisy
when tuned between stations, as the receiver
SECTIONS 23b to 256
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is operating in its most sensitive condition.
Receivers with squelch or automatic noise
gates eliminate this trouble to a considerable
extent.
24. NATURAL CONDITIONS WHICH
ARE NOT DEFECTS. (a) A resistor is
supposed to get hot, but it is only when it
gets unusually hot that a defect is indicated.
Of course the position and use of the resistor
that you question must be considered. A
grid, or AVC, or plate resistor should not
get hot; but a bleeder resistor or power pack
voltage divider, or line voltage regulating
resistor is supposed to get hot. Only when it
gets so hot that it is red (O.K. for line ballast
resistor), smokes, melts or chars surrounding
parts is a defect indicated. Check with an
ammeter to determine if the current through
it is normal.
(b) Ballast tubes get hot, in fact they
work because the resistance elements are
working at high temperatures.
The radio
tubes get hot even to the point where it is
impossible to touch them. The rectifier and
power tubes heat up the most. Only when
the plates turn cherry red is a defect indicated.
Check voltages and currents if in
doubt.
(c) Certain tubes, especially the rectifier
and power tubes, have a purple blue glow at
the glass envelope. This is a natural condition and should not be confused with a blue
glow in the space between the cathode and
the plate which indicates a defective tube or
its operation. In the case of rectifier tubes
do not condemn mercury vapor tubes as defective.
Usually you can see little balls
or a film of mercury, on the glass. Glow in a
mercury vapor tube is natural.
(d) Quite often radio men observe a spark
when connecting the ground lead to the ground
binding post of the receiver. This is natural
in a receiver where a condenser is connected
from the ungrounded supply line to the chassis. If you reverse the power line plug in the
outlet the sparking will probably stop. You
should insert the power plug so that the sparking is observed when the ground is connected.
When this condenser is used and the ground
is left off, touching the antenna or even the
chassis may result in a shock. Connecting
the ground will stop this.
(e) Some all-wave receivers tune broad on
the broadcast band. A certain amount of
broadness cannot be helped if the short-wave
bands are to be designed to operate with
minimum frequency drift (signal fading due
to oscillator frequency shift). The I.F. stages
are broadly band-passed so when the oscillator
frequency shifts, amplification will still exist.
A sacrifice of selectivity for better S-W results.
25. ALL-WAVE RECEIVING CONDITIONS. (a) It may appear very difficult to
determine anatural from an unnatural shortwave receiving condition. However, the following discussion plus a little experience will
greatly help:
(b) It will be necessary to classify radio
receivers in two groups: /, the inexpensive
and 2, the more expensive receivers. The in-

expensive receivers do not have the sensitivity
or the selectivity usually obtained from a
more expensive receiver. Greater volume and
less interference will be received from the expensive set.
Consequently the inexpensive
receiver will tune broadly, give weak signals
in the day-time, give weaker signals at one
end of dial, have dead spots, have fading due
t6 lack of or inadequate AYO, have dead
spots in one band of the all-wave receiver,
dead spots in several bands of the all-wave
receiver and lack of clear signals due to an
inefficient antenna system.
(c) The receiver employing a short-wave
converter may also be considered in the inexpensive class, as it is a make-shift assembly.
On such an arrangement we may hear noises
and yet no signals. This may be due to improper connections from the converter to the
broadcast receiver. Check them. Is the antenna connected to the antenna posts of the
converter? Is the broadcast receiver set to
the correct dial position?
(d) The inability to get reception may be
due to the wrong band setting or wrong time
of day for the particular band. It is, therefore, important that you check the time when
best reception can be expected and also when
programs are actually on the air. Only those
familiar with the general characteristics of
the transmission and reception of short-wave
signals can realize the full possibilities of
the use of an all-wave receiver. Therefore,
the following information regarding the
nature and general characteristics of short
waves will be helpful, especially to you and
your customers interested in short-wave reception.
(e) It is interesting to know that there are
four major short-wave broadcast bands. Each
band has its own characteristics.
For instance, the 19 meter band (16 megacycles) is
best adapted for reception during daylight
hours and will be rarely useful after nightfall.
Furthermore, signals at distances of
over 1500 miles from the receiver are heard
best on this band.

parts, known as the "ground" and the "sky"
waves. The former remain close to the earth's
surface, thus providing reliable signals for
short distances near the transmitter.
The
other wave, called the sky wave, is reflected
back to earth at great distances from the
transmitter. It is interesting to know that
there is usually a point where the ground and
sky waves exist together and the signal will
distort, fade out and fade in again if the
receiver is located here. Then there is an
area following in which neither ground nor
sky waves exist. This is known as a dead
spot region, within which reception does not
exist. The area or length of the dead spot
region is commonly termed "skip distance,"
which varies with seasonal changes and with
weather conditions and the time of day.
Actually the reflecting layer for the sky
waves changes its effective height, thus changing the angle of its route, giving a large variation in reception conditions. And it is known
that reception may change radically in a very
few minutes, especially in a region which
borders on a dead area.
(j) The general characteristics of short
waves must be considered in connection with
frequency bands upon which reception is desired, as well as the time of the day. For
instance, 6 P.M. is the best time in the eastern part of the United States to hear European broadcasting stations operating on high
frequencies. Early afternoon broadcasts of
European programs may be heard on frequencies above 25 meters.
(k) In order to cheek the operation of a
radio receiver we should listen to anumber of
stations and if we receive only one station
clearly in each band we know that the set is
working properly and that the distortion, if
any, is due to weather conditions or improper
spacing between the transmitter and receiver.
These conditions are, of course, beyond the
control of the listener. These are natural
conditions.
The unnatural conditions can
then be very easily weeded out from the natural. Such a ease would be when an expensive
receiver has poor sensitivity and broad tuning,
as well as rapid fading.

(f) The 25 meter band (12 megacycles)
works quite well during both day and night;
however, only very distant stations, especially
those located over 2000 miles away, can be
heard after darkness. During the day signals
approximately 1000 miles or more away will
be heard.

26. PART INCORRECTLY CHOSEN
OR REDUCED IN VALUE BY USE.
(a) A reliable make of receiver should generally give reception at least acceptable to
the customer at the time of purchase. Otherwise the customer would not purchase it. Of
course, it is not improbable that an incorrect
value of a condenser, choke or resistor may
have been used in the original design or that
the value of some part will change after the
receiver has been in use some time; yet the
greatest chance of changing the characteristics
of the receiver will come in making an im
proper replacement while servicing. A few
examples will be helpful.

(g) - Jiist above the 25 meter band will be
found a.-31 meter (10 megacycles) broadcast
band. This band has the general characteristics of the 25 meter band.. However, very
good reception of the distant stations is possible both day and night.
(h) Probably the most reliable short-wave
band is the 49 meter band (6 megacycles).
Very good daylight reception is obtained when
the transmitter and receiver are but 300
miles apart, although very good distant reception is obtained when alarge portion of the
path taken by the signal lies in complete darkness.
(i) The reason for a difference in radio
reception is explained as follows: Radio signals transmitted into the ether and on any
wave length are known to divide into two

(b) When a decoupling condenser (connected from cathode to ± B) is too small
regeneration and squeals may arise. For A.F.
use .5 to 2 mfd., for R.F. use .1 to .25 mfd.
(c) If a bias resistor bypass condenser is
too small, regeneration, degeneration, distortion or hum may be introduced. For A.F. use
2 to 8 mfd.; for R.F. use .1 to .25 mfd.
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(d) If the condenser across a variable resistor is too small, the volume control will be
noisy. Try a higher capacity value.
(e) Incorrect resistor value may result in
improper electrode voltages. Even if the resistor used is according to the circuit diagram
it is always safer to check voltages after a
replacement, with a voltmeter.
(I) A resistor may be correct as far as
ohmic value is concerned, but have inadequate
heat dissipating properties. Its wattage rating is too low. If the resistor gets too hot,
use one with a higher rating, or see that the
air circulation is not blocked. If in doubt
figure watts dissipated by the formula; watts
equals volts dropped times current carried, or
watts equals current times current times the
resistance of the resistor. For under chassis
use, select a resistor with about four. times
the power rating. For above chassis use, select one with about twice the power rating.
High watts dissipation (50 watts and above)
use resistors with equal watts rating and be
sure there is a good circulation of air.
(g) The fixed condenser should have a
working voltage at least equal to twice the
voltage it is to be used on. There are two
exceptions to this, solely for economical reasons. Filter condensers should be selected so
their rating about equals the peak voltage and
A.F. "C" bias resistor condensers should have
at least the voltage rating of the terminals to
which they connect. Whenever possible use as
high a voltage rating_as you can without running up the cost. For ordinary use accept
nothing under 200 volts rating. Melting wax
running from a condenser which is not near a
hot spot, or is properly ventilated, indicates
the necessity for a higher voltage condenser.
(h) Chokes, coils, transformers and variable condensers should be exact replacements,
preferably of the same make.
(i) Substitute a new grid leak for the old
one if you think it is defective. It is practically impossible to test grid leaks with any
degree of accuracy. Try various grid leaks
ranging in value from 2 to 6 megohms until
you find the one giving strongest and clearest
signals. If the set is used for distant reception, a high resistance leak gives best results.
If for local or nearby stations, a low value
resistance should be used.
(j) Always cheek the tubes in a receiver,
as to proper type. It is not uncommon to find
incorrect types used, for example, a 24 in
place of a 51. Replacing a tube with the
wrong filament voltage rating may cause it to
burn out.
27. OUTSIDE
INTERFERENCE
(STATIC). (a) Noises originating outside
the receiver can usually be determined by
removing the aerial and ground wires. If the
noise still persists, it is an indication that the
noise originates IN the receiver or accessories
(batteries, tubes, power unit or loose connections).
Natural interference (static) presents itself as varying sounds, usually loud
crackling or crashes. Static is a natural phenomenon, and up to the present time no means
of successfully overcoming it has been devised.
(b) Static interference is much more noticeable during the hot, summer months and
SECTIONS 26d to 28e
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makes it impossible to receive distant stations
with any degree of regularity. In fact, it is
sometimes so bad that it is impossible to
obtain satisfactory results, except possibly on
the very strong local stations. Accumulations
of static electricity on the aerial wires sometimes become so great as to severely shock a
person touching the antenna system or antenna binding post of the receiver. Instances
have been known when the charge is so great
that the electricity will arc across to the
antenna post to the receiver if a lead connection is broken.
(c) The ignition systems of automobiles
and trucks passing along the road or street
will cause static-like interference in shortwave reception. This is especially true in the
15 megacycle band. There is no remedy for
this type of interference other than placing
the antenna and lead-in as far as possible
from the highway along which the automobiles
pass.
(d) On some types of receivers it is natural
to receive a large amount of static and other
noises when tuning from one station to
another, or when switching from one band to
another in an all-wave receiver. The only
remedy for this type of trouble is to turn
down the volume control on the receiver
before making the change.
28. STATION INTERFERENCE AND
BROAD TUNING. (a) There is no receiver
made with reasonable sensitivity, selectivity
and fidelity which will not suffer from station
interference.
The designer recognized the
fact that one good quality works to spoil
another desirable feature and strikes a balance. It is your duty to acquire by experience, the ability to judge what performance
should be expected from the receiver you are
servicing.
(b) Before proclaiming that interference
cannot be eliminated, check for broad tuning
(see in this section "Judging Broad Tuning").
If the customer prefers selectivity to fidelity
peak the tuning stages. If this does not reduce interference to a satisfactory amount,
the only logical step to take is to install a
wave trap. Contrary to the general opinion,
any coil and condenser will not make a good
wave trap. Use a good variable condenser of
small size and a regular R.F. receiver transformer. The trap should be designed for the
broadcast or the short-wave band in which
interference is present.
(o) Connect the wave trap in series with
the antenna lead wire, when the trap's coil
and condenser are in parallel or has aprimary
winding; for all-wave antenna systems connect the coil and condenser in series and connect the trap across the two leads to the
receiver. Tune the receiver to the station
desired and adjust the wave trap to eliminate
the undesired station. Retune the receiver
for desired station and the trap for undesired
station.
(d) The types of interference you will
encounter are as follows:
(e) If the receiver is located too near a
local broadcasting station, the station may be
received over a wide range of the station
selector scale. This is referred to as broad

tuning. Assuming the receiver alignment is
satisfactory, awave trap should be used, tuned
to the powerful local so stations to either side
may be tuned in.
(f) Often the customer will complain that
the local station can be tuned in with distant
stations, but when a station is not tuned in,
this station interference is not obtained. This
difficulty is referred to as "cross-modulation"
and is due to the fact that the local station
is causing, usually the first tube to act as a
detector, and not allowing the tuned stages
following a chance to tune it out. Be sure to
use variable mu screen grid or super R.F.
pentode tubes if specified for the receiver,
as these tubes help reduce cross modulation
(also hum). A high C bias or low plate voltage on the first R.F. tube may produce this
interference; check voltages with manufacturer's recommended values. Try awave trap
tuned to the local station riding in on distant
broadcasts.
(g) If the local station radiates harmonics,
interference will be obtained on higher frequencies. A 610 K.C. broadcast may be heard
at 1220, 1830, 2440, etc. This is no fault of
the receiver, and not a thing can be done to
the receiver to eliminate these undesired signals. If you are sure that the station is radiating harmonics (cheek this fact on several
receivers in various localities) call the station
engineer. He will gladly make a check.
(h) In some supers a station having a frequency equal to the dial setting plus or minus
twice the I.F. frequency may ride in on the
desired signal. This is called image interference. A coil and condenser trap (both parts
in series connected across the antenna and
ground) tuned to the interfering signal will
help eliminate this interference.
(i) Should you find that a local code or
broadcast short-wave station interferes on a
lower frequency range of a receiver (for
example, the broadcast band) tune the local
out with a short-wave trap. The receiver is
a superheterodyne and harmonics of its oscillator are beating with the frequency of the
offending station.
(j) If long-wave code stations (above 550
meters) are interfering with reception of a
superheterodyne receiver, the station is probably of the same frequency as that of the I.F.
section. A long-wave wave trap may be inserted in the antenna lead-in. Use an I.F.
transformer similar to the one in the receiver.
Use only one coil and its condenser; open
other circuits. You may also set the I.F. to a
slightly higher or lower frequency. Realign
the receiver completely. This may throw the
station dial calibration off.
(k) It is worth remembering that many
customers report that they hear the same station at different positions of the tuning dial.
What they are really hearing is the same program coming from different stations, and have
not bothered to check up that they are listening to a chain program.
(l) When we stop to realize that there are
a few hundred stations on at the same time in
the broadcast band, it is reasonable to expect
some interference.
First, several stations
may be on the same frequency and a sensitive
receiver, regardless of its selectivity will pick
up both or several of the stations. Nothing
•
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can be done to eliminate this interference
which is often recognized by one fading in
while the other fades out, one after the other;
or all coming at one time creating a hash of
words or music; or a chopping up of the more
powerful broadcast. On the other hand, if
one station is off its assigned frequency by
more than 50 c.p.s., a low pitch hum or squeal
may be heard.
(m) If two stations are 10 k.c. apart as
they should be and modulate a 5 k.c. sound,
and the customer's receiver is band-passed to
at least 10 k.c.—garbled reproduction is heard.
Because it sounds so much like "monkey chatter" it is referred to by this expression.
Nothing can be done with an ordinary receiver
unless you wish to reduce fidelity by peaking
the tuning systems. In ahigh fidelity receiver
with variable band width, reduce or compress
the band width of reception.
(n) In judging broad tuning do not estimate the number of divisions on the tuning
dial over which the station may be received
and then express an opinion. Figure out the
actual number of kilocycles. Tuning is broad
if on local stations the band width exceeds 30
kilocycles, on distance if it exceeds 20 kilocycles for powerful broadcasters, on distance
if it exceeds 10 kilocycles for normal power
radio stations. Sharp 10 kilocycle cut-off for
all stations is ideal and making a receiver
sharper than this value only tends to destroy
tonal qualities. If in your opinion tuning is
broad, and the receiver is capable of better
selectivity, realign the tuning stages.
See
section 45, on Receiver Alignment. A 4 to 5
stage tuned R.F. receiver should give acceptable selectivity; a superheterodyne with one
pre-selector stage and 2 I.F. transformer.
(tuned plate—tuned grid) should give satisfactory selectivity.
Receivers with more
tuned stages should be band-passed for higher
fidelity.
Receivers with less tuned stages
should be peaked sharply. Receivers in which
the detector is of the grid leak-grid condenser
type are generally broader than if a bias type
detector is used. A change-over may help.
29. ANTENNA SYSTEM TROUBLES.
(a) Short Aerial. The aerial on any receiving set should have a length approximating
that suggested by the manufacturer of the
receiver. Generally speaking, for the broadcast band, an aerial 60 to 80 ft. long will give
excellent results. Indoor aerials and light
socket antennas never give the same results
as good outdoor antennas. Such installations
usually give good results on local or nearby
stations, but are not of much value for distant
reception. If possible, always use an outdoor
straight-away.
(b) Poor or High Resistance Joints. The
ends of all wires to be joined should be
scraped clean and then soldered and taped.
The ground wire should be connected by means
of an approved ground clamp to the cold water
pipe, or a pipe driven into the damp ground.
Scrape the surface of the pipe under the clamp
so as to form a good electrical connection.
The ground wire should be soldered to the
ground clamp. In all wave antennas a poor
connection can exist at the coupling transformer, especially in the types having adjustments. Examine all taps, connections and
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switches carefully for loose, dirty or corroded
connections.
(0) Antennas that are too short generally
reduce volume and since some sets are more
sensitive at one end of the dial than the other,
this effect is more noticeable at the less sensitive end. In some cases, the aerial resonates
at the end with good reception and falls off in
efficiency at the other end of the band. A
change in length, generally, an increase, is a
remedy for this. Then, too, a short antenna
may cause a receiver to oscillate; lengthening
the straight-away helps.
(d) When an antenna is too long, the receiver may not be selective, the volume of
local stations may be uncontrollable, or station interference may exist. Cut the length
of the aerial to the size suggested by the manufacturer of the receiver or insert a condenser
in series with the aerial. A small fixed condenser of approximately .0025 mfd. or .0001
mfd. is usually helpful. A variable condenser
permits finer adjustment.
(e) An antenna system that is poorly designed and erected will not give the receiver
a chance to show its ability. Be especially
sure that an all-wave antenna is erected properly, following the antenna kit manufacturer's
instructions carefully. Keep well away from
trees, power lines, metal roofs, etc. Be sure
that the antenna is correctly matched
(coupled) to the set input. The types with
adjustable or tapped transformers should be
adjusted for maximum results. Be sure that
the antenna is of a type that will work satisfactorily with the set.
(f) Keep antenna wires free from contact
with other objects. Do not let the wire touch
trees or sides of buildings. Use stand-off insulators to hold wires away from the building,
and be sure to take the lead-in wire into the
house through a porcelain tube or by way of
an approved "lead-in strip" provided especially for that purpose. Remember, the better
the antenna installation, the better the antenna insulation, the stronger and clearer will
be the reception. It pays to take time to
erect the antenna system in a workmanlike
manner.
(g) Keep the aerial and lead-in wire pulled
tight so it cannot sway excessively in the
wind. By using an aerial spring or pulley and
weight, the antenna may be kept tight. Avoid
anchoring the antenna to objects like trees
which sway with the wind.
(h) If you touch an aerial or its lead-in
which is touching a power line you will get
a shock. Aerials should be erected as far
from them as possible. If the lead-in must
come close to a power line, be sure that both
are fastened so securely that no contact can
be made. If the power line is loose, inform
the power company; they will quickly rectify
the defect. As a matter of course, you should
keep the antenna system away from power
and telephone lines; as this will minimize
interference. It is advisable to install the
aerial so that the wires are at right angles to
any power lines and as far away as possible.
Any power line passing through branches of
trees should be thoroughly taped to prevent
current leakage. This work can only be done
by the power company. Whenever a large
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number of power and telephone wires are seen,
always recommend a noise-reducing antenna.
the straight-away in the noise free zone.
(i) Quite often you run across an installation where the receiver works equally well
when the ground lead is disconnected. The
power line is a better ground than the one
used. The power line has a grounded side
and is generally connected to the set chassie
through a condenser; and by disconnecting
the original ground, the power line then acts
as the ground.
(j) A short, straight wire connected to the
cold water pipe makes the most practical
ground connection. Avoid the use of steam or
gas pipes.
(k) An arrester having poor or corroded
connections and leaks due to collections of
dirt or soot will naturally cause noise. A
shorted arrester will stop reception of distant
stations. The arrester could be defective due
to age or a lightning surge. The simplest test
of this is to temporarily disconnect the suspected arrester or try a new one.
(1) Select the Correct All-Wave Antenna.
There are many types of all-wave antennas,
and there are certain types that will work
satisfactorily only with receivers having definite input impedances for which they are designed. The older radio receivers may have
low or high impedance inputs and special
variable impedance transformers should be
used so a correct match is possible. This
should be considered before the purchase of
the aerial. Types having variable impedances
are on the market which can be made to work
with most all-wave sets. An all-wave receiver
requires an all-wave antenna for best results,
and they should be properly connected to the
receiver.
Read the instructions with the
antenna kit.
(in) A Choke or Resistor Receiver Input
provides an untuned antenna input. Of
course, no tuning action exists, thus permitting strong locals to "ride in" on weaker stations, an effect known as cross-modulation. A
tuned input may be substituted or awave trap
used, adjusted to the offending local station.
(n) Two receivers should not be used on
the same antenna, unless a system especially
designed for this use is installed. Shocks can
be obtained where two sets are connected to
the same aerial. Noises, squeals and whistles
often occur. Feedback takes place between
the sets which are so coupled. Sets should be
on separate ordinary aerials if they are to be
used at the same time. However, if a shock
is the only objection to the multiple use of an
placed
antenna,i
na
series
smallwith
micaeach
condenser
lead-in, should
thus prebe
venting shocks.
(o) Testing an Antenna System. A broadcast antenna should not be difficult to test.
Disconnect the antenna and ground leads from
the receiver. Connect an ohmmeter to ANT
and GND receiver posts; a low ohm reading
indicates normal continuity. Connect the
ohmmeter to antenna and ground leads, set
the ohmmeter to its highest range. The reading should be infinite resistance, showing no
shorts or leaks. If a reading is obtained inspect the lead-in and antenna for poor insulation or possible shorts to conductors on the
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house, and disconnect and test the lightning
arrester—no reading should be obtained. To
cheek antenna lead wire for opens, connect one
end to a metal gutter or pipe, test with the
ohmmeter from the free end to the metal gutter or pipe. A low ohmic reading should be
obtained for normal continuity.
(p) Checking an all-wave transmission line
system calls for a little more deliberation.
Disconnect the transmission line from the
receiver transformer, and check the latter for
continuity, just as you would any R.F. transformer. In general, continuity should exist
between primary terminals and between
secondary terminals.
If in doubt, connect
the transmission cable directly to ANT and
GND receiver posts.
If reception is now
obtained, to get a new transformer.
(q) To check the transmission cable, connect an ohmmeter to the ends disconnected
from the transformer. If the antenna end
starts with a transformer, the reading obtained should be low (resistance) ;if the antenna is a doublet with no transformer, a
high resistance should be obtained. Due to
breakdown of insulation in the cable, collection of soot and dirt, some reading will be
observed in an installation that has been up
some time. If it is less than 10,000 ohms,
install anew cable, identical with the original.
It is a good plan to disconnect the cable from
the antenna coupler, if one is used and check
the cable itself for leakage. Always check
between the leads or shield to ground. No
short or leak should exist.
(r) The antenna coupler is checked in the
same manner as the receiver transformer.
A schematic wiring diagram of the antenna
system if followed will, of course,. eliminate
any guessing in the tests.
(a) If apoor connection is suspected, shake
the antenna, lead wires, or cable when making
an ohmmeter test.

(d) Distorted or muffled signals may be reproduced if the line voltage is abnormally
high or low. Again check the line voltage.
(e) When low or high voltage line supplies
are suspected the first thing naturally to do,
is to find out by an A.C. voltmeter test
whether the voltage is above or below the
recommended input for the receiver. If the
receiver has any means of adjusting the primary of the power transformer to the line
voltage (usually taps or a variable position
fuse is provided), an adjustment is made. The
taps or fuse positions are marked; set them
to aposition that is nearest to the line voltage.
It is always safer to set the receiver for a
high line voltage. If you set it to a low line
voltage there is no immediate way of telling
whether the line voltage will go up during
the day. A line voltage check during the
afternoon and early evening will give more
definite information.
Then set the power
transformer primary for the highest voltage;
or preferably install a line ballast. A ballast
is always preferred when line voltage variation exists. When no receiver adjustment is
provided and the line voltage stays constant
but high, install a variable line regulator
(variable resistor) although a ballast will
work as well and insure against sudden line
voltage rises. If a number of complaints of
this nature are found in the same district,
report the condition to the power company.
In most cases the condition will be rectified.
Don't expect the power company to build an
entire feeder •system; cooperate with them
by using a line ballast.
(f) No Power When Switch is Turned On.
The tubes in a radio receiver may not light
for many reasons. However, a careful check
should always be made of the power line voltage. A burned out house or receiver fuse, or
an open in the power cord will make it impossible for the receiver to operate. Fuses in
the receiver circuit should likewise be renewed if damaged accidentally.
(g) A defective line switch may cause the
line fuse to blow whenever the receiver power
plug is inserted into the wall outlet. When
such condition occurs, install a new fuse and
then proceed to test the continuity of the
switch terminals with respect to the chassis
and the power cord lead as well. With the
receiver switch in the off position we should
not have continuity between the prongs of the
receiver power plug.
(h) Reversed Power Plug. When operating
Universal A.C.-D.C. receivers as well as D.C.
receivers from D.C. lines, it is extremely important that the line plug be inserted in the
outlet with the proper polarity. Often times
all tubes will light and yet no signals will be
heard due to the fact that the line plug is
reversed. Hum may exist in an A.C. receiver
because of a reversed plug. These conditions
may be easily corrected by merely removing
the plug and inserting it again in reverse, thus
reversing the polarity of the power supplied
to the receiver.
(i) Shock When Chassis is Touched. Most
of the inexpensive universal and D.C. sets
have what is known as a hot chassis. That is,
the chassis is above ground and usually avoltage equal to the line voltage is supplied to the
receiver. When touching such a receiver

30. POWER SUPPLY DEFECTS. (a)
Improper Line Power Supply. Always be on
the lookout for D.C. receivers in A.C. sections,
as the receiver will not operate; and A.C.
receivers in D.C. sections of a community as
the line fuses will blow out. On the other
hand, the receiver may begin to smoke due to
excessive current of the improper type flowing through it and, the transformer may burn
out. Universal receivers, however, will operate on either A.C. or D.C. In some Universal
receivers it is necessary to throw a switch at
the rear of the chassis to work it on A.C. or
D.C., that is, to convert its operation. Also
determine definitely the correct operating line
voltage to be applied to the receiver if there
is any question at all about the proper power
supply.
(b) High or Low Line Voltage. The tubes
in a radio receiver will go bad if the power
supplied to them is above or below their specified working values, particularly if the voltage is above normal. It is therefore extremely
important to check the line voltage.
(0) Low line voltage during the day time
may cause weak signals to be received. On
the other hand, we may experience broad
tuning. High line voltage may cause squeals,
howls or put-puta.
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chassis we may become shocked. If it is necessary to handle such achassis with the line plug
plugged in, wear a pair of rubber or dry
canvas gloves. Be careful and do not touch
the chassis with a ground wire or set the
chassis on a sheet of metal which is grounded.
The main line fuse may blow if you do!
(j) Filament Circuit Troubles. Whenever
several tubes in a receiver do not light, look
for a poorly soldered filament connection, or
an open filament resistor, a poor socket prong,
or a poor soldered joint at the tube prong. A
break in afilament cord resistor may be found
in some of the inexpensive Universal receivers.
This condition will prevent the tubes from
lighting. The resistor cord should be replaced
if the break is found to be more than 8 inches
from the ends of the cord.
(k) A short circuit between a filament
circuit and aground may cause hum in an A.0
receiver. This will usually be due to poor insulation or insufficient spacing between the
leads carrying the filament supply.
(1) Distortion or muffled signals may be
received by the application of excessive filament voltage or having a broken ground wire
or lead. Check the filament voltage and also
the ground to the filament circuit. Refer to
the schematic wiring diagram of the receiver
for exact connections.
(m) It is important to have the proper
center tap to the filament source of the R.F.
tubes in a high gain receiver in order to reduce resonant or tunable hum to the lowest
value.
(n) Some receivers use fixed as well as
variable midtap resistors. Hum will be heard
if these are defective, when the receiver is
A.C. operated. The resistance of the resistors
may be checked by removing the connecting
leads and using an ohmmeter- If the resistor
is found to be open and should it be impossible to repair, then insert a new one.
31. DEFECTIVE
FILTER
SYSTEM.
(a) A defective filter system of a radio receiver, regardless of the type, will cause serious trouble unless corrected at once. Naturally
the defect will be in a choke coil or a filter
condenser. A grounded filter choke coil, or
a leaky or shorted filter condenser will throw
an unusually large load on the rectifier tube
and the power transformer. If the latter is
adequately protected by a fuse, the set fuse
will blow. If the fuse has too high a current
rating the transformer may overheat and
eventually break down; or the rectifier tube
elements, particularly the plate will get red
hot, emit gasses and a blue glow will arise
between the elements; or the line ballast resistor will overheat and eventually burn out.
A blue glow between elements is a definite
indication of a filter defect, except in the ease
of a mercury vapor rectifier tube. Shut the
power off at once and check chokes and condensers, as explained elsewhere in this reference text.
(b) Mercury vapor rectifier tubes oftentimes employ small radio frequency chokes at
their plate lead terminals. When these chokes
become defective due to improper installation, or are accidentally damaged, we may
hear noise. This noise may be heard from the
receiver chassis or loudspeaker.
SECTIONS 301 to 32.
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(o) A filter choke or loudspeaker field
which is shorted may cause hum, squeals,
howls, and put-puts. This is due to the fact
that there is insufficient reactance inserted
in the circuit. A shorted radio frequency
choke may also result in squeals.
(d) All receivers using a metal chassis
generally have the chassis grounded. Por this
reason a careful inspection should be made to
see that no piece of apparatus or bare wire
is touching the chassis that is intended to
carry power to points other than the chassis
itself. This can be determined quite definitely by comparing all connections with a
schematic wiring diagram and making continuity tests.
32. REGENERATION AND OSCILLATION. (a) Regeneration in a radio receiver
is generally recognized by a swishing or rushing sound as you tune in astation; oscillation
which is generally excessive regeneration
makes itself known by squeals and howls,
either with set tuned to any dial position or
when tuning through a station. Oscillation
is, of course, quite objectionable and must be
removed, although some individuals may be
willing to have regeneration if it is controllable. Oscillation in beat signal generators
for signal finding is quite essential, and regeneration under control allows greater signal strength to be obtained. Regeneration is
only objectionable if it distorts or muffles
signals, or reduces the fidelity of reception.
(b) A check for internal and external
squeals and howls or swishing should first be
made. If any of these symptoms are heard
when the station selector or receiver is not
adjusted, some one in the neighborhood is producing the interference. Nothing can be done
unless the offender is tracked down with a
directional loop antenna receiver and that
receiver corrected or the owner shown how
to operate his receiver. All other conditions
of interference are due to set defects or unbalance.
(c) Superheterodyne receivers often produce a squeal or howl when tuned, the harmonics of the I.F. or local generator beating
with the incoming signal or some other signal
passing through the preselector even when the
signal itself is not audible. Lowering the
oscillator grid bias or plate voltages, checking
up on misplaced wires in the I.F. section often
corrects this defect.
(d) Regeneration and oscillation is generally a radio frequency system defect. R.F.
systems using triode tubes as amplifiers will
oscillate unless suppressed or neutralized.
Hence, when such a system is found which
oscillates always reneutralize the receiver (see
section 45 on Receiver Alignment) or check
the grid suppression. They may be shorted.
Usually grid suppressor resistors of large
value may be required, but before this is done
be sure that a defect is not causing an undue
amount of feed back. For example: a grid
lead may be too close to a plate lead. Try
changing the position of the grid lead.
(e) R.F. systems using tetrode and pentode
tubes when properly designed do not oscillate.
Only a defect can produce undesirable feed
back, as is often the case for systems with
triode tubes. Whenever a defect exists which

feeds the output into aprevious stage or grid,
regeneration will take place. Some of these
possibilities are:
(f) Open or defective last filter condensers
in the power pack. This is the common supply
to all stages, and an open condenser will present a high resistance coupling, causing hum,
regeneration and oscillation.
(g) An open grid bias condenser couples
the plate to the grid often producing this
interference.
(h) An open cathode to plate supply bypass condenser will allow R.F. signals from
the plate to pass into the supply circuits and
then to a grid circuit causing squeals and
howls. An open in acathode to —0 terminal,
or a short in the resistor to a plate or grid
supply terminal will cause closer coupling
through the supply system.
(i) Most servicemen usually track down a
defective condenser by connecting two leads
with probes to a 1 mfd. condenser and connecting the probes across various bypass, and
filter condensers. If a defective condenser or
its lead is open or poorly soldered (usually
in its container) shunting the good condenser
across it will stop the trouble. Install a new
condenser of recommended size.
(j) Any high resistance connection may be
a source of plate to grid feed back, and a
good soldered connection should be made.
Improper wiping contacts at the rotors of
variable condensers, or their absence often
result in regeneration and oscillation.
(k) Undesirable inductive coupling is, of
course, a major source of feed-back. But all
such possibilities are eliminated in the original design of the receiver. If the receiver is
of reliable make, it is best to consider the
other sources of trouble. If undesirable
coupling is found it should be reduced (less
turns) or eliminated entirely.
(I) A large number of possible defects are
given in the index under "Squeals, Howls and
Put-Puts." Study this part of the index if
you have a job involving regeneration and
oscillation.

circuits should be checked with an ohmmeter,
using a circuit diagram as a guide.
(d) Push-pull and push-push stages may
oscillate or motorboat. The simplest cure is
to insert a 200 or 300 ohm resistor in series
with each grid; and if this does not completely solve the trouble connect similar resistors in series with each plate; in each case,
next to the socket terminals.
34. MECHANICAL FEED BACK. (a)
Sound emitted from the loudspeaker is to a
more or less degree, acoustically (through the
air) or mechanically (through the cabinet
and chassis), fed back to the signal circuits.
This may result in a howl which rises from
zero intensity to aloud amplitude. Naturally,
such interference will not be tolerated by the
customer. Recognizing the means of coupling
indicates at once the solution of the trouble.
(b) Microphonic tubes are a common
source of trouble. Tapping each tube with
the receiver volume turned up and tuned to
a station will quickly identify the microphonic tube. Try the latter in a different
position (where the same type tube is used)
or replace with another tube.
(c) Another very common trouble is at the
clamps which hold the chassis to the cabinet.
In some receivers the machine floats on sponge
rubber or springs. If they harden or lose
their elasticity, microphonic noises arise. Adjust springs and replace hardened sponge
rubber.
Such machines are shipped with
chassis temporarily bolted down. Before thé
machine is placed in operation free the
chassis so it will float.
(d) If the felt rim on the loudspeaker has
hardened or has been omitted or the loudspeaker is too tightly bolted to the baffle
mechanical feed-back will be strong. Be sure
the rim is used, that it is soft and only moderately snug to the baffle board.

33. (a) MOTORBOATING is a term describing the sound produced in some receivers,
resembling the put-put-put of asingle cylinder
gas engine. It is in reality a low frequency
oscillation produced by high common impedance in the plate circuit of the audio amplifier. However, any combination decoupling
and filter system defect may result in motorboating.
(b) Defective tubes are to be suspected
and new ones should be tried. Bypass and
filter condensers should be checked for opens
by shunting them with others. If an automatic volume control system is used, pay particular attention to the decoupling condensers
—trying others. Cheek the connections between the rotors of the tuning condensers and
the chassis. Sometimes, a 100,000 ohm resistor
shunted across the signal input circuit of the
first audio tube will prevent motorboating.
(o) Test for shorts between the primaries
and secondaries of audio, R.F. and I.F. transf
ormers. Open grid returns will result in a
sound quite similar to motorboating and such
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35. HUM. (a) When an appreciable
amount of raw A.C. gets to the loudspeaker
a low pitched hum will be heard.
Theoretically, there is always some A.C. in the
output, but for a receiver of good fidelity it
should be one-millionth of the maximum output. As expense is involved in getting hum
out of the output, only moderate and highpriced receivers will be found free of hum.
Objectionable hum should never exist, in any
receiver of reliable manufacture. Receivers
with asmall baffle have plenty of hum current
in the loudspeaker but the hum is not reproduced by the loudspeaker due to the small
baffle area. For high fidelity receivers hum
output must be kept to a very low value, and
the least power supply defect may result in
hum.
(b) A procedure to identify and isolate the
source of hum trouble is highly important.
Hum is generally of three forms: 1, hum existing at all times whether on or off a station,
general huta; 2, hum existing only when set is
tuned to a station, particularly a powerful
station, called tunable or resonant hum; 3,
direct hum coming from a part and not
through the loudspeaker, called mechasieal
hum.
SECTIONS 32e to 356

(c) General hum is easily identified. Ton
will hear it coming from the loudspeaker soon
after the power switch is turned on.
A
strong hum louder than the broadcasts that
you can tune in indicates, as a rule, a total
break down; a mild hum, not heard in a
normal receiver of the same make, indicates
inadequate filtering or some minor circuit
disturbance.
(d) Tunable hum is generally produced by
a defect which throws raw A.C. into the R.F.
section causing some R.F. tube to be modulated by this interference. Before considering the receiver to be at fault, check for transmitter hum. A battery operated unmodulated
oscillator is connected to the receiver input
and the set tuned to this oscillator. A strong
signal may be necessary. If hum is not tuned
in, the station is radiating a hum. It will
probably be removed in a few days by the
station engineer. Signals entering the receiver
via the power line may become modulated
with A.C. Try two 0.1 mfd. 600 volt condensers across line, center tap grounded; if
line filter is not used.
(e) When hum is heard and placing your
ear next to the grill of the loudspeaker shows
that it is not coming through the loudspeaker,
you are reasonably sure that some part,
usually laminations of an audio or power
transformer or iron core choke are vibrating.
Wedging the laminations or tightening the
core bolts or rivets will help to reduce this
trouble.
(I) In tracing hum first disconnect the
aerial and ground and move the power supply
cord around to be sure that induction from
it does not exist. If the symptoms or experience do not indicate the probable cause (study
the index on hum), isolating the stage where
hum originates is a time saving procedure.
(g) Of course, tunable hum indicates a defect in the R.F. systems, and the index suggests locations and defects. Next if any hum
adjusters are used they should be reset for
minimum hum output. Unless you are familiar
with the receiver you should refer to a circuit
diagram, particularly one which gives the
location of the various adjustments. If the
receiver works normally except for too much
hum output, a stage isolation test is made.
(h) For an isolation test use a head-set
with a series 1mfd. condenser. This is probably the most sensitive as well as the most
practical hum indicator. The tests to be described should be tried on various receivers
without abnormal hum, in order to acquaint
yourself with the amount of hum that ordinarily is heard in a receiver which is in good
shape. Check the input of the loudspeaker
(plate to chassis or plate to plate of the last
stage). If hum is heard and the loudspeaker
has no hum bucking device, check the rectifier and filter system.
Defective rectifier
tubes, shorted or leaky filter condenser,
shorted or grounded filter chokes may be causing the hum. A serious defect in the power
pack may cause the rectifier tube to glow
between elements, and this will be observed
even before an isolation test is made.
(i) If the rectifier-filter delivers normal
hum output (some will always be heard) isolate the stage it is entering. Connect the head
set between plates and chassis (or cathode of
each tube) or preferably in series with the
SECTIONS 35c to 36c
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plate (in which case the 1 mfd. condenser is
omitted), starting from the loudspeaker and
working towards the antenna ground. When
you pass through a stage of abnormal hum
(equal to that received across the filter output) that section is allowing hum currents to
pass from the power pack to the signal circuits. Poor connections, shorted isolating resistors from the supply terminal to the electrode or the electrode supply to cathode bypass condenser, defective or weak tubes, operating voltages and open circuits should be
checked. Study the troubles peculiar to each
section, as given in the index on hum.
(j) Quite often hum is accompanied by
other defects; no volume, smoking parts, regeneration, oscillation, motorboating, etc. By
isolating the primary defect and correcting
the trouble, hum too will be eliminated. If
inadequate filtering exists in the power supply
system, replacing the condensers for others
of less leakage, or adding more filter condensers (to increase the filter capacity) may
eliminate the hum.
(k) Power pack filters with tuned circuits
are often contributors to hum. If the choke
and resonating condenser (a fixed condenser)
are tested as normal, probably a shift in the
air gap of the choke has thrown the circuit out
of resonance. Try various small condensers
in steps of .0001 mfd. across the choke. If
this fails to tune out the bum adjust the
choke's air gap. Loosen the laminations of
the choke and insert various thicknesses of
paper in the air gap. When least hum is
heard clamp the lamination tightly.
(1) Some servicemen as a "make-shift"
move the loudspeaker away from its baffle
one or two inches. This will reduce low
frequency response and hum as well.
36. EXTERNAL NOISE. (a) The test
for external or internal noise is to disconnect
the antenna and ground leads from the receiver, short ANT to GND, and listen for the
original noise. Slap or shake the receiver
chassis to check for loose connections. Now
if the noise is not coming through the power
line connection and no noise is heard we have
definite proof that noise is coming from an
external source.
(b) Most modern radio receivers have
built in, a line noise filter. In some cases it
is merely a condenser across the line input;
in better receivers two condensers in series
are connected to the line, the mid-condenser
connection grounded; or in other receivers a
shield is wound between the primary and
secondary of the power transformer.
The
only sure way of determining whether a receiver has a line noise eliminator is to refer
to a service circuit diagram. In your case
it is wise to buy or build a portable line
filter. Insert the line noise filter. If the
antenna input is shorted and the insertion
of the filter eliminates the noise, install a
permanent line filter; if the filter does not
eliminate the noise, the cause is internal;
if after the filter has eliminated the noise,
but restoring the antenna-ground connections
bring back the noise the elimination procedure
is as follows:
(0) In every case where external noise is
experienced and a line filter does not help,
install a noise-reducing antenna. There are

many approved types on the market. Select
one of reliable make, one which gives you
good results and stick to it. Get the straightaway as far up in the air as you can, as far
away from metal objects and power, telephone
and trolley wires. Always run, if possible,
the straight-away at right angles to lines.
The length of transmission line is immaterial
in a well designed noise-reducing antenna.
Use an all-wave antenna for all-wave receivers.
(d) In 95 percent of the cases a well installed noise-reducing antenna will eliminate
external noise. In the other cases, the offending device in the locality must be traced and
noise filters installed, a subject studied in the
regular course. A few hints will help.
(e) The power plugs connected to radio
receivers are oftentimes connected to the
power cord by means of small machine screws.
When the cord is continually pulled in and
out, we find that the screws become loose.
Therefore, we will have a small break in the
current or circuit, thus causing interference
or external noise.
(f) Poor connections to electrical units
within the house, such as fans, small motors,
sewing machines and other electrically operated devices will cause external interference
to be heard. Such conditions may be corrected by tracing all connections to lamps,
and other power cord connections. Defective
switches and power outlets cause interference
and should be corrected or replaced.
(g) House line fuses may have been blown
and replaced with tinfoil or a copper penny.
Such fuses are loose and often will provide
very poor contact. Poor contacts cause an
arcing of the current and consequently, a
radiation of interference. Install the proper
fuse when such conditions are found.
(h) Line filters should be purchased, and
for large electrical machines one designed particularly for the device used. A simple filter
can be made by placing two 2mfd. condensers
in series across a line and grounding their
midpoint. These condensers should have a
working voltage of 600 volts. A short direct
ground lead should be made from the midpoint between the two condensers.

will disappear, if the voltages are incorrect,
the correction will be obvious by a stage voltage analysis. Grid leak—grid condenser detectors overload quickly on strong signals.
Besides distortion, the detector may block
stopping reception momentarily. If the customer prefers to listen to strong broadcasters,
try leaks of lower ohmic values, about 1/
2 to 1
megohms. This will reduce sensitivity. If
the detector has an automatic C bias voltage
drop, vary the cathode to — B resistor for
best results; or, if readily done, increase the
detector's plate voltage.

37. SIGNAL CIRCUITS OVERLOADED. (a) Radio receivers can easily be
fed with too much signal, which is in many
cases no fault of the receiver. Each receiver
is rated to handle a definite output without
distortion and if this is exceeded by tuning to
a local station or some other powerful broadcaster with the volume control wide open,
distortion is inevitable. The customer must
be instructed to reduce the output to a reasonable amount. Of course, there is some
stage in the receiver which first shows signs
of being overloaded, and if distortion at this
point can be reduced the volume range of the
receiver can be extended. Naturally, a receiver must first be correctly tuned, otherwise
cutting of the side-band frequencies will
cause distortion.
(b) Detectors very often overload. Before
anything is done to this part of the circuit,
check the tube in a tester or try several new
tubes. Next check the tube's operating voltages. If the tube is defective the distortion

(0) Improper plate load filtering of R.F.
current may cause distortion. Try a larger
load filter bypass condenser, only large enough
to keep R.F. out of the audio system, otherwise the tone of the output will be lowered
to an apparent degree. Pry a 10 to 30 millihenry R.F. choke in series with the plate
load.
(d) Audio tubes are easily overloaded by
too much signal. The tubes and voltages
should be checked. With the exception of a
push-pull (Class B) audio amplifier, a plate
milliammeter in the plate supply of each
suspected stage should show no or very little
current change. If the stage is fed with a
signal above the value it was designed to
handle (loudspeaker output high) a current
change will be observed. This indicates the
limit of the handling ability of the receivers.
Although the output handling ability of tube
may be increased by running up the plate and
grid voltages, such a procedure is not recommended for normal service work.
(e) Loudspeakers are often overloaded or
at least distortion comes from this point.
Overloading is quickly spotted by the fact
that rattles are mixed with false reproduction.
The cone, the cone soft leather rim, or the
spider may be weak or hardened. Replacement cones should be used after the voice
coil or armature has been centralized and
found not to cure distortion. If the voice
coil hits against the stops on large signals, ask
the customer to reduce the volume to a reasonable amount.
(f) The defective stage can be located by
connecting a pair of 2000 ohm ear phones
across the plate cathode of each tube working
from the detector to the output. A 1 mfd.
condenser should be in series with the phone.
When distortion appears the immediate stage
ahead of the connection is causing the trouble.
(g) Overloading in the R.F. section produces distortion, as well as hum modulation
and cross modulation. Cheek: for correct
type of tubes, the tubes themselves, and electrode voltages. A plate milliammeter check
is often helpful. A pair of earphones in series
with the plate of an R.F. tube should produce
no or aminimum of audio signal; the current
change with a signal tuned in should not be
observed.
(h) It is worth recommending a shorter
antenna (broadcast type only) if distortion
due to overloading appears with broad tuning.
38. LOUDSPEAKER TROUBLES. (a)
Loudspeaker fields which are suspected of
being open or shorted may be checked with
an ohmmeter. To test for a shorted field
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place the ohmmeter leads directly across the
field coil. This will also enable you to check
for an open in the field. A test from either
of the field leads to its frame will enable you
to show up a ground. In making the latter
test have a wiring diagram handy as some
fields are naturally grounded. When a field
is open or shorted remove the field and take
off the insulating paper.
Sometimes the
trouble is right on the surface of the coil and
can be repaired. If repair is not possible
purchase and install a new field.
(b) Lack of excitation on the field may be
due to a defective rectifier or a filter condenser ahead of the field being broken down.
If the field is open or shorted there will be
no excitation. A quick check for this condition is to hold a metal (steel) screw-driver
about a quarter of an inch away from the
pole piece. It should be strongly attracted
if the field is being properly excited.
• (c) A frequent trouble encountered in dynamic loudspeakers is opening of the voice
coil. Generally the flexible lead from the
cone to the output transformer breaks.
Usually resoldering this lead will complete
the repair job. A partial open sometimes
occurs and on strong signals when the cone
moves quite a distance, distortion and partial
intermittent reception will occur. Loose turns
on the voice coil will cause a peculiar rattle
which, once heard, can always be identified
again. Remove the cone and coat the voice
coil with a good loudspeaker cone cement,
obtainable from the large radio supply firms.
allowing it to dry thoroughly. This will hold
the wire on the voice coil form.
(d) The volce coil sometimes becomes off
centered and in such a case will rub against
the pole pieces. You can cheek up on this by
moving the cone in and out with your hand,
pushing as nearly as possible on the center.
If you feel the voice coil rubbing, loosen the
screws holding the coil in place and move the
cone around until no rubbing occurs. Then
tighten the holding screws. A better way of
doing this is to cut thin strips from abusiness
card and insert these along side of the voice
coil, between it and the pole pieces. This
will center the voice coil and the holding
screws may then be tightened and the strips
removed. Iron filings in the pole pieces or
openings of the loudspeaker are a frequent
source of trouble. A pair of hand bellows is
useful for removing them and it is seldom
necessary to take off the cone to do this job.
(e) After being in use for several years a
loudspeaker cone is liable to become stiff and
the supporting ring may harden. It is advisable to install a new cone, as they are
inexpensive. When a leather ring is used to
hold the cone to the metal edge of the loudspeaker, "Neatsfoot" oil may be worked into
the leather to soften it. When the spider
loses its flexibility, replace with a new cone
unit.
(f) Never operate a receiver with the
loudspeaker disconnected. In the case of
receivers using electrolytic condensers an
overload on the first condenser will occur if
the loudspeaker is not plugged in. If the condenser is of the wet variety, a hissing sound
SECTIONS 38a to 39e
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will be heard indicating that the condenser
is breaking down.
(g) A.C. dynamic loudspeakers using dry
disc rectifiers will in time emit considerable
hum. If hum is heard when the receiver is
turned off but the field excited you know that
it is time to install a new rectifier unit.
(h) Defective loudspeaker cords, particularly on magnetic loudspeakers, are a source
of trouble. They may be checked for continuity with an ohmmeter and if bad must be
replaced. Do not neglect to shake and move
the cords when making this test. An intermittent reading, of course, indicates a bad
connection.
(i) Weak magnets in magnetic and permanent dynamic loudspeakers are a frequent
source of trouble. In the latter case the
loudspeaker must be replaced and in the
former ease you should try reversing the loudspeaker leads. If the loudspeaker is directly
in the plate circuit of a tube, the polarity of
the loudspeaker leads is important because
current flowing through the loudspeaker windings in the wrong direction will tend to demagnetize the permanent magnet. The loudspeaker wire having the most red in it connects to plus B.
39. RESONANT EFFECTS IN CARL
NET AND ROOM. (a) Although there may
be only a small amount of hum present at the
output of a loudspeaker and this hum may be
natural, it may be heard with sufficient intensity to cause a complaint from the customer. Resonant effects in the room or cabinet
are of ten responsible. The hum is emitted
from several different directions and on striking a hard surface may rebound and add to
the hum at another point in the room. If a
hum is heard only in particular spots in the
room, experiment with the position of the
cabinet. Drapes on the walls and a sufficiency
of furniture in the room will usually eliminate
hum. Placing a rug under the receiver is
often helpful. In some cases, it may be advisable to bore holes in the bottom of the
loudspeaker compartment or to line the inside of this compartment with some sound
absorbing material such as celotex.
(b) Resonant effects in the room and cabinet will not only result in hum but also in
noise. Loose pets in the cabinet may be
caused to dance up and down under certain
sounds from the loudspeaker giving rise to a
rattling noise. To clear up the trouble, fasten
the parts down so they cannot vibrate. Reflectors behind radiators are a common source
of mechanical noise.
Directing the loudspeaker away from such objects is the usual
cure. Pictures and mirrors hung on the wall
have also been known to vibrate when struck
by certain sound frequencies.
(0) The more critical broadcast listener
will complain that the receiver sounds too
boomy, caused very often by cabinet resonance. Lining the loudspeaker compartment
with celotex, sound absorbing wool, or heavy
soft cloth helps. Beep the cabinet at least
2 to 3 inches away from the wall, and
preferably is a corner--"katty-corner."

serves only the purpose of automatically con40. OSCILLATOR CIRCUIT
trolling the volume, you will oftentimes note
TROUBLES. (a) When the oscillator ciran increase in volume when the A.V.C. tube
cuit of a receiver is suspected of being deis removed. This is quite natural and does
fective, one of the simplest tests is to touch
not
indicate a defect.
the ungrounded side of the oscillatory circuit
with a moist finger. A click in the loud42. TUNING INDICATORS. (a) Whenspeaker should result when the terminal is
ever a tuning indicator is found, it is quite
touched and also when the finger is removed;
safe to assume that the receiver embodies
if only one click is heard, the tube is not
automatic volume control (A.V.C.). Should
oscillating. Another test is to tune in a stano change in indication be observed first
tion and pull out the oscillator tube. If the
check the A.V.C. action. Tune through local
signal can still be heard, the oscillator tube
and distant stations. Watch for elimination
is not functioning.
of blasting on locals, noise off station (if the
(b) When in doubt, try a new oscillator
receiver does not incorporate a squelch systube. Go over the connections in the osciltem) and reduction of fading. If the A.V.C.
lator circuit with a hot soldering iron as a action is normal then the defect is definitely
high resistance connection will prevent the
in the indicator.
oscillator from functioning—possibly only over
(b) You should be able to tell when a
a section of its range. Test the continuity
reasonable correct action is taking place.
of the oscillator circuit and compare it with
The greatest indication is obtained on local
that of a schematic diagram of the receiver.
or powerful stations. Distant stations and
All resistors should be tested for proper value
particularly those on the short wave band
and condensers should be checked for "opens
produce little change in indication when
by trying new ones. Improper alignment of
tuned in—perhaps only a "quiver"—because
the oscillator stage will cause the set to be
there is insufficient signal pick-up. When indead over a portion of the dial. This may
sufficient indication is obtained on local staalso be caused, particularly in combination
tions, and the receiver is otherwise normal,
detector-oscillator stages using a pentode tube
check antenna for grounds, or leaks, causing
such as a 6C6, by excessive control grid voltlow pick-up. Try a longer aerial.
ages. You may try reducing the value of
(0) The meter (needle indicator), the movthe bias resistor by about one-third of its
ing vane system (shadowgraph), the neon
present size. In circuits using a pentagrid
glow tube (glow indicator) may be defective.
tube such as the 6A8, try increasing the value
The moving vane instrument may be tested
of the oscillator grid resistor by about oneby applying a small C battery; the glow lamp
third of its rated value. In battery sets look
checked by placing it in series with a 10,000
for low filament voltage on the oscillator.
ohm resistor and connecting to a 110 volt A.C.
(c) If the mica spacing in any of the oscilor D.C. source. Or a new neon glow indilator trimmer adjustments appears to be split
cator may be tried.
The shadowgraph or
or dirty, try a new piece of mica. Do not
blinker type may not operate because the
neglect the fact that the plates of the tuning
lamp is burned out, or not securely in the
condensers may rub at some portion of the
socket. After turning the lamp securely in
dial setting. If everything seems to be in
the socket and no indication is observed, try
good condition as far as you can determine,
a new lamp.
the installation of anew exact duplicate oscil(d) There is always the possibility that the
lator coil would be worth while.
indicator is shorted. The moving vane unit
(d) When adjusting the oscillator of a should show continuity, a glow- lamp no cirreceiver, you may find at the very high frecuit resistance, when the proper test connecquency adjustment, two points at which a tions are made.
signal can be received. Use that adjustment
(e) Be sure the voltage supplied the neon
which results in least capacity of the trimmer
indicator is correct. Usually an adjustment
condenser. If you select the other position,
is provided.
Try various positions and
the receiver will be dead at mid-scale. If
especially when a new neon indicator is used.
the oscillator is equipped with a grid leak,
It should be set so it barely lights on no
it may be necessary to experiment with other
signals.
values of resistors for best results.
(f) In the blinker system the three coil
transformer and the input filter condenser
41. A.V.C. TROUBLES. (a) When an
A.V.C. trouble is indicated, you should, first
often become defective. Check and replace
of all, try new tubes in the A.V.C. stage and
if necessary. In replacing watch color code
in the stages controlled by it. Then, the conon leads for a proper reconnection.
tinuity of the circuit should be tested with
(g) Remember, any defects in the A.V.C.
an ohmmeter, using a wiring diagram of the
system will affect the action of the visual
receiver. Improper value resistors should be
indicator, so be sure to check the A.V.C.
replaced with others of the right size and
before blaming the indicator.
bypass and coupling condensers should be
checked for opens by shunting them with
43. ASSOCIATED DEFECTS. (a) A
part may be overheated, destroyed or made
others of about the same size and known to
defective because some other associated part
be in good condition.
is defective. For example:
(b) There are some peculiarities in A.V.C.
(b) A "C" bias resistor connected between
receivers worth mentioning. When tuning
the cathode of the tube and — B may befrom a strong station, the receiver sensitivity
come overheated, burn out, stop reception
will be automatically increased. If you are
because the bypass condenser between -I- B
in a noisy location the noise between stations
and cathode is leaky or shorted. Even if the
may be terrific but it may cut down to nothing
condenser is only leaky sufficient extra current
on strong signals. Where the A.V.C. tube
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will be bled to the bias resistor to send the
C bias up to a value that will either distort
or stop reeention.
(a) A leaky coupling condenser between
the plate and grid of two stages, will if the
grid input has a high ohmic resistor destroy
the tube. Current is bled from + B through
the leaky coupling condenser, through the
grid resistor.
The grid is made positive,
causing excessive distortion and eventually
ruining the emission of the tube which becomes weak and useless. When such a stage
is checked to have normal + B supply, high
plate current and cathode to — B voltage,
check for leaky coupling condenser.
(d) A rectifier tube becomes gassy emitting a blue glow between elements; or the
plates get red hot due to an overload. The
line fuse or ballast may burn out. The cause
may be a shorted or leaky filter condenser,
or a grounded filter choke, or a short in the
load (signal circuits drawing too much current).
Check D.C. drop across suspected
parts or circuits.
(e) A socket or internal tube short between cathode and screen grid or plate, screen
grid and control grid suppressor grid and
plate, etc., may cause large current to flow
in the associated circuits, destroying tubes,
resistors, and even coils. A socket voltage
analysis and comparison to the manufacturer's
voltage table will reveal the defect.
(f) To check for abnormal current measure
the voltage across the resistor through which
the abnormal current is flowing. If higher
than rated and the resistor itself is not
shorted, high current is indicated. Or break
the circuit, with an adapter if possible, and
measure the current directly.
(g) Moral: When a defective part is
located, be sure that some other defect did
not cause the trouble. Always make sure
of this fact or the trouble will reappear.
44. AUTO RADIO TROUBLES.
(a)
An automobile radio receiver may develop
practically any trouble common to other radio
receivers.
Special conditions of use and
special design of the power pack create
troubles peculiar to auto radios. These will
now be considered.
(b) Vibrator Trouble.
The Vibrator B
eliminator is a delicate instrument and must
be operated without excessive sparking, otherwise continuous operation will burn the contacts. The burning of the contacts will cause
improper operation of the unit. Adjusting
screws may also become loose due to continuous vibration. Vibrators that do not have
adjusting screws may be adjusted by bending
the spring levers themselves to the proper
spacing. Filing the contacts when they have
become worn is sometimes desirable. This is
especially necessary when the fuses in the
vibrator leads blow continuously. Pitted or
dirty vibrator points are therefore to be reconditioned by filing and proper spacing. Internal noise is oftentimes heard on an auto
radio due to dirty contacts.
(o) Due to the continuous vibration within
the vibrator unit itself, we may experience
broken or loose connections. Such connections
may cause the vibrator to be intermittent and
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also to produce excessive noise when the automobile is in movement.
(d) It is wise for the beginner and even a
busy, experienced serviceman to replace defective vibrators with new ones. Fortunately
these units are plug-in devices and therefore
are quickly replaced. Use a recommended
duplicate replacement unit.
(e) Ignition Interference. The following
suggestions for the suppression of Ignition
Noise Interference are given through the courtesy of the Galvin Manufacturing Company.
These hints are given in the order of their
importance, and if any have been overlooked
on the job you service, make the necessary
changes or additions.
1. Apply suppressors to spark plugs and
distributor.
2. Apply generator condenser.
3. Reroute primary wire from coil to distributor, keeping it as far away as possible
from high tension wires.
4- Connect dome-light filter to dome-light
wire at point where it enters front corner
post.
6. Shield high tension wire if coil is
mounted on instrument panel.
6. Shield antenna lead-in wire from radio
set to top of front corner post. Ground shield
at both ends.
7. Shield primary wire from coil to distributor.
8. Connect a .002 to .006 mfd. high grade
mica condenser directly across the primary
breaker points of the distributor.
9. Bond (connect) the upper metal parts of
the car body to one another and return a
heavy copper bond (connector) from these
points down to the bulkhead of the car. (This
is usually necessary in cars using composite
wood and metal body construction.)
/0. Bond to bulkhead where necessary all
control rods and pipes passing through the
bulkhead.
11. Shield head of coil when mounted on
instrument panel.
12. Cover floor boards of car with copper
screening, bonded to car frame.
13. Adjust, spark plug points to approximately .028 of an inch.
14. Clean and adjust primary distributor
breaker points.
15. In cars having rubber motor mountings,
connect heavy bond from grounded aide of
battery directly to frame of car.
16. Connect a .5 to 1 mfd. condenser from
hot primary side of ignition coil to ground.
17. If ignition coil is mounted on driver's
side of bulkhead, move it to the motor compartment side, using the same holes for
mounting.
18. Clean ignition system wiring.
Clean
and brighten all connections. Replace any
high tension wiring having imperfect insulation.
19. Ground metal sun visor and rain troughs
if necessary.
20. Make sure hood of car is well grounded.
Clean hold-down hasps on both sides.
21. Bond instrument panel and steering
column to bulkhead.
02. When under-ear aerial is used, connect
a .5 mfd. condenser to tail and atop-light
wires.

touch, signals will be shorted out and noises
introduced. The roof types must be carefully
installed, at least 3 inches of space being between the aerial and any grounded metal. Be
sure that the insulating bushings and washers
are correctly used and in good condition in the
under-car and bumper types of antennas.

And special hinta:
(f) Static Noise. Tail light, stop light,
head light or horn wires sometimes pick up
static charges from the tires and cause interference. To determine if these are at fault,
drive the ear from a dry pavement onto awet
one. If the wet pavement eliminates the
noise, then the light wire should be shielded
and the shield grounded. Noise is sometimes
caused by the antenna being too close to body
metal of car. Antenna should be checked for
this condition whether the car manufacturer
or an individual has installed it. There Must
be a space of at least 3 inches between the
metal car body and the antenna. (Courtesy:
Mallory.)
(g) Wheel Brake Noise. The front brakes
sometimes accumulate static and cause interference due to a poor ground in the front
wheels and a peculiarly constructed lining.
If this condition is suspected, set the car in
motion, then with the motor shut off and the
clutch disengaged, apply the brakes. If the
interference is eliminated then the front
wheels are the cause. To overcome this condition, use graphite grease or insert grounding springs in the internal hub cups. In the
case of external brakes, it is necessary to
ground the brake bands to the chassis.
(Courtesy: Mallory.)
(h) Antenna Touching Car Frame. The
antenna in an auto radio must be carefully
insulated from the frame.
If allowed to

(i) Internal Auto Radio Noise.
Auto
radios that reproduce noise with the antenna
disconnected, may be experiencing interference due to dirty brushes on the generator
which charges the battery. The brushes are
usually dirty when excess oil has been applied
to the generator commutator. In such cases,
the cover over the generator brushes should
be removed. Then, with the car idling, you
should rub the commutator down with a canvas cloth dipped in carbon tetrachloride.
Whenever the cloth becomes black you should
move it along and try again. Eventually, the
commutator of the generator will become
shiny. Then you should add avery small quantity of vaseline thereby preventing oxidation.
Incidentally, the brushes should be in good
condition and held against the commutator by
the springs provided. If the brushes are
entirely too short to operate properly, they
should be replaced. Sometimes it is necessary
to apply very fine sandpaper in order to
remove all .of the carbonized surfaces of the
commutator. When finishing such an operation, commutators should be covered with a
thin coat of vaseline.

D: RECEIVER ALIGNMENT AND BALANCING
45. (a) In radio receivers there are two
kinds of adjustments which you as a service
man will be called upon to make. These are
alignment (often called synchronizing) and
neutralization (often called balancing). The
first has to do with the tuning of circuits
while the latter is a method used to prevent
oscillations (squeals and howls).
(b) Sets having single tuning dials (the
tuning condensers work on a common shaft)
will be equipped with aligning or trimming
condensers. Modern receivers using screen
grid tubes employ no neutralizing condensers
and therefore if such a set squeals or howls
there are no adjustments to prevent this. The
set has developed a defect. It is absolutely
incorrect to try to stop howls and squeals by
adjusting aligning condensers. (If 3 and 4
I.F. stages are employed and they are peaked
when they should be band passed, the receiver
may squeal. It is proper to band pass, adjust
trimmers, only in this case.) This requires a
close examination of every trimmer or padding condenser and its purpose.
(c) The following information is of a general nature. Exact details are given by the
manufacturer for each of their receivers. Follow them. This subject is taken up in greater
detail elsewhere in the course.
(d) Neutralizing. Bear in mind that not
all sets using triode tubes have aneutralizing
system. To cheek for neutralizing condensers
first locate the aligning condensers (commonly
called trimmers). These will be found on the
tuning condenser gang frame. Then if there
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are any more similar condensers on the chassis they are probably there for neutralizing
purposes. Check service diagram for a regeneration control. This should always be
adjusted first.
(e) The method of adjustment is as follows: Open the filament circuit of the tube
in the stage to be neutralized by slipping a
soda water straw over one of the filament
prongs—you can unsolder one of the filament
leads if you wish—then tune to a station
between 1000 and 1500 k.c. and turn volume
all way on. Adjust the neutralizing condenser
with an insulated screw driver for least signal
output. The filament circuit is then closed
and the same procedure carried out on the
remaining neutrodyne stages.
(f) Aligning T.R.F. Receivers. To align a
T.R.F. set, tune in a weak broadcast station
at about 1400 k.e. Adjust the trimmers on the
condenser gang for maximum signal output.
For any other position, bend the end rotor
plates in each condenser section. As many
adjustments as there are segments in the split
rotor plate should be made, one with each segment in full mesh with the stator. Start with
the condenser set so the first segment meshes
with the stator.
(g) Aligning Superheterodyne Receivers.
To align asuperheterodyne aservice oscillator
is really necessary. Connect the output of the
oscillator, tuned to the I.F. of the set to the
control grid of the first detector and the
chassis. Turn back the attenuator (volume
control) on the signal generator so that the
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signal can barely be heard. Adjust the I.F.
trimmers for maximum output. An output
meter is the best instrument with which to
measure output level. Connecting a copper
oxide rectifier type A.C. voltmeter, having a
series condenser, to the plate and chassis or
plate and plate of the output tubes will indicate output levels. If the receiver is an inexpensive one or has only two I.F. transformers, the adjustments must be made very
sharply. That is, adjusted for the greatest
signal output.
(h) If the receiver has three or more I.F.
transformers the stages should not be adjusted
too sharply, as this may cause oscillation
(squeals), circuit noise (rushing or hissing
noise), or distort the signals. If in this case
each I.F. transformer has been peaked each
one should be band passed. On each transformer, tighten one adjustment slightly (onequarter turn) and loosen the other slightly by
the same amount. If the gain is too much,
repeat the band pass adjustment for all the
transformers.
(i) Connect the output of the oscillator to
the aerial and ground posts of the set. Tune
both the receiver station selector dial and the
oscillator to 1400 k.c. Adjust the trimmers on
the condenser gang for maximum output (the
oscillator trimmer first) keeping the test
oscillator attenuator set so the signal is always just audible or a low output meter
reading is obtained. If the set oscillator is
equipped with a low frequency padding condenser (will be shown in diagram by an
adjustable condenser in series with oscillator
tuning condenser and coil) tune receiver and
test oscillator to 600 k.c. Tune set back and
forth about 600 k.e. while you adjust the
padder. You may hear the signal at more
than one point. Adjust the low frequency
padder at the point where signals are
strongest.
(j) All-wave receivers have an I.F. amplifier to be adjusted as described above. They
must be adjusted at the recommended I.F.
They have tuning condenser trimmers and
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padding condensers for the broadcast band
which are also adjusted as described above.
For each short wave band covered by the
receiver there will be a set of trimmers and
padders. The trimmers are to be adjusted at
the high frequency end of the band and the
padder at the low frequency end of the band.
Manufacturer's instructions which will give
the location and purpose of the various adjustments should be obtained from the manufacturer or from his local distributor.
(k) Antenna Compensator Condenser. A
few receivers have a special antenna compensating or trimmer condenser for adjusting the
receiver to the antenna with which it is used.
It is only necessary to tune in abroadcast station operating on a medium frequency (approximately 1000 k.c.) and then adjust this
condenser for greatest volume. Instructions
on making this adjustment are generally given
in the operating instructions received with
the radio receiver. After this adjustment is
made it will not be necessary to change it
unless a different antenna is used with the
receiver.
(1) Points to Remember. Use an oscillator
for aligning and neutralizing if you have one
—otherwise use abroadcast signal. Don't try
to neutralize if the set does not squeal. Don't
try to align a supérheterodyne without an
oscillator. Always use an insulated screw
driver for all of the above adjustments. In
aligning an R.F., I.F., or Neutrodyne amplifier, the stage to be adjusted first does not
matter greatly; however, in a super first adjust the I.F., then the trimmers, and finally
the padders.
(m) Whether you align or neutralize first
depends on the operation of the receiver. If
the receiver squeals, neutralize first; if the
R.F. stages are so far off alignment that it
cannot squeal, then you should align first.
For a better job, after the first neutralization, realign and neutralize the second time.
(n) Procure and follow when possible
manufacturer's instructions especially for all
wave receivers.

HEADWORK ELIMINATES GUESSWORK
Some radio repair men think they are just naturally
born lucky. Give them a problem and they immedi-.
ately start guessing at the trouble. You've seen the
type—cocky, energetic, handy with tools, but woefully
short on good old common sense. Why, they'd tear
down awhole radio receiver part by part, rather than
sit still and think for just one minute!
To you, afuture Radiotrician, time is money; that's
why you can't afford to gamble with guesses. In this
Course, you learn methodical headwork procedures
which eliminate one by one the possible causes of
trouble, and locate the defect in only a few minutes
without guesswork.
Gradually, as you get farther along with your
studies and gain actual radio experience, you will
find that you can often tell what is wrong just by
listening to the improperly operating receiver. You
will then be using the speediest and best of all servicing procedures, direct effect-to-cause reasoning.
Learning how to save time today means extra
dollars for you tomorrow.

TYPICAL RECEIVER DIAGRAMS
AND HOW TO ANALYZE THEM
CHEMATIC circuit diagrams of radio receivers can tell you many highly practical
facts once you learn how to analyze these
diagrams. The complete story of a radio receiver is condensed into its circuit diagram,
with every path for signal currents and supply currents clearly shown. One glance at a
diagram is enough to tell you how many
tubes there are in the receiver. With a bit
more study, you can find out how many other
parts there are and what the electrical size
of each part is.
Practice Makes Perfect. There are only
two simple requirements for acquiring the
ability to analyze circuit diagrams. The first
is a clear understanding of common radio
circuits, and this you are rapidly acquiring
as you master the lessons in the Fundamental Course. The second requirement is
practice in analyzing these diagrams, and
the purpose of this reference book is to give
you exactly that practice which you need.
In regular N.R.I. lessons you have studied
a large number of different individual radio
circuits. Now you will see how these circuits work together in radio receivers.
That ancient Greek philosopher, Diogenes,
had the right idea 2300 years ago when he
said, "Practice makes perfect." The more
circuits you analyze, the easier will it be for
you to analyze each new circuit.
Don't Let Big Diagrams Scare You. First
impressions don't mean a thing when it
comes to circuit diagrams. No matter how
complicated a diagram may seem the first
time you look at it, you will generally and
upon careful study that it is simply a combination of simple and familiar basic radio
circuits.
In practical radio work, men rarely if ever
attempt to analyze a complete circuit diagram at one time. Such a procedure is entirely unnecessary, because radio men are
invariably interested only in one small section of the receiver—the section in which
trouble bas developed. They use the circuit
diagram merely as a rapid means of finding
out what is in the suspected section, and as
a guide for locating various parts In that
section.

It is the ability to read a complete diagram, however, which makes it possible to
concentrate on one section, stage or circuit
of a receiver and still appreciate its relationship to the rest of the receiver.
You Get Concentrated Experience. In
this reference book, typical receiver circuit
diagrams are shown and analyzed completely. Since each diagram contains at least a
dozen individual signal and supply circuits,
this one book gives you practical experience
equivalent to that normally obtained by using circuit diagrams for repairing a large
number of radio receivers. With so much
practice, obtained in such an interesting
manner, you cannot help but develop skill in
analyzing receiver diagrams.
What Diagrams Tell You. Each part in
•a receiver is represented on the diagram by
a small but familiar and easily recognizable
symbol, and electrical connections between
the parts are represented by lines. Notations
alongside the symbols either give electrical
values of parts directly or refer to parts lists
containing these values. These notations
will give you a general idea of what resistor
and condenser values you can expect in each
type of circuit.
One important fact to recognize is that
schematic circuit diagrams give electrical
connections without showing actual positions
of wires. Two parts which are close together
on a schematic diagram may actually be at
opposite ends of a receiver chassis, even
though the electrical connections on the
chassis are exactly the same as those on the
diagram.
Although a schematic diagram Is drawn
without regard for actual positions of parts
on a chassis, it enables you to find any part
on a chassis because it indicates easilylocated parts or terminals to wile the leads
of the desired part are connected. With the
practice which you will get from studying
the diagrams in this book, you should quickly learn how to find any desired part on an
actual chassis.
A knowledge of what stages are in a particular receiver and how these stages operate is oftentimes highly important in the
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going to the chassis. Measured values which
are about 10% above or below the specified
values can usually be considered satisfactory.

Neither filament voltages nor complete
filament circuits are shown on the diagram,
but if we look up the 58, 57 and 47 tubes on
a tube chart, we find that they all have rated
filament voltages of 2.5 volts. This means
the filaments of these tubes could be connected in parallel, and the XX markings on
the filament leads and on secondary winding
S3 indicate that parallel connections are
used.

The first value in the table, 240 volts between the RED lead and chassis, is the
power pack d.c. output voltage (between 1
and 2) less ;the small voltage drop across
R7. Ten per cent of 240 is 24, so a measured
value 24 volts above or below the normal
value of 240 volts does not indicate trouble.

According to tube charts, a type 80 rectifier tube requires a filament voltage of 5
volts. A special secondary winding Si is
provided for the filament of the 80 tube.

Moving to the BLUE plate lead of the 47
output tube, we measure its plate voltage and
should get 230 volts, because there is a d.c.
voltage drop of about 10 volts across the
500-ohm resistance of the primary of output
transformer T1.

The output terminals of the power pack
are 1 (+) and 2 (—). From terminal 1, we
trace electron flow to the filament of the 80
tube, from there to whichever plate is positive at the time, through one half of secondary S2 to the center tap, then through
choke coil CH (also serving as the loudspeaker field coil) to point 2. Resistor R7
and the various tube circuits complete the
path for electron flow from 2 to 1.

The value of 140 volts between the YELLOW lead and the chassis represents the
d.c. voltage drop across R7 and choke CH.
The 16-volt value between the GREEls
lead and the chassis is the voltage drop
across R7,which provides the C bias voltage
for the 47 output tube. For the last two measurements, the voltmeter test probes must be
reversed, with the positive probe going to
the chassis.

For the plate supply circuit of the 58 tube,
electrons flow from 2 (the negative output
terminal) through R7 to the chassis, through
the chassis to the grounded movable contact
of R2,through one section of R1 to the cathode of the 58 tube, from the cathode to the
plate, and from the plate through L3 to 1
(the positive output terminal).
Note that resistors R7,R1,R2 and Ra are
all in series between 1 and 2, thus forming
a voltage divider. The voltage across R2 is
the screen grid voltage for the 58 tube, as the
cathode and screen grid are connected to
opposite ends of this resistor.
For the plate supply circuit of the 57 tube,
electrons flow from 2 through R7 to the
chassis, through the chassis to the lower end
of cathode resistor R4, through H4 to the
cathode of the 57 tube, from the cathode to
the plate, then through plate load resistor
R5 to terminal 1.
For the screen grid supply circuit, electrons flow from 2 through R7 to the chassis,
through R4 to the cathode, then to the screen
grid and back through R5 to /.

When measuring between the plate of the
57 tube and the chassis, an ordinary d.c.
voltmeter (haying a sensitivity of 1000 ohms
per volt) will read only 105 volts. A higherresistance voltmeter would read a much
higher d.c. voltage, higher than the screen
grid voltage but still less than the power
pack output voltage because of the drop in
plate load resistor R5.
The screen grid-to-chassis voltage of 110
volts for the 58 tube also applies to the 57
tube. This screen grid voltage is established
by voltage divider network R1R2R8. Since
RI is a part of this network and since it is
variable, all voltage measurements should be
made with R1 fully advanced (for greatest
sensitivity and hence greatest volume). Under this condition, R1 has a minimum resistance of about 250 ohms, which is necessary to prevent the O bias voltage of the 58
tube from becoming zero.
No value is given for the plate voltage of
the 58 tube, since it is essentially the same
as the voltage between terminal 1 and the
chassis (240 volts). The d.c. voltage drop
across L3 is negligibly small.

For the plate supply circuit of the 47 tube,
electrons flow from 2 through R7 to the
chassis, thrOugh the chassis to the center tap
of 53,through the filament leads to the filament of the 47 tube, then to the plate and
through the primary of output transformer
T1 to 1. The screen grid supply circuit is
the same as the plate supply circuit of this
tube, except that the screen grid current does
not go through the output transformer.

A measurement between the cathode of
the 58 tube and chassis indicates 2 volts;
this is the minimum negative bias provided
by R1. As the volume control setting is reduced, this bias voltage is increased correspondingly.

Voltage Measurements. In the table of
voltages alongside the circuit diagram, all
d.c. values are to be measured between the
specified point and the chassis, with the
black (negative) lead of the d.c. voltmeter

Continuity Tests. When lack of expected
voltage indicates absence of continuity, the
radio technician makes continuity tests with
an ohmmeter while the power cord plug Is
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out, bearing in mind the following two important rules for an a.c. receiver:
/. There should be continuity between all
positive tube electrodes, such as plate and
screen grid, and the cathode of the rectifier
tube.
Z. There should be continuity between all
negative tube electrodes (such as the cathode
and control grids) and either of the plates
of the rectifier tube.
Having located the defective supply circuits by means of voltage measurements, you
start a continuity test by attaching one ohmmeter lead to the common power pack terminal (the plate or the cathode of the
rectifier tube).
Now place the other ohmmeter lead on the
tube electrode terminal. (A reading will not
be obtained because the circuit is defective
(open) at some point or part between the
ohmmeter leads.) Move this ohmmeter lead
step by step toward the rectifier tube until
the break is located. This is indicated when
you get a reading. The circuit path which
was just eliminated by moving the probe
toward the rectifier tube is open.
Expected Performance. With only one
ri. stage, we should not expect great sensitivity or loud volume on distant stations.
Reception of distant stations can be improved by using a long antenna, but with
only two tuning circuits In the receiver, the
selectivity will be poor (there may be interference between several stations when tuned
to one of them).

VOLTAGES
Chassis frame to

The quality of reception can be reasonably
good with a receiver of this type. The larger
the receiver cabinet and the better the loudspeaker, the better will be the quality.
Servicing Hints. Hum. If this receiver
has a loud hum, you naturally suspect the
filter system of the power pack first. Check
electrolytic filter condensers 0ic
e and C
by
placing other condensers of about the same
size across each of them in turn. If this does
not change the hum, you know that the existing condensers are all right. You then
check the 57 tube in a tube tester for cathode-to-heater leakage, and check for an open
in the control grid return circuit of either
the 57 or 47 tube.

RED

240

BLUE

230

YELLOW

140

GREEN

16

57 PL.

105

58 Se.

110

58 CA.
LINE

2
115

Hot Resistor. Suppose resistor R7 is hot
and smoking—what would you do ? First you
would examine the diagram to see what
could cause excessive current to flow
through R7. A short in Cii could not do this.
but a short in 07 could.

Squealing. After making sure that tube
shields are in place, check screen condenser
08 by shunting it with a condenser of similar
value.

You wouldn't have to unsolder 07 to make
an ohmmeter check—simply measure the resistance between the rectifier filament and
chassis. This resistance should be about
equal to R2 plus Rs (volume control all the
way on and the set disconnected from the
power Une). If you obtain a reading much

Check the screen grid voltage of the 57
and 58 tubes next, because excess screen grid
voltage could cause squealing. If the screen
grid voltage is excessively high, R2 may be
open, so cheek it with an ohmmeter.
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The 25Z5 tube is a twin rectifier tube used
as a single diode by connecting corresponding electrodes together. Electrons will flow
only from the cathodes to the plates through
this tube. For a d.c. outlet the plug must
be inserted in a wall outlet so that the plug
prong marked + is in the
terminal of the
wall outlet. The other prong is then — ,as
indicated.
Note that during d.c. operation the chassis
Is connected through switch SW to the negative terminal of the source, and the plate of
the rectifier tube is connected to the ¡terminal. All circuit terminals will thus be
positive with respect to the chassis.
Some voltage is dropped in rectifier tube
and in choke CH, but most is dropped in the
receiver circuit itself, which may be considered a load connected to I and 2.
Terminal 1, being nearer the + terminal
of the source, is the + terminal of the power
pack. As you trace from 1 through the receiver (for example, through R6, through
the plate-cathode of the 6C6 tube, and
through R4 to the chassis), the positive potential with respect to the chassis diminishes.
Point 3 is therefore positive with respect to
point 4, a condition essential for operation
of the 606 tube.
If you insert the plug incorrectly into the
outlet of a d.c. source, 5 will be negative
with respect to chassis, hence 5 will be negative with respect to 6, and electrons will not
flow through the rectifier tube. The pilot
lamp and tubes glow but the receiver will be
"dead"; reversing the plug remedies the
condition.
With an a.c. power source, 5 is alternately
positive and negative with respect to the
chassis. During the half cycle that 5 is positive, the 25Z5 tube is conductive and is furnishing the receiver with a high d.c. voltage.
During the other half cycle, the tube is not
conductive.
Most of the ripple in the resulting rectified
current is eliminated by filter choke CH and
filter condensers 012 and 013. Note that the
filter choke is also the field coil of the dynamic loudspeaker.
Starting with the first tube, let us trace
the d.c. supply circuit through the tubes.
Imagine, of course, that the tubes are operating, hence conducting.
Assuming that the negative prod of a d.c.
voltmeter is on chassis, you can place the
positive prod on the cathode of the 6D6 tube,
the plate, and terminals / and 6 in rotation,
and get a voltmeter reading each time. As
you progress in this order the reading will
become higher.
When

you place the d.c.

voltmeter be-

tween the cathode of the 6D6 tube and the
chassis, you will find that the voltage varies
as you adjust R1; in fact, as the receiver
volume decreases this voltage increases. Here
we have a volume control using variable C
bias as the means of control. The grid gets
this C bias from a chassis connection through
coil L2.
Note that section b of RI shunts 1,1, for
one end of L1 and the movable contact of
R1 are connected to each other through the
chassis. RI provides a shunt path for part
of the signal current which would otherwise
flow through coil L1. As R1 is turned so the
resistance in section a increases, the resistance in section b decreases.
Both sections of RI thus contribute to a
reduction in volume, for increasing the resistance in section a increases the C bias voltage, and decreasing the resistance in section
b increases the shunting effect across L1.
Condenser 06 always shunts R2 and section
a in R1, and prevents degeneration in the
r.f. stage.
In the 8C6 tube stage, terminal 4, ter
minal 3 and the junction point of R5 and
R6 are increasingly more positive with respect to the chassis. The plate-cathode voltage is equal to the main supply voltage (between 1 and 2) less the drop in R.6 and R4.
The drop in R4 serves as the O bias voltage; note that the chassis end of R4 goes
to the grid through L4.
The screen grid voltage is obtained from
the main d.c. supply but is reduced by the
drop in R5; only the screen grid current
flows through R5 to produce this drop. R.F.
screen grid current returns to the cathode
through 08 and cathode by-pass condenser
07.
A technician would recognize the 806 as
a detector by the R6-C9-R7 coupler In the
plate circuit and by resonant circuit L4-02
in the input; this Is a typical r.f. to a.f.
coupling arrangement. Furthermore. R6 Is
500.000 ohms, R5 is 2 megohms ana t.4 is
25,000 ohms, indicating low plate and screen
grid voltages and a high C bias voltage, all
of which are essential for operation as a
detector.
In the output stage, the plate supply eir
cuit starts with chassis, continues through
11.8, then goes from cathode to plate.
through the primary of T3 and from 1
through the power pack to 2 and chassis.
The filaments are connected in series to
the 115-volt supply, and will function with
'either a.c. or d.c. power. Let us trace this
filament circuit by starting at the + terminal
of the power cord plug. From here we go to
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prong à of the ballast tube, through one resistance section to prong 8, through the other
resistance section to prong 7, then through
the filaments of the 25Z5, 25L6, 6D6 and 8C6
tubes in series. One filament lead of the 606
tube is grounded to the chassis, and switch
SW completes the filament circuit from the
chassis to the other side of the power line.
The total voltage required for the filaments is 25
25 4- 6 + 6, or 62 volts. The
ballast drops the difference between 115 and
62, or 53 volts. Since the tube filaments and
the ballast are self-regulating to a reasonable degree, increases and decreases in line
voltage have little effect on the cathode emission of the tubes.
The pilot lamp shunts that portion of the
ballast resistor between prongs 7 and 8. The
resistance of this portion is so chosen that
the lamp normally gets 4 volts; a 6.3-volt
Mazda lamp Is used, hence it will burn dimly.
When the power is first turned on, however,
the tube filaments have low resistance until
they heat up; this causes a large current to
flow, but it Is partially "cushioned" by the
ballast.
During the heating-up period, the voltage
across the pilot lamp will be high, and the
lamp will burn brightly. A 6.3 lamp normally
operating at 4 volts thus provides a degree
of safety from burn-out. In receivers which
use this arrangement, you can expect the
pilot lamp to glow brightly initially, and then
dim down to a subnormal glow.
Checking Continuity in A.C-D.C. Receivers. Bear in mind that continuity tests
are made with an ohmmeter while the receiver is turned off. In fact, with a universal
a.c.-d.e. receiver be sure to pull the power
plug out Of the wall socket. Ohmmeter tests
can then be made from tube terminals or
socket prong clips, for the tabes are not conductive when power is off.

To check for continuity in the filament
supply circuit, connect the ohmmeter to the
two power plug prongs and turn the switcl
to the ON position. A resistance much lowe:
than 300 ohms (approximately the hot re
sistance of this circuit) will usually bc
measured.
Servicing Problems in A.C.-D.0. Receivers. Quite often electrolytic condensers
012 and 013 dry out, lose their normal
capacitance and acquire a higher power
factor; that is, they act as if a large resistance is in series with the capacity. When this
occurs, the filter loses its ability to remove
ripple, and hum is quite evident.
Reduction of input capacity lowers the
over-all output d.e. voltage, and low volume
may exist along with hum. When hum and
low volume exist, try new electrolytic condensers. A short or excessive leakage in an
electrolytic condenser gives the same effect,
hum and low volume, and may lower the
emission of the rectifier tube. Try a new
rectifier tube, but before inserting it test the
electrolytic condensers for resistance (each
one should be substantially above 50,000
ohms when not shunted by any other part
such as the field of a dynamic loudspeaker).
When you encounter distortion in an a.c.d.e. receiver, check the filter condensers, particularly the output filter condenser, then
look for gas in the output tube and for a
leaky coupling condenser just ahead of the
output tube (09 in this circuit). In either
case, current will flow through the grid return resistor (lei), placing a positive bias
voltage on the control grid of the output tube,
and linear (distortionless) operation will no
longer exist.
The test for gas or a leaky coupling condenser is easily made with a vacuum tube
voltmeter or a high-resistance voltmeter.
Connect the meter across the grid resistor,
with the positive prod on the grid end. There
should be no reading. lf a reading is obtained, unsolder the couplbg condenser. A
reading now indicates a gassy output tube,
and no reading now indicates a leaky coupling condenser. (In an a.c.-d.c. receiver it is
necessary to unsolder the coupling condenser,
because removal of the output tube would
interrupt filament current and make the entire receiver inactive.)

In checking this receiver you will find that
all positive tube electrodes, such as the
screen grid and the plate, trace to the cathode of the rectifier. This rule applies to a.c.dc. as well as a.c. receivers. To prove this
basic servicing rule, select one tube, the 606
detector; trace from the plate through R6
and Cl/ to the cathode of the 25Z5.
All negative tube electrodes, such as the
control grid, suppressor grid and cathode,
should trace to the receiver side of the onoff switch.

When a tube is operated with an a.c. potential between filament and cathode, leakage resistance between the cathode and filament can give rise to serious hum. When
operated from a 110-volt a.c. wall outlet, all
tubes in this receiver circuit will have an a.c.
voltage between cathode and filament (normally the capacity between these two electrodes introduces negligible ripple current).

Another important reference point is the
cathode of the tube in the stage under test.
You can place one prod of the ohmmeter on
the cathode of the 6D6, the other prod on the
control grid, and expect continuity. You
should find continuity between other points
in the grid circuit and the cathode; for example, from the movable contact of R1 or
from the junction of R1 and R2.

Imagine, however, that the cathode of the
6C6 tube is leaking to the filament. One side
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frequency (the incoming signal frequency).

are involved, the grid return of L-2 and the
rotor of 0-6 are at r.f. ground potential.

To illustrate the action of the frequency
converter, let us assume that the receiver
is tuned to a 1000-kc. broadcast station. Tuning condenser sections C-6 and C-9 are ganged
together, so that when C-6 tunes preselector
resonant circuit L-2 and C-6 to 1000 kc., C-9
will cause the oscillator to generate a 1460kc. signal. The oscillator frequency is thus
460 kc. higher than the incoming signal frequency, and this relationship exists at all
settings of the tuning dial.

At resonance the voltage in L-2 is stepped
up, presenting to the grid-cathode of the first
tube an ri. voltage substantially greater
than the voltage across L-1 in the antenna
circuit. Voltage gains of 10 times may reasonably be expected.
Frequency Converter. A pentagrid tube
(one with five grids, penta meaning five)
is used as an oscillator-mixer-first detector
—the frequency converter of a superheterodyne receiver. Its first grid connects through
condenser C-8 to coil L-4 and to chassis (or
r.f. ground) through C-// in shunt with C-40.

At the very high broadcast band frequencies, C44 is adjusted during alignment to
give the desired frequency difference and is
called the high-frequency trimmer. At low
broadcast band frequencies, C-40 is adjusted
and is called the low-frequency trimmer or
pa dder.

Coil L-4, C-11 and C-40 are shunted by
tuning condenser C-9 and its associated trimmer C-44 to form a resonant circuit in the
oscillator circuit. This arrangement is widely
used in superhet receivers in order to make
the oscillator frequency, always 460 kc. (the
value), different from the preselector

T.

C.

C-28 .015 MED.

200,000n
R-I4
500,000n
27
0—
FDT

C-29
0.25 MED.

From the second grid, trace through L-6,
then through R-5 to the voltage supply (considered later) and through C-16 to ground.
Coil L-6 inductively links to L-4 and thus
produces feed-back from the second grid to
the first grid circuit.

OUTPUT
41

If you consider that the second grid of the
6A7 tube is an anode, or oscillator plate, you
will see that we have a. tuned grid, tickler
type feed-back oscillator circuit. The intensity of oscillation is automatically controlled
by the grid bias produced by grid current
flow in R-3. Condenser C-8 serves as the filter
condenser for the grid resistor and helps to
reduce the r.f. ripples of the grid bias voltage.

C-32
.005
MED.
T2

(

The cathode, the first grid and the second
grid, with their associated circuit components, set up beyond the second grid an electron cloud that is varying In intensity in accordance with the oscillator frequency. Technicians call this cloud the "virtual" cathode
for •the remaining tube elements, because
the electrons flowing to these remaining elements come from this cloud.

C-30

60,000n

The electrons which leave the virtual cathode are speeded toward the plate by the third
and fifth grids (connected together internally to form the screen grid), since these electrodes are at a positive potential with respect to the virtual cathode. At the same
time, the signal from the preselector Is "injected" into the tube by the fourth grid, and
introduces a new variation in the electrons
flowing from cathode to plate.

60,000n

C-26
4 MFD.

Thus, both the preselector and local oscillator signals are mixed in the 6A7 tube. Detection takes place in the mixer section because the tube is operated as a detector and
a strong beat signal (the 1.2. signal) appear*
in the plate circuit.

Fig. 3. Schematic circuit diagram of RCA Model
T5-2 five-tube a.c. superheterodyne receiver.
When switch S-2 is closed, the preselector is
tuned to the 1600 kc.-3500 kc. Police Band.
The second harmonic of the oscillator then beats
with the incoming Police Band signals to produce
the i.f. value of 460 kc.

Coil L-9 and adjustable condenser C-17
form a parallel resonant circuit in the plate
circuit, absorbing power at its resonant frequency and acting as a low-reactance path
for all other frequencies. The plate r.f. and
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Lf. current returns to cathode through the
parallel path formed by C-38 and C-36,
through the chassis, and then through C-10.

fler, and therefore serves as the volume control.

I.P. Amplifier and Second Detector. In a
parellel resonant circuit, a large current
flows in the coil-condenser circuit, hence in
L-9 a large 1..f. current induces in L-10 a corresponding 1.1. signal voltage.

The connecting lead from C-25 to the grid
is shielded so that stray electric field pickup will be kept out of the audio amplifier.
The signal at this point is at a very low
level, so stray a.f. signals entering at this
point will give the greatest interference.

L-10 and C-18 form a resonant circuitwhich boosts this induced voltage, and a
larger voltage appears across C-18 than that
induced into L-10. However, the voltage
across L-10 is slightly less than that across
L-9, as some energy is lost in the primary
and secondary resonant circuits.

From the grid of the 6137 tube, trace
through R-11 to chassis and from chassis
through R-12 to the cathode, thus establishing the grid to cathode path. Actually, however, a.f. signals will take the C-26 path
from chassis to cathode instead of going
through R-12.

The voltage across C-18 is applied to the
input of the 6D6 tube through a direct connection to the grid of the 6D6 tube and a
cathode connection through C-19 and C-20.

A pulsating d.c. current (a.f. on d.c.) will
flow in the plate of the 6B7 tube. The d.c.
current will be forced to take the path
through R-13 and R-15 to the +B supply, as
all other paths are blocked by condensers.
A.F. currents will flow through R-13, C-29
and R-17 to chassis, and from this point
through C-26 to the cathode of the 6B7 tube.
R-13 has a high ohmic value, which means
that a large a.f. voltage will appear across
this resistor due to the a.f. current flowing
through it. Since the a.f. reactances of C-28,
C-29 and C-30 are negligible, resistor R-14
is essentially in parallel with R-13 and most
of the a.f. voltage across R-13 is also across
R-14. It is the a.f. voltage developed across
R-14 that excites the grid and cathode of
the 41 tube.

As the 6D6 is a high-gain amplifier, a large
voltage is developed across the plate
parallel resonant circuit, L-11 and C-48. The
return i.f. path to cathode for this resonant
circuit is through C-38, C-36 and C-20.
The 1.f. current in L-11 Induces an i.f. voltage in L-12. By tuning C-49 to resonance, a
large 1.f. voltage appears across C-49 ;this
is less than the voltage across L-11 but many
times greater than the voltage across T.-10.
Because of the voltage step-ups in the preselector, frequency converter and 1.f. stage,
the voltage across C-49 is high enough for
demodulation. This voltage is rectified by
one of the diodes in the 6B7 tube. The other
diode is not used, and is connected directly
to the chassis.

Any 1.f. signals getting into the plate of
the 6B7 are by-passed from the plate load
circuit by condenser C-27.
In the plate circuit of the 41 pentode output tube we find output transformer T-2
coupling the pentode tube to the loudspeaker.
Condenser C-32 is shunted across the primary
to prevent parasitic oscillation in the output
stage, by making the plate load substantially
capacitive for high frequencies. The condenser reduces the high-frequency response,
but when more bass emphasis is desired C-31
is shunted into the circuit by switch 8-6, thus
giving the output a twomy or bass response.
S-6 is hence a one-step tone control.

Trace from the lower diode plate through
L-12, R-8 and R-9 to the cathode of the 6B7
tube. Because of rectification a pulsating d.c.
current flows through this circuit, with its
amplitude following the original modulation.
In the detector circuit, R-9 is the diode load
across which the al. voltage is produced.
Condenser C-23, resistor R-8 and the capacitor formed by the shield over the lead which
connects R-8 and R-9 all act together as an
U. filter. Only the desired a.f. voltage and
a d.c. voltage appear across R-9.

Now let us trace the a.f. signal path from
the primary of T-2 to the cathode of the 41
tube. Follow the lead connecting T-2, C-32
and the screen grid to C-38 and C-36 in the
power pack, go through the filter condensers
and go from the chassis through R-17 to the
cathode of the 41 tube.

Audio Amplifier. Because of the d.c. voltage drop across R-9, a direct connection to
the input of the first a.f. amplifier cannot be
made, and a d.c. blocking condenser is therefore required. Note that the movable contact
of R-9 connects to the grid of the pentode
section of the 6B7 tube through d.c. blocking
condenser C-25. The grid also is connected
to the chassis through resistor R-11.

Power Supply Circuit. A full-wave type
80 rectifier is used in the power pack. Power
transformer T-1 may be designed either for
60 or 25 cycles, but not for both.

For all audio frequencies except the very
lowest, very little of the al. voltage is
dropped in C-25. Most of this a.f. voltage is
developed across R-11 and is hence available
for audio amplification. Varying the position
of the movable contact of R-9 controls the
amount of al. voltage fed to the audio ampli-

Note that the 25-cycle transformer has
higher primary and secondary resistance,
this being the result of more turns in each
section. Because of the low frequency, more
core flux must be obtained with more turns
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Fig. 4. Bottom-of-chassis diagram for RCA Model T5-2 receiver, showing trimmer locations and
tube socket voltages (measured at a line voltage of HS volts a.c., with volume control at maximum
and no incoming signal.)

Continuity Tests. Should you wish to
check continuity in any of the electrode
circuits, bear in mind these rules:
1. All positive electrodes should have a
conductive path to the filament (or cathode) of the rectifier tube.
2. All negative electrodes should have a
conductive path to a plate of the rectifier
tube.
Let's prove this by tracing a few circuits.
Starting with the plate of the 6A7 tube,
trace through L-9 and L-Li to the filament
of the 80 tube. Starting with the second grid
of the 6A7, trace through L-6 and R-5 to the
cathode of the 80 tube. Starting with the
second grid of the 6D6 tube, trace to the
junction of R-18 and R-19 and then through
R-18 and L-14 to the filament of the 80 tube.

volume. Reasonably good fidelity is to be expected. An antenna 50 to 75 feet long is advisable in rural areas, but a short antenna
should do in metropolitan districts. Noisereducing doublet antennas may be advantageously utilized when electrical noise is a
problem.
When switch S-2 is closed, the input circuit of the first detector circuit is tuned to
the police band. The oscillator frequency is
not changed, but the second harmonic of the
oscillator beats with the signals resonated by
L-2 and C-6 to produce the desired 1.f. value.
Servicing Hints. Since this receiver is
quite conventional in design, most of the defects are isolated by basic methods discussed
in the regular course. A few hints may prove
helpful.
It is possible for the receiver to develop
hum modulation without a defect in the
main power pack filter. Should C-16 open or
lose its capacity, filter R-5 and C-16 will no
longer remove a.c. ripple in the supply to the
oscillator, and hum will be heard when a station is tuned in.
Leakage in C-28 will bias the 41 tube abnormally positive and cause distortion. Leakage in C-29, which connects to the 4- B supply terminal and the 41 tube cathode, drives
the grid more negative and will cause serious distortion, more noticeable on weak
stations.

Turning now to a negative electrode, for
example the control grid of the 6D6 tube,
trace through L-10, R-6, R-9 and R-12 to
chassis, to the center terminal of the highvoltage secondary of the power transformer,
then to either plate of the 80 rectifier tube.
Another example: Starting with the control
grid of the 41 tube, trace through R-14 and
R-16 to chassis and through the high-voltage
secondary to either plate.
Expected Performance. This is an average receiver with respect to sensitivity and
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PHILCO 37-84 Four-Tube A. C. Superheterodyne
you can see the diagram in Fig. 7 while
Sostudying
this receiver, proceed as fol-

go resonant step-up, and hence effective feed
back occurs only at r.f. values.

lows: Turn this page so pages 19, 20, 21 and
22 are In view. Now fold page 19 so that it
covers page 20.

Condenser 3 is known to radio men as a
"gimmick," as it consists simply of two insulated wires twisted together.

General Description. The Philco model
37-84 is a four-tube a.c.-operated superheterodyne receiver. It uses a type 6570 as the
oscillator-mixer-first detector, another 657G
as the second detector, a 6F60 output tube
and a 5Y4G rectifier.

Advancing the volume control for greatest
volume has the effect of producing more regeneration.
The oscillator is of the tuned plate type.
The oscillator energy is fed to the tank coil
through i.f. trimmer.condenser 11. The tank
(coil winding 2-1 of 10, the tuning condenser
and trimmer 13) is coupled to the cathode
circuit by mutual induction through pick-up
coil 4-1 of coil 10. The voltage induced into
this coil causes the grid-cathode bias of the
tube to vary at the oscillator frequency. In
this way, oscillation is maintained.

In the receiver, r.f. voltage gain is obtained
by resonant step-up in the tuned secondary
of the antenna coil and regeneration, while
most of the l.f. gain is the result of conversion gain in the detector-oscillator and
regeneration in the second detector. A.F.
gain is due to amplification of the audio
signal in the second detector and the amplification afforded by the 6F6G output tube.

The incoming signal and the local oscillator signal are mixed inside the tube. As
a result, we also have the intermediate frequency of 470 ke. existing in the plate circuit.
Since the primary of 1.1. transformer 14 with
its associated trimmer 11 offers a high impedance at the intermediate frequency, we
have a large II. voltage existing across the
primary.

An examination of the schematic shows
this receiver to be unique in that it does not
use a stage of intermediate frequency amplification. This circuit is typical of a great
number of midget superheterodyne receivers.
The output of the first detector feeds through
an 1.f. transformer into the input of the second detector. Both the first and second detectors are regenerative, which tends to make
up for the loss in sensitivity due to omission
of the usual 1.f. stage.

At the intermediate frequency, the oscillator tuning coil acts as a low-reactance path.
The connection between 1.f. primary trimmer condenser 11 and the white lead of the
i.f. primary is through oscillator tuning coil
10 to chassis and then through condensers 28
and 29.

Signal Circuits. Signals picked up by the
antenna cause a current to flow through the
20,000-ohm volume control, marked 1 in the
diagram. By adjusting the position of the
slider on the control, any amount of the signal voltage may be taken off and fed to the
primary of the antenna transformer marked
2 in the diagram.

An i.f. voltage is induced into the secondary of 1.f. transformer /4. Note that the 1.f.
transformer secondary (having a BROWN
lead and a BLACK & WHITE TRACER
lead) is tuned to resonance by trimmer condenser 15.

By mutual induction a voltage will be induced into the secondary transformer, and
only the signal tuned in will undergo resonant step-up. The resonant circuit consists
of the secondary coil, the tuning condenser,
and trimmer condenser 5 shunting it. The
signal is applied to the grid and cathode of
the DE'T.-OSCILLATOR tube, the cathode
connection being through oscillator feed-back
coil 10 and through by-pass condenser 7.

The signal is now applied between the
grid and cathode of the second detector, the
grid connection being through the 4-megohm
grid resistor marked 16. The gimmick shown
connected to the grid of the second detector
forms a capacity across resistor 16, thus
more effectively coupling the resonated signal to the grid, and at the same time making
the 6J7G an ordinary grid leak-condenser
type detector.

Regeneration is obtained by means of condenser 3, with the feed-back path being from
terminal 4 of the oscillator pick-up coil
through condensers 7 and 3 to the primary
of antenna coil 2.

The second detector tube will amplify the
1.f. signal applied to its input. Resistor 19
acts as the i.f. plate load, the end connected
to a.f. plate load 22 being at chassis potential
as far as i.f. signals are concerned because
of .001-mfd. condenser 20. This has low reactanee at 1.f. values and high reactance at
al. values.

All 1.f. oscillator and r.f. signals between
terminals 4 and 1 of coil 10 are fed back
to the primary of coil 2 through condensers
7 and 3. These signals are induced into the
secondary, but the secondary is tuned only
to the r.f. signaL Other signals do not under-

The Ii. signal across resistor 19 is fed
back through regeneration control eonden-
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mounted on the chassis rather than in the
Li. transformer shield cans.
If an output meter is used, it may be connected across the voice coil of the receiver.
All adjustments are to be made for maximum
output. First, trimmer condenser 15 is adjusted for maximum output. Next, condenser
/./ is adjusted.
Regeneration control 17 should then be
turned clockwise (increase its capacity) to a
point where a squeal is heard. Now back off
the control by turning it counter-clockwise
about 1,(3 turn until the oscillation (squeal)
disappears.
Repeat trimmer condenser adjustments 11
and 15. If regeneration results, again back
off control 17.

socket layout in Fig. 6. While the factory
manual states that these voltages are to be
measured from the tube contacts to the chassis, you can see that in the ease of the rectifier heater voltage, you should connect the
test probes to the two heater socket terminals. This is necessary since the rectifier
filament is at a very high potential with respect to the chassis.
All of the d.e. voltages are to be measured
from the points indicated to the chassis.
With the exception of the heaters, all
measurements were taken with a d.e. voltmeter having a sensitivity of 1000 ohms per
volt. The majority of multimeters now in
use have a sensitivity greater than this;
therefore, somewhat higher voltages are to
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Fig. 6.
Bottom-of-chassis diagram of Philco
Model 37-84 receiver, showing tube socket voltages as measured from tube contacts to chassis
with a I,000-ohm-per-volt voltmeter.

be expected when checking circuits containing a high value of resistance, such as the
plate and screen of the second detector tube.

Go over these adjustments two or three
times to secure maximum sensitivity and
selectivity...After this don't touch the adjust.
rnents again.
Tune the receiver to the high-frequency
end of the dial, which is the position giving
minimum capacity of the gang tuning condenser (plates out of mesh).
Reset the signal generator frequency to
1700 ke. and adjust oscillator trimmer 13,
mounted on the condenser gang, for maximum output. Then tune the signal generator
to 1400 ke. and tune the receiver to the same
point for maximum output. The antenna
trimmer marked 5 in the diagram should
then be adjusted for greatest reading on the
output meter.
This completes the alignment, as no oseil
later low-frequency padder is used. Track.
lug is obtained by means of specially cut
plates. Incorrect tracking is an indication
that the 1.f. is aligned at the wrong frequency.

Your voltage measurements, if properly
interpreted, can often lead you directly to
the source of the trouble. For example, if
all the d.e. voltages are abnormally low, you
would suspect defective electrolytic condensers, particularly the 8-mfd. Input filter condenser.
Lack of voltage on the screen of the first
detector-oscillator tube would be due, in all
probability, to a short In the .09-mfd. screen
by-pass condenser and perhaps to an open
in the 16,000-ohm screen supply resistor
marked 12.
Abnormally high voltage on the screen.
coupled with the complaint of squealing,
would be due to an open in the 13,000-ohm
bleeder marked 8 in the diagram.
Lack of voltage on the screen of the second
detector could be due to a breakdown in the
screen by-pass. A breakdown in this by-pass
condenser wouldn't, in all probability, cause

Voltage Measurements. In checking the
operating voltages, be guided by the tube
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the 1-megohm screen supply resistor to burn
out, since its value is so high that even the
full voltage of the power pack could not
cause a great deal of current to flow through
It. However, if the condenser is not shorted,
resistor 18 should be checked with an ohmmeter. The resistor may be open.

a

AET. OSCILLATOR

Lack of plate voltage .on the second detector would lead you to suspect resistors
19 and 22 and the .001-mfd. plate by-pass
condenser marked 20. Regenerittion control
condenser 17 might also be shorted.
Screen voltage on the output tube but no
plate voltage would be due either to a short
in plate by-pass condenser 24 or to an open
in the primary of the output transformer.
If by-pass condenser 24 breaks down to the
point where It has no resistance, the power
pack may be damaged or the output transformer primary may burn out. Power pack
damage would be limited to the rectifier
tube and the power transformer.
Lack of d.e. voltages at any point, when
the rectifier, power transformer and filter
condensers are in good condition, would be
due either to an open In the loudspeaker
field or an open in C bias resistor 30.
Continuity Tests. In your study of previous diagrams, you have learned that all
tube electrodes at a positive potential should
trace back to the rectifier filament, while
those at a negative potential should trace
back to either plate of the rectifier.
Here is how you can secure valuable practice: On each receiving tube, trace all screens
and plates back to the rectifier filament, and
all control grids, cathodes and suppressor
grids back to one plate of the rectifier.
Expected Performance. The performance
of this type of receiver is remarkable considering the number of tubes employed. Its
good sensitivity and selectivity may be attributed to regeneration in the first and
second detectors. Lack of a.v.c. makes it impractical to listen to distant stations whose
carriers fade in and out.
Since the receiver is placed In a small
cabinet, the loudspeaker is necessarily of
the midget type, which cannot give good
reproduction of the low audio frequencies.
Regeneration with consequent side-band
cutting reduces the high-frequency audio response. To sum up, you may expect sets of
this type to give acceptable rendition of
programs on local and semi-distant stations.
Tone quality is passable but cannot be compared to that expected from a console type
receiver.
Common Causes of Typical Troubles. The
common troubles encountered in receivers
of this type are low operating voltages due
to defective filter condensers, and intermittent reception due to a change in value of
the volume control (disconnect the slider and

21

check the volume control with an ohmmeter).
Oscillation is generally due to excess capacity (caused by incorrect adjustment) in regeneration condenser 17, although screen
bleeder 8 sometimes opens up, as does the
detector-oscillator screen by-pass condenser.
A more than average amount of trouble
is encountered in oscillator circuits of this
type. Frequently, the oscillator refuses to
function at the low-frequency end of the dial.
The first thing to do is to try a new detectoroscillator tube or interchange this one with
the second detector which is of the same type.
When the gain of the tube falls off due to
loss in cathode emission, it is harder for the
oscillator to work at the low-frequency end
of the dial.
When a new tube does not clear up the
trouble, excessively high bias is indicated.
This can be corrected by reducing the value
of cathode bias resistor 6 to approximately
4000 ohms. The rule here is to use a replacement resistor having about one-third less resistance than the original.
If continued trouble is experienced,

go

na! In now applied across R1S through condensers 015 at the grid end and through
C11, R7 and 016 at the other end.

cuit rrom being applied to the oscillator
anode, as this might result in hum modulation.

Power Output Stage. The signal voltage
across R1S is applied to the control gridcathode of the 6K6 tube, the cathode connection being through 016.

Condenser 06, which has a capacity of .05
mfd., is also the plate supply by-pass condenser for the 6A8 and 6K7 tubes. Condenser
07, having a capacity of .1 mfd., is the screen
by-pass condenser for the first detector and
1.f. tube. Resistor R4 serves to reduce th(
plate supply voltage to the correct amount
for the screens of these two tubes.

The 6K6 tube then amplifies the signal
voltage across R13, and we now have a very
large signal current flowing through the primary of output transformer T6. The turns
ratio of the transformer matches the voice
coil impedance to the tube plate impedance.
The voltage induced into the secondary and
the resultant current flow through the voice
coil causes the voice coil and attached cone
to move in and out in step with the audio
signal, and in this_ way the cone produces
sound waves.
Signal Circuit Features. We will now consider some of the signal circuit features in/
this set. First, from the diagram we see that
the oscillator Is not equipped with a lowfrequency padder condenser. We may therefore assume that the oscillator tuning condenser has specially cut plates in order to
obtain tracking over the entire band. In addition, and this is peculiar only to some auto
receivers, condenser CS serves as an r.f. padder condenser and has the duty of helping
make the preseleetor track or follow the oscillator by the 11. frequency difference.
Condenser Cl has a capacity of only .00002
mfd: and consists only of two flat metal
plates separated by mica. A condenser of
this construction will maintain its capacity
even at the high frequencies produced by the
auto ignition system—in other words, it is
an excellent by-pass. Condenser 02 is of the
usual wound wax paper type. Because of
Its construction, it actually becomes a coil
at ultra-high frequencies.

Condenser CM besides acting as an i.f.
by-pass in the plate of the 6Q7 tube, also reduces the high-frequency audio response of
the receiver, thus raising the bass response.
Condenser 018, connected between the
plate and cathode of the output tube, prevents parasitic oscillations in the output
stage. The plate load, because of this condenser, is essentially capacitive at the high
audio frequencies at which such oscillation
would normally occur.
The A.V.C. System. There is nothing unusual about the a.v.e. circuit. The mixture
of d.e. and audio voltage developed across
resistor R6 is filtered by resistor R5 and
condenser 08 for application of d.c. voltage
only to the control grid of the 6K7 i.f. tube.
Further filtration is afforded by resistor lt1
and condenser CS for the control grid of
the first detector tube. The minimum bias
for these tubes is 2.2 volts and is obtained
across resistor R7, in the main power supply system.
When no signal is tuned in, no voltage
exists across 1?1, lt5 and R6, and the control grids and cathodes of these tubes are
essentially connected across R7. Naturally,
when a signal is tuned in, the a.v.e. voltage
appears across R6 and, being in series with
R7, determines the new operating bias.
When the incoming signal increases in
strength, the 1.f. voltage applied to the calkiode and diode plate 5 of the 6Q7 tube in.
creases. This results in increased diode current and a greater voltage across R6. This
in turn increases the negative bias of the
6A8 and 6K7 tubes, and reduces the receiver
sensitivity.

Ignition interference is modulated on
ultra-high frequencies. When it enters the
input circuit, 02 acting as a coil with relatively high reactance forces this signal to
take the Cl path to ground. Broadcast signals will be by-passed by Cl to some extent,
but will mainly be capacitively coupled
through 02 to the resonant circuit by condenser CS. At broadcast frequencies 02 and
CS form the low-reactance path.

When the strength of the incoming signal
decreases, the rectified voltage across 56 decreases. Since this reduces the negative bias
of the 6A8 and 6K7 tubes, the receiver sensi
tivity increases, thus enabling us to have an
automatic control of the volume.

Condenser C4 serves to couple the oscillator tank circuit to the oscillator control
grid, and also serves (together with condenser C in the oscillator circuit) as a bypass across resistor R2, thus smoothing out
the r.f. across this resistor.

No a.v.e. system is 100% efficient, and a
change in the incoming signal strength will
result in some change in the output sound
level from the loudspeaker.
For slight
changes in signal strength, the sound level
will not change perceptibly. Even for large
changes in signal strength, the output level
changes far less than if a.v.e. were not used

Resistor RS is used to eut down on the
voltage to the oscillator anode, and condenser 05 is an r.f. by-pass condenser. Condensers 05, 06 and resistor RS also serve to
keep any variations in the power supply cir24

The A.V.C. bias Gate. You will note that
diode plate 4of the 6Q7 tube connects to the
grid return to the 6K7 tube at the junction
of resistor R5 and condenser 08. This arrangement is known as a gas gate. If the
6K7 tube happens to become gassy, electrons
will flow up through resistors R6 and R5 to
the control grid of the 6K7 tube. This tends
to make the grid of the tube positive by an
amount equal to 4,000,000 ohms (R5 + R6)
multiplied by the gas current in amperes.
When diode plate 4becomes positive due
to gas in the 6K7, current will flow from
the 6Q7 cathode to this diode plate, lowering the effective resistance of R5 and R6 and
therefore lowering the voltage drop produced across them by the gas current
Tracing Supply Circuits. In this, or in
any other auto receiver, we only have the
6-volt storage battery in the car as a source
of power. We can feed the tube filaments
and loudspeaker field directly from the battery since they are designed for 6-volt operation. We must also feed the tube electrodes with the correct d.c. voltages, which
in some eases will he as much as 200 volts.
D.C., as you know, cannot be stepped up.
Therefore, we use a non-synchronous vibrator to interrupt the d.c. from the battery,
thus changing it for all practical purposes
to a.c. This a.e. may be stepped up by a
power transformer, rectified by a high-vacuum rectifier tube, and the pulsating d.c.
from the rectifier filtered just as in an a.c.
set. The rectified and filtered d.c. Is then
ready to be applied to the various tube electrodes.
The diagram shows that the vibrator is
used solely to interrupt the d.c. flowing
through the primary of power transformer
T5. It causes the supply current to flow first
through one section of the primary and then
through the other, giving the same effect as
an a.c. current.

The breaking of the circuit through the
armature coil allows the spring to return the
armature to terminal 2 on the vibrator. The
current then flows through the lower half of
the power transformer primary through the
contact at 2 and to the other side of the
storage battery. The armature coil is also
re-energized to pull the armature over again
for another round trip. This action occurs
as long as the receiver is turned on, and we
have current flowing first through one half
of the primary and then through the other
half.
As a result of feeding the primary with
alternating current, a large voltage is developed across the secondary of T5 and is
applied to terminals 3 and 5 of the rectifier
tube.
Since B— is the center tap on the secondary of T5, the B supply electron path is
from the center tap through bias resistors
511, R8, R7 to the 6A8, 6K7 and 6K6 cathodes (In the case of the 6Q7 cathode, the
path is through R11 and 118), then through
the tubes to the plates and other positive
electrodes, back to the rectifier cathode and
across to rectifier plate 3 or 5—whichever
one is positive.
Resistor R15 is used to prevent excess
voltage from being developed across the primary. Condenser 017 is a smoothing or but
fer condenser and helps to remove any irregularities in the peaks of the secondary
voltage. It is also important to use the right
size of condenser at this point, so that the
vibrator will work smoothly and with a
minimum of sparking.
The cathode currents of all tubes flow
through resistors R7, R8 and 511 (with the
exception of the 6Q7, which skips 57), and
develop a voltage across these resistors. The
end connected to the power transformer secondary center tap is negative, while the end
connected to the chassis is positive, thus
forming the bias voltages.

The hot (ungrounded) A lead connects to
the center tap on the primary of the power
transformer through switch Si and choke
1,1. Normally, the vibrator armature connects to terminal 2, being held in place by
spring tension.

Filter Circuits. You will note from the
diagram that the vibrator coil and the heater
of the rectifier tube are fed through choke
L1. To avoid vibrator interference, the filaments of all but the rectifier tube are fed in
parallel directly from the ON-OFF switch.
as is the pilot lamp. The loudspeaker field
is also fed from this point, and these parts
are isolated from the interference produced
by the vibrator by the filter consisting of condenser 019 and choke L1.

When the set is turned on, current will
flow through the armature coil of the vibrator, connected to terminals 2 and 4. The current flow is through the coil to vibrator terminal 2, and through the armature in contact with terminal 2to the chassis. This will
pull up the armature, causing it to make contact to terminal 3, and breaking the contact
of the armature coil to ground through .terminal 2 and the grounded armature. Then
the current flowing to the center tap on the
primary passes through the upper section of
the primary to terminal 3, and through the
armature contact to terminal 1, which connects to the other side of the storage battery.

Condenser 019 serves to prevent any lowfrequency interfering vibrator signal from
feeding back through choke L1. The two
condensers marked SP are called spark
plate condensers and are essentially similar
in construction to condenser C./ in the antenna circuit. Since they do not have any
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the same trouble, and it is checked in the
same manner as 07.
If excessive hum is heard, we should be
on the lookout for cathode-to-heater leakage
in some of the tubes, and for drying up of
electrolytic filter condensers 011 and 012.
These two condensers should be checked by
substitution, being sure to observe the polarity markings of the test condensers by
connecting their positive leads to the 6X5
cathode.

the dial. Sometimes a value as high as 75,000
ohms may be used. If the resistor is made
too high in value, the oscillator will intermittently block, particularly at the highfrequency end of the dial.
High-resistance connections in the oscillator circuit will cause the oscillator output
to be poor at the low frequencies. If the oscillator stops functioning at the high frequencies, the oscillator coil probably has absorbed moisture, and it would be best to install another. When another cannot easily
be obtained, the oscillator coil can be baked
in an oven to drive off the moisture.

Motorboating or noise originating in the
al. section of the set (check on this by removing the 6K7 type tube to see if the noise
is still present) would cause us to suspect
an open in condensers C14 and 016, the a.f.
decoupling capacitors.
They should be
checked for an open by substitution. Hum
might also result if these condensers are
open.

Tracking failure of the oscillator and preselector, if not due to incorrect adjustment
or a defect in condenser CS, is probably due
to the if. being aligned at the wrong frequency.
Blasting and distortion on strong local
stations would indicate lack of a.v.e. voltage,
and this in turn would probably be due to a
short in a.v.e. filter 08 or to a short between
diode plate and the cathode of the 6Q7 type
tube.

Distortion and audio oscillation may be
due to an open in condenser 018.
Excessive noise may be caused by worn
vibrator contacts. In cases where it Is not
practical to remove the vibrator housing to
see if sparking occurs at the contacts, a new
vibrator should be tried, after checking condenser 017 by replacement and measuring
the value of 1115. One terminal of this resistor must be disconnected when checking
it with an ohmmeter, so that a misleading
reading will not be obtained through the
power transformer primary.
-

Automatic Tuning Set-Up. This receiver
has a mechanical automatic tuning system.
There are five levers on the dial by means
of which five stations may be selected, as indicated in Fig. 9. The procedure for setting
these automatic tuning levers Is as follows:
Make a list of local stations you tune in
regularly; any number up to and including
five.

The spark plate condensers seldom if ever
give trouble, although some vibrator hash
may get into the receiver if 019 is open.

Any order of grouping can be used, either
by assigning call letters for the levers alphabetically or arranging them to correspond
with the calibration on the dial scale.

Weak signals coupled with distortion
would lead you to believe that the loudspeaker field was open. This wouldn't affect
the application of correct voltages to the
tube electrodes. A quick check may be made
on the field by holding a screwdriver near
the metal pole piece. If the field is energized there will be a pull on the screwdriver.
If it is not, the field should be disconnected
and checked with an ohmmeter.

Loosen the special locking screw ("0" in
Fig. 9) which is located on the left side of
the tuner dial assembly.
Press DOWN ALL THE WAY any one of
the automatic tuner levers. Bolding it down
FIRMLY, tune in by means of the tuning
knob (No. 1) the station you have assigned
to this lever. Turn the tuning knob very
slowly back and fort> (while still holding
lever in downward position) until the signal
is clearest. The station will then be accurately tuned in. Release the lever.

If the receiver is dead and a circuit disturbance test shows all stages to be alive, you
would immediately suspect failure of the
oscillator. This would most probably be due
to lack of plate voltage on the oscillator
anode grid, pin 6 in the diagram.

Press down another automatic tuner lever.
Holding It down FIRMLY, carefully tune in
the station assigned to this lever. Release
this lever.

Immediately you would suspect a short or
leak in condenser 05, with perhaps opening
up of resistor 113. If these points proved to
be in good condition, you would check the
5.5-ohm winding of the oscillator coil to see
if it was open.

Follow this procedure until you have selected all of your favorite stations.
Now rotate the tuning knob (No. 1) to
the right (clockwise) as far as it will turn.
and tighten the special locking screw ("0").

Trouble sometimes is experienced with this
type oscillator if the oscillator grid resistor
changes in value. A value lower than 50,000
ohms' for R2 will frequently cause the oscillator to be dead at the low-frequency end of

It is VERY IMPORTANT that this locking screw is turned until it is ABSOLUTELY
TIGHT.
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Fig. 8. Schematic circuit diagram of Truetone
Model D-746 five-tube auto radio receiver. The
parts list for this set is given below. Voltage
values on the diagram represent d.c. voltages
to chassis. All condenser values are assumed to
be in microfarads. Percentages after values indicate the percent of tolerance which is permissible in the values of replacement resistors or
condensers.
The abbreviation w. stands for
"watts."

RESET
LOCK SCREW

TUNING
1 CONTROL

VOLUME CONTROL
2
c-- 2. OFF ON SWITCH

Fig. 9. Front view of Truetone Model D-746
receiver, showing automatic tuning levers. Locking screw "C" will lock in place all the stations
you have selected on the automatic tuner levers.
If you should desire to change any station you
selected to another, loosen the locking screw
"C" one or two turns, and select the new station
as explained. Be sure to retighten the locking
screw, otherwise the stations you have selected
will not stay adjusted to the levers.
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RESISTORS
RI

250M ohm—I/10 w. 20%

R2

50M ohm-1/10 w. 20%

R3

30M ohm- 1
2
/
w. 20%

R4

25M ohm—I

R5

3 megohm-1/10 w. 20%

watt

10%

R6

1 megohm volume control

R7
R8

50 ohm—I/3 w. 10%
30 ohm-1/3 w. 10%

R9

2 rnegohm-1/3 w. 20%
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