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Radio repairmen must have an understanding of the 
method used in inter-connecting the various parts em-
ployed. The plan that gives this information is called 
a schematic diagram or a circuit diagram. Such a plan 
could be made by tracing the various connections and 
making a picture drawing of the parts and wiring. 
It is difficult, however, to make the needed pictures of 
various radio parts. Further, when such a picture draw-
ing is completed, it is almost as confusing as the maze 
of wires one sees by looking at the bottom of a chassis. 
To simplify this task, radio engineers and servicemen 

have decided to use symbols to represent the different 
radio parts. The connecting wires are represented 
by straight lines. 

This is a logical solution. We are experienced in 
using symbols in almost all fields. The fact that an 
animal with four legs and of a certain appearance is 
called a dog and is spelled d-o-g, shows an application 
of symbols. 
The symbols of often used radio parts are shown 

above. These symbols should be carefully noted and you 
should practice making each of these on paper. As 
you continue with your studies ( if you are a beginner), 
refer back to this page as new parts are mentioned in 
the text. 

COPYRIGHT, 1945 

By Supreme Publications 
3727 W. 13th St., Chicago 23, Ill. 

All rights reserved, including the right to reproduce 
or quote the contents of this book, or any portion 
thereof, in any form. Book reviews may include quota-
tions of brief passages to illustrate the style or contents. 
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A.C. 
A.F. 
A.F.C. 
A.V.C. 

db 
D.C. 
FM 
E 
HF 
Hy. 

I.F. 
Kilo 
ma. 
Meg 
Mfd. 
Mho 
Micro 
Mil 
MU 
CI 
P.A. 

RF 
RMS 
SG 
Super 
SW 
TRF 

X 

Alternating current 
Audio frequency, sound vibrations 
Automatic frequency control 
Automatic volume control 
Capacity of condensers 
Decibel, a unit for measuring sound 
Direct current 
Frequency modulation 
Voltage, electromotive force, EMF 
High frequency, short wave 
Henry, a unit of inductance of coils 
Symbol for current 
Intermediate frequency in superhets 
Prefix meaning one thousand 
milliamperes, 1/1,000 of an ampere 
Prefix meaning one million 
Micro-farad ( one millionth of a farad) 
Unit of conductance 
Prefix indicating one millionth part 
Another prefix meaning 1/1,000 part 
Amplification factor of a radio tube 
Ohms, measure of resistance 
Public Address, amplification system 
Resistance, opposition to passage of current 
Radio frequency. 
Root means square, used in A.C. 
Symbol for screen grid of a radio tube 
Superheterodyne, a type of radio circuit 
Short wave 
Tuned radio frequency, a radio circuit 
Watts, measure of electrical power 
Symbol for reactance, opposition to A.C. 
Impedance, total opposition to A.C. 

These abbreviations are often used by practical radio 

servicemen and appear in many places in this manual. 

As you come across new radio abbreviations in reading 

the text, refer to this page for an explanation. Soon 

you will remember the meaning of these important 

short-hand notations. 

A radio receiver consists of a great many parts connected in a 

suitable manner to form required circuits. 



PREFACE AND INTRODUCTION 

You are now being introduced to a remarkably simplified technique of radio 

repairing. This new way of finding radio faults and repairing them is so revolu-

tionary in scope, so different in application, and so effective in results, that one 

can hardly believe in its true possibilities. But this method will ( in contrast to 

all other servicing methods) in 90% of all cases isolate the fault in minutes 

instead of hours and without instruments, permit checking of parts and circuits 

quickly without any special testers, and can be used to an advantage by beginners 

and experts. 

The contents of this manual have been used for lectures in a number of practical 

radio shop classes and proved very successful in application. Only practical and 

required data for actual radio work is included. Theory is kept to a very low 

minimum. 

Sufficient introductory material has been included to acquaint the beginner with 

essential radio facts. This same information will serve as an excellent review for 

all others. You only need to be mechanically inclined to be able to follow these 

simplified instructions and repair any radio set. 

The comparison technique of radio servicing tells you what simple tests may be 

made to obtain electrical, visual, and other reactions from radio parts and circuits, 

and how to determine if the indications secured are what is to be expected from a 

properly functioning circuit, or what parts or stage to suspect. This method is a 

great simplification of radio servicing and calls for less knowledge, less time spent, 

and less instruments. 

While the technique of comparison servicing is easy to learn and employ, read the 

explanations with care. There are no meaningless words in this manual and every 

sentence tells you of some important facts. Each time you use this new method, 

you will become more proficient and will refer to the comparison circuits and hints 

only once in a while. 

You can learn this new method best by reading the entire manual carefully, 

making sure you understand every part. This will give you a good working knowl-

edge of this new technique and permit you to try comparison method on the next 

job. To get specific help for any radio repair job refer to the index and to the 

parts of the manual dealing with the difficulty on hand. The comparison diagrams 

should be studied and all the tests suggested very carefully tried. 

M. N. BEITMAN. 

Chicago, Illinois 
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WHAT IS ELECTRICITY? 
Electricity plays an important part in making possible 

radio communication. In an ordinary house-radio, elec-
tric power is changed in form, increased and decreased 
in voltage, and made to conform exactly to the electrical 
radio waves picked up by the antenna. 

We are able to control and use electricity to our 
advantage, but we have only workable theories regarding 
the exact nature of this force. According to this theory 
all matter is made up of 93 different atoms. These 
atoms, however, are in turn made up of identical nega-
tively charged particles called electrons and heavier 
positive particles. We are primarily interested in the 
negative electrons since these make up the electric 
current. 

The operation of any radio depends on the be-
havior of electricity. 

The electrons are very small and millions upon mil-
lions are required to make up the current to keep a 
radio tube in operation. These electrons not only make 
up the atoms of matter, but are present as free electrons 
ready to move to any positive body which attracts them. 
In nature, negative particles, small or large, are attracted 
by positive bodies and repelled by other similarly charged 
negative bodies. 

These free electrons tend to be present in equal quan-
tity everywhere. If a body has too many electrons, they 
will move to other bodies to equalize this distribution. 
And for the same reason, a body short of free electrons 
will attract free electrons. This movement of electrons 
constitutes actual electric current. 

Material which acts as a conductor (copper wire, for 
example) will permit easy passage of these free electrons, 
but if two bodies have a large difference in the number 
of free electrons present, the movement will take place 
across an insulator, as in the case of a spark or lightning 
where air is the insulator. 
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Many of the present day radios used in homes away 
from power lines or employed for portable purposes 
still operate on battery power. Batteries are chemical 
machines which produce electrical power by means of a 
chemical reaction. Any battery is made up of a number 
of cells connected in some manner to give the required 
quantity of electricity. Flashlight cells produce 1 0/2 
volts each. Many of these cells are connected to give 
the higher voltage of radio batteries. 

In localities where power lines are not available and 
for portable use, dry batteries and storage batteries sup-
ply the needed electrical power. 

These cells which produce electrical current of them-
selves are called primary cells. They may be used until 
discharged and then must be replaced. These batteries 
cannot be "charged" in any way. 

Inter- cell 
connec tor 

Cover 

Positive 
strap 

Positive 
plate 

Container 

Vent plug 

Rib 

Courtesy Electric Storage Battery Co. 

A cross-section view of one cell of a storage battery. 

Negative 
strap 

Partition 

Separator 

Negative 
plate 

The storage battery used in automobiles and with 
many type radio sets does not produce any electrical 
power of itself. This battery acts only as a storage 
reservoir of electrical energy. The battery must be 
charged first of all. This is a process which permits 
placing the electric current into the cells of the battery. 
After this the current may be taken out in any quantity 
required until all the electrons, which were in excess, 
are removed. 



PRACTICAL ELECTRICAL FACTS 
Magnetism is closely related to electricity and is also 

of importance to a radio serviceman. Transformers, 
relays, loudspeakers, and many other radio parts depend 
on magnetism for their operation. 

Every magnet, no matter how small or large, has two 
opposite poles which we call North and South. In any 
group of magnets, the like poles will repel each other, 
while the unlike poles will attract each other. 

A conductor has a voltage induced when it cuts mag-
netic lines of force. The meter indicates current. Either 
the coil or the magnet may be moved to produce effects, 

\Vhen electric current flows in a wire, it produces a 
corresponding magnetic field. Also if a magnet is 
moved in relation to a coil of wire, electric current is 
produced in this coil. This principle is used in gener-
ators to produce electrical energy in large quantity. 

Meters, used alone or in radio test equipment, depend 
on magnetic effects for their operation. 

To measure electricity and magnetism indirect in-
dicators are employed. Meters of service testers are used 
this way. Also special units are used to express the 
quantity of these forces since the unit of weight, the 
pound, or of length, the foot, are not adaptable. 

Batteries or generators create a voltage or pressure. 
This is called the electromotive force (symbol E) and 
is measured in volts. The existing voltage forces 
(pushes) through a conductor a quantity of electricity 
measured in amperes. The symbol I is used for current. 
Amperes of electricity correspond to gallons of water 
in a plumbing system. 
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These quantities of electrical pressure and current are 
related together with the opposition to electrical current 
present and in a mathematical way are known as the 
Ohm's Law. This relationship states that the voltage 
is always equal to the current multiplied by the resis-
tance ( opposition). The formula is given below. 

E:_--IXR 

In reference to magnetism it is important to under-
stand that any passage of electric current creates an 
associated magnetic field. Also that the "power" or 
flux density of this field depends on ( 1) the current 
passing, ( 2) number of turns, and ( 3) material of 
the core. 

A radio set has many materials used as 
insulators while others are employed as con-
ductors. Copper wire inter-connects various 
parts. 

Electric current, made up of electrons, may pass along 
certain substances known as conductors. Silver, copper, 
and other metals are considered conductors. Many 
materials pass very little electric current. Known as 
insulators these materials actually stop the current. 
Rubber, cloth, mica, slate and many other materials are 
used to insulate radio parts. 

Courtesy P. R. Mallory & Co. 

Wires conduct electric current. The path 
must be continuously made up of conduct-
ing materials. 

If electric current is required to pass from one radio 
part to another, these must be connected by hook-up 
wire. On the other hand, if parts are not to be in 
electrical contact, they must be insulated. Separation 
is enough since air is a good insulator. 



FACTS ABOUT RESISTORS 
Opposition to the passage of electric current is known 

as resistance. Even the best conductor has some resis-
tance, and insulators have very high resistance. Re-
sistance is a property required in radio circuits and 
special parts to supply resistance are called resistors. 
The unit of resistance is the ohm. A million ohms is 
called a megohm. Small radio resistors are color coded 
as explained below. 

STANDARD RMA RESISTOR COLOR CODE CHART 
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numbrü:.1jitigheje .alter 

TinZeMiland tas•el eorn• 
r•sislor• to design,. teleran. as 
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00000 
000000 

0004000 
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  000001X00 
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The "watt" rating of a resistor indicates the power 
handling ability of the unit. Carbon resistors for re-
placements are supplied in 1, and 2 watts. ( IA 
watts are not recommended). Always use the same or 
larger wattage for replacement. When larger than 5 
watt units are needed, wire-wound resistors are used. 

When large large voltage divider resistors have several sections 
and a single section is defective, this one section may be 
replaced with a suitable unit. Various fixed resistors 
used in radio are illustrated above. 
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Variable resistors are constructed so that the amount 
of resistance may be changed by rotating a control shaft. 
These are known as potentiometers and rheostats and 
are used for volume and tone control purposes. Since 
these units receive much mechanical use in a radio set, 
they are a common source of trouble. The "on-off" 
switch used is mounted on the back of these units and 
is controlled by the first rotation. Very occasionally the 
volume control may be opened and repaired by bending 
back the rubbing prongs and cleaning the carbon ele-
ment with alcohol and rubbing the resistance surface 

Potentiometers are used as volume and 
tone controls. Usually there are three 
terminals, but a fourth tap may be found 
on some special units. 

with graphite of a soft pencil. Usually it is best to re-
place the unit. Exact duplicates are listed in manufac-
turers' catalogs. The old switch plate, if used, cannot -be 
employed with the new control and a new switch should 
be obtained at the same time. A potentiometer is illus-
trated above. Typical circuits are shown on page 41. 

Since controls are used in many different types of 
circuits, they are of various resistance values and degree 
of resistance change with rotation. However, certain 
simple tests will tell you promptly if the fault lies in the 
volume control or tone control unit. 

In almost every circuit shorting (touching terminals 
with a short piece of wire having its ends bare) the 
center terminal and one of the other terminals should 
increase the volume to a very loud quality or distort 
at high volume. Touching the center and the other 
terminal should reduce the volume. 
Here are several important points for beginners. The 

switch is not connected electrically to the resistance ele-
ment or the revolving arm. In a few units, the arm, 
having the center connection, is grounded to the shaft. 
But in the majority of the controls the shaft and the 
metal frame of the control are completely insulated from 
the resistance element and movable arm. 



FACTS ABOUT CONDENSERS 
First we will talk about condensers that have wax 

paper or mica as the insulating material between the 
plates. Such condensers have the appearance of those 
illustrated. In tuning (variable) condensers air is used 
as the insulator, or dielectric. 

If a condenser is connected to source of voltage, such 
as 4 battery, the negative side will become charged with 
free electrons. The side of the condenser connected 
to the positive potential of the battery will lose any 
free elections it had initially. Because of the inequality 
of electrons on the two plates of the condenser, the unit 
is said to be charged with electricity. 
The condenser will remain charged for a period of 

time even after the battery is removed. The duration 
of the charge marks the quality of the condenser. Good 
condensers may keep the charge for hours. If the 
condenser is charged with a voltage above 50 volts, the 
source of voltage may be disconnected and, when the 
two connections of the condenser are brought almost 
in contact, a spark will jump. 

Mica condensers are of small capacity and are usually 
enclosed in bakelite. 

The unit of capacity is the farad. This unit is much 
too large for radio condensers and the microfarad (one-
millionth part of a farad) is employed. Even this unit 
is too large and most paper condensers have capacities 
indicated by decimals, i.e. .01 mfd. Mica condensers 
are of even smalled capacity. For example, .00025 mfd.; 
this is the same as 250 micro-micro-farads, since this 
smaller unit abbreviated mmfd. is one millionth of a 
mfd. which in turn is one millionth of a farad of 
capacity. 
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Besides capacity, condensers are also rated as to the 
maximum voltage they can withstand. Any condenser 
may be used with any value of voltage up to the 
maximum of its rating. In fact, there is a safety advan-
tage to use higher voltage condensers for replacement 
purposes. 
The capacity required for replacemem purposes is 

not critical in majority of applications, 100% variation 

Courtesy Solar Mfg. Co. 

Here are three types of commonly used radio receiving 
set condensers: a paper dielectric condenser in a metal 
can, a tubular paper dielectric condenser, and a metal-can 
electrolytic condenser. 

in size is almost always acceptable, and in some circuits 
condensers 10 times the size of the original condenser or 
1/10 the size will work just as well. Later on we will 
point out where the size of the condenser is important. 

In making a replacement of a condenser, the physical 
size and appearance are not important—as long as they 
will fit the available space. Capacity may be somewhat 
greater or if need be a little smaller. The voltage rating 
must be high enough, but the actual value makes little 
difference. 

Condensers do not permit the passage of direct cur-
rent as supplied by batteries or radio power supply. 
However, alternating current which is found in sections 
of the circuit which handle the signal, does pass through 
a condenser. Amount of A.C. passing depends on the 
size of the condenser and the frequency (number of 
cycles per second) of the current. In this manner a 
condenser is used to "block" the D.C., and to by-pass 
the alternating current. 
The higher the frequency of the current, the less 

reactance (opposition) the condenser offers. In certain 
applications a .00025 mfd. mica condenser may be used. 
For audio frequencies ( up to 5,000 cycles) this capacity 
offers so much reactance that for practical purposes we 
may assume that no current of A.F. passes through. 
Radio frequency currents (above 540,000 cycles) pass 
through with 'little opposition. The condenser separates 
currents of two widely different frequencies. 



ELECTROLYTIC CONDENSERS 
Electrolytic condensers are illustrated on this page. 

These units are semi-dry and are of large capacity. 
They must be used with D.C. only. The pulsating or 
single direction changing D.C. found in radio power 
supplies may also be used with lower priced electrolytic 
condensers. These condensers are similar in action to 
paper units described, but do have a small leakage all 

the time. This is not important since electrolytic con-
densers arc usually used as filters in power supplies and 
a small additional drain is of no consequence. Please 
notice how different electrolytic condensers are mounted. 
Always select a replacement that is easy to place in 
the set. 

While special condenser testers may be used to detect 
faults in condensers, a simple ohmmeter will serve the 
purpose. A small capacity ( under 1 mfd. paper type) 
condenser should test open with an ohmmeter, after the 
needle shows a slight movement. If the condenser has 
resistance under 100,000 ohms or is completely shorted, 
the unit must be replaced. A still simpler test, not 
requiring any equipment, is to connect the condenser 
momentarily to a source of D.C. voltage between 50 
and 150 volts ( the set's power supply will do). Quickly 
disconnect the condenser and bring the terminals 
together. A spark should be noticed at the point of 
contact if the condenser under test is in good condition. 
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Electrolytics can be quickly tested by the ohmmeter 
method. They will upon being connected first show 
a shorted condition, but the resistance will quickly in-

crease. The ohmmeter must be correctly connected, i.e. 
positive side of the meter to the positive side of the 
electrolytic condenser. The D.C. potential discharge 
test also may be used. 

The condensers used originally in a radio set may 
be mounted in various ways. Mica and small capacity 
paper condensers are usually supported on their leads. 
Replacements should be mounted in this same way. 
Long bare leads should be covered with insulated sleev-
ing or electrician's tape. Electrolytic condensers have 
been made in various containers and you will find all 
types in the radios you may be called on to repair. The 
replacement you may use need not be the same in 
physical appearance or size, but should have about the 
same electrical values, and shape and size to fit avail-
able space. 



COILS USED IN RADIOS 
Every radio receiver uses several coils. Coils are 

wound on cardboard tubing or wood dowel rod, treated 
with varnish or laquer against moisture, and usually 
enclosed in metal shields. You must learn to tell what 
coils are being used, how to test them, and how to make 
replacements. 
At first we will talk about coils used in single band 

or broadcast receivers. Every radio (superhet or TRF) 
has an antenna coil. These coils have four terminals, 
but since two of these in some sets go to the chassis 
frame-work or ground, these two connections may be 
brought out to a single terminal and only three used 
in all. One of these, of course, is connected to the an-
tenna lead or binding post. 

Antenna coil can be identified by the bulky primary, 
by the fact that a connection is made to the antenna, 
and by the lack of any voltage on any terminal. Tests 
for this part will be given later. 

R.F. coils are used in all TRF sets and in larger 
superhets with an R.F. stage. Some TRF sets have 
several R.F. type coils. These coils always have four 
connections, but if they are for multi-band sets they 
may have more. The secondary is the outside coil and, 
in some, the primary is a small coil placed at right 
angles inside the tubing. 
You will always find in these coils that one end of 

the secondary passes through an opening at the top of 
the tube and runs down, inside the tubing, to a lug. 
This is for the grid connection of the following tube. 
The other end of the secondary connects to ground or 
to the AVC if used in the set. The antenna coil 
primary connections for all sets go to the antenna post 
and ground. The antenna lug usually has an extra 
heavy wire running up on the outside and wound 
around the coil once. This is for the purpose of mak-
ing the radio respond equally well to all frequencies. 
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R.F. coils, as illustrated, are similar to antenna coils, 
but are not interchangeable. Replacing but a single 
coil in radio, when the need comes up, is sufficient, but 
alignment will be required. Most coil replacements 
will track ( tune together) with other coils in the set. 

Oscillator coils are used only in superhets and do not 
give very much trouble. These coils are usually un-
shielded. They may appear to have but one coil, but 
in almost all cases two coils are used and are wound 
very close together. A replacement should be for the 
same I.F. frequency. If this frequency is not marked 
on the chassis, the author will be glad to look this in-
formation up for you. However, if the radio set uses 
a cut-section condenser for tuning (a condenser with 
the movable plates not all of the same size) than a 
suitable oscillator must be obtained from the factory. 

Every simple and every complex superhet uses I.F. 
transformers. These are really coils enclosed in cans. 
Padders ( semi-variable condensers adjusted with a set 
screw) are also included and permit the setting of the 
I.F. unit for best results for the I.F. frequency. These 
settings are made at the factory and should be left 
alone except in rare cases. Detailed alignment instruc-
tions are given in a later section. 

Several I.F. transformers are pictured below. Here 
is what you must know about them. What is their 
frequency? This may be marked on the units, on the 
radio, or in the diagrams. Are they of the input or 
output type? They are always of the input type except 
if they connect into a diode tube ( see section on tubes). 
Almost always these have four leads. Primary leads 
to plate and plate supply. Secondary leads go to the 
next tube's grid ( this is an I.F. stage) and to AVC 
or ground. 

If a single I.F. stage is used in smaller superhets, 
two I.F. transformers will be employed. One of these 
will be in front of the tube of this stage, and one I.F. 
transformer will follow the tube. If two I.F. stages 
are used, as in larger sets, three I.F. transformers will 
be used. A few sets made have a single I.F. stage with 
but a single I.F. transformer in front of that stage. 



TRANSFORMERS AND CHOKES 

With the exception of a few AC-DC type radios, 
every A.C. operated set uses a power transformer. This 
transformer steps up the line voltage usually 110 volts 
for plate current requirements of the radio. It also 
steps the voltage down to values such as 5, 6.3 volts, 
for tube filament requirements. Other filament volt-
ages are used in many sets. 

A burned out power transformer can be detected by 
the appearance of the unit and the "burning" smell. 
To see if the transformer is getting 110 volt power. 
follow the power cord leads into the set. You will 
probably find one lead goes to the switch and the other 
to the power transformer terminal or wire. Connect 
an ordinary 110 volt house-bulb to this terminal, and 
to another terminal of the transformer which has a 
wire or lead going to a second terminal of the switch. 
The bulb will light if the power from the socket is get-
ting to the transformer. If the tubes do not light up, 
although the transformer is receiving power, you may 
safely assume a winding of the transformer is burned 
out. 

The illustration shows an upright type 
power transformer used in radio receiving 
sets. Wire connecting leads come out of the 
bottom. The transformer is bolted to the 
chassis and the wire leads go through an 
opening in the chassis under the trans-
former. 

Replace a bad transformer with an electrical equiva-
lent unit. Exact replacements are available for many 
sets and simplify the repair. They have exactly the 
same physical appearance and the leads are of the same 
color. However, they do cost a little more. Suitable 
replacement transformers are lower priced and are just 
as good. 

Chokes are not critical and should be replaced, when 
need arises, with units of suitable physical size and 
ample current carrying capacity. Four tube sets use 
about 40 ma. rating, six tube sets about 60 ma., higher 
current rating provides a safety factor. If you short 
(connect with a piece of wire) the two terminals or 
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leads of a choke in a radio set, the results mentioned 
are possible and indicate possible fault: ( 1) Set works, 
well or badly, short choke, loud hum will result. ( 2) 
Set dead, short choke; if distorted playing, choke bad; 
if no change—trouble in other section. 

Output transformers match the final output tube 
to the loud-speaker and are usually mounted on the 
speaker frame. Probably never the cause of trouble, 
but primary sometimes burns out. To test, you will 
later be told how to see if plate voltage is present on 
the plate of the output tube, if lacking but present at 
other points, transformer at fault. 
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MECHANICS OF RADIO 
We must !tarn how to mount replacement radio parts. 

Small parts, .;uch as resistors, condensers, and R.F. 
chokes, are supported with their own leads. Tube 
sockets are fastened to the chassis with machine screws 
or rivets. Large condensers ( used in the power supply 
of receivers) are mounted with bolts or with stud-nut 
over the threaded section of the metal container. Power 
transformers are bolted in place, using the screws, that 

hold the frame to the laminations in the case of the 
half-shell type, or with machine bolts in case the trans-
former is of the upright type. Volume controls ( poten-
tiometers) are mounted behind the side of the metal 
chassis. The shaft comes through a threaded section 
which is attached to the case. This section is tightened 

against the chassis. The shaft may be cut to the needed 
length. The switch, used with many volume controls, is 
mounted in place on the back plate of the volume 
control unit. 

Radio parts are inter-connected with hook-up wire. 
The wire electrically joins the terminals to be connected. 
The hook-up wire should be insulated along its path, 
but is made bare and clean at the place where it comes 
in contact with the terminals. Push-back braided cotton 
covered wire is easiest to handle. Enough insulation 
is pushed back to make the needed connection, and then 
the insulation is pushed back over the wire up to the 
terminal. The illustration shows the proper method 
used for pushing back the insulation on both solid and 
stranded wire. When the insulation cannot be pushed 
back far enough with the fingers, it will be easier to 

grasp the bare end of the wire with long-nose pliers. 
Then, holding the wire in this manner, it is a simple 
matter to push the insulation back with the fingers 
as much as required. 

All electrical connections must be soldered to insure 
low resistance electrical contact under all conditions. 
Make it your rule to solder every connection you make, 
even if the equipment you are building is for temporary 
use. 
To do a good soldering job, the tip of the soldering 

iron must be properly shaped and tinned. Tinning an 
iron is a process whereby a thin, uniform layer of solder 
is formed upon the tip of the iron. The transfer of 

heat from from the tip to the work occurs most easily if the 
surface is bright as the result of tinning. When the tip 
of the iron becomes "pitted" by the action of the rosin 
core in the solder, the iron must be filed and re-tinned. 
The iron can be kept clean for long periods of time 
by wiping the tip with a rag whenever corrosion ac-
cumulates. 
The soldering iron must actually heat the joint to 

be soldered to a temperature that will readily melt 
solder. The solder will then run into each crack in 
the joint and form a good electrical bond. Hot smoothly 
flowing solder has a bright silver luster; as it cools, its 

appearance changes to a duller gray, setting shortly 
after this change. If the joint cools with a rough sur-
face, the soldering job is not well done; a dirty contact, 
improper heating, or movement of the wires may have 
been the cause. 
During the War, because of the shortage of certain 

types of vacuum tubes, a great deal of substitution of 
tubes was carried out by radio servicemen. Usually 
such tube substitution required changing the circuit 
slightly and at times the placement of a different socket. 
You should try to obtain exact tube which may be 
needed for the set you are repairing. You will find it 
pays to wait a week or two rather than attempt to 
change wiring, socket, and parts. Certain tubes may be 
substituted by means of inexpensive adapters which are 
available from your dealer. 
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POWER SUPPLY CIRCUITS 
A radio set is made up of electrical circuits. The 

parts used control, direct, separate, and change in form 
the signal received in the antenna and reproduced in 
the loudspeaker of the radio. We will consider a simple 
power supply circuit to get a general idea how this is 
accomplished. 

The symbol on the left of the diagram represent a 
power transformer with the primary winding connected 
to 110 volts, A.C. since D.C. cannot be used with any 
transformer. This transformer acts as a machine to 
step the voltage up or down. The voltage is stepped 
down to supply 5 volts for the filament of the rectifier 
tube. In another secondary winding this voltage is 
stepped up and supplies the plates of this same tube. The 
center tap of this high voltage winding serves as a nega-
tive connection — in many radio sets this negative con-
nection is grounded to the chassis. 

The rectifier tube changes the A.C. to pulsating or 
varying D.C. This current is not yet suitable for the 
tubes of the radio set since it will cause a loud hum. 
The pulsating D.C. must first of all be filtered. 

This task of filtering is performed by the three con-
densers, marked C,; Cs; and Cs; and the two filter 
chokes, CH-1 and CH-2. This is a very efficient filter 
and usually only a single choke and two condensers 
are needed. The chokes oppose the passage of the 
changing ripple voltage, but offer a path for the direct 
current. The condensers, on the contrary, pass to 
ground ( minus potential) the variations which must 
be removed, but do not permit the D.C. to escape in this 
same fashion. In this way, the ripple is removed and 
pure direct current is present at the terminals marked 
— and +. 
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A power supply is designed to deliver a given maxi-
mum voltage. Most radio receivers require plate volt-
ages of several different values to serve different tubes 
and a variety of circuits. It is possible to use a single 
resistor with sliding ( adjustable) taps to serve as the 
bleeder and to permit an easy means for securing any 
required voltage between zero and the maximum volt-
age available. 

The two ends of the voltage divider will be at the 
maximum and zero voltage'respectively. Taps between 
these two extremes will provide any desired voltage be-
tween these limits. Now, besides the bleeder current, 

TAP I 

250V 

CURRENT ON TAPS IL 2+ 
BLEEDER CURRENT 

CURRENT ON TAP 2+ 
BLEEDER CURRENT 

..„i_BLEEDER CURRENT 
ONLY 

certain sections of the voltage divider will carry the 
current taken by some of the taps, the calculation of 
the exact setting of the taps is not too simple. You 
should guess the position for the different taps, connect 
the equipment, and make final adjustments of the taps 
while taking measurements with a voltmeter. 
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A correct electrical circuit of inter-connected parts, 
as illustrated diagrammatically, will accomplish the de-
sired results. But these parts, without the proper elec-
trical circuit will serve no useful purpose. 
The comparison technique depends on the circuits 

used in radio receivers. You will be told what to look 
for in the circuit, and how to test to find out if the 
circuit is working properly. If the radio is not work-
ing, it must be a part or wire that is spoiling the cor-
rect circuit and prevents the proper operation. 
Radio diagrams show how the different parts are 

interconnected to permit proper operation. The parts 
are shown as symbols (see page 2) and straight lines 
represent the way wires connect the parts. But these 
printed lines do not represent actual wires as they may 
appear to one examining the radio set. The parts may 
be wired in any fashion as long as exactly the same 
component parts are connected with the lines in the 
drawing and are also wired in the set to permit the pas-
sage of electric current. 
Below you have an example of this. You will notice 

that the lines of the diagram and the wires of the pic-
ture illustration connect the few parts in somewhat dif-
ferent manner, but do permit the current to pass in 
the same way. This is very important to understand 
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clearly and this knowledge will aid you to trace circuits 
in radio trouble-shooting. 
A diagram above gives hundreds of valuable facts 

about the radio set and aids in making the repair. In 
the next paragraph you will find a description of the 
general information about this circuit. Please refer 
to the circuit and check each point. 

This is a seven tube radio using a tuning eye and 
designed for A.C. operation. This set covers two bands 
since there are dual coils. A dynamic speaker is used 
as indicated by the 6" unit. This set is a superhet since 
it has an oscillator coil and an I.F. transformer. ( See 
if you can locate these parts.) 
Now you may find this basic information about the 

audio output stage ( the last tube next to the speaker). 
This stage employs a 6F6-G pentode (see page 16) and 
is resistance coupled to previous stage. The tube is 
connected to the voice coil of the speaker through an 
output transformer. From the tube data charts ( pages 
19 to 39) it is easy to find out that the power output 
is about three watts. 

If we analyze this same stage with greater detail, we 
can obtain specific information on the value of each 
condenser and resistor used. Many of these parts are 
also listed with manufacturers part numbers. Circuit 
details also can be found. For example: a .005 mfd. 
condenser used as a tone compensator; the tone con-
trol consists of another condenser and variable resistor. 
Specific analysis will also indicate the novel method 
used to secure the bias for the output tube. You will 
be able to follow this circuit later. 
Of course, specific information is given about many 

parts and will help you to secure replacements. For ex-
ample, the plate coupling resistor of the 6SQ7 tube has 
a resistance value of 200,000 ohms, as marked. 



OBTAINING REPLACEMENT PARTS 
The comparison technique relies strongly on the use 

of diagrams. After you complete your study of essen-
tial fundamentals, you will be told how to examine the 
radio you are trying to repair and find a circuit which 
is similar to the one used in the radio. This compari-
son diagram and chart will tell you where to look for 
faults, what to check, and how to make the actual 
repair. 

Although many of the faults which develop in radio 
sets do not require any replacement parts, in majority 
of cases you will find the trouble lies in some com-
ponent which has to be replaced. Needed radio parts 
may be purchased from radio supply houses. If you 
live in a city, it probably has several radio parts dealers 
who cater to radio servicemen. If you live in a small 
town or on a farm, there are many mail order radio 
companies who will be glad to sell you needed parts. 
The author will be glad to tell you the names and 
addresses of dealers near your home, if you need this 
help. 
How exacting must radio parts be? For almost all 

replacement requirements parts similar to the original, 
but not necessarily exact duplicates, will serve. Since 
in radio repair work you will be buying many replace-
ment parts, the knowledge how to select such parts is 
of prime importance to you. 

In the case of power transformers, you must be cer-
tain that the replacement will fit the available physical 
space and could be mounted in place. Electrically, the 
primary of the transformer must be rated at the supply 
voltage and frequency. Usually this is 110 volts, 60 
cycles. The various secondaries which supply the fila-
ment voltages must correspond to the original unit. 
The voltages must be correct. The current rating of 
each filament secondary must be large enough to take 
care of the tubes connected to this winding. For ex-
ample, a secondary of 22 volts serving five type 27 
tubes must supply at least 8.75 (or about 9) amperes, 
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since each tube takes 1.75 amperes. Higher current rat-
ing is always in order. If a center-tap connection is 
needed and the replacement transformer you are using 
does not have one, use a 50 ohm center-tapped resistor 
across winding to solve this problem. 
The high-voltage winding should supply approxi-

mately the same voltage as the original. The winding 
should be rated at least at 45 ma. for 4 tube sets, 55 ma. 
for 5 tube sets, and 70 ma. for larger sets with a single 
output tube, or 90 ma. for sets with push-pull output 
stage. 

In most cases the resistance value of the choke used 
is not critical. If you do want to use the exact D.C. 
resistance value and it is not available, connect a choke 
of lower resistance value in series with a fixed 10 watt 
wire-wound resistor. The total resistance of choke and 
resistor should be made equal to the original choke. 

As you have already learned, fixed resistors are ac-
curate to within 10% of the marked values. However, 
in most applications resistors may be off even more 
than this. For example, a plate coupling resistor in the 
original circuit may have been 250,000 ohms. You may 
use a replacement between 100,000 and 700,000 with 
no noticeable difference in operation. Cathode bias 
resistors ( usually between cathode and ground) should 
be of accurate value. 

By-pass condensers may be off from the indicatea 
value a great deal. For replacements values from 1/10 
to 10 times the original size will serve. Voltage rating, 
however, should be as high or higher than the original. 



FACTS ON VACUUM TUBES 
The basis of all vacuum tubes operation, be they 

rectifiers, or multi-purpose tubes, in glass or metal en-
velopes, is electron emission. Electrons are emitted 
from an electrically heated filament or from a cover-
ing ( cathode) placed over this filament and insulated 
from it. This later type of emission is called indirect.. 
The element emitting the electrons is known as the 
cathode. 

In 1883, Thomas Edison discovered that when an 
additional electrode was placed inside an incandescent 
lamp and this electrode connected to a positive po-
tential with respect to the filament, a current passed 
through the circuit. This is actually a simple vacuum 
tube of the diode type. It contains but two elements, 
the cathode to emit and the plate (anode) to receive 
the electrons. Under the influence of a voltage ap-
plied to the plate, electrons will flow from the cathode 
to the positively charged plate. An increase in the plate 
potential will increase the plate current. 
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O PLATE VOLTAGE 
As the plate of a diode tube is made more positive, 

a greater number of electrons will be attracted across the 
space in the tube. Finally, the plate can be so positive 
that all electrons emitted by the cathode will be going to 
the plate. If the plate is made even more positive beyond 
this point, all the available electrons will continue to be 
received by the plate. There will not be any increase 
since there are no more electrons emitted. Now, you 
know that electric current is made up of electrons, and 
so a maximum current will be reached. Raising the 
plate potential (voltage) will no longer increase the 
current after this saturation point. Up to the saturation 
point, of course, an increase in plate voltage increases 
the plate current in the diode. Vacuum tubes are not 
operated near the saturation point and the plate voltage 
is kept at a value to prevent saturation current. 
From a heated cathode many electrons venture out, 

forming a cloud around it. If a negative potential is 
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applied to the plate the electrons around the cathode 
will be repelled back into the cathode and no current 
will pass between these two elements. If, however, the 
plate becomes positive with respect to the cathode, the 
electrons around the cathode will be attracted to the 
plate, since unlike charges attract, and current will pass. 
In a rectifier, an alternating current is applied, during 
the positive cycle current will flow, but not during the 
negative. In this manner the alternating current will 
be rectified into pulsating direct current. 
Of the electrons leaving the cathode not all, of course. 

reach the plate. Many return to the cathode while 
others remain for short periods of time between the 
cathode and the plate forming a space charge. Since 
this charge consists of electrons, it is electrically nega-
tive and has a repelling force exerted upon other elec-
trons and, thereby, impedes the passage of current 
between cathode and plate. 

Tubes having a third electrode for control purposes 
are known as triodes. This control electrode is called 
the grid. The purpose of the grid is to control plate 
current. With a negative voltage on the grid, the grid 
exerts a force on electrons in the space between cathode 
and grid. This force drives the electrons back to the 
cathode. In this way, the negatively charged grid op-
poses the flow of electrons to the plate. When the 
voltage on the grid is made more negative, the grid 
exerts a stronger repelling force on the electrons and 
the plate current is decreased. When the grid voltage 
is made less negative, there is less repelling force ex-
erted by the grid and the plate current increases. 
The detrimental effect of the grid-plate capacitance 

is reduced greatly by the introduction of a fourth elec-
trode, called the screen grid, placed between the grid 
and the plate. This screen in ordinary application is 
connected to a positive potential somewhat lower than 
the plate potential. A four element tube of this type 
is called a let rode. 

Electrons striking the plate dislodge other electrons 
from it. This indirect emission of electrons from the 
plate is called secondary emission in contrast to pri-
mary emission from the heated cathode. This limita-
tion in turn may be removed by a further introduction 
of another electrode, known as the suppressor, placed 



SIMILARITY OF RADIO TUBES 

I. Metal envelope 
2. Spacer shield 
3. Insulating spacer 
4. Mount support 
5. Control grid 

6. Coated cathode 

7. Screen grid 

8. Heater ( filament) 

9. Suppressor grid 

10. Plate 

11. Batalum getter 

12. Conical stem 

13. Header 

14. Glass seal 

15. Header insert 

16. Stem seal 

17. Base shield 

18. Header skirt 

19. Lead wire 

20. Crimped lock 

21. Octal base 

22. Exhaust tube 

23. Base pin 

24. Exhaust tip 

25. Aligning key 

26. Solder 
27. Aligning plug 

between the screen and plate. The suppressor may be 
connected directly to the cathode or, as in some tubes 
for special applications, have an external prong. Since 
such tubes have five elements they are called pentodes. 

There are a great many different tubes used in radio 
receiving sets. All the types are listed in the SYL-
VANIA tube chart. pages 17 to 39. Great many types 
are identical except for the fact that one series is for 
2.5 volt operation, another series for 6.3 volt use, and 
some are for battery use requiring 1.4 or 2 volts. Note 
for example the corresponding types 58 and 78, or 57 
and 77. Also in the same series there are many tubes 
almost alike electrically, see 6C6, 77, and 6J7. There 
are tubes to serve in A.C. sets, in combination AC-DC 
sets, in battery sets, and for many other special appli-
cations. 

All the metal tubes have equivalent glass types. For 
example, 6K7 has a glass equivalent 6K7-G. The G 
type tubes may be used for metal tubes, or vice versa, 
provided space permits and the glass tubes substituted 
are covered with shields in certain cases. There are 
also many G type tubes not having metal equivalents. 
see 6K6G, 25A7G. 
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Now you have already noticed that the first column 
of the chart gives the type number. The third column 
tells the class of the tube. Is the tube a triode, a pen-
tode, or is it a complex tube such as duotriode. Next 
is the "base" data. The code letters refer to the tube 
basing diagrams as shown. Look up type 6A8 for 
practice. You will note that it is a heptode (six ele-
ments). For base connection, you refer to 8A-1-0. A, 
you find this diagram. you will note that the tube 
requires an octal socket, uses eight pins and a grid cap 
on top. 
When a diagram shows a tube socket, it is always 

the bottom view. You understand, of course, that when 
you look at the bottom of a socket, prongs located at 
the left ( fot: example) will be found on the right when 
looking at the top of the socket. Most tests are made 
from the bottom and the bottom view is more important 
to us. But if you ever shift the set and work from the 
top remember the change from left to right. 

Tubes that stick in their sockets may be removed 
easily by prying a screw driver between the base of the 
tube and chassis. When carrying out this work be sure 
power is off, since the screw driver blade may short 
the tube prongs to chassis. 
On page 41. you will find important facts on panel 

lamps which are used in almost every modern radio. 
The color of the bead can be noticed inside the lamp 
and this information will help you in selecting a re-
placement. The wrong size bulb will either burn out 
when placed in service or give a very small amount 
of light. The bayonet base bulbs are similar to the 
types used in automobiles, while the screw types are 
like the house electric light bulb bases but, of course, 
much smaller. In an emergency, the socket may be 
changed, or a bayonet bulb can be forced into a screw 
socket, or the reverse. The value of the bulb ( bead 
color) must be correct. 

TUNING-EYE TUBES 

The types 6E5, 6G5, and other tuning indicator tubes 
are finding extensive use in modern sets and for certain 
types of test equipment. These tubes may also be added 
to any radio having automatic volume control. In such 
cases, the tube filament is simply wired in series with 
other tubes in AC-DC type sets, or connected to the 
power transformer filament winding. In sets using 2.5 
volt tubes, type 2E5 must be employed. 
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SYLVANIA RADIO TUBE CHARACTERISTICS CHART 

NOTICE 

This chart has been completely revised and many new and old 
types have been added to make it of more use to servicemen. 

Please note that the inclusion of many of these old types does 
not mean that they are available from Sylvania. They are included 
for your reference in finding substitutes, etc. Consult our price list 
for types currently available. 

The data published here have been compiled from various 
sources and while believed to be accurate, no responsibility can 
be assumed in case of error. 

HOW TO USE THIS CHART 

The types are listed in numerical and alphabetical order 
because there are now so many types it is difficult to remember 
even the style of construction or whether it has a filament or cathode 
as emitter. The second column now lists the style of construction. 
Lock- in, Miniature and GT are, of course, well known, but the 
letters " T" and " ST" may need explaining. " T" means tubular 
bulb and " ST" is the dome topped bulb as now used in Type 6D6, 
24, etc. The following number gives the nominal maximum diameter 
in eighths of inches. 

COMMERCIAL 

New columns have been added to show the type of emitter, 
(cathode or filament), and for interelectrode capacitances on those 
types having capacitance ratings. On converters the capacitances 
shown are respectively, Signal Grid to Plate; R-F Input; and Mixer 
Output. The capacitance values shown are for a shielded tube 
when the data are available, since this is the latest standard method. 
Except in the case of obsolete (or newly announced) types, more 
complete technical data may be found in the Manual. 
A recent change has been made in the column entitled " Basing 

Diagram." For example, this column now shows the basing for 
Type 7A7 to be 8V- L-5. This means that the active elements are 
connected as shown in the base diagram 8V, and that the external 
shielding ( in this case the Lock- In base) is connected to the lug ( L) 
and the internal shield to pin 5. This avoids having a separate base 
diagram for types with a minor difference in shielding. As new 
base cuts are required, shielding will no longer be indicated on 
the diagram. 

LICENSE NOTICE 
Mention or reference to patented circuits does not constitute 

permission for their use. The license agreement under which Sylvania 
tubes are sold is enclosed in the tube carton. 

Compiled by 
ENGINEERING DEPARTMENT 

Copyright 1949 

SYMANIA 
Elf RIC 
EMPORIUM, PENNSYLVANIA 

PRINTED IN U.S.A. 



Type 

Construction Emitter 
Note (1) (3) 
Capacitances 

in srs.f. 
Use Plate 

Volts 

Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Micromhos 
Mutual 

Conduct- 
once 

Ampli- 
Acation 
Factor 

Cnsins 
Load 
for 

Stated 
Power 
Output 

Undis-
gorged 
Power 
Output Type 
Milli-
watts Styr, Class 

Basing 
Diag. Type Volts Amps Cep. Cin. (out 

00A Sr-14 Triode 4D-0-0 Filament 5.0 0.25 8.5 3.2 2.0 Detector I 45 I 0 1.5 I 30,000 I 666 I 20  00A  00A 
0A2 Miniature Diode 5130-0-0 Cold K Voltage Regulator with starting Voltage at 155, Operating Voltage 150, Operating Current 5 to 30 Ma. 0A2 

0.43/VR75 ST- 12 Diode 4-A1-0-0 Cold K Voltage Regulator with starting Voltage at 100, Operating Voltage 75, Operating Current 5 to 40 M II. 0A3/VR75 

0A4G ST-12 Gas Triode 4V-0-0 Cold K Relay Tube I Peak Cathode Ma. = 100.D-C Cathode Ma.= 25 Max. Starter Anode Drop = 60V. Approx. Anode Drop -- 70V. Approx. 0A4G 

082 Miniature Diode 5130-0-0 Cold K . Voltage Regulator with starting Voltage at 115, Operating Voltage 105, Operating Current 5 to 30 Ma. 0132 
0133 ST-12 Diode  

Diode 
4/0-0-0 Cold K Voltage Regulator with starting Voltage at 125, Operating Volts 90, Operating Current 10 Ma. Min. 30 Ma. Max. OB3 

0C3 ST-12 4A1-0-0 Cold K Voltage Regulator with starting Voltage at 135, Operating Volts 105, Operating Current 5 Ma. Min. 40 Ma. Max. 0C3 
003 ST-12 Diode 4A1-0-0  

413U-1-0 
Cold K Voltage Regulator with starting Voltage at 180, Operating Volts 150, Operating Current 5 Ma. Min. 40 Ma. Max. 003 

0Y4 Metal Gas Diode Cold K H-W Red. 11 117 A. C. Volts Per Plate, RMS, 75 Ma. Max., 40 Ma. Min. Output Current. ,f 0Y4 

094G T-7 Gas Diode 48U-0-0 Cold K /I Starter Anode Connects to Anode thru 10 Megohms By-Passed ss ith .002 ggf. , 0Y4G 
OZ4 Metal Gas Duodi. 4R-1-0 Cold K F-W Red. 300 A.C. Volts Per Plate, RMS, 90 Ma. Max. 30 Ma. Min. Output Current. 014 
OZ4G T-7 Gas Duodi. 4R-0-0 Cold K F-W Red. 300 A.C. Volts Per Plate, RMS, 90 Ma. Max. 30 Ma. Min. Output Current. OZ4G 
01A ST-14 Triode 

Diode 

4D-0-0 Filament 5.0 0.25 8.1 3.1 2.2 Ampliner 90 
135 

4.5 
9.0 

. 2.5 
3.0 

11,000 
10,000 

725 
800 

8.0 
8.0 

 01A  01A 

1A3 Miniature SAP-0-5 Cathode 1.4 0.15 Detector Half Wave Cathode Type Rectifier for H.F. Use 1A3 

1A4P ST-12 Pentode 

Tetrode 

4M-0-4 Filament 2.0 0.06 .007m 5.0 11.0 R-F Amp. 135 
180 

3.0 
3.0 

67.5 
67.5 

2.2 
2.3 

0.9 
0.8 

1 Meg. 
1 Meg. 

625 
725 

 1A4P  1A4P 

1 A4T ST-12 4K-0-3 Filament 2.0 0.06 .010m 5.0 11.0 R-F Amp. 135 
180 

3.0 
3.0  

4.5 
4.5 

67.5 
67.5 

2.2 
2.2 

0.7 
0.7 

350,000 
600,000 

625 
650 . 

  1 A4T 1 A4T 

1 A5GT GT Pentode 

Heptode 

6X-0-0 Filament 1.4 0.05 

10.5 

Power Amp. 85 
90 

85 
90 

3.5 
4.0 

0.7 
0.6 

300,000 
300,000 

800 
850 

25,000 
25,000 

100 
115 

1A5GT 

1A6 ST-12 6L-0-0 Filament 2.0 0.06 0.25 9.0 Converter 135 
180 

3.0 
3.0 

67.5 
67.5 

1.8 
1.5 

2.1 
2.0 

400,000 
500,000 

275 • 
300• 

(G2 = 135V. O Max. 2.0 Ma.) 
(G2 = 180V. O Max. 2.5 Ma.) 

1A6 

1 A7GT GT Heptode 7Z-1-0 Filament 1.4 0.05 0.5m 7.0 10.0 Converter 90 0.0 45 0.55 0.60 600,000 250• (G2 = 90V. Max. 1.2 Ma.) 1 A7GT 

1 AB5 Lock-in Pentode 513F-L-0 Filament 1.2 0.13 0.25m 2.80 4.2 R-F Amp. 90 
150 

0 
1.5 

90 
150 

3.5 
6.8 

0.8 
2.0 

275,000 
120,000 

1,100 
1,350 

 1,035  1,035 

1 AC5 T-3 Pentode IICP-0-0 Fileadost 1.25 .040   .... Power Amp. 30 
45 
673 

2.0 
3.0 
4.5 

30 
45 
67.5 

0.5 
1.0 
2.0 

0.1 
0.2 
0.4 

200,000 
170,000 
150,000 

450 
600 
750 

50,000 
40,000 
25,000 

155 

50 

1 AC5 

1AD5 T-3 Pentode 8CP-0-0 Filament 1.25 .040 .009 1.9 3.0 -R-F Amp. 30 
45 
67.5 

0 
0 
0 

30 
45 
67.5 

0.45 
0.9 
1.85 

0.16 
0.35 
0.75 

700,000 
700,000 
700,000 

430 
580 
735 

.... .. 1 AD5 

18301 GT Diode 3C-0-7 Filament 1.25 0.20 1.5* Telev. Rect. 14,000 A.C. Volts Per Plate, RMS, 2 Ma. Output Current. 1B3GT 

1 B4P ST-12 Pentode 4M-0-4 Filament 2.0 0.06 .007as 5.0* 11.0* R-F Amp. 135 
180 

3.0 
3.0 

67.5 
67.5 

1.6 
1.7 

0.7 
0.6 

1.5 Meg. I 
1.5 Meg. I 

560 
650 

 184P  

 195  

184P 

 195  185 ST-12 Duodiode-Tri. 
Heptode  

Diode Tilode 
Pentode 

6M-0-5 Filament 2.0 0.06  
0.10  

0.10 

3.6  
0.34 

... 

1.6 1.9 Oct. Amp. 135 3.0 
45 

0.8 
1.5 

35,000 575 20  195  

1 B7GT GT 7Z-1-0 Filament 1.4 7.0 7.3 Converter 90 0.0 1.3 350,000 350• (G2 = 90V. 1.6 Ma.) 18701 

1 MT GT 8AW-0-7 Filament 1.4 . Dirt. Amp. 
Power Amp. 

90 
90 

0 
6.0 90 

0.15 
6.3 1.4 

240,000 275 
1,1 50 14,000 210 

 1B8GT  1B8GT 

1C5GT GT Pentode 6X-0-0 Filament 1.4 0.10 .... Power Amp. 83 
90 

7.0 
7.5 

83 
90 

7.0 
7.5 

1.6 
1.6 

110,000 
115,000 

1,500 
1,550 

165 
180 

9,900 
8,000 

200 
240 

1C5GT 

106 ST-12 Heptode 6L-0-0 Filament 2.0 0.12 0.3 10.0 10.0 Converter 135 
180 

3.0 
3.0 

67.5 
67.5 

1.3 
1.5 

2.5 
2.0 

600,000 
700,000 

300• 
325* 

(G2=135 V.0 Max. 3.1 Ma.) 
(G2=180 V.I3 Max. 4.0 Ma.) 

1(6 

1C7G ST-12 Heptode 7Z-0-0 Filament 2.0 0.12 0.26 10.0 14.0 Converter 135 
180 

3.0 
3.0 

67.5 
67.5 

1.3 
1.5 

2.5 
2.0 

600,000 
700,000 

300* 
325• 

(G2=135 V.0 Max. 3.1 Ma.) 
(G2=180 V.13 Max. 4.0 Ma.) 

1C7G 

1C8 13 Heptode BCN-0-0 Filament 1.25 0.04 0.25m 6.5 TT Converter 30 0.0 30 0.32 0.75 300,000 100• . I I 1CB 

(1) Values are given shielded unless marked with (*). m maximum. t Plate and Target Supply Voltage. §§ With Average Power Input of 320 Mw. Grid to Grid. ¶ Plate to Plate. A Conversion Conductance. 
(2) Converter tube capacitances given are signal grid to plate; • Applied through 250,000 ohms. •• Triode Operation. t Pentode Operation. 13 Applied through 20,000 ohms. 

RF Input, Mixer Output. # Per Tube or Section-No Signal. tt Far two tubes with 40 volts RMS applied to each grid. I Approximate. 



Type 

Conetnection Emitter 
Note Note(')(')( I) 
Çapecitances 

in ¡suf. 
Use Plate 

Negative 
Grid Screen 

Plate 
Current 

Screen 
Content 

Plate 
Resistance 

Micromhos 
Mutual 

Ampli- 
keen 

Ohms 
Load 
for 

Stated 

Undis-
totted 
Power 
Output Type 

Style Class 
Basing 
Diag. TVDt Volts Amps Cep. Gin. (out 

Volts Volts Volts Ma. Ma. Ohms Conduct- 
ance 

Factor Power 
Output 

MIIII-
watts 

1D5GP ST-12 Pentode 514-7 Filament 2.0 0.06 .007m 5.0' 12.0' R-F Amp. 135 
180 

3.0 
3.0 

67.5 
67.5 

2.2 
2.3 

0.9 
0.8 

1 Meg. 
1 Meg. 

625 
725 

. 

. 
. 1D5GP 

1D5GT ST-12 Tetrode 5R-0-4 Filament 2.0 0.06 .010m 4.4 10.8 R-F Amp. 135 
180 

3.0 
3.0 

67.5 
67.5 

2.2 
2.2 

0.7 
0.7 

350,000 
600,000 

625 
650 .. . 

11)5GT 

1D7G ST-12 Heptode 7Z-0-0 Filament 2.0 0.06 0.25 I 0.5 9.0 Converter 135 
180 

3.0 
3.0 

67.5 
67.5 

1.8 
1.5 

2.1 
2.0 

400,000 
500,000 

275 • 
300• 

(62=135 V. 
(G2 = 180 V. 

0 Max. 
0 Max. 

2.0 Ma.) 
2.5 MO 

1D7G 

1D8GT GT Diode Triode 
Pentode 

8AJ-0-2 Filament 1.4 .100   Det. Amp. 

Power Amp. 

45 
67.5 
90 
45 
67.5 
9d 

0 
0 
0 
4.5 
6.0 
9.0 

45 
67.5 
90 

0.3 
0.6 
1.1 
1.6 
3.8 
5.0 

0.3 
0.8 
1.0 

77,000 
55,500 
43,500 

300,000 8 
200,000 8 
200,000 8 

325 
450 
575 
650 
875 
925 

25 
25 
25 

. 

20,000 
16,000 
12,000 

.. 
.. ... 

35 
100 
200 

1D8GT 

1E4G GT Triode 5S-0-0 Filament 1.4 0.05 2.4 2.4 6.0 Amplifier 90 
90 

0.0 
3.0 

4.5 
1.5 

11,000 
17,01)0 

1,325 
825 

14.5 
14 

 1E4G  1E4G 

1 E5GP ST-12 Pentode 51-0-7 Filament 2.0 0.06 .007m 5.5 12.0 R-F Amp. 135 
180 

3.0 
3.0 

67.5 
67.5 

1.6 
1.7 

0.7 
0.6 

1.5 Meg.. 
1.5 Meg.. 

560 
650 .. . 

1E5GP 

1E7G ST-12 Duo. Pentode 8C-0-0 Filament 2.0 0.24 Power Amp. 135 7.5 135 7.08 2.08 220,000 1,600 350 24,00011 575 1E7G 
1E2 T-3 Flamed, 8CN-0-0 Filament 1.25 .040 0.4 6.0 5.0 Consider 30 

45 
67.5 

0 
0 
0 

30 
45 
67.5 

0.30 
0.60 
1.0 

0.8 
1.1 
1.5 

30,0000 
400,000 
400 01110 

115• 
140• 
150A 

 1E8  1E8 

1F4 ST-12 Pentode 5K-0-0 Filament 2.0 0.12 Power Amp. 135 4.5 135 8.0 2.4 200,000 1,700 16,000 310 1F4 
1 F5G ST-12 Pentode 6X-0-0 Filament 2.0 0.12 Power Amp. 135 4.5 135 8.0 2.4 200,000 1,700 16,000 310 1 F5G 
1F6 ST-12 Duodi. Pent. 6W-0-6 Filament 2.0 0.06 .007m 4.0 9.0 R-F or I-F 

A-F Amp. 
180 
135' 

1.5 
2.0 

67.5 
(Screen Supply 

2.2 
= 135 V. 

0.7 
Thru 0.8 Meg. 

1 Meg. 650 
Res., Grid Res. = 1.0 Meg., 

. . 
Voltage 

. 
Gain 46.) 

  1F6 

1 F7G ST-12 Duodi. Pent. 7AD-0-7 Filament 2.0 0.06 .01m 3.8' 9.5' R-F or I-F 
A-F Amp. 

180 
135' 

1.5 
2.0 

67.5 2.2 I 0.7 
(Screen Su ply = 135 V. Thru 0.8 Meg., 

1 Meg. I 650 I 
Grid Res. = 1.0 Meg., Voilage Gain 46.) 

 1F7G  1F7G 

1F7GV ST-12 Duodi. Pent. 7AF-0-7 Filament 2.0 0.60 Same as 1F7G Except Diodes One Above the Other on Negative Filament. 1F7GV 
1 G4GT GT Triode 5S-0-0 Filament 1.4 0.05 Amplifier 90 6.0 2.3 10,700 825 8.8 .. .. 1 G4GT 
1G5G ST-14 Pentode 6X-0-0 Filament 2.0 0.12 .. .. Power Amp. 90 6.0 90 8.5 2.5 133,000 8 1,500 8,500 250 165G 
16661 GT Duotriode 7AB-0-0 Filament 1.4 0.10 . Power Amp. 

Class B 
90 
90 

0.0 
0.0 

1.0# 
1.0 if 

45,000 675 30 (Each Triode 
12,00011 

Class A) 
675 

16661 

1 H4G ST-12 Iriode 5S-0-0 Filament 2.0 0.06 . Del. Amp. 90 
135 
180  

4.5 
9.0 

13.5 

...... 

...... 
2.5 
3.0 
3.1 

.   11,000 
10,300 
10,300  

850 
900 
900  

9.3 
9.3 
9.3  

- .... 1H4G 

1 H5GT OT Diode Triode 5Z-1-7 Filament 1.4 0.05 1.1 0.35 4.0 Del. Amp. 90 0.0 0.15   240,000  275  65    1H5GT  1H5GT  
1 H6G ST-12 Duodiode-Tri. 7A A-0-6 Filament 2.0 0.06 3.6 1.6 1.9 Del. Amp. 135 3.0 0.8 35,000  575  20    1H6G  1H6G  
1J5G ST-14 Pentode 6X-0-0 Filament 2.0 0.12 Power Amp. 135 16.5 135 7.0 2.0 125,000 1,000 125 13,500 575 115G  
116G ST-12 Duottiode 7AB-0-0 Filament 2.0 0.24 . .. . Power AMP. Characteristics Same as Type 19. 1J6G  
1L4 Miniature Pentode 6AR-0-1&5 Filament 1.4 0.05 .008m 3.8 7.5 R-F Amp. 90 

90 
0 
0 

67.5 
90 

2.9 
4.5 

1.2 
2.0 

600,000 
350,000  

925 
1,025  

 1L4  1L4 

1LA4 Lock-in Pentode SAD-L-0 Filament 1.4 0.05 Power Amp. 85 
90  

4.5 
4.5  

85 
90  

3.5 
4.0  

0.7 
0.8  

300,000 
300,000  

800 
850   25 ,000 

25,000 
 25 ,000 

100 
115   

1LA4 

1 L A6 Lock-in Heptode 7AK-L-0 Filament 1.4 0.05 0.4 7.5 8.0 Converter 90 0.0 45 0.55 0.6 750,000  250 •  (62 = 90 V  Max., 1.2 Ma.) 1L A6  
1 LB4 Lock-in Pentode SAD-L-0 Filament 1.4 0.05 ... . Power Amp. 45 

67.5 
90 

4.5 
6.0 
9.0 

45 
67.5 
90 

1.6 
3.8 
5.0 

0.3 
0.8 
1.0 

300,000 
200,000 
200.000 

650 
875 
925 

.. ..... 

 12,000  

20,000 
16,000 

 12,000  

35 
100 
200 

11_84 

11.86 Lodfrle 

---in 

_ Heptode 8AX-1-0 Filament 1.4 0.05 0.1 3.8 8.0 Converter 90 0.0 67.5 0.40 f 2.2 2 Met I 1006   1 LB6 1 LB6 
i LC5 Lock Pentode 7A0-L-8 Filament 1.4 0.05 .007m 3.2 7.0 Amplifier 45 

90 
0.0 
0.0 

45 
45 

1.1 
1.15 

0.25 
0.20 

700,000 
1.5 Meg. 

/50 
775 .  

..... 1LC5 

1 LC6 Lock-in Heptode 7AK-L-0 Filament 1.4 0.05 0.28 9.0 5.5 Converter 45 
90 

0.0 
0.0 

35 
35 

0.7 
0.75 

0.75 
0.7 

300,000 
650,000 

250A 
275A  

(G2 = 45 V. Max., 1.4 Ma.) 
(G2 = 45 V Max., 1.4 Mo.) 

1 LC6 

1 LD5 Lock-in Diode Pent. 6AX-L-8 Filament 1.4 0.05 0.18 3.2 6.0 Amplifier 45 
90 

0.0 
0.0 

45 
45 

0.55 
0.6 

0.12 
0.1 

750,000 
750,000 

550 
575  

  1 LD5 1 LD5 

1LE3 Lock-in Triode 4A A-L-0 Filament 1.4 0.05 1.7 1.7 3.0 Amplifier 90 
90 

0.0 
3.0 

4.5 
1.7 

11,200 
16,500 

1,300 
850  

14.5 
14.0  

..... ..   1 LE3 

1 LG5 Lock-in Pentode 7A0-L-8 Filament 1.4 0.05 007m 3.2 7.0 R-F Amp. 45 
90 
90 

45 
45 
90 

0 
0 
1.5 

1.5 
1.7 
3.7 

0.45 
0.4 
0.9 

350,000 8 
1,000,000 8 
500,000 8  

800 
800 

1,050  

.  
1 LG5 

1 LH4 Lock-in Diode-Triode SAG-L-1 Filament 1.4 0.05 Del Amp. 90 0.0 0.15 940,000  275  65   1LH4  1LH4 
1 LN5 Lock-in Pentode 7A0-L-8 Filament 1.4 0.05 .007m 3.4 8.0 Amplifier 90 0.0 90 1.6 0.35 1.1 Meg.  800    1 LN5 1 LN5 
1 N5GT (IT Pentode 5Y-1-7 Filament 1.4 0.05 .007m 3.4 10.0 R-F Amp. 90 0.0 90 1.2 0.3 1.5 Meg.. 750    1 N5(iT 1 N5(iT 
1 N6G GT Diode Pent. 7AM-0-0 Filament 1.4 0.05 Del. Amp. 90 4.5 90 3.4 0.7 300,000 8  800    25,000  25,000  100  1N6G 
1 P5GT (IT Pentode 5Y-1-7 Filament 1.4 0.05 .007m 3.0 10.0 Amplifier 90 0.0 90 2.3 0.7 800,000  750   1P5GT  1P5GT 
10561 (IT Beam Amp. 6AF-0-0 Filament 1.4 0.10 Power Amp. 90 4.5 90 9.5 1.3 2,200    8,000  8,000  270  105GT 
106 13 Diode Pent. 8C0-0-0 Filament 1.25 0.04 0.085 1.8 4.2 Dit. Amp. 30 

67.5 
0.0 
0.0 

30 
67.5 

0.33 
1.60 

0.09 
0.40 

500,000 
400,000 

330 
600 

 106  106 

1R4 Lock-in H. F. Diode 4A H-L-2 Cathode 1.4 .150 .........Detector Half Wave Cathode Type Rectifier for High Frequency Use. 1R4 
IRS Miniature Heptode 7AT-0-0 Filament 1.4 0.05 0.4m 7.0 12.0 Converter 45 0.0 I 45 I 0.7 1.9 600,000 8 235& 

90 0.0 1 67.5 I 1.7 3.0 500,000 81 300• 

. 
1125 



Undis-
torted 
Power 
Output 
Mliii-
watt* 

700,000 
600,000 
800,000 

700,000 
900,000 

325 A.C. Volts Per Plate, RMS, 45 Ma. Output Current. Condenser Input to Filter. 

7-BN 7-C 7.0 8-Al 8-AX 8-C 8-CO 8-CN 8-DA 

(1) Values ere given shielded unless marked with (•). 
(2)Converter tube capacitances given are signal grid to plate 

RF Input, Mixer Output. 

m maximum. 
• Applied through 950,000 ohms. 
Per Tube or Section—No Signal. 

Plate and Target Supply Voltage. h With Average Power Input of 320 Mw. Grid to Grid. • Plate to Plate. A Conversion Conductance. 
• • Triode Operation. ,; Pentode Operation. 0 Applied through 20,000 ohms. 

11 For two tubes with 40 volts RMS applied to each grid. • Approximate. 



Type 

Construction 
Note CUM 

Emitter Capacitaaces 

Use Mete 
Volt/ 

Negative 
Grid 
Volta 

Screen 
Volta 

Plate 
Cement 
M. 

Screen 
Cement 
Ma. 

Plate 
Resistance 
Ohm 

MIcroaakos 
Mutual 

Conduct- 
once 

Amon- 
Aced« 
Factor 

Ohms 
Load 
for 

Stated 
Power 
Output 

Midis- 1 
totted 
Powet 
Output 
MI111-
watts 

Type 

Style Class 
Blaine 

Dial. Type Volts Amps Cep. Ctn. Court 

1Z2 Miniature Diode 7CB-0-0 Filament 1.5 0.30   H-W Re,t. 7,800 Volts RMS Plate, 2.0 Ma. D.C. Output Current. 1Z2 

2A3 ST-16 triode 40-0-0 Aliment 2.5 2.50 16.0 7.0 5.0 Power Amp. 
Class AB1 

250 l 45.0 I   60.0 I   
300 I 62.0 I   40.0 Per Tube, 

I 800 l 5,250 4.2 I 
Push Pull, Fixed Bias I 

2,500 I 3,500 
3,00011 I 15,000 

2A3 

Relay Tube instantaneous Forward or Inverse Anode Volts= 
Averaging Time = 45 Seconds. Cold Starting 

200 Peak Anode Amps. = 1.25 Average Anode Current 
Time = 2 Seconds. 

=0.1 Amp. Max. 2A43 2A4G ST-1.2 Gas Triode 5S-(Ó-  Filament 2.5 2.50 

Power Amp. Characteristics Sari;e as Type 6F6G. 2A5 2A5 ST-14 Pentode 613-0-0 Cathode 2.5 1.75 
Del. Amp. 250 ' 2.0 I .... ' 0.9 I ! 91,000 I 1,100 I 100 I I 2A6 1.7 3.8 2A6 ST-12 Duodiode Tri. 6G-0-0 Cathode 2.5 0.80 1.7 
Converter Charade istics Same as Type 6A7. 2A7 

2A7S 
Cathode 2.5 0.80 0.3m 8.5 9.0 2A7, 2A7S 

267, 2B7S 

ST-12 

ST-12 

Heptode 

Duodi. Pent. 

  7C-6-0  
713-0-6 
7D-6-6 

7C-0-0 
  7C-6-0  

713-0-6 
7D-6-6 

Dit. Amp. Characteristics Same as 1 ype 6B7. 287 
2875 

Cathode 2.5 0.8« See Type 687 

Relay Tube 350 Peak Cathode Me. = 20, DC Cathode Me. = 5, Approx. Drop at 5 Ma. = 16 V 2C4 Cathode 2.5 0.65 2C4 Miniature Cias triode SAS-0-1) 
Amplifier 

Power Amp. 
- lib 

250 
. 

60.0 20.0   
IIIMIffia 10.4 20,000 

3,500 
2C21 1101 Duotriode H-0-0 Cathode 6.3 0.6 2.4 

1.6 
2.6 
1.6 

1.4 
2.0 

rep fir Iv, 
• 11.0 6,600 3,000 20.0 2C22 «PI . e . e • 2.2 . KU rie v ,wi 

2C51 T-6.54 Du ode 8C.i-0- ode • 3 0.30 2.2 1.0 Ampliller 150 2.0 8.2 5,500 35 2C51 

Relay Tube 400 5 Average Cathode Current = 100 Mint Ma.. Averaged over anv 30 Sec. Interval 2D21 21)21 Miniature Gas Tebode 78N-0-0 Cathode 6.3 0.60 .02* 2.4* 1 6 

Indicator Charecterislics Same as Type 6E5 9E5 T-9 Electron Ray 6R-0-0 Cathode 2.5 0.80 

Power Amp. 250 20.0 250 40 3.3 si 63,000 3,700 4,500 4,500 2E30 2E30 Miniature Pentode 7C0-0-0 Filament 6.0 
3.0 

0.65 
1.30 

0.18 9.6 14.0 

2E31 T2x3 Pentode 2E36 Filament 1.25 0.05 0.018 2.1 3.8 R-F Amp. 22.5 0.0 22.5 0.35 0.30 350,000 500 2E31 

2E32 111x3 Pentode 2E36 Filament 1.25 0.05 0.018 2.1 3.8 It4 Amp. 22.5 0.0 22.5 0.35 0.30 350,000 500 2E32 

Power Amp. 22.5 
45.0 

0.0 
1.25 

22.5 
45.0 

0.27 
0.45 

0.07 
0.11 

220,000 
250,000 

385 
500 

150,000 
100,000 

1.2 
6.0 

2E35 2E35 T2x3 Pentode 2E36 Filament 1.25 0.03 0.2 2.7 5.7 

2E36 Sub- 
Miniature 

Pentode 2E36 Filament 1.25 0.03 .20 2.7 5.7 Power Amp. 92.5 
45.0 

0 
1.25 

215 
45.0 

0.27 
0.45 

0.07 
0.11 

290,000 
250.000 

385 
500 

50,000 
00,000 

1.2 
6.0 

2E36 

2E41 1 1.213 Diode Pent. 2E41 Filament 1.25 0.03 0.10 1.4 3.3 Dit. Amp. 22.5 0.0 22.5 0.40 0.15 250,000 400  2E41  2E41 

Ifilf-  12x3 Diode Pent 9E41 Filament 1.25 0.03 0.10 1.4 3.3 Oct. Amp. 22.5 0.0 22.5 0.40 0.15 250,000 400  2E42  2E42 

2321 12x3 Td-Heptode 2321 Filament 1.25 0.05 .063 3.5 3.6 Converter 22.5 0.0 22.5 0.20 0.30 500,000 604 Igo = .03 Ma. 2321 

2322 T2x3 TrI.Heptode 2321 Filament 1.95 0.05 .065 3.5 3.6 Converter 22.5 0.0 22.5 0.20 0.30 500,000 60• Igo = .03 Ma. 2322 

2S/45 ST-12 Moo:bode 5D-4-0 Cathode 2.5 1.35 Detector The Two Diode Plates each Draw Approximately 40.0 Ma. with 50 Volts D.C. on the Plates. 25 45 

2V3G IMEMBIMMIIII 4Y-0-0 Filament 2.6 o H-W Rect. 6000 A.C. Volts Per Plate, RMS, 2 Ma. Output Current. Condenser Input to Filter. 2V3G 

2W331 GT Diode 4X-0-0 Filament 2.5 1.50 H-W Rect. 350 A. C. Volts Per Plat-01MS, 55 Ma. Output Curren. Condenser Input to Filter. 2W3GT 
H-W Rect. 4500 A C. Volts Per Plate, RMS, 7.5 Ma. Output Current. Condenser Input to Filter. 2X2/879 2X2/879 ST-12 Diode 4A8-0-0 Cathode 2.5 1.75 

2Z2/384 ST-12 Diode 4B-0-0 Filament 2.5 0 H-W Red. 350 A. C. Volts Per Plate, KM5, 50 Ma. Output Current. 
4  2Z2/384 

Ammon« 135 
150 

7.5 90 

8.4 90 
14.8 
13.3 

2.6 
2.2 

90,000 
100,000 

1,900 
1.900 

8,000 
8,000 

600 
700 

3A4 3A4 Miniature Pentode 71313-0-0 Filament 1.4 
2.8 

0.20 
8.10 

0.35m 4.8 7.0 

-,- - 
3A5 Miniature Duotriode 713C-0-0 Filament 1.4 

2.8 
0.22 
0.11 

3.9 1.1 1.9 Amplifier 90 
135 

2.5 
20.0 

3.7 r 
30.0 

8,300 • 
Push-Pull ( ass C R.F. Amplifier 

1,800. 15 
2,000 

3A5 

3A8GT GT Diode 
Tri.-Pent. 

BAS-0-1 Filament 1.4 
2.8 

0.10 
0.05 

2.0 
.012m 

2.6 
3.0 

4.2 
10.0 

Tri.-Amp. 
Pent- Am • . 

jo 
90 

0.0 
0.0 90 

0.2 
1.5 0.3 

900,000 
800,000 

325 
750 

  3A8GT 

Amplifier 45 
67.5 

4.5 
7.0 

45 
67.5 

4.4 
6.7 

0.3 
0.5 

100,000 
100,000 

1,400 
1,500 

8,000 
5,000 

70 
180 

3853T 

- 

313531 37 Beam Amp. 7A0-0-0 Filament 1.4 
2.8 

0.10 
0.05 

Oec. Amp. 135 
180 

0 
0 

22.0 
25.0 

((lass ALI9j 
(Class C) R. F. Pow. 

1,900 
Amp. 2800 mw 

20 
at 25 mc 1400 

16,000 
isiw at 125 

1 500 
Mc 

367 387 Lock-in Duotriode 78E-L-0 Filament 2.8 
1.4 

110 
.220 

2.6 1.4 2.6 

3C5GT GT Pentode 7AC.1-0-0 Filament 1.4 
2.8 

0.10 
0.05 

Power Amp. 90 
90 

9.0 
9.0 

90 
90 

6.0 
6.0 

1.4 
1 4 

1,550 
1.450 

8,000 
10,000 

. 240 
260 

3C5GT 

3C6 Lock-in Duotriode 7B W-0-0 Filament 1.4 

2.8 

0.10 

0.05 . 

• Sec. 1 
Sec. 2 
Sec. 1 
Sec. 2 

Del. Amp. 90 
90 
90 
90 

0 
0 
o 
o 

4.5 
4.5 
4.5 
3.2 

11,800 
11,200 
11,200 
12,800 

1,300 
1,300 
1,300 
1,100 

14.5 
14.5 
14.5 
14.1 

 3Co  3Co 

3D6 Lock-in Beam Amp. 6BB-L-0 Filament 2.8 
1.4 

.110 

.220 
.30 7.5 6.5 Power Amp. 150 

150 
4.5 

20.0 
90 
135 

10.2 
23.0 

1.8 
6.0 

(Llass A) 
(Class C) 

2,400 
R. F. Power Amp. at 50 

14,000 
mc. 

600 
1,400 

306 

R-F Amp. 90 
90 

0 
0 

90 
90 

3.8 
2.5 

1.3 
0.8 

300,000 
400,000 

2,100 
1,800 

3E6 3E6 Lock-in Pentode 70-L-5 Filament 1.4 
2.8 

0.10 
0.05 

.007m 5.5 7.5 

3LE4 Lock-In Pentode 68A-L-0 Filament 2.8 
1.4 

0.05 
0.10 

Power Amp. 90 
90 

9.0 
9.0 

90 
90 

9.0 
10.0 

1.8 
2.0 

110,000 
100,000 

1,600 
1,750 

6,000 
6,000 

300 
325 

3LE4 

3LF4 Lock-in Beans Amp. 6BA-L-0 Filament 1.4 
2.8 

0.10 
0.05 

Power Amp. 85 
90 
110 
90 
110 

5.0 
4.5 
6.6 
4.5 
6.6 

85 
90 
110 
90 
110 

7.0 
9.5 

10.0 
8.0 
8.5 

0.8 
1.3 
1.4 
1.0 
1.1 

713,000 
90,000 
100,000 
80,000 

110,000 

1,950 
2,200 
2,200 
2,000 
2,000 

9,000 
8,000 
8,000 
8,000 
8,000 

250 
270 
400 
230 
330 

3LF4 

304 Miniature Pentode 7E1A-0-0 Filament 1.4 
2.6 

0.10 
0.05 

Power Amp. 85 
90 
90 

5.0 
4.5 
4.5 

85 
90 
90 

6.9 
9.5 
7.7 

1.5 
2.1 
1.7 

120,000 1 
100,000 1 
190,000 1 

1,975 
9,150 
2,000 

10,000 
10,000 
10 000 

250 
970 
940 

304 

30561 GT Filament 1.4 
2.8 

0.10 
0.05 

Power Amp. 90 
90 

4.5 
4.5 

90 
90 

9.5 
8.0 

1.3 
1.0 

75,000 
80,000 

2,200 
2,000 

8,000 
8.000 

270 
230 

i 0531 

3S4 Miniature Filament 1.4 
2.8 

0.10 
0.05 

.30 5.0 7,0 Power Amp. 90 
90 

7.0 
7.0 

67.5 
67.5 

7.4 
6.1 

1.4 
1.1 

100,000 
100,000 

1,575 
1,425 

8,000 
8,000 

270 
235 

s54 



-PO 

71'Pe 

3V4 

Style 

Miniature 

ST-12 

Lock-in 

ST-16 

Metal 

ST-16  

ST-14  

Metal 
GT  

ST-14 

ST-16 

GT 

ST-14 
ST -16 
Metal 

GT 
ST-16 

ST-14 

4A6G 

5AZ4 
5R4GY 

574 

5U4G 

5V4G 
5W4, 
5W4GT 

5X3 

5X4G 

5Y3GT 

5Y4G 
5Z3 

5Z4 

5Z4GT 
iSA3 

6A4/LA 

2E36 

7-A0 

Duotriode 

Duodiode 
Duodiode 

Duodiode 

Duodiode 

Duodiode 
Duodiode 

Duodiode 

Duodlode 

Duodiode 

Duodiode  

Duodiode  
Duodiode  

Duodiode  
Triode 

2441 

7-BA 

Basing 
Dias. Type I Volts 

6BX-0-0 Filament 1.4 
  2.8 

8L-0. 0 Filament 2.0 
  4.0 

  Filament 5.0 
Filament 5.0 

5T-0-0 

5T-0-0 

5T-0-0 

5T-0-0 
5L-0 

5T-1-0 

4C-0-0 

50-0-0 
4C-0-0  
5L-1-0  

5L-0-0  
4D-0-0 

Filament 
Cathode 

Filament 

Filament 

Filament 
Filament 

Cathode  

Cathode  
Filament 

2-G21 

5-L 

7-8B 

5AZ4 
5R4GY 

5.0 

5.0 
5.0 

5.0 
5.0 
5.0 

5.0 
6.3 

6.3 

0.10 
0.05 

0.12 
0.06 
2.0 

2.0 

3.00 

2.00 

1.50 

2.00 
3.0 
'2.00 

2.00 
1.00 

Note (') (2) 
Capacitances in mod. 

Cop I Cin I Coot 

1) Values are given shielded unless marked with (•). m maximum. § Plate and Target Supply Voltage. §§ With Average Power Input of 320 Mw. Grid to Grid. e Plate to Plate. • Conversion Conductancs 
2) Converter tube capacitances given are signal grid to plate; • Applied through 250,000 ohms. •• Triode Operation. t Pentode Operation. 0 Applied through 20,000 ohms. 

RF Input; Mixer Output. e Per Tube or Section-No Signal, 11 For two tubes with 40 volts RMS applied to each grid • Approximate. 

7-BC 

Use 

Power Amp. 

Plate 
Volts 

Negative 
Grid 
Volts 

Screen 
Volts 

Characte Wks Same as Type 304. 

Plate 
Current 
Ma, 

Screen 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Micromhos 
Mutual 
Conduct-

once 

Ampli-
fication 
Factor 

Ohms Undis-
Loan for toned 
Stated Power 
Power Output 
Output Miiiiwatts 

Tree 

Power Amp, 

F-W Rect,  
F-W Red. 

Rectifier 

F-W Rect. 

F-W Rect. 

F-W Red. 

Rectifier 

F-W Rect. 

F-W Red. 

F-W Rect. 
F-W Reel. 
F-W Rect. 

F-W Rea. 
Power Amp 

Power Amp. 

90 1.5 ' 1.1 
90 1.5 I I 10.8 

  I 26,600 750 
Class B. Max. Signal. I 

20 

Chsirecte istics Same as Type 5Y3GT. 

900 Vo tu RMS Per Plate, 150 Ma. D-C Output, Condenser Input to Filter. 
950 Vo ti RMS Per Plate, 175 Ma. D-C Output Choke Input to Filter. 

450 A. C. Volts Per Plate, RMS, 225 Ma. Output Current. Condenser Input to Filter. 
550 A. C. Volts Pr Plate, RMS, 225 Ma. Output Current. Choke Input to Filter.  
450 A. C. Volts Pe Plate, RMS, 225 Ma. Output Current. Condenser Input to Filter. 

375 A. C. Volts Pe Plate, RMS, 175 Ma. Output Current. Condenser Input to Filter. 
350 A. C. Volts Per Plate, RMS, 110 Ma. Output Current. Condenser Input to Filter. 

400 A. C. Volts Pe , Plate, RMS, 110 Ma. Output Current. Choke or Condenser Input to Filter. 
1275 A. C. Volts Per Plate, RMS, JO Ma. Output Current. Choke or Condenser Input to Filter. 
450 A. C. Volts Per Plate, RMS, 225 Ma. Outout Current. Condenser Input to Filter. 

350 A. C. Volts Per Plate, RMS, 125 Ma. Output Current. Condenser input to Filter. 
500 A. C. Volts Per Plate, RMS, 125 Ma. Output Current. Choke Input to Filter. 
Cheacteristics Same as Type 5Y3GT. 

450 A. C. Volts Per Plate, RMS, 225 Ma. Output Current. Condenser Input to Filter. 
Characteristics Same as Type 5Z4GT. 
350 A. C. Volts Per Plate, RMS 125 Me. Output Current, Conelen:er Input ta Filter. 
250 
325 
325 
135 
180 

45.0 
68.0 

9.0 
12.0 

135 
180 

7-8N 

60.0   I 800 1 5,250 
40.04 I (Push Pull, Fixed Bias) I 
40.04 (Push Pull, Self Bias Resistor 850 Ohms) 

13.0 1 2.8 l 52,600 I 2,100 
22.0 3 9 l 60,000 1 2,500  

2,500 I 3,200 
3 000 1-



TYPe 

Construction Emitter Note (') (') 
Citances in ksraf. apac 

Use Plate 
Negative 
Grid Screen 

Plate 
Current 

Screen 
Current 

Plate 
Resistance 

Micromhos 
Mutual 

Ampli- 
Rankin 

Ohms 
Load for 
Stated 

Undis-

torted 
Power Type 

Style 
Basing I 

Class Dieu, j  Type Volts I Amps Cgp Cin Coat 
Volts Volts Volts Ma. Ma. Ohms Conduct- 

ance 

Factor Power 

Output 

Output 

Milllwatte  
- - -  

-6A5G ST-16 Triode 67-0-0 - Zothod3 6.3 1. . .... ower Amp. 
.P. AB1 Amp 

250 
325 

450 
68 0 

60.0 I   
40 0 Per Tube. 

I 
Push Pull. 

300 ( 
Fixed Bias l 

5,250 4.2 2,500 
3,000e 

3,750 JÔASG 
15,000 1 

5A6 ST-14 Duotriode 7B-0-0 Cathode 6.3 0.80 . Power Amp. 
Driver 
Driver 

300 
250 
294 

0.0 
5.0 
6.0 

17.5 Per 
6.0 I 
7.0 

Plate, Class 8 Operation, Zero 
11,300 I 
11,000 I 

Signal 
3,100 
3,200 

35 
35 

10,00e, 
(Class A 
(Class A 

10,000 
Driver) 
Driver) 

6A6 

5A7, 6A7S ST-12 Heptode 7C-0-0 Cathode 6.9 0.30 0.3 8.5 9.0 Converter Charade istics Same as Type 6A8G, Except Capacitances. 6A7, 6A7S 

5A8 Meta' Heptode 8A-1-0 Cathode 6.3 0.30 .06 12.0 12.0 Converter Characte ',tics Same as Type 6A8G, Except Capacitances. 6A8 

5A8G 
5A8GT 

ST-12 
GT 

Heptode 8A-0-0 
8A-1-0 

Cathodc 6.3 0.30 .26 9.5 12.0 Converter 100 
250 

1.5 1 
3.0 

50 
100 

1.1 
3.5 

1.3 ' 
2.7 

600,000 
360,000 

360A 1 
550A 

(G2 - 100 
(G2 = 250V 

V., 2.0 Ma.) 
CI , Max., 4 0 Nita) 

6A8G 
6ABGT 

6A134 Miniature Triode SCE-0-0 Cathode 6.3 0.15 1.5 2.4 1.4 R-F Amp. 250 2.0 , 10 5,500 55 r 6AB4 

6AB5 r 6N5 7-9 Electron Ray 6R-0-0 Cathode 6.3 0.1.5 Indicator 135. (Series Plate Resistor 0.25 Meg., Target Current 2.0 Ma., Grid Bias 10 for 0' Shadow.) 6AB5 6N5 

6AB6G ST-12 Duotriode 7AU-0-0 Cathode 6.3 0.50 .... Power Amp. 250 
250 

0 Input Tri. 
Output Tri 

5.0 
34.0 40,000 1,800 8,000 3,500 

 6All6G  6All6G 

6AB7 Metal Pentode 8N-1-1 Cathode 6.3 0.45 .015m 8.0 5.0 Amplifier 300 3.0 200 12.5 3.2 700,000 e 5,000 3,500 6AB7 

6AC5GT 7-9 Triode 60-0-0 Cathode 6.3 0.40 Power Amp. 250 
250 
250 

-13 
(Bias from 

0.0 

. .. 
76 Driver) 

32.0 
32.0 
5.0 • 

........ 
(:lass Al, One 
(Class B, Two 

36,700 
Tube, Dynamic 

Tubes) 

3,400 
Coupled) 

125 
7,060 

10,000r 
.3,700 
8,000 

6AC5GT 

6AC6GT GT Duotriode 7W.0-0 Cathode 6.3 1.1 Power Amp. 180 
180 

0.0 
0.0 

7.0 
45.0 

(Input Section) 
(Output) 18000 3,000 54 3.500 34.00 

6AC6GT 

6AC7 Metal Pentode 8N-1-1 Cathode 6.3 0.45 .015m 11 0 5.0 Amplifier 300 150 10.0 2.5 1.0 Meg. é 9,000 6,750 8 Bias Res. = 160 ohms. 6AC7 

6AD5G. GT ST- 12, CT Triode 60-0-0 Cathode 6.3 0.3 3.3' 4.1' 3.9' Amplifier 250 2.0 0.9 66,000 1,500 100 I 6AD5G, GT 

6AD6G 7-9 Electron Ray 7AG-0-0 Cathode 6.3 0.15 
s 

Indicator 100 (Ray 
150:‘ ( Ray 

Control 
Control 

Volts = 45 
Volts = 75 

Approx. For 
Approx. For 

0° Shadow, 
0° Shadow, 

Approx. = 23 
Approx. -- 50 

Volts for 135' 
Volts for 135° 

Shadow.) 
Shadow.) 

6AD6G 

6AD7G ST-14 Tri. Pentode 13 AY-0-0 Cathode 6.3 0.85 Tr ..-Amp. 
Pent. Amp. 

250 
250 

25.0 
16.5 250 

r 
4.0 

34.0 6.5 
19,000 8 
80,000 8 

325 
2,500 

6 
7,000 3,200 

 6AD7G  6AD7G 

6AE5GT GT Triode 60-0-0 Cathode 6.3 0.30 Amplifier 95 15 7.0 3,500 1 200 4.2 6AE5GT 

6AE6G ST-12 Duo Plate 
Triode 

7AH-0-0 Cathode 6.3 0.15 Remote 
Cut-Off 

/250 
1250 

1.5 
35.0 

6.5 
0.01 

2,500 1,000 25 6AE6G 

Sharp 
Cut-Off 

f250 
i 250 

1.5 
9.5 

4.5 
0.01 

.... 3,500 950 33 

6AE7GT GT Duottiode 7AX-0-0 Cathode 6.3 0.50 2.5# 3.0 1.8 Amplifier 250 
(Driver for 
Bias Developed 

13.5 
P.P. 6AC5GT 

in 

..... 
--- 250 

Circuit.) 

10.0 
V. 10 Ma., 6P.C5GT Plate 

4,650 
Ma. = 64. 

3,000 
Output 9.5 

14 
Watts with 43,666 'Ohms 

(Sections in 

. .. . 
Load, 

Parallel) 

6AE7GT 

6AF5G ST-12 Triode 60-0-0 Cathode 6.3 0.30 Amplifier 180 18.0 7.0 1 4,900 1,500 7.4 6AF5G 

6AF6G 7-9 Twin Elec. 
Ray 

TAG-0-0 Cathode 6.3 0.15 ..... .. .. Indicator 100§ (Ray 
135) (Ray 

Control 
Control 

Volts - Approx. 
Volts = Approx. 

60 fo 
81 fo 

0° Shadow, 
0° Shadow, 

Approx. Zero 
Approx. Zero 

Volts for 100' 
Volts for 10 

Shadow.) 
' Shadow ) 

6AF6G 

6AG5 Miniature Pentode 7BD-0-2.97 Cathode 6.3 0.30 0.025m 6.1 2.3 R-F Amp. 100 
125 
250 

100 
125 
150 

5.5 
7.2 
7.0 

1.6 
2.1 
2.0 

300,000 é 
500,000 8 
800,000 I 

4,750 
5,100 
5,000 

Cathode Bias 
100 

Resistor = 100 
200 

Ohms 
6AG5 

6AG7 Metal Pentode 8Y-1-3 Cathode 6.3 0.65 .06 13.0 7.5 Amplifier 300 3 150 30.0 7.0 130,003 11,000 10,000 3,000 6AG7 

6AH5G ST-16 Beam Amp 6AP-0-0 Cathode 6.3 0.9 Amplifier 350 18 250 54 2.5 33.000 5.200 4,200 10,800 6AH5G 

6AH6 Miniature Pentacle 7BK-0-0 Cathode 6.3 0.45 .02 10 3.6 Pent. Amp. 
Tri. Amp. 

300 
150 

7.0 
7.0 

150 10 
12.5 

2.5 500,600 
3,600 

9,000 
009_ 40 

 6.1H6  6.1H6 

6AHIGT  GT  Duotriode  '7E707-  Cathode 6.3 0.30 Amplifier Charade istics Same as Type 12AH7GT. 
_11 

6AH7GT 

6.6.15 Miniature Pentode 780-0-0 Cathode 6.3 0.175 R-F Amp. 28 Self 28 3.0 1.2 90,000 2,750 250 200 Ohm Cathode 
Bias Resistor 

6A.15 

6A.17 Metal Pentode 8N-1-1 Cathode 6.3 0.45 R-F Amp. 300 Self 300 10.0 2.5 1 Meg.. 9,000 9,000 160 Ohm Cathode 
Bias Resistor 

6A17 

6AK5 Miniature Pentode 7BD-0-28i7 Cathode 6.3 0.175 .01 3.9 2.85 R-F Amp. 120 
150 
180 

120 
140 
120 

7.5 
*7.0 
7.7 

2.5 
2.2 
2.4 

340,000 
420,000 
690,000 

5,000 
4,300 
5,100 

1,700 
1,800 
3,500 

Bias Res. 200 Ohms 
Bias Res. 330 Ohms 
Bias Res. 200 Ohms 

6AK5 

6AK6   Miniature  Pentode  7BK-0-0  Cathode 6.3 0.15 0.12' 3.6' 4.2' Power Amp. 180 9.0 180 15.0 2.5 200,000 2,100 10,000 1,100 6AK6 

6AK7-  Metal  Pentode  8Y-1-3 Cathode 6.3 0.65 3.06 13.0 7 5 Power A MP. 300 3.0 . 150 30.0 7.0 130,000 11,000 10,000 3,000 6AK7 

6AL5 Miniature Duodiode 6BT-0-6 Cathode 63 0.30 Detector 150 9.0 High Perveance Rectifier for High FlealltrICY Use. 6AL5 

6AL6G  ST-16  Beam Amp.  6AM-0-0 Cathode 6.3 0.9 Power Amo Characteristics Same as Type 6L6G. 6AL6G 

6AL/GT  GT  Electron Ray 8CH-0-0 Cathode 6.3 0.15 Inclicatnr 315g Grid Voltage for Fluorescent C. 0 = - 6 ( APP.). Deflection Sens .-- 1.0 MM. Per Volt ( App.). 6AL7GT 

6AN5 Miniature Pentode 7BD-0-0 Cathode 6.3 0,45 .075 9.0 4.8 Power Amp. 120 I 6.0 I 120 I 35.0 12.0 12,500 8 f 8,000 I 2,500 1,300 6AN5 

6AN6 Miniature Quadruple Di, 7131-0-0 Cathode 6.3 0.20 Rectlfier 75 Volts RM.3 Per Plate 8 Ma D-C (Depot Per Plate. 6AN6 

6A05 Miniature Beam Amp. 78Z-0-0 Cathode 6.3 0.45 0.35 7.6 6.0 Power Amp. 250 
180 

12.5 
8.5 

250 
180 

45 
29 

4.5 
3.0 

52,000 
58,000 

4,100 
3,700 .. 

5,000 
5,500 

4,500 
2,000 

6A05 

6A06 Miniature Duodiode-Tri. 713T-0-0 Cathode 6.3 0.15 1.8 1.7 1.5 Dit. Amp. 100 
250 

1.0 
3.0 

0 8 
1.0 

61,000 
58,000 

1,150 
1,200 

70 
70 

. 6A06 

6A07GT  GT  Duodiode-Tri  8CK-0-0 Cathode 6.3 0.30 2.8* 23' 1.5' Oct. Amp. 250 2.0 2.3 44,000 1,600 70 6A07GT 

6AR5 vlin;ature Pentode 6CC-0-0 Cathode 6.3 0.40 Power Amp. 250 
250 

16.5 
18.0 

250 
250 

35 
33 

10 
10 

65,000 
68,000 

2,400 
2,300 

7,000 
7,600 

3.2 
3.4 

6AR5 

6AR6G T-11 Pentode 680-0-0 Cathode 6.3 1.20 0.55 11.0' 7.0' Power Amp. 

Tri. Amp. 

250 
300 
200 

22.5 
36.0 
12.5 

250 
300 

77 
58 
90 

5.0 
4.0 

21,000 
22,000 
1,000 

5,400 
4,300 
6,000 

113 
95 
6 

6AR6G 

6.¡1/4.55 Miniature Beam Amp. 7CV-0-0 Cathode 0.3 0.8 .6 12.0' 6.2 . Power Amp. 150 9.5 110 35 2.0 5,600 4,500 2,200 6AS5 

6A96 Miniature Pentode 7CM-0-0 Cathode 6.3 0.175 0.02 4.0 3.0 R- I- Amo. 120 2.0 120 3.5 5.5 3,500 6AS6 



Type 

, • 
 Style  

Construction Emitter 
Note (') ( ) 

Capacitances in mi.d. 
Use Plate 

Volts 

Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Micromos 
Mutual 

Conduct- 
ance 

Ampli- 
Acation 
Factor 

Ohms 
Load for 
Stated 
Power 
Output 

undis-
torted 
Power 
Output 

Milliwstb 

Type 
Style Class 

Basing 
Ding.   Type I Volts Amps Cgp Cin Cout 

6AS7G GT Duotriode 813D-0-0 Cathode 6.3 2.5 Power AMP. 135 Sell 125 280 7,000 2 250 Ohm Rh 6AS7G1  

6AT6 
6AT6 Miniature Duodiode-Tri. 7BT-0-0 Cathode 6.3 0.30 2.1 2.3* 1.1" Dit. Amp, 100 

250 
1.0 
3.0 

0.8 
1.0 

54,000 
58,000 

1,300 
1,200 

70 
70  

• • • • 

6AU6 Miniature Pentode 78K-O-2 Cathode 6.3 0.30 0035m '5.5' 5.0' k-F Amp. 100 
250 
250 

1.0 
1.0 
1.0 

100 
125 
150 

5.2 
7.6 

10.8 

2.0 
3.0 
4.3 

600,000 8 
2.5 Meg. 8 
2.0 Meg. é 

3,900 
4,450 
5,200 

.... 
• 6AU6 

6AV6 Miniature Duodiode-Tri, 7BT-0-0 Cathode 6.3 0.30 2.1 2.3 0.9 Del. Amp. 250 
100 

2.0 
1.0 

1.2 
0.5 

62,500 
80,000 

1,600 
1,250 

100 
100 

6AV6 

684G ST-16 Triode 55-0-0 Filament 6.3 1.00 16.0 7.0 5.0 Power Am',. Characte :sties Sam as Tyne 6A3. 684G  
6135 ST-14 Duotriode 6AS-0-0 Cathode 6.3 0.80 Power Amy. Character stics Same as Type 6N6G. 

_ 

6B6G ST-12 Duodiode Tri. 7V-0-0 Cathode 6.3 0.30 1.7 

.007 

1.7 

3.5' 

3.8 

9.5" 

De!. Amp. 250 2.0 ...... 0.9 91,000 1,100 100 I   
.A135 

 68156  68156 
687 
687S 

Si- 12 Juodi. Pent, 7D-0-6 
7D-6-6 

Cathode o.3 0.30 R-F or I-F 
Del. Amp. 

A-F Amp. 

100 
180 
250 
250 

3.0 
3.0 
3.0 
4.5 

100 
75.0 

100 
50.0 

5.8 
3.4 
6.0 
0.65 

1.7 
0.9 
1.5 

300,000 
1 Meg. 
800,000 

950 
840 

1,000 

. . 
  

  

687 
6137S 

688 Metal Duodi. Pent. 8E-1-1 Cathode 6.3 030 .005m 6 0 9.0 Del. Amp. Charade ¡sties Same as Type 667, Except Capacitioces. 6B8 
6B8G 
&MGT 

ST-12 
GT 

Duodi. Pent, 8E-0-8 
8E-1-8 

Cathode 6.3 0.30 .01m 3.6 93 Det. Amp. 

R-F Amp. 

Charade te istics Same as Type 6B7. .. 6B8G 
6B8GT 

68A6 Miniature Pentode 713K-0-2 Cathooe 6.3 0.30 .0035m* 5.5' 5.0* 100 
250 

100 
100 

10.8 
11.0 

4.4 
4.2 

250,000 I 
1.5 Meg. I 

4,300 
4,400 

(Bias Resistor = 68 Ohms) 
(Bias Res = 68 Ohms 

6BA6 

.61F0 T-6h Heptode Bd -0-6 1.. tc; -de - 63-  -6-3-- .19n. 9.5 8.3 Convert« 100 
250 

1.0 
1.0 

100 
1 OA 

3.o 
3.8 

10.2 
10.0 

500,000 
1 Mee. 

900• 
950• 

  6BA7 

633136 Miniature Pentode 78K-0-2 Cathode 6.3 0.30 0.004 4.3 5.0 R-F Amp. 250 
100 

3.0 
1.0 

100 
100 

9.0 
13 

3.5 
5.0 

700,000 
120,000 

2,000 
2,350 

 613D6  613D6 

7-CM 7-CV 7-D 7-V 

6-AS 6-80 

7-13 7-BD 

7-W 8-A 

8-CT 8-E 8-N 

6-BT 

1-Bi 

8-AY 

8-Y 

6-CC 

7-BK 

6.0 

7-BT 

6-R 6-T 

7-8Z 7-C 

8-8D 8-BE 8-CH 8-CK 

(1) Values are given shielded unless marked with ("). m maximum. § Plate and Target Supply Voltage. ¢§ With Average Power Input 1,1 320 Mw. Grid to Grid. ¶ Plate to Plate. • Conversion Conducted« 
(2) Converter tube capacitances given are signal grid to plate, • Applied through 250,000 ohms. •• Triode Operation. :Pentode Operation. 1:1 Applied through 20,000 ohms. 

RF Input/ Mixer Output. /Per Tube or Section-No Signal. TT For two tubes with 40 volts RMS applied to each grid. I Approximate. 



TYPe 

Construction Emitter Note (I) cs) 
d. Capacitances in µi 

Use Plate 
Volts 

Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Plate 
Residence 
Ohms 

Microrahos 
Mutual 
Conduct- 

once 

• Armpit- 
lice« 
Factor 

Ohms 
Load for 
Stated 
Power 
Output 

Una> 
totted 
Power 
Output 

MIIllwatts 

Type 

Basing 
Style Class Diag. Type 1 Volts Amps Cep Cln I Cost 

6BE6 Miniature Heptode 7CH-0-0 Cathode 6.3 0.30 0.30m• 7.2 8.6' Converter 100 1.5 100 2.8 7.3 500,000 é 455* (Osc. Grid Res. = 20,000 w) 68E6 

250 1.5 100 3.0 7.1 1.0 Meg. I 475* (Ow. Grid Current O. Ma.) 

611F6 Miniature Duodiode-Tri. 7B7-0-0 Cathode 6.3 0.30 2.0 1.8 1.4 Oct. Amp. 250 9.0 9.5 8,500 1,900 16 10,000 300 66F6 

68060 ST-16 Beam Amp. 5B1-0-0 Cathode 6.3 0.90 0.5m• 11.0' 6.5* Power Amp. 400 15.0 250 70.0 6.0 Special Television Amplifier. 68060 

6131-16 Miniature Pentode 7CM-0-0 Cathode 6.3 0.15 0.0035' 5.4' 4.4' R-F- Amp. 100 1.0 100 3.6 1.4 0.7 Meg. 3,400 ..... .. ..... . 6BH6 
250 1.0 150 7.4 2.9 1.4 Meg. 4,600 ........... 

6616 Miniature Pentode 7CM-0-7 Cathode 6.3 0.15 .0035m* 4.5' 5.0' R-F Amp. 250 1.0 100 9.2 3.3 1.3 Meg. 3,800  68.16  68.16 
100 1.0 100 9.0 3.5 250,000 3,650 ..... .. .. 

6C4 Miniature Triode 613G-0-0 Cathode 6.3 0.15 1.4 1.8 2.5 R-F Osc. 300 27 25 Class C 5,500 6C4 
R-F Amp. 250 8.5 10.5 7,720 2,200 17 

100 0 11.8 6,250 3,100 19.5 

6C5 Metal Triode 60-1-1 Cathode 6.3 0.30 2.0 3.0 11.0 Amplifier Charade istics Sallie as Type 6e5GT, Excep Capacitances 6C5 

6C5GT GT Triode 60-1-1 Cathode 6.3 0,30 2.2 4.8 12.0 Amplifier 250 8.0 8.0 10,000 2,000 20  6C5GT  6C5GT 

6C6 ST-12 Pentode 6F-0-5 Cathode 6.3 0.30 .007m 5.o• 6.5' Amplifier 100 3.0 100 2.0 0.5 1 Meg. 1,185 ....... 6(6 

250 3.0 100 2.0 0.5 1 Meg. -I- 1,225 ....... .   

6C7 ST-12 Duodiode-Tri. 7G-3-6 Cathode 6.3 0.30 Det. Amy. 250 9.0 4.5 16,000 1,250 20  6(7  6(7 

6C8G ST-12 Duotriode 8G-0-0 Cathode 6.3 0.30 2.6 2.6 2.0 Amplifier 250 4.5 3.2 22,500 1,600 36 (One Section) 6C80 

1.8 1.3 2.2 Inverter 250 3.0 Plate Load 100,000 Ohms, Self-Bias Resistor 1,500 Ohms, Voltage Amplification 48. 
Output Volts 80, RMS. for Inverter Service. 

604 Miniature Gas Triode SAY-0-0 Cathode 6.3 0.25 Relay Tube 350 50 Peak Cathode Current = 100 Ma. Cathode Current = 25 Ma. Approx. Volt Drop © 25 Ma.= 16V 604 

606 ST-12 Pentode 6F-0-5 Cathode 6.3 0.30 .007m 4. • 6.5' Amplifier 100 
250 

3.0 
3.0 

100 
100 

8.0 
8.2 

2.2 250,000 1,500 I 
2.0 800,000 I 1,600 

....... ..... I ...., 
.... I 

6D6  

607 ST-12 Pentode 7H-5-6 Cathode 6.3 0.30 Amplifier Characte istics Same as Type 6C6. 607 

6D8G ST-12 Heptode 8A-0-0 Cathode 6.3 0.15 0.2 8.0 11.0 Converter 135 
250 

3.0 67.5 L ,.5 I 1.7 
3.0 100 3.5 2.6 

600,000 
400,000 

325* (G2=135 V., 1.8 Ma.) 
550A (G2-250 V.O, 4.5 Ma.) 

6D8G  

6E5 T-9 Electron Ray 6R-0-0 Cathode 6.3 0.30   ----.. Indicator 100§ (Series Plate Resistor 0.5 Meg. Target Current 1.0 Ma. Grid Bias = 3.3 for 90° Shadow) 6E5 

250§ (Series Plate Resistor 1.0 Meg. Target Current 4.0 Ma. Grid Bias - 8.0 for 90' Shadow.) 

6E6 ST-14 Duotriode 713-0-0 Cathode 6.3 0.60 Power Amp. 180 20.0 ! 11.5 I 4,300 1,400 6.0 I 15,00011 750 6E6 

(1 Section) 250 27.5 ) 18.0 
l 

  1 3,500 1,700 6.0 14,000ff 1,600   

6E7 ST-12 Pentode 7H-5-6 Cathode 6.3 0.30 Amplifier Characteristics Same as Type 6D6. 6E7  

6F4 Acorn Triode 7BR-0-0 Cathode 6.3 0.225 1.9' 2.0' 0.6' Amplifier 80 Self 13.0 ....1 2,900 l 5,800 17 150 Ohm Cathode 
Bias Resistor 

6F4 

6F5 Metal Triode 5M-1-0 Cathode 6.3 0.30 2.3 5.5 4.0 Amplifier Characteristics Same as Type 6F5GT. 5F5  

6F5GT GT Triode 5M-0-0 Cathode 6.3 0.30 2.8' 2.2' 3.2' Amplifier 250 2.0 0.9 66,000 1,500 100 6F5GT 

6F6 Meta' Pentode 7S-1-0 Cathode 6.3 0.70 ... Power Amts. 250 16.5 250 34.0 6.5 80,000 2,500 7,000 3,200 6F6 

6F6G/GT ST-14 TS.0-0 285 20.0 285 38.0 7.0 78,000 2,550 7,000 4,800 6F66/GT 

GT P.P. Al Amy. 315 24.0 285 62.0 12.0 (Current á Output for Two Tubes) 10,00011 11,000. 
PP. AB2Amp. 375 26.0 250 34.0 5.0 (Current g. Output For Two Tubes) 10,000'ff 18,000   

6F7 ST-12 Pent.-Triode 1E-0-6 Cathode 6.3 0.30 .008m 3.2 12.5 Pent. Amp. 100 3.0 100 6.3 1.6 290,000 1,050 .. ..... Pentode Section 6F7 
6F75 6F7S 7E-6-6 

2.0' 2.5' 3.0' 
Pent.-Amp. 
Tri.-Amp. 

250 
100 

3.0 
3.0 

100 6.5 
3.5 

1 5 
  .. 

850,000 
16,200 

1,100 
525 8.5 

Pentode Section 
Triode Section 

6F8G ST-12 Duotriode 8G-0-0 Cathode 6.3 0.60 3.8' 3.2' 1.0' Amplifier 250 8.0 .. . 9.0 . . .. 7,700 2,600 20 (One Section) 6F8G 

3.2' 1.9' 1.9' Inverter 250 5.5 Plate Load 10,000 Ohm Per Plate, Self Bias Resisto 1,150 Ohm, 
Voltage Amplification 29, Output Volts 65 RM, Fo Inverter Service. 

605 Now Known as Type 6U5 605 

6G6G ST-12 Pentode 7S-0-0 Cathode 6.3 0.15 Power Amp. 135 
180 

6.0 
9.0 

135 
180 

11.5 
15.0 

2.0 
2.5 

170,000 2,100 
175,000 2,300 

J ..   12,000 l 600 
10,000 I 1,100 

6G6 G 

61-14GT GT Diode 5AF-0-0 Cathode 6.3 0.15 Rectifier 100 I 4.0 I I I  I .... I 6H401 

6H6 Metal Duodiode 70-1-1 Cathode 6.3 0.30 Rectifier Charade istics Same as Type 6H6GT. 6H6 

6H6GT GT Duodiode 70-0-1 Cathode 6.3 0.30 Rectifier 117 A-C yolts Pe Plate, RMS, 8.0 Ma. Output Current Per Plate. 6H6GT 

6)4 Miniature Triode 7B0-0-0 Cathode 6.3 0.40 Amplifier 150 Self I 15.0 I 4,500 I 12,000 55 1 200 Ohm Cathode 
I Bias Resistor 

6J4 

615 Metal Triode 60-1-0 Cathode 63 0.30 3.4 3.4 3.6 Amplifier Characteristics Same es TYPt 6.15GT, Except Capacitances. 6.15 

61501 GT Triode 60-1-0 Cathode 6.3 

6.3 

0.30 

0.45 

3.8 4.2 

2.3 
2.3 

5.0 

1.6 
1.0 

Amplifier 250 8.0 .9.0  ..  7,700 I 2,600 20  6.15GT  6.15GT 

616 Miniature Duotriode 7BF-0-0 Cathode 1.4 
1.4 

R-F Amp. r 
Osc. Amp. 

100 
150 10 

8.5 
30 

.. 7,100 5,300 
\ Push-pull Class C Operation 

38 Bias Res. 50 Ohms 
3,500 

6.16 

6.17 Metal Pentode 7R-1-1 Cathode 6.3 0.30 .005m 7.0 12.0 Amplifier Charade istics Same as Tvoe 617GT. Except Capacitances. 6.17 

6.17G ST-12 Pentode 7R-0-1 Cathode 6.3 0.30 .007m 5.4 12.0 Amplifier 250 3.0 100 2.0 05 1.0 Meg. -i- 1,225   1    617G  617G 
61701 GT 7R-1-1 617GT 

6.186 ST-12 Tri-Heptode 8H-0-8 Cathode 6.3 0.30 .02m 4.4 10.0 Mixer 
Oscillator 

250 
250 Plu 

3.0 
e Supply 

100 
Thru 20,000 

1.3 
Res., Grid 

2.9 r 4.0 Meg. 290* (Heptode Section) 
Resistor 50,000, Grid Current 0.4 Ma. Pli e Current 5.0 Ma. (Triode Section) 

6J8G 

61(4 13 Triode 6-1(4 Cathode 6.3 0.15 2.2' 2.4' 0.85' Osc, Amp. 100 2.0 12.0 3,650 5,500 20  61(4  61(4 

61(56 ST-12 Triode 50-0-0 Cathode 6.3 0.30 2.0 2.9 5.75 Amplifier 100 1.5 0.35 78,000 900 70 .. • • • 61(5G 
6K5GT GT 5U-0.0 2.8 2.9 4.7 250 3.0 1 10 50,000 1,400 70  6K5GT  6K5GT 

6K6GT GT Pentode 7S-0-0 Cathode 63 0.40 • Power Amp. 100 7.0 100 9.0 1.6 104,000 1,500 . .. . 12,000 350 61(601 
250 18.0 I 250 32.0 5.5 
315 21.0 250 25.5 4.0 

68,000 
75,000 

4 ,10t 
2,100 

  ' 1600 - 7 »Me '-
9,000 4,500 

6K7 Metal Pentode 7R-1-0 Cathode 6.3 0 30 .005m 7.0 12.0 Amplifier Characte istics Same as Type 61(7G, Except Capacitances. 61(7 

6106 ST- 12 Pentode 7R-0-8 Cathode 6.3 030 .007m 5.0 12.0 Amplifier 100 1 1.0 I 100 9.5 
250 3.0 100 7.0 

2.7 1.7 150,000 è 1,650 
800,000 f 1,450 

 6K7G  6K7G 

250 30 125 10.5 2.6 600,000 4 1.650 



Type 

Construction Emitter Note (') ( 2) 
Capacitances in mu/. 

Cgp (In (out 

Use 

Amplifie: 

Plate 
Volts 

Characterist'cs 

Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

. 

j 
Platt Micromhos 

Resistance Mutual 
Ohms Conduct- 

WIC, 

, 
Ohm, 

Ampli- Load for 
Axel« Stated 
Factor Power 

I Output 

Undis-
torted 
Power Trio 
Output 

Milliwatts Style Class 
Basing 
Dias. Type Volts Amps 

6K7GT GT Pentode 7R-1-8 Cathode 6.3 0.30 
0,30 

.005m 4.6 12.0 Same as Type 6K7G, Except Capaci.ances. 6K7GT  
6K8 Metal Tri.-Hexode 8K-1.0 Cathode 6.3 .03m 6.6 

4.6 
5.0 

2.8 

3.5 
4.8 
4.3 

5.0 

Mixer Osc. Characteristics Same as Type 6K8G, Except Capacitances. 6K8  
6K8G 
6K8GT 

ST- 12 
GT 

Tri.-Hexode 8K-0-8 
8K-1-8 

Cathode 6.3 

6.3 

6.3 

0.30 

0.15 

.08m 

.08m 
Mixer 

Oscillator 
250 I 3.0 100 2.5 6.0 600,000 350 A 1 (e H code Section) 
100 Grid Resistor 50,000 Plate Current 3.8 M a., M utual Conductance 3,000 ( TriodeSec.ion not Oscirlating) 

6K8G 
6K8GT 

6L5G ST- 12 Triode 60-0 0 Cathode 2.8 Am puer 100 
250 

3.0 
9.0 

4.0 
8.0 

10,000 1,500 
9,000 t 1,900 

15 
17 

6L5G 

616 
6L6G 
6L6GA 

Metal 
ST-16 
57-14 

Beam Amp. 7AC-1-0 
7AC-0-0 
7AC-0-0 

Cathode 0.90 

0.30 

0.30 
-6.20 

7.5 

6.0 
3.0 

11.0 

10.0 

Power Amp. 

P.P. Al Amp. 
P.P. ABlAmp 
P.P. AB2Amp 

250 
350 
270 
360 
360 

14.0 
18.0 
17.5 
22.5 
24.5 

250 
250 
250 
270 
270 

72.0 
54.0 

134.0 
88.0 
88.0 

5.0 
2.5 

11.0 
5.0 
5.0 

22,500 6,000 
32,000 I 5,200 
23,500 I 5,700 

Currant 8, Output for Two 
Current A Output For Two 

. 
Tubes 
Tubes 

2,500 
4,200 
5,000r 
6,600'. 
3,800" 

6,500 
10,800 
17,500 
26,500 
47,000 

6L6 
6L60 
6L6GA 

6L7 Metal Heptode 7T-1-1 Cathode 6.3 

6.3 

.001m Mixer 
Amplifier 

Cheracte istics Same as Type 6L7G, Except Capacitances. 6L7 

6L7G 
250 

250 
6.0 
3.0 

150 
100 

3.3 
5.3 

9.2 
6.5 

1 Meg. - 
600,000 

350A 
1,100 

(03 = Neg. 15 Volts) 
(03 = Neg. 3.3 Volts 6L7G ST-12 Heptode 7T-0-8 Cathode 005m Mixer- Amp. 

6N4 Miniature Triode 7CA-0-0 Cathode 6.3 

6.3 

6.3 

1.1 1.6 Amplifier 180 3.5 12.0 5,400 8 6,000 2 32 6N4 
6N6G ST-14 Duotriode 7 AU-0-0 Cathode 0.80 

0.80 

Power Amp. 300- 
300 

0.0 
0.0 

(Input Secron) 
(Output Section) 

8.0 
45.0 24,000 I 2,400 ' 52  7,000 4,000 

6N6G 

6N7 Metal Duotriode 813-1-0 Cathode Amplifier Characteristics San-e as Type 6N7GT. 6N7 
6N7GT GT Duotriode 8B-0-0 Cathode 6.3 

6.3 

6.3 

0.80 

0.30 

0.30 

3.4 

2.8 
27 

Power Amp, 
11 • Driver 
Driver 

300 
250 
294 

0.0 
5.0 
6.0 

17.5 Per Plate, Class B Operation, Zero Signal .. 
6.0 ''   7.0 11,300 3,100 

11,000 3,200 35 35 
  I I 

Low. 10,000 
(Class A Driver) 
(Class A Driver) 

6N7GT 

6P5GT GT Triode 60-0-0 Cathode 2.0 5.5 

12.0 
2.5 

Amolifie: 
Detector 

250 
250 

13.5 
20.0 I 

  I I 5.0 9,500 1,450 I 13.8 
(Plate Current to be adiu ted to 0.2 Ma. with io Input Signa l) I 

 6P5GT  6P5GT 

6P7G ST- 12 Pent.-Triode 7U-0-8 Cathode .007m 
n n 

Amplifier Characteristics Same as Type 6F7, Except Capacitances. 6P7G 

5-AF 

7-All 

7-H 

5-AY 

7-6 

7-0 

5-BT 5-M 5-U 

7-BF 7-B0 

7-R 7-S 

7-BR 

6X4 6-0 6-R 7-AC 

7-BT 7-CA 7-CH 7-CM 7-E 7-G 

7-7 7-U 8-A 8-11 8-G 8-H 8-K 

(1) Values are given shielded unless marked with (1. m maximum. Plate and Target Supply Voltage, 4¢ With Avvage Power Input el 320 Mw. Grid to Grid. r Plate to Plate. Conversion Conductance. 
(2) Converter tube capacitances given are signal grid to plater ' Applied through 250,000 ohms. • • Triode Operation, I Pentode Operation. 0 Applied through 20,000 ohms 

RF Input, Mixer Output. i Per Tube or Section-No Signal. il For two tubes with 40 volts RMS applied to each grid 8 Approximate. 



Type 

Construction Emitter Note C)(1) 
Capacitances in UPC . 

Use Plate 
Negative 
Grid Sae« 

Plate 
Current 

Screen 
Cement 

Plate 
Resistance 

Microushos 
Mutual 

Ampli- 
fication 

Ohms 
Load For 
Stated 

Undis-
tented 
Power Type 

Style 
Basing J 

Class Ding. Type Volts i Amps Cep Cin COW 
Volts Volts Volts Ma. Ma. Ohms Conduct- 

Once 
Fedor Power 

Output 
Output 

>Anhwei!' 

eO7  Metal  Duodiode-Tri. 7V-1-8  Cathode  6.3 0.30 1.4 5.0 
1 

3.8 Det.-Amp. Characteristics Same as Type 607G, Excep Capacitances 607 

607G 
607GT  

ST-12 
GT 

Duodiode-Tri 
Duodiode-Tri.  

7V-0-8 
7V-1-8  

Cathode 
Cathode  

6.3 
6.3 

0.30 
0.30 

1.5 
1.6 

3,2 

2.2 

5.0 

5.0 

Del.- Amer. 100 

250 

1 0 

3.0 

  I 0.8 

1.1 

58,000 
58,000 

1.200 
1,200 

70 
70 

 607G  
 607GT  

607G 
 607GT  

6R6G  ST Pentode   6AW-0-0 Cathode  6.3  0.3 4.5* 11.0* Amplifier 250 3.0 100 7.0 I 1.7 ' 800,000 1,450 1,160  6R6G  6R6G 

6R7  
-12 

Metal  Duodiode-Tri.  7V-1-1 Cathode  6.3 0.30 

.007m 

2.3 4,8 3.8 Del-Amp. Characteristics Same as Type 6R7GT. Except Capacitances. 6117 

6R7GT  GT  Duodiode-Tri.  7V-0-8  Cathode  6.3  0.30 2.1 2.6 5.2 Del-Amo. 250 l 9.0 9.5 I l 8,500 1,900 I 16   6R7GT/G 

657  Metal  Pentode  7R-1-1  Cathode 6.3  0.15 .005m 6.5 10.5 Amplifier Characteristics Same as Type 6S7G, Except Capacitances. 6S7 

6S7G ST Pentode 7R-0-8 Cathode 6.3 0.15 4.4 ILO Amplifier 135 3.0 67.5 3.7 0.9 1 Meg. 1,250 375 • • • • • 6S7G -12 .008m 
250 3.0 100 8.5 2.0 1 Meg. 1,750 1,100 

6S8GT  --G1 .- Triple Di Tri.  8CEI-0-2 CathPde  6.3 0.30 2.0 -Ti-- 5.0 Det. Amp. 250 2.0 0.9 91,000 I 1,100 100  6.511GT  6.511GT 

6SA7  Metal  Heptode  8R-1-0 Cathode  6.3  0.30 9.5 12.0 Converter Charade istics Same as Type 6SA7GT, Except Capacitances 6SA7 

6SA7GT GT Heptode 8AD-1-6 Cathode 6.3 0.30 

.13m  

.5m 11.0 11.0 Converter 100 2.0 100 3.3 
250 2.0 100 3.5 

8.5 
8.5 

500,0001 425A 
1.0 Meg. I 450A 

6SA7GT 

6S137Y  Metal  Heptode  8R-1-0  Cathode  6.3 0.30 0.13m 9.6 9.2 Converter 250 1.5 100 4.0 8.5 880A • 6S87Y 

6SC7 Duotriode 8S-1-0 Cathode 6.3 0.30 2.0 2.2 3.0 Amplifier 250 2.0 2.0 53,000 1,325 70 (Each Triode) 6SC7 
Metal 

6SC7GT  GT  Duotriode  85-0-0  Cathode  6.3 0.30 Amplifier 250 2.0 2.0 53,000 1,325 70 (Each Triode) 6SC7GT 

6SD7GT GT Pentode 811-1-5 Cathode 6.3 0.30 .0035 9.0 7.5 Amplifier 100 2.0 100 5.7 
250 2.0 100 6.0 

2.0 
1.9 

250,000 1 3,350 
1.0 Meg. 1 3,600 

6SD7G7 

6SE7GT GT Pentode 8N-1-5 Cathode 6.3 0.3 .0035rn 6.0 7.5 Amplifier 100 1.0 100 5.5 
250 1.5 100 4.5 

2.4 
1.5 

250,000 1 3,100 .. • 
1,000,000 1 3,400 

 6SE7GT  6SE7GT 

6SF5  Triode  6AB-1-0  Cathode 6.3 0.30  2.4  4.0 3.6 Amplifier Characteristics Same as Type 6SF5GT, Except Capacitances. 6SF5 

6SF5GT  
metal 
GT  Triode  6AB-0-0  Cathode 6.3  0.30 2.6 4.2  3.8 Amplifier 250 KIMMIIIMMEM11.1.11. 66,000 1113111MUMEEMI  6SF5GT  6SF5GT 

6SF7 Metal Diode Pent. 7AZ-1-1 Cathode 6.3 0.30 .004m 5.5 6.0 Det.-Amp, 100 1.0 100 12 
250 1.0 100 12.4 

3.4 
3.3 

200,000 I 1,975 
700,000 1 2,050 

 6SF7  6SF7 

6SG7  Metal  Pentode  8I3K-1-1  Cathode 6.3 0.30 8.5  7M  7M R.F Amp. Characteristics Same as Type 6SG7GT, Excerpt Capacitances. 65G7 

6SG7GT GT Pentode 88K-1-1 Cathode 6.3 0.30 

.003m 

.004m 8.5 7.0 
_ 

B-1 Amp. 100 1.0 100 8.2 
250 1.0 125 11.8 
250 2.5 150 9.2 

3.2 
4.4 
3.4 

250,000 1 4,100 • • l • • • • 
900,000 1 4,700 . 
1 m eu, .4- 4,000 I . . 

6SG7GT 

6SH7 Metal Pentode 88K-1-1 Cathode 6.3 0.30 8.5 7.9 R-F Amp. Characteristics Same as Type 6SH7G7, Except Capacitances. 6SH7 .003m 
 6SH7GT  

6SH7G7 GT Pentode 88K-1-1 Cathode 6.3 0.30 .004m 8.5 7.0 R-F Amp, 100 5.3 
1.0 100 250 1.0 150 10.8 

2.1 
4.1 

350,000 1 4,000 
900.000 1 4.900   I   

6SH7GT 

Metal Pentode 8N•1 -1 Cathoce 6.3 0.30 .005m 6.0 7.0 Amplifier aracteristics me as you 6 , xcept apacitances. 6517 
65.17 

3.0 I 100 2.9 0.9 700,000 1 1,575  6.517GT  6.517GT 
651701 GT Pentode 8N-1-5 Cathode 6.3 0.30 .005m 6.3 7.5 Amplifier 100 

250 3.0 I lœ 3.0 0.8 1.5 Meg. 1 1,650 1   

Capacitances. 6SK7 
Metal Pentode 8N-1-1 Cathode 6.3 0.30 .003m 6.0 7.0 Amplifier Characteristics Same as TYPC 6SK7GT, Except 

6SK7 
1.0 100 13.0 4.0 120,000 1 2,350  6SK7GT  6SK7GT 

6SK7GT GT Pentode 8N-1-5 Cathode 6.3 0.30 .005m 6.5 7.5 Amplifier 100 
250 3.0 100 9.2 2.6 800,000 1 2,000 

2.0 2.3 44,000 1,600 70 6SL7GT 
6SL7GT  GT  Duot-iode 813D-0-0 Cathode 6.3 .300 Amplifier - 250 

6SN7GT GT Duotriode 8BD-0-0 Cahode 6.3 .600 3.8' 
4.0* 

2.8' 
3.0' 

0.8 
1.2' 

Amplifier 
(per unit) 

250 90 0 
8 

10 
9 

6,700 
7,700 

3,000 
2,600 

20 
20 

6SN7GT 

6507  Metal  Duodiode-I ri. 80-1-1 Cathode 6.3 1.6 3.2 3M Det.-Amp. Characte istics Same as Type 6507G1, Except Capacitances. 607 

650701  GT  Duodiode- Fri. 80-1-3 Cathode 6.3 0.30 1 8 4.2 3.4 Del- Amp. 250 2.0 I 0.9 91,000 j 1,100 j 100  6SQ7GT  6SQ7GT 

6SR7  Metal  Duodiode-H. 80-14 Cathode 6.3 0.30 2.3 3.0 3.0 Det.-AmP. Characteristics Same as Type 6SR7GT. 6SR7 

6SR7GT  GT  Duodiode-Tri 80-1-3 Cathode 6.3 0.30 2.3 3 5 3.8 Del- Amp. 250 9.0 9.5 8,500 1,900 16 .  6SR7GT  6SR7GT 

6S57 Metal Pentode 8N-1-0 Cathode 6.3 0.15 .004m 5.5 7.0 R-F AMP. 100 
250 

1.0 
3.0 

100 
100 

12.2 
9.0 

3.1 
2.0 

120,000 I 
1,000,000 a 

1,950 
1,850 

..... .. ..... ..   6557 

80-1-0 Cathode 6.3 0.15 1.5 2.8 3 0 -Amp Ott . . 250 9.0 9.5 8,500 1,900 16.0 ... 6577 
6577 Metal Duodiode-Tri. . 

88D-0-0 Cathode 6.3 0.30 Amplifier 250 2.0 2.3 44,000 1,600 70 6SU7GTY 
6SU7GTY GT Duotriode 

7AZ-1-0 Cathode 6.3 0.30 0.004m 6.5 6.0 Del-Amp. 250 1.0 150 7.5 2.8 1.5 Meg. 3,600 65V7 
6SV7 Metal Diode-Pent. 

Tri. 80-1-0 Cathode 6.3, 0.15 1.1 2.6 2.8 Amplifier 250 3.0 1.0 58,000 1,200 70 6SZ7 
6SZ7 Metal Duodiode 

675 ST- 12 Electron Ray 6R-0-0 Cathode 6.3 0.3 Indicator 250i Series Plate Resistor 1.0 Meg. Target Current 3.0 Ma. Grid Bias 22 Voltz for Max. Targe Illumination. 675 

677G ST- 12 Duodiode-Tri. 7V-0-8 Cathode 6.3 0.15 1.7 1.8 3.1 Det.-Amt". 100 
250 

1.5 
3.0 

.. . 0.3 
1.2 

95,000 
62,000 

680 
1,050 

65 
65 

. 677G 

618 
  T ah  T ah  

Triple 
Diode-Triode   

9E-0-387 Cathode 6.3 0.45 2.4* 1.5* 1.1* Det.-Amp. 100 
250 

1 
3 

0.80 
1.0 

1,300 
1,200 

70 
70 

678 

605 T-9 Electron Ray 6R-0-0 Cathode 6.3 0.30 ---- Indicator 100i 
250§ 

(Series Plate Resistor 
(Series Prate Resistor 

0.5 Meg., Target 
1.0 Meg., Target 

Current 
Current 

.0 Ma., Grid 
4.0 Ma., Grid 

Bias - 8.0 fo 0° Shadow.) 
Bias -22.0 Fo 0° Shadow.) 

605 

6U6GT GT Beam Amp. 7AC-0-0 Cathode 6.3 0.75 Power Amp. 110 
200 

10.5 
14.0 

110 
135 

44.0 
55.0 

4.0 
3.0 

10,000 a 
20,000 I 

5,600 
6,200 

2000 
3,000 

2,000 
5,500 

6U6GT 

6U7G ST-12 Pentode 7R-0-8 Cathode 6.3 0.30 .007m 5.0 9.0 Amplifier 100 
250 

3.0 
3.0 

100 
100 

8.0 
8.2 

2.2 
2.0 

250,000 
800,000 

1,500 
1,600 

..... 6U7G 

6V6  Metal  Beam Amp.  7AC-1-0  Cathode  6.3 0.45  0.3 10.0 11.0 Power Amy. Charade istin Same as Type 7C5, Except Capacitances. 6V6 

6V6GT  GT  Beam Amp.  7 AC-0-0  Cathode  6.3 0.45 0.7' 9.5' 7.5' Power Ama. Characte istics Same as Type 7C5. 6V6GT 

6V7G ST-12 Duodiode-Tri 7V-0-8 Cathode 6.3 0.30 1.3 1.5 6.0 Det.-Amp. 135 
180 

10.5 
13.5 
20.0 

3.7 
6.0 
8.0 

11,000 
8,500 
7.50Q 

750 8.3 
975 8.3 

1.1_00 i 8.3 

25,000 
20,000 
20.000 

75 
160 
350 

6V7G 

_4_250 

6W4GT GT j Diode 4CG-0-0 Cathode 6.3 r17-   H-11/ Rect. l 330 A-C Vo b, RMS, 125 Ma DC Output. Condenser input to Filter. I6W4G7 



Type 

Construction Emitter Note OM 
Capacitances in µA. 

Use Plate 
Volts 

Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Ma. 

Sc,... 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Micromhos 
Mutual 

Conduct- 
AMC. 

Ampli- 
ikadon 
Factor 

1 
Ohms 

Load for 
Stated 
Power 
Output 

Undis-
forted 
Power 
Output 

Milliwetb 

Type 

Style Class 
Basing 
Dias. Type Volts Amp, Cep Cin Coat 

6W5G ST-12 Duodiode 6S-0-0 Cathode 6.3 0.9 ... .. .. Rectifier 325 A-C Volts Pe Plate, RMS, 90 Ma. Output Current. Condenser Input to Filter. 
450 A-C Volts Per Plate, RMS, 90 Ma. Output Current. Choke Input to Filter. 

6W5G 

6W6GT GT Beam Amp. 7AC-0-0 Cathode 6.3 1.25 Power AMP. 135 I 9.0 135 l 58.0 I 2.8 I I 9,000 215 2,000  3,300  6W6GT  
6W7G ST-12 Pentode 7R-0-8 Cathode 6.3 0.15 .007m 5.0 8.5 Amplifier 250 i 3.0 100 I 2.0 I 0.5 I 1.5 Meg. 1 I 1,225 

I 
  6W7G  6W7G  

6X4 Miniature Duodiode  
Duodiode 

5135-0-0 Cathode 6.3 0.60 F-W Rect. 325 Volts RMS Per Plate, 70 Ma. D-C Output. Condenser Input to Filter. 6X4  
6X5 Metal 6S-1-0 Cathode 6.3 0.60 F-W Rect. Characteristics Same as Type 6X5GT/G. 6X5  
6X5GT GT Duodiode 

Diode 

6S-0-0 Cathode 6.3 0.60 . F-W Red. 

Rectifier 
 450  A-C Volts Per Plate, RMS, 70 Ma. Output Current. Choke Input to Filter. 

325 A-C Volts Per Plate, RMS, 70 Ma. Output Current. Condenser Input to Filter. 
 450  A-C Volts Per Plate, RMS, 70 Ma. Output Current. Choke Input to Filter. 

6X5GT 

6Y3G  
6Y5 

ST-12 4AC-0-0 Cathode 6.3 0.7 5,000 A-C Volts Per Plate, RMS, 7.5 Ma. Output Current. Choke or Condenser Input to Filter. 6Y3G 
ST-12  
ST-14 

Duodiode 61-2-0 Cathode 6.3 0.80 F-W Rect. 350 A-C Volts Per Plate, RMS, 50 Ma. Output Current. 6Y5  
6Y6G Beam Amp. 7AC-0-0 Cathode 6.3 1.25 Power Amp. 135 

200 
13,5 
14.0 

135 
135 

58.0 
61.0 

3.5 
2.2 

9,300 
18,300 

1 7,000 
I 7,100 

! .. ..... 
. .  

2,000 
2,600 

3,600 
6,000   

6Y6G 

6Y7G ST-12 Duotriode 88-0-0 Cathode 6.3 0.60 ..... Power Amp. 180 
250 

0.0 
0.0 

7.5 r, 
10.54 

(Class 8 Operation) 
(Class B Operation) 

7,00011 
14,00011 

5,500 
8,000 

6Y7G 

6Z4 ST-12 Duodiode 513-0-0 Cathode 6.3 0.50 F-W Rect. 325 A Vats Per Plate, RMS, 
450 A-C Volts Per Plate, RMS, 

60 Ma. Output Cuitent. Condenser Input to Filter. 
60 Ma. Output Current. Choke input to Filter. 

624 

6Z5 ST-12 Duodiode 6K-0-0 Cathode 6.3 
12.6 

0.80 
0.40 

F-W Rect. 230 A-C Volts Per Plate, RMS, 60 Ma, Output Current. 6Z5 

6Z7G ST-12 Duotriode 88-0-0 Cathode 6.3 0.30 .... Power Amp, 135 
180 

0.0 
0.0 

...... 3.0 h I 
4.20 ..... . 

(Class 8 Operation) 
(Class 8 Operation) 

9,00011 
12,0001.  

2,500§§ 
4,200§§   

6Z7G 

6ZY5G ST-12 Duodiode 6S-0-0 Cathode  

Cathode 
6.3 0.30 F-W Rect. 325 A-C Volts Per Plate, RMS, 40 Me. Output Current, Condenser Input to Filter. 6ZY5G  

7A4 Lock-in Triode SAC-L-0 6.3 0.30 4.0 3.4 3.0 Amplifier 90 
250 

0.0 
8.0 

10.0 
9.0 

6,700 
7,700 

' 3,000 
2,600 

20 
20 

7A5 Lock-in Beam Amp. 6AA-L-0 Cathode 6.3 0.75 0.44 13.0 7.2 Power Amp. 110 
125 

7.5 
9.0 

110 
125 

40.0 
44.0 

3.0 
3.3 

14,000 
17,000 

5,800 
6.000 

..... .. 2,500 
2,700 

1,500 
2,200   

7A5 

7A6 Lock-in Duodiode 7A.I-L-5 Cathode 6.3 0.15 Det -Red. 150 A C Volts Per Plate, RMS, 8 Ma. Current Output Per Plate, 7A6  
7A7 Lock-in Pentode 8V-L-5 Cathode 6.3 0.30 .005m 6.0 7.0 Amplifier 100 

250 
1.0 100 
3.0 100 

13.0 
9.2 

. 
2.6 

120,000 1 
800,000 1 

2,350 
2,000   1 I   

7A7 

7A8 Lock-in Octode 8U-L•7 Cathode 63 0.15 0.15m 7.5 9.0 Converter 100 
250 

3.0 75 
3.0 100 

1.8 
3.0 

2.7 
3.2 

550,000 a 
700,000 1 

3754 
5504 

(02 - 100 V., 2.8 Ma.) 
(G2 250 V.0, 4.2 Ma.)  

7A8 

7A87 Lock-in Pentode 880-L-0 Cathode 6.3 0.15 .06m 3.5 4.0 Amplifier 250 2.0 100 4.0 1.3 500,000 1,800   7AB7  7AB7  
7AD7 Lock-in Pentode 8V-L-5 Cathode 6.3 0.60 0.03 11.5 7.5 Amplifier 

T-V Amplifier 
30C 

_ 30( 
Stif 150 
5/11 _ 125 

28 
25 

7.0 
6.0 

300,000 9,500 
. ._. 

.  
68 Ohm Cathode, Bus Resistor 
68 Ohm Cathode, Bias Resistor 

7AD7 

4-AC 4-CG 5-AC 

8-N 

5-8S 

8-0 

5-D 

8-R 

6-AA 6-AB 

8-U 

6-AW 

11-V 9-E 

6-R 

(1) Values are given shielded unless marked with (*), m maximum. § Plate and target Supply Voltage. §4 With Average Power Input of 320 Mw. Grid to Grid. / Plate to Plate. L C ion Conductance. 
(2)Converter tube capacitances given are signai grid to plater • Applied through 250,000 ohms. " Triode Operation. I Pentode Operation, 0 Applied through 20,000 ohms. 

RF input, Mixer Output. /Per Tube or Section-No Signal. tt For two tubes with 40 volts RMS applied to each grid. 1 Approximate. 



I 

Type 

Construction Emitter Note C) (') 
Capacitances In 

Style Class 
Basing 
Olal. Type Volts Amps Cgp Cln I Cout 

Use Plate 
Volts 

Negative 
Grid Screen 
Volts Volts 

Plate 
Current 
Me. 

Screen 
Cunent 
Ma. 

Plate 
Resistance 
Ohms 

Micromhos 
Mutual 

Conduct-
once 

7A F7 Lock-in 

7AG7 
7AH7 

7A.17 

Lock-in 

Lock-In 

ocic-In 

Duotriode BAC-L-0 

Pentode 
Pentode 

Pentode 

8V-L-5 

8V-L-5 

8V-L-5 

Cathode 

Cathode 
Cathode 

Cathode 

6.3 

6.3 

6.3 

6.3 

0.30 

0.15 

0.15 

0.3 

2.3' 2.2' 

.005m 

7.0 

7.0 

1 6' 

- 6.0 

65 

5 

Ampliher 
(Per unit) 

R-F Amp. 
R-F Amp. 

R-F Pent 

100 
100 
250 

250 
250 

100 

7AK7 Lock-in 

7B4 Lock-in 

Pentode 8V-L-0 

Triode SAC-L-0 

Cathode 63 

Cathode 6.3 

1.0.8 

0.30 

4.0SuteP 
0.7 

1.6 

765 Lock-In Pentode 6AE-L-0 

766 Lock-in Duodlode-Tri. 8W-L-7 

767 

88 

Lock-In Pentode 

Lock-in Heptode 

8V-L-5 

Cathode 

Cathode 

Cathode 

6.3 

6.3 

6.3 

0.40 

0.30 

0.15 

0.8 

1.6 

12.0 

3.2 

7.4 

3.0 

9.5 R-F Amp. 150 
150 
150 

3.2 

8.0 

2.4 

Amplifier 

Power Amp. 

100 
250 
100 
250 
315 
100 1.0 0.4 110,000 
250 2.0 0.9 ...  91,000 
100 3.0 100 8.2 1.8 300,000 
250 3.0 100 8.5 1.7 750,000 

100 1.5 50 1.1 1.3 600,000 
250 3.0 100 3.5 2.7 360,000 

Half Wave Cathode Type Red fier for High Frequency Use. 
180 
250 
315 
250 
285 
100 
250 
100 
250 
250 
150 
250 
100 
100 
250 

100 
250 
250 

O 
3.0 
10 

10.8 
5.0 
9.0 

..... • • 6,500 
8,400 
7,600 

2,-600 
1,900 
2,100 
4,200 

3,300 

1.0 
3. 

250  

250 

100 

6.0 

6.8 

5.7 
2.2 

2.0 

1.9 

750.000 

0.7 

1 Meg. 

Anson-
fication 
Factor 

Load for 
Stated 
Power 
Output 

17 
16 .. 
16 

toned 
Power 
Output 

Milliwatts 

(Bias Res. = 250 Ohm.) 
(Bias Resistor = 250 0 sins.) 

> .0 Mcii 1.5 

o 
-11 
o 
1.0 
2.0 
7.0 

18.0 
21.0 

Oct-Amp. 

.007m 5.0 6.0 Amplifier 

C4 
7(5 

Lock-in 
Lock-in 

H. F. Diode 

Beam Amp. 

8X-L-0 

6AA-L-0 

7C6 

"f(7 

h 7E5 

Lock-in 

Lock-in 

Lock-in 

7E6 Lock-in 

Duodiode-Tri. 8W-L-7 

Pentode 

Triode 

`r 7E7 Lock-in Duodi. Pent. 

Cathode 6.3 

Cathode 
Cathode 

Cathode 

8V- S Cathode 

8BN-L-0 Cathode 

8W-L-7 

8AE-L7-

7F7 Lock-in Duotriode 

7F8 Lock-in Duotriode 

BAC-L-0 

8BW-L.0 

Cathode 

Cathode 

Cathode 

6.3 
6.3 

6.3 

6.3 

6.3 

0.30 0.2m 

0.15 
0.45 

0.15 

0.15 

0.15 

0.40 

1.6 

10.0 

2.4 

9.0 

9.0 

Converter 

90 
90 
90 

40 
2.0 max. 
2.0 max. 

21 
0.45 

43 max. 

11,500 6,500 

Type 

TAFT 

7AG7 
7AN7 

A 17 

.... 

0.4 
0.9 

100 
250 
250 

9.0 
32.0 
25.5 

..... • 
85,000 
66,000 

1.6 
5.5 
4.0 

104,000 
68,000 
75,000 

1,150 
1,500 

1,500 
2,300 
2,100 
900 

1,100 
1,675 
1,750 

100 
100 

7AK7 

764 

... 
100 
100 

12,000 
7,600 
9,000 

350 
3,400 
4,500 

785 

766 

767 

360A 
550A 

(G2 - 100 V., 2.0 Ma.) 
(G2 - 250 V.0 , 4.0 Ma.) 

768 

Detector  
Power Amp. 

Class A 

Class AB1 

.007m 

1.5 

6.3 0.30 

6.3 

Cathode 

7G7 
7G8 
7H7 

Lock-in 
Lock-in 
Lock-in 

7J7 Lock-in 

Pentode 
Duotetrode 
Pentode 

8V-L-5  
8BV-L-0 

8V-L-5 

Cathode  
Cathode  

Cathode 

Tri.-Heptode 86L-L-7 Cathode 

0.30 

6.3 0.30 

6.3 0.30 

6.3  0.45 

6.3 0.30 
6.3 0.30 

1.5 

5.5 

3.6 

3.0 

005m 4.6 

2.4 

6.5 

2.8 

2.4 

5.5 

Del.-Amp. 

8.5 ' 
12.5 
13.0 
15.0 
19.0 
0.0 
1.0 
3.0 
3.0 
3.5 

180 
250 
225 
250 
285 

29.0 
45.0 
34.0 
70.0 
70.0 
1.0 
1.3 
1.8 
2.0 

3.0 
4.5 
2.2 
5.0 
4.0 

• • • • • • • ..... • . 

$8,000 I 3,700 
52,000 4,100 
77,000 3,750 

(Class A81 Two Tubes) 
(Class AB1 Two Tubes)  

100,000 850 
100,000 1,000 

1.2 Meg. h 1,225 
2.0 Meg. I I 1,300 .  
Oscillator for 750 me. Service. 
Oscillator-Amplifier For 300 rnc Service. 200 

85 
100 

5,500 
5,000 
8,500 

10,000'7 
8,00011 

2,000 
4,500 
5,500 

10,000 
14,000 

7C4 
7C5 

7C6 

Amplifier 

Usc. Amp. 

Des. Amp. 

100 
100 

10.2 
9.0 
3.0 
1.0 
3.0 
1.0 
2.0 
Self 

0.4 
0.5 

13.0 
16.0 
9.5 
3.9 

7(7 

8,500 
11,000 

1,900 
1,500 
1,600 
1,300 
1,125 
1,600 

3,300 

Oct. Amp. 

1.6 2.4 2.0 

1.2 2.8 1 1.41 

Amplifier 

Om Amp. 

100 
100 

10.0 
7.5 
0.65 
2.3 

6.0r 

2.7 
1.6 

150,000 1 
700,000 1 

16 
16.5 .... 

..... . • • • 
62,000 1 
44,0001 

70 
70 

so 

7E5 

7E6 

7E7 

7F7 

500 Ohm Cathode 
Blas Resistor 

7F8 

6.3 

7K7 

7L7 

Lock-in 

Lock-in 

7N7 

707 

Lock-in 

Duodiode-Tri.  

Pentode 

813F-L-7 

8V-L-5 

Duotriode SAC-L-0 

Cathode  

Cathode 

Cathode 

6.3 

6.3 

0.30 

.007m 
0.15m 
.007m 

.03m 

9.0 
3.4 
8.0 

7.0 
2.6 
7.0 

4.6 7.5 

Amplifier 
R-F Amp. 

Ampiifier 

250 
250 
100 
250 
100 
250 
100 
250 0 
250 
100 
250 

Hep. Mixer 

Tri. Osc. 

0.30 

0.30 

6.3 0.60 

1.8 2.6 

8.0 .010m 

3.0 
3.0 

0.20m 

3.0 

6.5 

Dit. Amp. 

Amplifier 

3.4 
2.9 

9.0 Lock-in Heptode 

Lock-in Duodi. Pent. 

8AL-L-0 Cathode 6.3 

8AE-L-7 Cathode 6.3 

0.30 

2.0 
2.4 

9.0 

Amplifier 
(Per unit) 
Converter 

90 
250 
100 
250 
IDO 
100 
250 
250 
100 
250 
100 
2500 
250 
100 
300 
Charade istics Same as Type 7V7, Except Capacitances.  
235 Volts Per Plate, RMS, 75 Ma. DC Output Per Plate. 
117 Volts Per Plate. RMS, 75 Ma. DC Output Per Plate. 

1205: ? 0 

2.0 
2.5 
1.0 

100 
100 

100 
150 

6.0 
4.5 
8.2 

2.0 800,000 1 4,500 
0.8 225,000 2,100 

3.3 2)0,000 4,800 
3.2 800,000 4,200 
2.6 500,000 280• 
2.8 1.5 Meg. 290• 
(Triode Grid Current 0.3 Me.) 
(Triode Grid Current 0.4 Ma.) 

10.0 
3.0 100 
3.0 100 
0.05 Meg. 
0.05 Meg. 
2.0 
1.0 
1.5 

0.0 
8.0 

2.0 
2.0 

2.0 
1.0 
2.0 
1.0 
2.0 
2.0 100 
0.05 Meg. 
0.05 Meg. 
1.0 150 
1.0 100 

1.5 
1.4 
3.2 
5.0 

2.3 

5.5 
4.5 

7G7 
7G8 
7H7 

(Cath. Bias Resistor.. 180 Ohm)  

• .. 

717 

100 
100 

2.4 
1.5 

44,000  1,600 

100,000 1 3,000 
1.0 Meg. 3,100 

70 7K7 

7L7 ..... 

10.0 
9.0 
3.3 
3.5 

3.4 
5.5 
3.5 
6.2 
1.9 
1.8 
3.0 
5.0 

6,700 3,000 
7,700 2,600 

20 
20 ..... 

Ose. Grid Resistor 20,000. 
Osc. Grid Current 0.5 Ma. 

7N7 

0.30 .004m 5.6 5.3 Del. Amp. 

7S7 

777 

Lock-in Tri.-Heptode Cathode 6.3 0.30 .03m 5.0 8.0 Nap. Mixer 

Tri. Osc. 

100 
100 
100 
100 
100 
100 
100 

Lock-in 

7V7 

7W7 
7X6 

Pentode 

Lock- in Pentode 

Lock-in Pentode 
Loels-lis I Damao& 

Lock-in I Duodiode-Tri. 

8V-L-5 

8V-L-5 

811.1-L-5 
7A1-1.-0 

7X7 
1 
eoz-L7s-

Cathode 6.3 0.3 

Cathode 6.3 

Cathode 6.3 

Cathode 6.9 

0.45 
0.45 
1.2 

Cathode 1 6.3 0.30 

.005m 

.004m 
.0025m 
..... 

8.0 7.0 Ampliher 

9.5 

9.5 

6.5 
7.0 

Amplifier 
Amplifier 

H-W Red. 
Doeblin 

Oct. Amp. 

150 

10.8 
5.3 

10.0 

8.5 
8.5 

1.0 
2.9 
1.0 
1.6 

500,000 1 500A 
3.0 1.25 Meg. 1 525A 
(Triode Grid Current 0.3 Ma.) 
(Triode Grid Current 0.4 Me.) 

4.1 900,000 1 4,900 
2.1  350,000$ 4,000 
3.9 I 300,000 5,800 

500,000 525• 
1.0 Meg. 550* 
500,000$ 2,100 
350,000 I 3,000 

1,800,000 I 2,200 
1,000,000 I 3,400 

..... 

..... ..... 

(Cath. Bias Resistor- 160 Ohms) 

707 

7R7 

7S7 

7T7 

7V7 
7W7 

7X6 

-  1,000 1.9 I . I :leg I 85 h 
100 

7X7 



Type 

Construction Emitter Note (') (') 
Capacitances in gm'. 

- 

Use Plate 

I 
Negative Plate Screen 
Grid Screen Current Current 

Plate 
Resistance 

Micromhos Amon- 
Mutual RectionStated 

Undis-
Load for toned 

Power Type 

Style 
1 Basing 

I Class I Diag. Type I Volts I Amps Cfp I Cm I Cout 
Volts Volts Volts Ma. Ma. Ohms Conduct- Factor 

ance 
Power Output 
Output Milliwatts 

/1•4 Lock-in Duodiode 5A8-L-0 Cathode 6.3 0.50 F-W Rect. 325 A-C Volts Per Plate, RMS, 70 Ma. Output Cunent. Condenser Input to Fiber. 
450 A-C Volts Per Plate, RMS, 70 Ma. Output Current, Choke Inpu to Filter. 

7Y4 

YZ4 Lock-in Duodlode 5AB-L-0 Cathode 6.3 0.90 .... ..... F-W Red. 325 A-C Volts Per Plate, RMS, 100 Ma. Output Current Condenser Input to Filter. 
450 A-C Volt, Per Plate, RMS 100 Ma. Output Currant. Choke Input to Filier. 

7Z4 

10 ST-16 Triode 40-0-0 Filament 7.5 1.25 7.0* 4.0* 3.0* Power Amp. 250 
350 
425 

23.5 
32.0 
400  

. . 
10.0 
16.0 
18.0  

.... 
6,000 
5,150 
5,000 

1,330 
1,550 
1,600  

8.0 
8.0 
8.0 

13,000 
11,000 
10,200 

400 
900 

1,600 

10 

12A ST-1 4 Triode 4D-0-0 Filament 5.0 0.25 8.5* 4.0* 2.0* 

• 9.0 

Det. Amp. 90 
135 
180 

4.5 
9.0 

13.5 

5.0 
6.2 
7.7 

5,400 
5,100 
4,700 

1,575 
1,650 
1,800 

8.5 
8.5 
8.5 

5,000 
9,000 
10,650 

35 
130 
285 

12A 

12A5 ST-12 Pentode 7F-0-0 Ccthode 12.6 
6.3 

0.30 
0.60 

0.3 9.0 Power Amp. 100 
180  

15.0 
25.0  

100 
180  

17.0 
45.0  

3.0 
8.0  

50,000 1 
35,000 1  

1,700 
2,400   3,300  

4,500 
 3,300  

800 
3,400 

12A5 

1 2A6  Metal Beam Amp. 7 AC-1-0 Cathode 12.6 0.15 Power Amp. 250  12.5  250  30  33  70,000  3,000  7,530 3,400 12A6 

12A6GT GT Beam Amp. 7 AC-0-0 Cathode 12.6 0.15 Power Amp. 250 12.5 250 30 3.5 70,000 3,000 7,500 3,400 12A6GT  

12A7 ST-12 Diode-Pent. 7K-0-0 Cathode 12.6 0.30 Recliner 
Amplifier 

125 RMS 
135 1135 135 

30.0 Max. 
9.0 ' 2.5 

.. 
102,000 975 100 13,500 550 

12A7 

12A8GT GT Heptode 8A-1-0 Cathode •116 0.15 .26 93 12.0 Converter Charade isties Same as Type 6A8G. 12A8GT 

112AH7GT GT Duotriode 88E-0-0 Cathode 116 0.15 3.0 
2.2 

2.8 
3.2 

2.6 
3.0 

Amplifier 
(per unit) 

100 
180 

3.6 
6.5 

3.7 
. 7.6 , 

10,300 
8,400 i 

1,550 
1,900 

16 
16 

12AH7GT 

12AL5  Miniature  Duodiode  6BT-0-6  Cathode  12.6 0.15 Detectbr  Characteristics Same as Type 6A15. 
12AL5 

12AT6  Miniature  Duodiode-Irl.  78T-0-0 Cathode 12.6 0.15   Characteristics Characteristics Same as Type 6AT6. 12A16 

12AT7 T-65¡ Duotriode 9A-0-0 Cathode 6.3 
12.6 

0.30 
0.15 

1.45* 
1.45* 

2.5* 
2.5* 

0.45* 
0.35* 

Amplifier 

 250  

100 
180 

 250  

1 1 
1 
2 

1 . 
1 1 ,.17) 

10.0 
1 

4,000 1 :1 l 
6,600 
5,500 55 I 1   

 12A17  12A17 

12AU6 Minlitture Pentode 713K-0-2 Cathode 12.6 0.15 .0035m* 53* 5.0* R-F Amp. Charade idles Same es Type 6AU6. 
12AU6  

12AU7 T-6 S, Duotriode 9A-0-0 Cathode 
 6.3  

12.6 
 6.3  

0.15 
0.30 

1.5* 
1.5* 

1.6* 
1.6* 

0.50* 
0 35*  

Amplifier 250 8.5 
100 0 

10.5 I 
11.8 I  

7,700 
6,250 

2,200 1 17 1 
3,100 I 19.5 1   

12AU7 

112AV6  Miniature  Duodiode-Tri.  7BT-0-0  Cathode  12.6 0.15   
-1-- 

Oct. Amp.  
.   

Characteristics Same as Type 6AV6. 12AV6 

12AW6 Miniature Pentode 7CM-0-7 Cathode Ti6 0.15 .025m* 65* 1.5* Amplifier 250 1 
125 
100 

Self 
Self 
Self 

150 1 7.0 
1 125 7.2 

100 5.5 

2.0 
11 
1.6 

1 0.8 Meg. 
0.5 Meg. 
0.3 Meg. 

5,000 
5,100 
4,750 

  Blas Res. 200 Ohms. 
  Bias Res. 100 Ohms. 

  Bias Res. 100 Ohms. 

12AW6 

4-AH 4-D 

8-8N 9-A 

5-AC 6-AA 

11-11V 1141Z 8-V 
8-X 

(1) Values are given shielded unless marked with (*). m maximum. § Plate and Target Supply Voltage. With Average Power Input of 320 Mw. Grid to Grid. *-1 Plate to Plate 4 Conversion Condectance 
(t) Converter tube capacitances given are signal grid to plate; • Applied through 250,000 ohms. " Triode Operalion. Pentode Operation. 0 Applied through 20,000 ohms. 

RF Input/ Mixer Output. OPer Tube or Section-No Signal. tt For two tubes with 40 volts RMS applied to each grid. I Approximate. 



Type 

Construction Emitter 
Note 
Capacitances 

in 

Cep. 

(1) (2) 

med. 

Cin. Cout 

Use Platt 
Volts 

Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Me. 

Screen 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Micromhos 
Mutual 
Co ate 

Amon- 
Bastion 
Factor 

Ohms 
Load 
for 

Stated 

Power ut 
Output 

Unaus-
toned 
Power 
Output 
M ui r-
w  attsi  

Typa 

Style Class 
Basing 
Diag. Type Volts Amps 

I2AX7 T-6% Duotrlode 9A-0-0 Cathode 12.6 
6.3 

0.15 
0.30 

1.7' 
1.7" 

1.6' 
1.6" 

0.46' 
0.34' 

Amplifier 100 1 0.5 
250 2 1.2 

80,000 1,250 
62,500 1,600 

100 I   
100 I   

 12AX7  12AX7 

12AY7 T-6% Dead«la A-V - if--0 Cathode 12.6 1172- 1.3' 1.3' 0.6" Audio Amp. 250 I 4.0 I   I 10 j ... I I 1,750 I 40   I   12AY7 

1287 Now Known as Type 14A7 
Cathode 12.6 9.6' 

6.3 

1287 

'MGT GT Pentode Tri. 8T-0-1 0.30 .015' 
2.3 

5.2' 
5.0 

Pent.-Amp. 
Tri.-Amp. 

110 3.0 90 7.0 2.0 
90 .o 2.8 

200,000 1,800 
37,000 2,400 

..   Pentode Section 
90 Triode Section 

12138GT 

12BA6 Miniature Pentode 713K-0-0 Cathode 12.6 0.15 ..... • • . Characteristics Same as Type 68A6. 1213A6 

1215A7 ' T-6% Heptode OCT-0-6 Cathode 12.6 0.15 .19m 9.5 8.3 Converter Characteristics Same as Type 6BA7 I I 12BA7 

12E306 Miniature Pentode 7BK-0-2 Cathode 12.6 0.15 0.004 4.3 5.0 R-F Amp. Characteristics Same as Type 68D6. 12E06  
128E6 12BEQ Miniature Heptode 7CH-0-0 Cathode 12.6 0.15 .. .. • • • • • Characteristics Same as Type 68E6. 

128F6 Miniature Pentode 78T-0-0 Cathode 12.6 0.15 2.0 1.8  
6.0 

1.1 
9.0 

250 I 9.0 l I 9.5 I 
Same as Ns« 688. 

8,500 I 1,900 I 16 I 128F6 
12C8 12C8 Metal Duodi. Pent. 8E-1-1 Cathode 12.6 0.15 .005. Det. Amp. Characteristics 

12E5GT GT Triode 60-1-0 Cathode 12.6 0.15 2.6 3.4 5.5 Amplifier 100 l 5.0 l . . .. 2.5 
250 I 13.5 I . I 5.0 

12,000 l 1,150 
9,500 I 1.450 

13.8 l 
13.8 I   

 12E5GT  12E5GT 

12F5GT GT Triode 5M-0-0 Cathode 12.6 0.15 
0.15 

2. • 2.2" 3.2' Amplifier Characteristics Same as Type 6F5GT. 12F5GT 

12H6 Metal Duodiode 70-14 Cathode 12.6 Rectifier Characteristics Same as Type 6H6. 
Characteristics Same as Type 615GT. 

12H6  
1215GT 1 MGT  

1 2J7GT 
GT Triode 60-0-0 Cathode 12.6 0.15 3.8 4.2 •.•.0 

12.0 
Amplifier 

GT Pentode 7R-1-1 Cathode 12.6 0.15 .007re 5.4 Amplifier Characteristics Same as Type 617G. 12176T 

12K7GT QT Pentode  
Tri.-Hexode 

7R-1-8 Cathode 1R.6 0.15 .007.in 5.0 12.0 
3.5 

Amplifier Characteristics Same as Type 6K7G. 12K7GT 

il 2K8 Metal 8K-1-8 Cathode 12.6 0.15 0.3m 6.6 Mixer Osc. Characteristics Same as Type 6KIIGT. 12K8  

1 2K1IGT GT Tri.-Hexode 8K-1-8 Cathode 12.6 0.15 .008m 5.0 4.3 Converter Characteristics Same as Type 6K8GT. 12K8GT 

12L8GT GT Duo. Pentode 88U-0-0 Cathode Ti6 ÏiT 0.7" 5.0" 6.0" Power Amp. 110 l 5.5 I 110 I 6.10 I 1.30 
180 I 9.0 I 180 l 13.00 I 2.80 

I 220,0000 I 1,6800 
I 160,0000 I 2,1500 

I I 14,0000 l 3000 
I   I 10,000 r I 1,0004 

12L8GT 

1207GT GT Deodiode-Tri. 7V-1-8 Cathode 12.6 0.1 5 1.6 2.2 5.0 Det. AMP. Characteristics Same as Type 607GT. 1207QT 

122802 GT Triple Di Tri. 8C8-0-2 Cathode 12.6 0.15 .... Det. Amp. Characteristics Same as Type 6SIIGT. I I I I I 125867 

1 2SA7 Metal Heptode 8R-1-0 Cathode 12.6 0.15 
0.15 

.1 3m 9.5 12.0 Converter Characteristics Sante as Type 6SA7. 12SA7  
12SA7GT 12SA7GT GT Heptode 8AD-1-6 Cathode 12.6 .5.1 11.0 11.0 Converter Characteristics Same as Type 6SA7GT. 

1 25C7 Metal Duotriode 8S-1-0 Cathode 12.6 0.15 2.0 2.2 3.0 Amplifier Characteristics Same as Type 6SC7. 125C7 

12SF5 Metal Triode 6A8-O-0 Cathode 12.6 0.15 2.4 4.0 3.6 Amplifier Characteristics Same as Type 6SF5. 12SF5  
12SF5GT 1 2SF5GT GT Triode 6A11-0-0 Cathode 12.6 iiT 2.6 4.2 3.8 Amplifier Characteristics Same as Type 6SF5GT. 

12SF7 Metal Diode Pent. 7AZ-1-0 Cathode 12.6 0.15 .004m 5.5 6.0 Det. Amp. Characteristics Same as Type 6SF7. 12SF7 

12SG7 Metal Pentode 813K-1-1 Cathode 12.6 0.15 .0031n 8.5 7.0 R-F Amp. Characteristics Same es Type 6SG7. 12567 

12SH7 Metal Pentode 813K-1-0 Cathode 12.6 0.15 .003m 8.5 7.0 R-F Amp. Characteristics Same as Type 6SH7. 12SH7 

125H7GT GT 8tfK-1 -1 
12.6 

12SH7GT 

125.17  
12S17GT  
12510 

Metal Pentode 8N-1-1 Cathode 0.15 .005m 6.0 7.0 Amplifier Characteristics Same as Type 6517. 125.17 

GT Pentode IN-1-5 Cathode 12.6 
12.6 

0.15 .005m 6.3 7.5 
7.0 

Amplifier Characteristics Same as Type 65.17, Except Capacitances. 12SJ7GT 

Metal Pentode IN-1-1 Cathode 0.15 .003m 6.0 Amplifier Characteristics Same as Type 6SK7. 12SK7 

12SK7GT GT Pentode 8N-1-S Cathode 12.6 0.15 .005m 6.5 7.5 Amplifier Characteristics Same as Type 6SK7GT. 12SK7GT 

12SL7GT GT Duotriode BBD-0-0 Cathode 12.6 0.15 Amplifier Characteristics Same as Type 6SL7GT. I 2SL7GT 

I2SN7GI GT Duotriode 813D-0-0 Cathode 12.6 0.30 . Amplifier Characteristics Same as Type 6SN7GT. 12SN7GT 

12507 Metal Duodiode-Tri. 80-1-3 Cathode 12.6 0.15 1.6 3.2 3.0 Det. Amp. Characteristics Same as Type 6507. 12S07 

111S07GT GT Duodiode-Tri. 80-1-3 Cathode 12.6 0.15 1.8 4.2 3.4 Det. Amp. Characteristics Same as Type 6SCI7GT. 12507GT 

125117 Metal Duodiode-Tri. 80-1-1 Cathode 12.6 0.15 2.3 3.0 3.0 Det. Amp. Characteristics Seine as Type 6SR7. 12SR7 
125117 Metal Duodiode-Tri. 

Duotriode 

80-1-0 Cathode 12.6 0.15 2.4 3.0 2.8 Det. Amp. 26.5 
250 

Self 
9 

1.1 
9.5 

15,500 
8,500 

1,100 
t000 

17 
16 

2 Meg. Grid Res. 
  I   

I2SW7 

12SX7GT GT 8813-0-0 Cathode 12.6 0.30 3.6° 
3.6* 

3.0e 
2.8 

0.8* 
1.2* 

Amplifier 26.5 
90 
250 

Self 
0 
8 

3.5 

11,500 
6,700 
7,700 

21 
20 
20 

.05 Meg. Grid Res. 

.. . 

I2SX7GT 

12SY7 Metal Heptode 8R-1-0 Cathode 12.6 0.15 Converter 250 2.0 100 8.5 1 Meg. I 450A l 12SY7 

12Z3 St-12 Diode 4G-0-0 Cathode 12.6 0.30 
0.15 

. H-W Rect. 235 A-C Volts Per Plate, RMS, 55 Ma. Output Current. Condenser Input to Filter. 12Z3 
14A4 Lock-in Triode •5AC-L-0 Cathode 12.6  

12.6 
4.0 3.4 3.0 Amplifier Characteristics Same as Type 7A4. 14A4 

14A5 Lock-in Beam Amp. 6AA-L-0 Cathode 0.15 0.4 6.8 7.0 Power Amp. 250 l 12.5 l 250 ! 30.0 I 3.5 I 70,000 • I 3,000   I 7,500 I 2,800 14A5 

14A7 Lock-In Pentode 8V-L-5 Cathode 12.6 0.15 
0.15 

.005ns 6.0 7.0 Amplifier  
Amplifier 

Characteristics Same as Type 7A7. 14A7 

1 4AF7/XXD Lock-In Duotdode 8AC-L-0 Cathode 12.6 2.3' 2.2" 1.6' Characteristics Same as Type 7AF7. 14AF7/XXD  
1486 1486 Lock-in Duodiode-Tri. 8W-L-7 Cathode 12.6 0.15 1.5 3.0 2.4 Det. Amp.  

Converter  
Power Amp. 

Characteristics Same as Type 786. 

1 488 Lock-in Heptode 8X-L-0 Cathode 12.6 0.15 0.2ra 10.0 9.0 Characteristics Same as Type 7B8. 1488 

1 4C5 Lock-in Beam Amp. 6A A-L-0 Cathode 12.6 0.225 0.4 9.5 9.0 Characteristic; Same as Type 7C5. 14(5 

14C7 Lock-in Pentode 8V-L-5 Cathede 12.6 0.15 .007m 6.0 6.5 Amplifier 100 l 1.0 , 100 I 5.7 l 1.8 
250 I 3.0 I 100 I 2.2 I 0.7 

I 400,000 # l 2,275 
I 1.0 Meg. I I 1,575 

I 
I 

14C7 

1 4E6 Lock-in Duodiode-Tri. 8W-L-7 Cathode 12.6 0.15 1.5 3.0 2.4 Det. Amp. Characteristics Same as Type 7E6. 14E6 

1 4E7 Lock-In Duodi. Pent. 8AE-L-7 Cathode 12.6 0.15 .005m 4.6 5.5 Det. Amp. Characteristics Same as Type 7E7. 14E7 

1 4F7 Lock-in Duotriode BAC-L-0 Cathode 12.6 0.15 1.60 2.41 2.0* Amplifier Characteristics Same as Type 7F7. I 4F7 

14F8 Lock-in Duotriode 88W-L-0 Cathode 12.6 0.15 1.2 4 2.80 1.4* Osc. Amp. Characteristics Same as Type 7F8. • 14F8 

14H7 Lock-in Pentode 8V-L-5 Cathode 12.6 0.15 
0.15 

.007m 8.0 7.0 Amplifier Characteristics Same as Type 7H7. 14H7 

14.17 Lock-in Tri.-Heptode 811L-L-7 Cathode 12.6 0.03. 4.6 7.5 Mixer Osc. Characteristics Same as T • e 7./7. 



Type 

Construction Emitter 
Note (') (2) 
Capacitances 

in muf. 

Basing 
Style Clogs ! Dias. 

14N7 
1407 

14R7 
1 457 

14W7 
14X7 
1 4Y4 

15 

18 

19 

19110643 

1916 

1978 

LoCTIin Duotrlode  8AC-L-03 
Lock-In Heptode 8A L-L-0 
Lock-in Duodi. Pent, 8AE-L-7 

Lock-In Tri. Heptode 88L-L-7  
Lock-in Pentode  891-L-5  
Lock-in Duodiode-fri en-L-4 
Lock-In 1 Duodiode 5A8-L-0 

ST-12 

ST-14 
ST-12 

Type 

Cathode  
Cathode  
Cathode  

Cathode  
Cathode 
(Whorl. 
Cithode 

Volts Amps Cgp. I Cin. Cout 

12.6  I 0.30   
116  0.15  0.2m  
12.6  0.15 .004m  

12.6  0.15 .03m  
12.6 0.225 .0025m 

12.6 
12.6 

Pentode 5F-0-4 Cathode 

Pentode 68-0-0 

Duotriode 6C-0-0 

ST-16 Seam Arms. 

Miniature 

Miniature 

58T-0-0 

78F - 

9E-0-367 

18.9 

1L9 

18.9 

0.15 
0.30 

0.22 

0.30 

0.26 

.01m 

0.30 

0.15 

0.15 

7-AZ 

Duotriode 

Triple 
Diode-Triode 

5-AB 

7-BF 

2.0 

Cathode 14.0 

Filament 10 

Cathode 

Cathode 

Cathode 

5-AC 

7-81( 

0.65' 

LP 

2.4. 

5-F 

See 
9.0 
5.6 
5.0 

9.5 

2.4* 

7N7 

9.0 

5.3 
LO 
7.0 

Us• 

Amplifier 

Converter 
Del. Amp. 
Mixer Osc. 

Plate 
Volts 

Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Micronihos 
Mutuel 

Conduct-
mince 

Ampli-
fication 
Factor 

Ohms 
Load 
for 

Stated 
Power 
Output 

Undis-
torted 
Power 
Output 
Mliii-
watts 

Type 

Characteristics Saine as Type 7N7. 

Characteristics Same es Type 707. 

Characteristics Same as Type 7R7. 
Characteristics Same as Type 7S7. 

Characteristics Same as Type 7V7, Except Capacitances,  
Characteristics Sane as Taos 7X7.  
325 A-C Volts Per Plate, RMS, 70 Ma. Output Current Cond  Input to Filter. 
450 A-C Volts Per Plate, RMS, 70 Ma. Output Current. Choke Input to Filter.  
67.5 I 1.5 67.5 I 1.85 0.3 630,000 I 710 450 
135 1.5 I 67.5 I 1.85 0.3 800,000 I 750 600 

Characteristics Same as Type 6F6G.  
135 0.0 5.0 
135 3.0 1.7 
135 6.0 0.1 

14N7 
1407 
14R7 
1457 

14W7 

14X7 
14Y4 

Amplifier 

Ampulla, 
F-W Red. 

8.0* R-F Amp. 

Power Amp. 

Power Amp. 

11.0' 6.5* Power Ara> 

2.0* 0.4* R-F Asup.#  

1.5* 1.1* Del. Amp. 

5-M 

8-K 8-N 8-0 8-R 8-S 

Characteristics Same as Type 68d6G• 

150 1 10 I I 30 

Characteristics Same as Type 618. 

5-BT 

8-W 9-A 

6-AA 

8-V 

6-A8 

(Class B Operation) 
(Gloss B Operation) 
(Class B Operation) 

6-8 

8-X 

10,000'1! 
10,000'r. 
10,000f 

2,100 
1,900 
1,600 

38 I . 3,500 

8-AD 

15 

18 

19 

198G6G 
19)6 

1918 

6-0 

8-AE 

9-E 

(1) Values are given shielded unless marked with (•). m maximum. ) Plate and Target Supply Voltage. D With Average Power Input of 320 Mw. Grid to Grid. Plate to Plate. • Conversion Conductance. 
(2) Converter tube capacitances given are signal grid to plate ; Applied through 250,000 ohms. • • Triode Operation. : Per.tode Operation. D Applied through 20,000 ohms. 

RF Input; Mixer Output Per Tube or Section-No Signal. It For two tubes with 40 volts RMS applied to each grid • Apgroximate. 



Type 

Construction Emitter Note ( I) ( I) 
Capacitances in µO. 

Use Plate 
Negative 
Grid Screen 

Plate 
Current 

Screen 
Cunent 

Plate 
Resistance 

Micromhos 
Mutual 

Ampli- 
fication 

Ohms 
Load for 
Stated 

Undis-
torted 
Power Type 

Basing 
Style Class Diati. Type 1 AmPS COP an I Cout 1 Volta 

Volts Volts Volts Ma. Ma. Ohms Conduct- 
once 

Factor Power 
Output 

Output 
Milliwatts 

20 T-8 Triode 40-0-0 Filament 3.3 0.132 ... Power Amp. 90 
135 

16.5 
22.5 

2.8 
6.0 

7,800 
5,850 

450 
600 

3.5 
35 

9,600 
6,500 

50 
130 

20 

22  ST-14  Tetrode  4K-0-3  Filament 3.3 0.132 .02m 4.0* 10.0* . R-F Amp. 1 135 1.5 67.5 3.7 1.3 250,000 500 125 '22 

24A 
245 

' ST-14 Tetrode 5E-0-3 
5E-4-3 

Cathode 2.5 1.75 .007m 5.3 10.5 R-F Amp. 

Detector 

180 
250 
250 

3.0 
3.0 
5.0 I 

90 
90 

20 to 45 

4.0 
4.0 

(Plate Current 

1.7 
1.7 

to be adjusted 

400 000 
600,000 
to 0.1 Me. 

1,000 
1,050 
with no Input 

400 
630 

Signal.) 

24A 
245 

25A6  Metal Pentode  7S-1-0  Cathode  25.0 0.30 Power Amp. Characteristics Same as Type 25A6GT. 25A6 

25A6GT GT Pentode 75-0-0 Cathode 25.0 0.30 Power Amp. 95 i 
135 
160 

15.0 
20.0 
18.0 

95 
135 
120 

I 20.0 
37.0 
33.0 

4.0 
8.0 
6.5 

45,000 
35,000 
42,000 

2,000 
2,450 
2,375 

4,500 
4,000 
5,000 

900 
2,000 
2,200 

25A6GT 

- 

25A7GT GT Diode Pent. 8F-0-0 Cathode 25.0 0.30 H-W Rect. 
Power Amp. 

117 A-C 
100 

Volts Pe 
15.0 

Plate, RMS, 
i 100 

75 Ma. Output 
I 20.5 

Current. 
I 4.0 50,000 1,800 4,500 770  

25A7GT 

25AC5GT GT Triode 60-0-0 Cathode 25.0 0.30 Power Amp. 
Coupled Amp. 

110 / 

165 
+15 
Bias from 

I   
6AE5GT/G 

45.0 
46.0 Dynamic 

l 
Coupled with 

15,200 
6AE5GT 

3,800 
Driver. 

58 
2,000 2,000 

25AC5GT 

25B5  ST-12  Duotriode  6D-0-0  Cathode  25.0 0.30 Power Amp. Characteristics Same as Type 25N6G. 25135 

25B6G ST-14 Pentode 75-0-0 Cathode 25.0 0.30 Power Amp. 105 
200 

16.0 
23.0 

105 
135 

48.0 
62.0 

2.0 
1.8 

15,500 
18,000 

4,800 
5.000 

1,700 
2,500 

2,400 
7,100 

2586G 

25813GT GT Pentode-Tri. 8T-0-1 Cathode 25.0 0.15 .02 
2.2 

5.5 
5.0 

10.0 
4.6 

Pent. Amp. 
Tri. Amp. 

100 
100 

3.0 
1.0 

100 7.6 
0.6 

2.0 185,000 
75,000 

2,000 
1,500 

370 
112.5 

Pentode Se...ion 
Triode S.--tion 

2,138GT 

25C6G  ST-14 Beam Amp.  7AC-0.1)  Cathode  25.0 0 30 Power Amp. Characte istics Same as Type 6Y6G. 25C6G 

115D8GT GT Diode Triode 
Pentode  

8AF-0-1 Cathode 25.0 0.15 2.5* 3.7' 
5.2 

4.5' 
10.0  

Oct. Amp. 
Amplifier 

100 1.0   0.5 
100 3.0 100 8.5 2.7 

91 ;000 1,100 
200,000 1,900 

100  2508GT  2508GT 

25L6  Metal Beam Amp.  7AC-1-0  Cathode  25.0 0.30 
.015m  

0.3 16.0 13.5 Power Amo. Characteristics Same as Type 25L6GT. 25L6 

25L6GT GT Beam Amp. 7AC-0-0 Cathode 25.0 0.30 0.8' 15.0* 10.0* Power Amp. 110 
200 

7.5 
8.0 

110 
110 

49.0 
50.0 

4.0 
2.0 

13,000 
30,000 

9,000 
9,500 

2,000 
3,000 

2,100 
4,300 

25L6GT 

25N60 ST-12 Duotriode 7W-0-0 Cathode 2.50 0.30 Power Amp. 110 
180 

0 
0 

110 
100 

45 
46 

7.0 
5.8 

Direct 
Coupled 

2,200 
2,300 

2,000 
4,000 

2,000 
3,800 

25N6G 

25S  Now Known as Type 165 255 

26W4GT '  GT I Diode ---1-4ra-0-0 Cathode 25 TI139-- TT H-W Rect. 350 A C Volts, RMS, 125 Ma. DC Output. Condenser Input to Filter. 5.V7r1GT 

25X601 GT Duodiode 70-0-0 Cathode 25.0 0.15 H-W Rect. 
Doubler 

125 Volts RMS Per Plate, 60 Ma. D-C-Output. 25)(60T 

25Y5 ST-12 Duodiode 6E-0-0 Cathode 25.0 0.30 Rect. Doubler 235 A.0 Volts Per Plate, RMS. 75 Ma. Output Current Per Plate. 45Y5 

257.4 Metal Diode 5AA-1-0 Cathode 25.0 0.30 H-W Red. 117 A-C Volts Per Plate, RMS, 125 Me. Output Current. Condenser Input to Filter. 
235 A-C Volts Per Plate, RMS, 125 Ma. Output Cement. Condenser Input to Filter. 

25Z4 

2575 ST-12 Duodiode 6E-0-0 Cathode 25.0 0.30 Doubler Characteristics Same as Type 257601. 2575 

25Z6  Metal  Duodiode 70-1-0 Cathode 25.0 0.30 Rectifier Characteristics Same as Type 2576G1. 2576 

2576GT GT Duodiode 70-0-0 Cathode 25.0 0.30 .... .... Doubler 
H-W Rect. 

117 A-C Volts Per Plate, RMS, 75 Ma. Output Current Per Plate. 
235 A-C Volts, RMS, 75 Ma. Output Cuitent Per Plate. 

2516GT 

26 ST-14 Triode 4D-0-0 Fll.menl 1.5 1W 8.1* 2.r 2.5* Amplifier 90 
135 
180 

7.0 
10.0 
14.5 

2.9 
5.5 
6.2 

8,900 [ 
7,600 
7,300 

935 
1,100 
1,150 

8.3 I 
8.3 
8.3 1   

 26   26  

26A6 Miniature Pentode 78K-0-2 Cathode 26.5 0.07 .0035 6.0 5.0 R-F Amp. 26.5 
250 

Sell 
Self 

26.5 
250 

1.1 
10 .5 

0.7 
4.0 

250,000 1 ml8b 2,000 

4 

(Grid Leak 
(Rh 

Bias = 2 Mee.) 
= 125 Ohms) 

26A6 

26A7GT dT-- Duo. Beam 813U-0-0 
Amplifier 

eiigiiiii726.5 0.6 1.2' 16.0' 13.0* Power Amp, 263- 4.5 26.5 20.0. 2.0# 2, e 
i0f80 e 
, 1,500e 200 .26A7GT  

96C6 Zrasj:" Dimeisode-isi, . 7137-0.0 Cathode 26.5 0.07 2.0 1.8 1.4 Amoldler 26.5 

218-3 
2 Men 1.1 

9,5 
15.500 
8.500 

1.100 
1108A 

17 
16 

 26CA  26CA 

2606 Miniature Heptode L'ini2PF Cathode 26.5 0.07 0.3 7.5 14.0 Converter 

Oscillator 

100 
250 
26.5 

100 

t..? 
1.5 
1.5 
0 
0 

263 
100 
100 
26.5 
109__ 

0.43 
2.8 
3.0 
5.5 

1.6 
8.0 
7.8 
. .. . 

500,0008 
1 Meet 

 Me._  

455à 
475* 

4,500 
 Me._  Vit 

 2606  2606 

- _ 
‘--- 2.3* 

__ILO 

27 
27S 

ST-12 Triode 5A-0-0 
5A-0-4 

Cathode 2.5 1.75 3.3* 3.2* Amplifier 

Detector 

90 
135 
180 
250 
250 

6.0 
9.0 

13.5 
21.0 
30.0 I 

3.0 
4.7 
5.0 
5.2 

(Plate Current to be adjusted 

10,000 
9,000 
9,000 
9,250 
to 0.2 Me. 

900 
1,000 
1,000 
975 

with no Input 

9.0 
9.0 
9.0 
9.0 

Signal.) 

 27S  
27 

 27S  

Bias Resistor 390 Ohms) 4,000 80 28D7 
28D7 Lock-in Duo. Beam 

Amplifier 
11BS-L-0 Cathode 28.0 0.40 Amplifier 

(Per section) 
P.P.A.: Total 

28 
28 
28 

3.5 . 
0 

28 
28 
28 

9.0 
12.5 
64.0 

0.7 
1.0 
4.0 

(Cathode -= 
4,200 I '3,400 .... 4,000 

1 3001T 
100 
600 

28Z5 Lock-in Double Diode 681-L-0 Cathode 28.0 0.24 F-W Rect. 325 A-C Volts Per Plate, RMS, 100 Ma. Output Curren . Condenser Input to Fitts. 
450 A-C Volts Per Plate, RMS, 100 Ma. Output Curren . Choke Input to Filter. 

• 2875 

850 9.3 30 
30 ST-12 Triode 4D-0-0 Filament 2.0 0.06 6.0* 3.0* 2.1* Oct. Amp. 90 

135 
180 

4.5 
9.0 

13.5 

2.5 
3.0 
3.1 

11,000 
10,300 
10,300 

900 
900 

9.3 
9.3 

7,000 185 31 
31 ST-12 Triode 4D-0-0 Filament 2.0 0.13 Power Amp. 135 

180 
22.5 
30.0 

8.0 
12.3 

4,100 
3,600 

925 
1,050 

3.8 
3.8 5,700 375 

32 
32 ST-14 Tetrode 4K-0-3 Filament 2.0 0.06 .015m 5.3* 10.5* R-F Amp, 

Detector 

135 
180 
180 

3.0 
3.0 
6.0 I 

67.5 
67.5 
67.5 

1.7 
1,7 

(Plate Current 

0.4 
0.4 

to be ediu 

950,000 
1.2 Meg. 

ted to 0.2 Ma. 

640 
650 

with no Input 

610 
780 

Signal) 
32L7GT 

ffL7GT GT Diode-Beam 87-0-0 Cathode 32.5 0.30 Rectifier 
Power Amp. 

125 RMS Volts Per Plate, 60 Ma. Output Current. Condenser Input to Filter. 
110 7.5 110 40 I 3.0 15,000 l 6,000 81 2,600 1,000 

Amplifier 



Trite 

Style I 

Construction 

33 

34 

35/51 
35S/51S 

35A5 

35135 

35(5 

35L6GT 

35W4 

35Y4 

35Z3 
35Z4GT 

35Z5GT 
35Z6G 

36 

37 

38 

e   
39/44 

4-CG 

5-K 

7-CH 

ST-14 

ST-14 

ST-14 

Lock-in 

Miniature 
Miniature 

GI 

Miniature 

Lock-in 

Lock-in 

GT  
GT  

ST-14 

ST-12 

I Basing 
Class I Dial. 

Pentode 5K-0-0 

Pentode 

Beam Amp. 

Beam Amp. 
Beam Amp. 

Beam Amp. 

Diode  
Diode  
Diode  

Doodled, 

Pentode 

7-CV 

6AA-L-0 

7BZ-0-0  
7CV-0-0  

7AC-0-0 

5AL-L-0 

4Z-L-0  

5A A-0-0 
6AD-0-0  

70-0-0 

Note C) (2) 
Capacitances 

in upf. 

Type Volts Amps Cgp. (In. I (out 

Filament 2.0 0.26 1.0' 8.0* 

Filament 

Cathode 

Cathode 
Cathode 

Cathode 

Cathode 
Cathode 
Cathode 

Cathode 

Cathode 

35.0 

35.0 

35.0 

35.0 
35.0 
35.0 

35.0 

0.06 

1.75 

0.15 

0.15 

0.15 

0.15  

0.15 
0.15 
0.30 

11.0' 

12.0" 
13.0* 

.007m 3.7' 9.2" 

2.0' 3.5 2.9' 

0.3' 3.5' 7.5' 

.007ra 3.5' 10.0' 

6-AD 6-81 

7-S 

Power Amp. 

R-F Amp. 

R-F Amp. 

A-F Amp.  

Power Amp. 

Power Amp.  

Power Amp.  
Power Amp. 

H-W Recs. 

H-W Rect. 

I-1-W Red. 

H-W Red. 
H-W Rect. 
Doubler 

H-W Rect. 

R-F Amp. 

Detector  
Amplifier 

POW« AMP. 

R-F Amp. 

A-F Amp. 

7-W 

Plate 
Volts 

135 
180 
67.5 
135 
180 

180 
250 
250' 
110 
200 
110 

110 
110 
200 
117 A-C Volts, RMS, 60 Ma. Output Current with Pane Lamp. 
117 A-C Volts, RMS, 100 Ma. Output Current without Panel Lamp. 
235 Max. A-C Volts, RMS, 60 Ma. Output Current with Panel Lamp. 
235 Max. A-C Volts, RMS, 100 Ma. Output Current without Panel Lamp. 

235 Max. A-C Volts Per Plate, RMS, 100 Ma. Output Current. Condenser Input to Filter. 
117 A-C Volts, RMS, 100 Ma. Output Current. Condenser Input to Filter. 

Characteristics Same as Type 35Y4. 
117 A-C Volts Pe Plate, RMS, 110 Ma. Output Current. 
235 A-C Volts Per Plate, RMS, 110 Ma. Output Current. 

135 
180 
250 
250 
135 
180 
250 

135 
180 
250 

90 
180 
250 
250' 

Negative 
Grid 
Volts 

3.5 
8.0 
3.0 
3.0 
3.0 

3.0 
3.0 
1.0 

7.5 
8.0 
7.5 
7.5 
7.5 
8.0 

Screen 
Volts 

135 
180 
67.5 
67.5 
67.5 

90.0 
90.0 

45 to 67.5 
110 
110 
110 

110 
110 
110 

14.5 
22.0 
2.7 
2.8 
2.8 

6.3 
6.5 
0.5 

40.0 
41.0 
40.0 

41 

40.0 
41.0 

Screen 
Current 
Ma. 

3.0 
5.0 

2.5 
2.5 

3.0 
2.0 
3.0 
7 
3.0 14000 I 
2.0 40,000 I 

Plate 
Resistance 
Ohms 

Micromhos 
Mutual 
Conduct. 

unce 

Ampli-
fIcation 
Factor 

50,000 1,450 70 
55,000 1,700 90 

400,000 560 224 
600,000 600 360 
1 Meg. 620 620 
300,000 1,020 305 
400,000 1,050 420 
2 Meg. 
14,000 I 5,800 
40,0008 5,900 

5,800 

5,800 
5,800 
5,900 

..... • • 

8.AF 

1.5 67.5 
3.0 90.0 
3.0 90.0 
6.0 I 20 to 25 

9.0 
13.5 
18.0 
13.5 135 
18.0 180 
25.0 250 

3.0 90.0 
3.0 90.0 
3.0 90.0 
1.0 67.5 

8-8S 

2.8 Not Over 575,000 1,000 475 
3.1 of 500,000 1,050 525 
3.2 Plate Ma. 550,000 1,080 595 

Plate Current to be adjusted to 0.1 Ma with no Inpu Signal.) 
4.1 10,000 925 9.2 
4.3 10,200 900 9.2 
7.5 8,400 1,100 9.2 

9.0 1.5 130,000 925 120 
14.0 2.4 110,000 1,050 120 
22.0 3.8 100,000 1,200 120 

5.6 1.6 375,000 960 360 
5.8 1.4 750,000 1,000 750 
5.8 1 4 1 Meg. 1,050 1,050 
0.5 2 Mes. 

5-AL 5-80 

8-F 

Ohms (India-
Load torted 
for Power 

Stated Output 
Power MiHi-
Output watts 

Type 

700 33 
1,400 

2,500 1t500 
4,500  3,300 
2,500 1,500 

2,500  1,500 
2,500 1,500 
4,500 3,300 

13,500 
11,600 
10,000 

..... 

550 
1,000 
2,500 

34 

35/51 
35S/51S 

35A5 

35E15 

35C5 

35L6GT 

35W4 

35Y4 

35Z3 
35Z4GT 
35Z5GT 

35Z6G 

36 

37 

38 

39/44 

5-E 5-F 

7-BT 7-8Z 

8-7 8-Z 

(1) Values are given shielded unless marked with (*). in maximum. Plate and Target Supply Voltage. 44 With Average Power Input of 320 Mw. Grid to Grid. '1, Plate to Plate. • Conversion Conductance. 
(2) Converter tube capacitaeces given are signal grid to plate; • Applied through 250,000 ohms. •• Triode Operation. Pentode Operation. fl Applied through 20,000 ohms. 

RF Input, Mixer Output. Per lube or Section-No Signal. 11 Fcr two tubes with 40 volts RMS applied to each grid. • Approximate. 



Type 
Construction Emitter 

Style Class 
Basing 
Diag. TYPe J Volts Amps 

Note (') 
Capacitances in µO. 

(gel Cln I Coat 

Use Plate 
Volts 

Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Ma. 

Screen 
Current 
Ma 

Plate 
Resistance 
Ohms 

Micron:hot 
Mutual 

Conduct-
ance 

AmpII-
flcation 
Factor 

Ohms 
Load For 
Stated 
Power 
Output 

Undis-
torted 
Power 
Output 

Mill'watts 

Type 

40 

110Z5 45Z5GT 

41 

42 

43 

45 

ST-14 

GT 

ST- 12 

ST-14 

ST-14 

ST-14 

Triode 40-0-0 

Diode  

Pentode 

Pentode 

Pentode 

6AD-0-0 

68-0-0  

68-0-0 

68-0-0 

4D-0-0 

Filament 5.0 

Cathode 

Cathode 

Cathode 

Cathode  

Filament 

45.0 

6.3 

6.3 

25.0 

0.25 

0.15 

0.40 

0.65 

0.30 

1.50 

8.0 2.8 2.2 Amp;ifier 

H-W Rect.  

Power Amp, 

Power Amp. 

Power Amp. 

Power Amp. 

135 1.5 0.2 
180 30 0.2 

Characteristics Same as Type 35Y4 

Characteristics Same as Type 6K6GT 

1 50,000 
150.000 

200 
200 

30 
30 

40 

Characteristics Same as Type i;«-ÉiG 
Characteristics Same as Type 25A601. 

180 31.5 31.0 
250 50.0 34.0 
275 56.0 36.0 

117 A-C Volts Pe Plate, RMS, 65 Ma. Output Current. 

Triode 

45Z3 

45Z5GT 

46 

Miniature Diode 5AM-0-0 Cathode  

Now Known as Type 40Z5 ,45Z GT  

ST-16 Dual Grid 5C-0-0 Filament 
Triode 

47 

48 

ST-16 

ST-16 

2.5 

45.0 

2.5 

0.075 

1.75 

Pentode 

Tetrode 

58-0-0 

6A-0-0 

Filament 

Cathode 

2.5 

30.0 

1.75 

0.40 

7.0* 4.0* 3.0' 

1.2* 

49 ST-14 Dual Grid 
Triode 

5C-0-0 

50 ST- 16 Triode 4D-0-0 

50A5 

50135 

50(5 

5006G 

50L6GT 

50X6 

Lock- in 

Miniature 

Miniature 

50Y6GT 

50Y7GT 

SOZ6G 

50Z7G 

ST-14  

GT  

Lock-in 

Beam Amp. 

Beam Amp. 

Beam Amp. 

Beam Amp. 

Beam Amp. 

Duodiode 

6AA-L-0 

713Z-0-0  

7CV-0-0  

7 A C-0-0 

7AC-0-0 

7AJ-L-0 

GT 

OT 

Duodiode 

Duodiode 

70-0-0 

BAN-0-0 

ST- 12 

ST- 12 

Duodiode 

Duodiode 

EF50 

52 

Metal 
Glass 

ST-14 

Pentode 

Dual Grid 
Triode 

70-0-0 

BAN-0-0 

Filament 

Filament 

2.0 

7.5 

0.12 

1.25 

Cathode 50.0 0.15 

8.6" 

1,650 
1,610 
1,700 

2,125 
2,175 
2,050 

3.1. 
3.5 
3.5 

2,700 
3,900 
4,600 

830 
1,600 
2,000 

40Z5/45ZSGT 

41  

42 
43 

45 

H-W Rect. 45Z3 

45Z5GT 

46 

1.3• 

4.2" 

Cathode 

Cathode 

Cathode 

Cathode 

Cathode 

Cathode 

Cathode 

Cathode 

Cathode 

50.0 

50.0 

50.0 

50.0 

50.0 

50.0 

46.0 

50.0 

50.0 

0.15 

0.15 

0.15 

0.15 

0.15 

0.5" 

0.64' 

13.0* 

13.0* 

3.4* 

Power Amp, 

Power Amp. 

Power Amp. 

Power Amp. 

Power Amp. 

250 
300 
400 

250 

33.0 
0.0 
0.0 

16.5 

20.0 
22.5 

20.0 

95 
125 

135 
180 

300 
350 
400 
450 

110 7.5 110 49.0 
210  8.0  110  50.0 

110  7.5  110  49  

110 7.5 110 50  

Characte istics Same as Type 6Y6G.  

Characte irtics Same as Type 25L6GT. 

235 Volts RMS Per Plate, 75 Ma. 0-C Output Per Plate 

117 Volts 121•45 Per Plate, 75 Ma. D-C Output. 

Characteristics Same as Type 25Z601. 

117 A-C Volts, RMS, 65 Mn. Output Per Plate with Panel Lamp. 
150 A-C Volts, RMS, 65 Ma, Output Per Plate with Panel Lamp. 
235 A-C Volts, RMS, 65 Ma. Output Per Plate with Panel Lamp. 

235 Volts RMS Per Plate, 250 Ma. D-C Output Per Plate. 

117 A-C Volts Pe Plate, RMS, 65 Ma. Output Current Per Plate. With Current passing thru Panel Lamp Section. 
235 A-C Volts, RMS, 65 Ma.  Output Current.  

250 Self 250 10.0 3.1 600,000 I 6,300 

6.5* 

6.1* 

0.15 

0.15 

0.30 

0.15 

9C-L-58,8 Cathode 

5C-0-0 

V152 

53 

55 
555 

56 
56S 

56AS 

57 
57S 

5-17 

ST-14 

ST-12 

Triode  

Duotriode  

Duodiode-Tri. 

4D-0-0 

78-0-0 

6G-0-5 
6G-5-5 

5A-0-0 
5A-4-0 

5A-4-0 

6F-0-5 
6F-5-5 

ST- 12 Triode 

ST- 12 

ST- 12 

Triode  

Pentode 

57AS 

58 
58S  

58AS 

59 

ST-12 

ST-12 

ST-12 

ST-16 

Pentode 

Pentode 

Pentode 

Pentode 

6F-5-5 

6F-0-5 
6F-5-5 

6F-5-5 

7A-0-0 

Filament 

Filamént 

Cathode  

Cathode 

6.3 0.3 

6.3 

7.0 

2.5 

2.5 

0.30 

1.18 

2.0  

1.0 

0.007m 8.0 

7.7 

1.5* 

Cathode 

Cathode 

Cathode 

Cathode 

Cathode 

Cathode 

Cathode 

70A7G1 

i0L7GT 

71A 

75 
75S 

76 

GT 

GT 

ST-14 

ST-12 

Diodu-Beam 
Amplifier  

Diode-Beam 
AmplIfier  

Triode 

8A13-0-0 

8AA -0-0 

4D-0-0 

2.5 1.0 

6.3 

2.5 

0.40 

1.00 

2.8" 

.007m 

6.3 

2.5 

6.3 

2.5 

Cathode 

Cathode 

Filament 

Duodiode-Tri. 6G-0-5 
6G-5-5 

5A-0-0 Cathode 

Cathode 

ST-12 Triode 

70.0 

70.0 

0.40 

1.00 

0.40 

2.0 

0.15 

0.15 

5.0 

6.3 

0.25 

0.30 

.007m 

5.0 

1.5" 

3.5* 

5.0 

3.0 

4.3" 

2.5' 

5.0* 

4.7* 

6.5* 

Power Amp. 

Power Amp.  

Power Amp.  

Power Amp.  

Power Amp  

H-W Rect.  

Doubler  

F-W Rect.  

Doubler 
H-W Rect. 

0.0 

54.0 
63.0 
70.0 
840 

Tie Gs to P 
Tie Gs to G 
Tie Os to G 

250  

95.0 
100  

Tie Gs to P 
Ti. Gs to G 

22.0 
4.0v 
6.0v 

31.0 

52.0 
52.0 

6.0 
2.0v 

35.0 
45.0 
55.0 
55.0 

6.0 

12.0 
12.0 

..... • • 

2,380 2,350 
(Class 8 Operation) 
(Class B Operption) 

60.000 2,500 

4,000 3,900 
11,000 3,900 

5.6 

150 

15.6 
43 

4,175 1,125 4.7 
(Two Tubes Class B Operation) 

2,000 
1,900 
1,800 
1,800 

1,900 
2,000 
2.100 
2,100 

8,200 
8,250 

7,500 

7,500 

3.8 
3.8 
3.8 
3.8 

6,400 
5,2001i 
5,8001 

7,000 

1,500 
1,500 

1,250 
16,00011 
20,00011 

2,700 47 

48 

11,000 
12,000'  

4,600 
4,100 
3,670 
4,350 

2,000 
3,000 

2,500 

2,500 

4.0 
1.5 

4.0 

8.5 

10,000 
35,000 er 

14,000 

10,000 

2,000 
3.000 

170 
3,500 

1,600 
2,400 
3,400 
4,600 

2,100 
4,300 
1,900 

1,900 

49 

50 

50A5 

50135 

500 

5006G 

50L6GT 

50X6 

50Y6GT 

50Y7GT 

F-W Rect. 

Doubler 
H-W Rect. 

R- F Amp. 

50Z6G 

50Z7G 

Class A 
Amplifier 
Class  

Amplifier  

Power Amp. 

Del. Amp. 

110 

180 

220 

Characte istics Same as Type 6A6. 

Characteristics Same as Type 6V7G. 

O 

o 
43.5 

43 

1.5. 

29.0 

G: to P 

GI to G: 

1,750 3,000 

Two Tubes in P.P. 

1,650 J 2,300 

5.2 

3.8 

160 Ohm Cathode 
Bias Resistor 

2,000* 

10,000e' 

3,800 

1,500 

5,000 

1,000 

EF50 

52 

Amplifier 
Detector  

Amplifier 

Amplifier 

250 13.5 
250 20.0 

Characteristics Same es Type 56. 

100 3.0 I 100 
250 3.0 I 100 
250' 4.3 • I 100 

Charade ivies Same as Type 57 

I 5.0 9,500 1,450 j 13.8 
I (Plate Current to be aditisted to 0.2 Ma. with no Input Signal.) 

VT52 

53 

55 
555 

56 
56S 

56AS 

57 
575 

Detector 

Amplifier 

Amplifier 

2.0 . 0.5 j 1 Meg. 1,185 
2.0 I 0.5 I 1 Meg. -i- I 1,225 

(Plate Current to be adjusted to 0-1 Me, with no Input Signai,)  

57 AS 

58 
51IS 

58AS 

59 

6.0" 100 3.0 100 8.0 j 2.2 
250 I 3.0 100 8.2 ' 2.0 

' 250,000 1 500 
800,000 I 1,600 

7.5* 3.2* 

1.7* 

6.3 0.30 2.8" 3.5* 

2.9' 

3.8" 

23' 

Amplifier  

Power Amp. 

Charade istics Same as Type 58. 

250 '• 28.0 Tie Gs to P 
250: 18.0 250 
300" 0.0 Tie Gs to G 
400" 0.0 and Su to P 

125 A-C Volts Pe Plate, RMS, 60 Ma. Output Cu:rent.j 
110 7.5 110 I 40 3 

117 A-C Volts, RMS, 70 Me. Output Current. Condenser Input to Fi ter. 
110 I 7.5 I 110 1 40 I 3.0 I 15,000  7,500 2,000 1,800  

90 16.5 .. 10.0 2,170 1,400 3.0 3,000 125 
27.0 17.3 1,820 1,650 3.0 3,000 400 
40.5 20.0 1,750 1,70e 3.0 4,800 790 

26.0 
35.0 
20.0 
26.0 

2,300 2,600 6.0 
40,000 I 2,500 I 100 
(Class B Operation Two Tubes) 
(Class 8 Operation Two Tubes) 

5,000 
6,000 
4,60011 
6,0001f 

1,250 
3,000 

15,00011 
20,00011 

H-W Rect. 
Power Amp. 

Rectifier 
Amplifier 

Power Amp. 

Del. Amp. 

5,800 2,500 1,500 

135 
180 

250 

Amplifier 250 
Detector 250 

2.0 

13.5 

0.9 91,000 1,100 100 

5.0 ... 9,500 1,450 13.8 
Misty Cvnent to be adiu ted to 0.2 Ma. with no Input Signal.)  

70A /GT 

70L7GT 

71A 

75 
75S 

76 
20.0 

-11 



Construction Emitter 
Type 

Note 
Capacitances in ma. 

Use Plate 
Volts 

'Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Plate 
Resistance 
Ohms 

Micromhos 
Mutual 

Conduct- 
anee 

Ampli- 
fication 
Factor 

Ohms 
Load for 
Stated 
Pov.er 
Output 

Undis-
totted 
Power 
Output 

Mill watts 

TYPe 
Basing 

Style 1 Class I Diag. Type 1 Volts Amps Cgs' Cin Cout 

77 ST- 12 Pentode 6F-0-3 Cathode 6.3 0.30 .007m 4.7' 11.0' Amplifier 100 
250 

1.5 
3.0 

60.0 
100 

1.7 
2.3 

0.4 
0.5 

600,000 I 
1.0 Meg.+ 

1,100 
1,250 ..  

77 

78 ST-12 Pentode 6F-0-5 Cathode 6.3 0.30 .007m 4.5' 11.0' Amplifier 

Power Amp. 

90 
180 
250 

3.0 
3.0 
3-0 

90.0 
75.0 

-133.1_ 

5.4 
4.0 
7.0 

1.3 
1.0 
1.7 

300,000 4 
1 Meg. 1 
800,000 I 

1,275 
1 100 
1;450 

..... 

..... 

78 

79 ST-12 Duotriode 6H-0-0 Cathode 6.3 0.60 180 
250 

0.0 
0.0 

. .... 7.5- 
10.5- 

(Casi B Operation) 
(('as' B Operation) 

7,000" 
14,000" 

5,500 
8,000 

79 

80 5f-14 Duodiode 4C-0-0 Filament 5.0 '2.00 F.V., Rect, 350 A-C Volts Pe Plate, RMS, 125 Ma. Output Current Condenser Input to Fitter. 
500 A-C Volts Pe Plate, RMS, 125 Ma. Output Current. Choke Input to Filler. 

80 

81 ST-16 Diode 48-0-0 Filament 7.5 1.25 1.1-W Rect. 700 A-C Volts Pe Plate, RMS, 85 Ma. Output Current. Condenser Input to Filter. 81 
82 ST-14 Duodiode 4C-0-0 Filament 2.5 3.0 F- W Rect. 450 A-C Volts Pe Plate, RMS, 115 Ma. Output Current. Condenser Input to Filter. 82 
83 ST-16 Duodiode 4C-0-0 Filament 5.0 3.00 F-W Reel. 450 A-C Volts Pe Plate, RMS, 225 Me. Output Current. Condenser Input to Filter. 83 
83V ST- 14 Duooiode 4AD-0-0 Cathode 5.0 2.00 F-W Rect. 375 A-C Volts Pe Plate, RMS, 175 Me. Output Current. Condenser Input to Filter. 83V 
84/6Z4 ST-12 Dim:Rode 513-0-0 Cathode 6.3 0.50 F-W Rect. 325 A-C Volts Pe Plate, RMS, 60 Me. Output Current. Condenser Input to Filter. 84 /6Z4 
85 ST- 12 Deodiocie-lri. 6G-0-5 Cathode 6.3 0 30 1.5' 1.5 4.3' Det. Amp. Characteristics Same as Trot 6V7Ci. 85 
85AS ST-12 Duodiode-Tri. 6G-5-5 Cathode 6.3 0.30 Det. Amp. 250 9.0 4.5 ' 16,000 1,250 20 85AS 
89 ST-12 Pentode 6F-0-0 Cathode 6.3 0.40 Power Amp. 

Now Listed as 

160" 
180: 
180 

20.0 
18.0 
0.0 

Gs& Su to F 
180 

17.0 
20.0 1 
3.0. 

i 3,300 1,425 
3,0 I 80,000 1,550 

Class B Opern. Ti. Su to P a Gs to G (Two 

4.7 
125 
Tubes) 

7,000 
8,000 
9,400" 

300 
1,500 
3,50011 

89 

2R-40- 105- ISO Cold 083, 0C3 and 003. VR-40-105-150 
V-99 7-8 Triode 4E-0-0 Filament 3.3 0.063 3.5' 2.5' 2 2' Del. Amp. 90 1 4.5 

I 2..55 I 15,500 
425 6.6  V99  V99 

X99 7-9 Triode 40-0-0 Filament' 3.3 0.0.53 3.5' 2.5' 2.2' Del. Amp. 90 1 4.5 2 15.500 425 6.6 X99 
117L7/M7GT GI Diode Learn 

Ampldiv 
8A0-0-0 Cathode 1117 0.09 ..... H-W Rect. 

Power Amp. 
117 A-C Volts, RMS, 75 Ma., Output Current. Condenser !nput to Flter. 
105 1 52 105 1 43 1 4.0 1 17,000 al 5,300 4,000 850 

117L7/M7GT 

117N7GT GT Diode-Peem 
Amplifier 

8AV-0.0 I 
Cathode 11 /7 

I 
009 H-W Rect. 

Power Amo.  

H-W Rect. 
Power Amo. 

117 A-C Volts, RMS, 75 Ma. Output Current. Condenser Input to Filter. 
100 1 6.0 100 I 51 : 5.0 , 16,000 • 7,000 3.000 1,200 

117N7GT 

117P7GT GT Diode-Beam 
Amplifier 

8AV-0-0 Cathode . 117 0.09 117 A-C Volts Pe Plate, RMS. 75 Ma. Output Current. 
105 I 5.2 ' 105 l 43 . 4 . 17,000 5300 4,000 850 

117P7GT 

117Z3 Miniature Diode 4C8-0-1 Cathode , 117 0.04 H-W Reel. 117 Volts RMS Per Plate, 90 Ma. D-C Output. 117Z3 
117Z4G1 GT Diode 5AA-0-0 Cathode 1117 0.04 H-W Rect. 117 A-C Volts Per Plate, RMS, 90 Ma. Output Current. 117Z4GT 
117Z6CiT GT Duodiode 70-0-0 Cathode 1117 0.075 Doubt:, 117 A-C Volts Per Plate, RMS, 60 Ma. Output Current Per Plate. 117ZEIGT 

7-A1 

(1) Values are given shielded unless marked with (*). m maximum. Plate and Target Supply Voltage. tu, With Average Power Input of 320 Mw. Grid to Grid. Plate to Plate • Conversion Conductance. 
(2) Converter tube capacitances given are signal grid to plate, • Applied through 250,000 ohms. " Triode Operation, I' Pentode Operation 0 Applied through 20,000 ohms. 

RF Input, Mixer Output. ',Per Tube or Section-No Signal. 11 For two tubes with 40 volts RMS applied to each grid. I Approximate. 



Type 

Construction Emitter Note (') ( ) 
Capacitances in Are 

Use Plate 
Volts 

Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Ma. 

Screen 
Current 
Ma. 

Plate 
Resis tance 
O hms 

Micronshos 
Mutual 
Conduct- 

once 

Ampli- 
fication 
Factor 

Ohnis 
Load for 
Stated 
Power 
Output 

Undis-
torted 
Power 
Output 

Mifliwatts 

Type 

Style Class 
basing 
Disg. Type 1 Volts' Amps CgP Cm Cout 

I 82B/482B ST-14 Triode 40-0-0 Filament 5.0 1.25 Power Amp. 250 35.0 90.0 2,500 2,000 5.0 4,500 1,350 182B / 4828 

250 65.0 20.0 2,000 1,500 3.0 ...500 1.800 183 ,483 ST-14 Triode 413-0-0 Fiamenl 5.0 1,25 Power Amp. 183/483 
(Standard Type 10 with Ceramic Base, See Type 10 Characteristics.) 

- 
210-7 Si-16 Triode 40-0-0 Filament 7.5 1.25 7.0" 4.0' 3.0' Power Amp. 210-7 

180 9.0 5.8 8,900 1,400 12.5 485 ST-12 Triode 5A-0-0 Cathode 3.0 1.25 Det. Amp. 485 
864 

884 

90 
135 

4.5 
9.0 

2.9 
3.5 

13,500 1 12,700 610 
645 

8.2 
8.2 

T-9 Triode 413-0-0 Filament 1.1 0.25 5.3' 3.3' 2.1' Det. Amp. 864 

300 30 75 For Relay Operation 
16 Volt Tube 

Limit 
Drop. 

Time to 30 Secs. 300 Ma. Peak Current. ST- 12 Gas Triode 60-0-0 Cathode 6.3 0.6 6.0 2.0' o.e Relay Tube 884 

Characteristics Same as Type 884. 885 ST- 12 Gas Triode 5A-0-0 Cathode 2.5 1 5 6.0' 2.0* 0.6' Relay Tube 885 
950 135 16.5 135 7.0 2.0 125,000 1,000 125 13,500 575 ST-14 Pentode 5K-0-0 Filament 2.0 0.12 Power Amp. 950 

90 
250 

3.0 
3.0 

90 
100 

1.2 
2.0 

0.5 
0.7 

1 Meg. 
1 Meg. Min. 

1,100 
1,400 

 954  954 Acorn Pentode 5138-0-0 Cathode 6.3 0.15 0.007m 3A 3.0 R-F Amp. 954 

250 
90 

7.0 
2.5 

6.3 
2.5 

.   11,400 
14,700 

2,200 
1,700 

25 
25 

 955  955 Acorn Triode 5BC-0-0 Cathode 6.3 0.15 1.4 1.0 0.6 Om Amp. 955 

956  
FM1000 

250 3.0 100 6.7 2.7 700,000 é 1,800 Acorn Pentode 51313-0-0 Cathode 6.3 0.15 0.0C7rn 3.4 3.0 R-F Amp. 956 
Lock-in Heotode FM1000 Cathode 6.3 0.30 F-M Det. FM1000 
Metal Gas Duodi. 5A0-0-1 Filament 6.3 0.1 F-W Rect. 450 Max. Peak In else V., 210 Ma. Max. Peak Current, 70 Ma. Avg. Current D-C. Avg. Tube 0 iso -= 20. 1005 iCK1005 1005 /CK1005 

135 5.0 2.0 20,800 é 650 13.5 957 Acorn Triode 5B0-O-0 Filament 1.2 0.05 1.2 0.3 0.7 Osc. Amp. 957 
135 7.5 3.0 10,000 1,200 12 958-A  

959 
Acorn Triode 513D-0-0 Filament 1.25 0.10 2.6 0.6 0.8 Ose. Amo. 958-A 

135 3.0 67.5 1.7 0.4 800 000 a 600 Acorn Pentode 513E-0-0 Filament 1.25 0.05 0.015m 1.8 2.5 R-F Amp. 959 
1203A Now Known ea Type 7C4 1203-A 

Now Known as Typa 7E5 1201 1201 
1204 Now Known as Type 7AB7 1204 
1206 Now Known as Type 7G 1206 

ST- 12 Pentode 6F-0-5 Cathode 6.3. 0.30 Amplifier Special Non-Microphonic Tube, Characteristics Same as Type 6C6. 1221 1221 
ST-12 Pentode 7R-0-0 Cathode 6.3 0.30 Amplifier "G" Equivalent of TY'', 1221 Above. 1223 1223 
ST-12 Tetrads 4K-0-0 Filament 2.0 0.06 Special Type 32. Made for Low Grid Current Applications. 1229 1229 . 

Soecial Type 30. Made for low Grid Current Applications. 1230 T 9 Triode 40-0-0 Filament 2.0 0.06 6.0' 3.0* 2.1• 1230 
300 i 
300 I 

150 1 10.0 1 2.5 
150 12.0 0.5 

1 700,000 
540.000 

5,500 I 3,850 ' Bias 
6.500 I 3,500 !Bias 

Res.= 200 Ohms 
Res.= 200 Ohms 

1231 Lock-in Pentode 8V-L-5 Cathode 6.3 0.45 .015m 8.5 6.5 Pent. Amp. 
Tet Amo. 

1231 

1232  
1247 

Now Known as Type 7G ) 1232 
300 A-C Volts RMS, 0.4 Mo. D-C Pict Current. 7-3 Diode 1247 Filament 0.7 0.065 R-F Probe 1247 

ST- 12 Diode 4A.1-0-0 Cold 
Cathode 

Voltage Reg. Starting Voltage -= 135, Operating Voltage = 90, Operating Current = 5 to 30 Ma. 1265 1265 

Voltage Regulator Similar to Type 0133, VR-90-30, Except Regulating at 70 Volts. 1266 GT Diode 4A1-0-0 
No Jumper 

Cold K Regulator 1266 

Similar to 

Characteristics 

Type 0A4G, 
Same ar Type 14C7 (Special Non-Microohonic Tube) 

1267 GT Gas Triode 4V-0-0 Cold K Relay Tube 1267 
1273 Lock-in Pentode 8V-L-3 Cathode 6.3 0.30 .007m 6.0 6.5 AmpliFer 1273 

Characteristics Same as Type 7Y4. 1274 GT Duodiode 6S-0-0 Cathode 6.3 0.60 .... F-W Red. 1274 
ST-16 Duodiode 4C-0-0 Filament 5.0 1.75 Rectifier Similar to Type 5Z3. 1275 1275 

Similar to Type 6A3. 1276  
1280 

ST-16 Triode 413-0-0 Filament 4.5 1.14 Amplifier 1276 
Lock- in Pentode 8V-L-5 Cathode 12.6 0.15 .007m 6.0 6.5 Amplifier Characteristics Same as Type 14C7 (Special Non-Microphonic Tube). 1280 
Lock-in Pentode 8V-L-5 Cathode 12.6 0.15 0.01 5.0 6.0 Power Amp. 250 I 3 I 100 9.0 2.5 800 000 200 1284 1284 
Now Known as Type 387 1291 1291 
Lock-in Triode 4AA-0-0 Filament 1.4 .11 1.7 1.7 3.0 Oscillator 90 

90 
0 

20 
5.2 1,500 15 

13.25 120 Mc. Oscillator Rg = 10.000 Ohms. 
1293 1293 

1294 Now Known as Type 1R4 1294 
1299 Now Known as Type 306 1299 

Metal Heptode 7T-1-0 Cathode 6.3 0.30 .001m 7.5 11.0 Mixer Amp. Characteristics Same as Type 6L7. 1612  
1626 

1612 
ST-12 Triode 60-0-0 Cathode 12.6 .25 4.4' 3.2" 3.4 Oscillator 250 70 25 Class C. Oscillator or Amplifier. 4.000 1626 
GT Electron Ray 7AL-0-0 Cathode 12.6 0.15 Indicator Characteristics Same as Type 6E5. 1629 1629 

ST- 12 Gas Tetrode 6PR-0-0 Cathode 6.3 0.60 3.26' 4.2' 3 6' Relay Tube 400 
220 

5.0 
4.0 

o 
0 

100 
75 

For Relay Operation Limit Time to 30 Secs. 
1 Amp. Peak Current. 8 Volts Tube Drop. 

2050 2050 

SI -12 Gas Tetrode 6BR-0-0 Cathode 6.3 0.6 0.26' 4.2' 3.6' Relay Tube 220 4.0 o 75 For Relay Operation Limit Time to 30 Secs. 
375 Ma. Peak Current, 3 Volts Tube Drop. 

2051 2051 

Miniature Gas Diode 5-8U Cold 
Cathode 

H-W Red. 2800 Max. Peak Inverse V., 50 Ma. Max. Peak Current, 6 Ma. Avg. Current D-C, Avg. Tube Drop = 100. 5517 CK1013 5517,'CK1013 

Miniature Pentode 713D-0-0 Cathode 6.3 0.15 0.01 3.40 2.90 Amplifier 90 Self 90 3.9 1.4 300,000 2,000 600 Rk = 820 Ohms 15590 5590 
1591 

5679  

p687 

Miniature Pento e 7: . .14 =27 6.3 0.15 0.01 3.90 2.85 R-F Amp. 120 
150 
180 

Self 
Self 
Self 

120 
140 
120 

7.5 
7.0 
7.7 

2.5 
2.2 
2.4 

340,000 
420,000 
690.000 

5,000 
4,300 
5.100 

1,700 
1,800 
3.500 

Rh = 200 Ohms 
= 330 Ohms 
= 202 Ohms   

5591 

Lock-in Duodiode 7CX-L-5 Cathode 6.3 0.15 Charactenstics Same as type 7A6. For VTVM Use. 5679 
T-ei Duotriode 9H-0-0 Cathode 6.3 

12.6 
0.90 
0.45 

3.8* 4.0' 0.45* Anipfilier , 250 12.5 
180 7.0 

16 
23 

4,000 
2,750 

5,200 16 
8,100 17 

5687 

200 For Noise Generator Service lb 35 Ma. Max. 6722 5722 Miniature Diode sce-o-o Filament 49 1.6 1.5 Noise Diode 

Miniature Pentode 7130-0-7 Cathode 6.3 0.15 0.01 3 6 3.0 R-F Amp. 250 3.0 100 2.0 0.7 1 Meg. Min. 1,400 9001 
-4.0o, 

9002 Miniature Triode 7BS-0-0 Cathode 6.3 0 15 1.4 1.2. 1 1 Amplifier 250 7.0 6.3 11,400 2.200 25 9002 



Type 

ConeUnction Emitter Note (1) (') 
Capacitances in µpi. 

Use Plate 
Volta 

Negative 
Grid 
Volts 

Screen 
Volts 

Plate 
Current 
Ma. 

Screen 
Current 
Me. 

Plate 
Resistance 
Ohms 

Micromhos 
Mutual 

Conduct- 
anca 

Ampli- 
Auden 
Factor 

Ohms 
Load for 
Stated 
Power 
Output 

Undis-
torted 
Power 
Output 
MI'Hymns 

Type Basing 
Style Class Diag. Type I Volts Amps CID I Cm l Cout 

9003 Miniature Pentode 7BD-0-7 Cathode 6.3 
6.3 
6.3 
6.3 

0.15 
0.15 
0.15 
0.15 
0.6 

0.30 

0.01m 3.6 3.0, R-F Amp. 250 3.0 I 100 I 6.7 I 2.7 700,000 I 1,800 9003 
9004 Acorn Diode 4111-0-0 Cathode H-W Red. 117 Volts RMS Plebe, 5 Ma. D-C Output. 9004 
9005 Acorn Diode 5 BG-0-0 Cathode H-W Rect. 117 Volts RMS'Platc, 1.0 Ma. D-C Output. 9005 
9006 Miniature Diode 6814-0-0 Cathode H-W Rect. 270 Volts RMS Plats, 5 Me. b-C Output. 9006 
X6030 

g=Xlie — 

Lock-in Diode X6030 Filament 3.0m 

6.3 

Noise Diode 90 
250 
1400 

  1 1:8 
1 .535 

X6030 

Now Listed as 14AF7/XXD XXD 
XXFM Now Known as Type 7X7 XXFM 
XXL Lock-in I Heidi l SAC-L-0 Cathode Amplifier 100 0.0 1 l 10.0 

950 I 8.0 I I 8.0 I   
7,000 I 3,600 
8,700 I 1,300 

25 
20 

XXL 

emus rpm Men 0. n.aroø •I'MVED cs.01011011 

5-15C 5-BD 5-13E 5-BG 

7-AL 7-BD 7-8S 7-CX 7-R 7-1 FM-1004 1247 

(1) Values are given shielded unless marked with (•). re maximum. § Plate and Target Supply Voltage. §§ With Average Power Input of 320 Mw. Grid to Grid. 9 Plate to Plate. • Conversion Conductance. 
(2) Converter tube capacitances given are signal grid to plate, • Applied through 250,000 ohms. • • Triode Operation. # Pentode Operation. D Applied through 20,000 ohms. 

RF inputs Mixer Output, s4 Per Tubs or Section—No Signal. TT For two tube& with 40-volts RMS applied to each grid. I Approximate. 



TUBE TYPE BASE ARRANGEMENTS 
BASE TYPE BASE TYPE BASE TYPE BASE TYPE BASE TYPE BASE TYPE 

2E36 2E31. 2E36 2E3 5 5-AM 45Z3 6- AR 174, 1U4, 11_4 7- AD 1F7G• 
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6F7, 6F75 8- BL 7J7, 1417, 757, 1457 

2E41 2E41, 2E42 5- AP 1 A3 6-AS 6135 7-AC 6L6, 6L6G, 6U6GT, 6V6, GT 12A5 8-BN 7E5 

2G21 
3-C 

2621, 2G22 
163GT 

5-AQ 
5- AS 

1005 
2C4 

6-AU 
6-AW 

155 
6R6G 

6W6GT, 6Y6G, 12A6, GT, 25C6G 
25L6, GT, 35L6GT, 5006G 

6C7 
6D7, 6E7 
12A7 

8-B0 
8-BS 

7AB7 
28D7 

4-A 

4-AA 
4- AB 
4- AC 

1 Al / 5E1, 1131, 1C1, 1D1, 
1E1, 1F1, 161, 1J1, 1K1, 
1X1, 1Y1, 1Z1, 2, 3, 4, , 
6, 7, 8, 9 5 
1LE3, 1293 
2X2/879 
6Y3G 

5-AY 

5-B 
5-BB 
5- BC 
5-BD 
5-BE 
 5-6F 
5-BG 

6D4 

6A4 /LA, 47 
954, 956 
955 
957, 958A 
959 
1 ABS 
9005 

6- AX 

6-B 
6-BA 
6-BD 
6- BE 
6-BG 
6-BH 
6-6.1 

1LD5 
2,4. 5, 18, 41. 42, 43 
3D6, 3LF4,3LE4 
1SA6GT 
1SB6GT 
6C4 
9006 
28Z5 

7- AF 
7-AG 
7-AH 
7- Al 
7- AK 
7-AL 
7-AM 
7-A0 

1F7GV 
6AD6G, 6AF6G 
6AE6G 
7A6, 7X6. 50X6 
1LA6, 1LC6 
1629 
1N6G 
1LC5, 1LG5, 1LN5 

6H6, G', GT*, 12H6, 25X6GT, 
25Z6, GT, 35Z6G, 50Y6GT, 
50Z6G, 117Z6GT 
617, 617G *, 6.17GT* 6K7, 6K7G, 
6K7GT, 657, 6S7G, &U7G, 6w -7G:  
12J7GT, 12K7G, 12K7GT, 1223, 
1620 

8-BU 
8-BV 

33 8-W 
8-BZ 
8-C 

8-CH 
8- C-i 

 26A7GT, 12L8GT 
7G8 
7F8, 14F8 
7X7, XXFM, 14X7 
1E7G 
6S8GT. 125861 
6AL7GT 
2C51 

4-AD 
4-AH 

83V 
7C4, 1R4 5-130 0A2, 0132 6- BO 6AR6 7-AQ 38561, 30561, 3C5GT 6F6, 6F6G, 6G6G, 6K6GT, 25A6, 

GT, 25666 
8-CK 6A07GT 

4-A1 0A3 / VR75, 0133, 0C3 5-B0 35W 4 6-BS 2050, 2051 7-AT 1R5 
6L7, 6L7G, 1612 

8-CH 1C8, 1E8 

1265, OD3 
5-BS 6X4 

19I3G6G 
6- BT 6AL5, 12AL5 7-AU 6N6G, 6AB6G 

9002 
8-CO 106 

4- AM 2(22 
5- BT 66G6G 6-8W 1U5 7-AV 154 

6P7G 
8-CP 1 AC5. 1 AD5 I V5, 1W5 

4-6 2Z2/GS4, 81 5-BU 5517,CK1013 6-BX 3V4 7- AX 6AE7GT 
65F7, 65V7, 125F7 6B6G, 607, 607G, 607GT, 

8-CT 6BA7, 128A7 

4-61 9004 5-c_ 46, 49 52 6-C 19 7-AZ 
6A6, 6E6, 53 6R7GT, 6T7G, 6V7G, 1207G, 

8 .DA 156 1_161 

4-BU 
4-C 

0Y4, 0Y4G 
5X3, 5Z3, 80, 82, 83, 
1275 

5- CB 
5. CE 
5-D 

5722 
6Alid 
25/4S, 84/6Z4, 6Z4 

6-CC 
6-D 
6-E 

6AR5 
2565 
25Y5, 25Z5 

7-6 
7-BA 

7-BB 

3S4, 304 

3A 4 
3A5 

1207GT 
6AC6GT, 25N6G 
1 A7G, 1 A7GT, 1B7G, 1B7GT, 

8-E 

8-F 
8-G 

668, oB8G•, 12C8 
25A7GT 
6C8G, 6F8G 

4-C6 117Z3 5-E 24A, 24S, 35 51, 355 6-F 6C6, 6D6, 57, 57S, 57AS, 7-BC 
6AK5, 9001, 9003, 6AJ5 1C7G, 1D7G 

8-H 6.113G 

4-CG 6W4GT, 25W4GT 51S, 36 58, 58S, 58As, 77, 78, 7-BD 6AG5, 
6A8, 6A8G, 6A8GT, 6D8G, 

8-K 6K8, 6K8G, 6K8GT, 12K8 

4-D 00A, 01A, 2A3, 6A3, 5-F 15, 38, 39/44 89, 1221 6AN5. 5590 5591 
12A8G 

8_1_ 4A6G 

10, 12A, 20, 26, 30, 31, 5-K 1F4, 33, 950 6-G 2A6, 55, 55S, 75 75S, 7-BE 387 
70L7GT 

8-N 6A67 / 1853, 6AC7 ' 1852, 6A17 

40, 45, 50, 71A, x99, 5-1- 5V4G, 5Z4 85, 85AS 7-6F 6J6. 1916 
70A7GT 

65D7GT, 6SE7GT, 6517, 65.17GT 

1826 '4826, 183 ' 483, 5-M 6F5, 6F5G, 6G5GT 6-H 79 7- BH 2(21 
7F7, 7N7, 14F7, 14N7, 7AF7, 

6SK7, 12SK7, 6SS7, 12SJ7 

210-T, 864, 1276, VT52, 12F5GT 6-.1 6Y5 7-6J 6AN6 
14AF7 ' XXD 

12517GT, 12SK7GT 

1230 5-0 5X4G,5Y4Ci 6-K 6Z5 7-BK 6AK6, 6AU6, 6BA6, 12AU6 
6SA7GT, 12SA7GT 

8-Q 6507, 6SQ7GT, 6SR7, GT, 6517 

4-E V99 5-R 1D5GT 6K4 6K4 
128A6, 68D6, 126D6, 6AH6, 

7E7, 7R7, 14R7, 14E7 
65Z7, 12507, 12507GT, 12SR7 

4-G 1V, 12Z3 5-S 1E4G, 1G 4GT, 1H4G 6-L 1 A6, 106 26A6 25D8GT 
12SW7 

4-K 
4-M 

1 A4T, 22, 32, 1229 
1 A4P. 164P. 34 5-T 

2A 4G, 6B4G 
5R4GY, 574, 5U 4G 

6-M 6-0 
1135 
6AC5GT, 6AD5G, GT, 

7-BN 
7-80 

2D21 
6J4 1D8GT, 1B8GT 

707, 1407 

8-R 
8-5 

65A7, 6567Y, 125,47, 127 
6SC7, GT, 12SC7 

d-P 1Y2 5AZ4, 5W4GT, 5Y3G . 6AE5GT, 6AF5G, 6C5, 7- BR 6F4 
50Y7GT, 50Z7G 

8-1. 12138GT, 251313GT 
1 
0 4-R OZ4, OZ4G 5R4GY G', GI', 6.15, d, GT, 7- BS 9002 

117L7/M7GT 
9-U 7A8 

: 4-7 
' 4-V 
4-X 

r 4-Y 
4-Z 

1F1G, 171G 
0A4G, 1267 
2W3 
2V3G 
35Z3 

5-U 
5-Y 

5-Z 
6-A 

6K5GT 
1D5GP, 1E5GP, 1N5G 
1N5GT, 1P5G, 1P5G1 
1H5G, 1H5GT 
48 

6-R 

6L5G, 6P5GT, 12.15GT, 
25AC5GT, 884, 1626, 
12E5GT 
2E5, 6AB5/6N5, 6E5, 
6U5, 675 

7-BT 

7-BW 
7-BZ 
7-C 

6AQ6, 6AT6, 1240'6, 12AV6 
1213F6, 6AV6, 613F6, 26C6 
XXB, 3C6 
6A015, 50E15, 3565 
2A7, 2A7S, 6A7, 6A75 

3A8GT 
117N7GT, 117P7GT 
1LB6 
6AD7G 
6N7, 6N7G, 6Y7G, 6Z7G 

13-V 

8-W 

7A7, 7AG7, 7AK7, 767, 7C7 
7G7, 7H7, 7L7, 777, 7V7, 14A7 
14C7, 14H7, 1231, 1273, 1280 
7AH7, 7AD7, 1284, 7A17 
7E16, 16, 7E6, 1466, 14E6 

5-A 27, 27S, 37, 56, 563, 6-AA 7A5, 7C5, 14A5, 14(5, 6-5 6W5G, 6X5, GT, 6ZY5G 7-CA 6N4 
6SL7GT, 6SN7GT, 6SU7GTY, 

8-X 7138, 14E18 

5-AA 
5-AB 

56AS, 76, 485. 885 
35Z4GT, 25Z4 
7Y4, 7Z4, 14Y4 

6-AB 
35A5, 50A5 
6SF 5, 6SF5GT, 12SF5, 
12SF5GT 

6-1 6-W 

1274 

6A5G 
1F6 

7-C6 

7-CH 
7-CJ 

1Z2 
68E6, 1213E6 26D6 
3E6 

12SL7GT, 12SN 7GT, 6SU 7GT, 
6SA7GT, 125X7GT 

8-Y 

8-Z 

6AG7. 6 AK7 

32L7G1 

5- AC 7A4, 764, 14A4, X XL 6-AD 35Z5GT, 40Z5 '45Z5G1 6-X 1A5GT, 1C5GT, 1F5G, 7-CM 613.16, 613H6, 6A56, 12AW6 6AH7GT,19AH7GT 9-A 12A17, 12AU7, 12AX7, 12AY7 

5-AD 1LA4, 1LB4 6- AE 7135 1G5G, 115G 7-00 2E30 7K7 9-C EF50 

5-AF 
5-AG 
5-AL 

6H4GT 
1LH4 
35Y4 

6- AF 

6-AM 

6- AP 

1Q5GT, 175GT 

6AL6G 

6AH5G 

7-A 

7-AA 

7- AB 

59 
1H6G 

16661, 1J6G 

/-CX 

7-CV 
7-D 

5679 

6AS5 35C5, 5005 
2137 . 21375, 667, 6B7S 

7W7, 14W7 
6507, GT, 125G7, 6SH7, GI' 
12SH7 

9-E 
9.H 

619.1978 
5687 

*Thls Indicates in internal shield connected to Pin No. 1 



SYLVANIA PANEL LAMP CHARACTERISTICS 
Type 
No. 

Circuit 
Volts 

Design 
Bead 
Color 

Bulb 
Style 

Miniature 
Base 

Usual 
Service 

Type 
No. Volts Amp. 

S40 6-8 6.3 

2.5 

0.15 Brown T- 33i Screw Radio Dials 540 

541 

542 

2.5 0.50 White T-334' 

T-33ri 

Screw Radio Dials 541 

3.2 3.2 

2.5 

0.50 Green Screw Radio Dials S42 

543 2.5 0.50 White T-33¡. 

T-33( 

Bayonet 

Bayonet 

Radio Dials and 
Tuning Meters 

543 

544 6-8 6.3 0.25 Blue Radio Dials end 
Tuning Meters 

544 

545 3.2 3.2 

6.3 

6.3 

0.50 

0.25 

White T-33¿ Bayonet Radio Dials 545 

S46 6-8 Blue T-33( Screw Radio Dials and 
Tuning Meters 

S46 

547 6-8 í,.15 Brown T- 3U Bayonet Radio Dials 547 

548 2.0 2.0 -.06 Pink 7-334 Screw Battery Set Dials 548 

Type 
No. 

*S49 

Circuit 
Volts 

Design 

Volts Amp. 
Bead 
Color 

2.0 

550 

551 

555 

5292 

S292A 
5291 

6-8 

2.0 

7.5 

0.06 Pink 

0.20 White 

6-8 7.5 0.20 White 

6-8 6.5 0.40 White 

2.9 

2.9 

51455 18.0 

SI 455A 
51456 

18.0 

2.9 0.17 White 

2.9 0.17 

18.0 

18.0 

0.25 

White 

Brown 

0.25 Brown 

'Sylvania Types S47 and 5.49 are Interchangeable with Types 40A and 49A, respectively, in other brands. 

Bulb 
Style 

T-33¡ 

Miniature 
Base 

Bayonet 

G-334 Screw 

G-»4 Bayonet 

G-434 Bayonet 

Usual 
Service 

Battery Set Dials 

Auto Sets, 
Fleh Lights 

Auto Sets, 
Au o Panels 

Auto Sets, 
Park ng Lights 

Type 
No. 

•549 

S50 

551 

555 

T-33¿ Screw Rook Dials 

T-33( Bayonet Radio Dials 
Coln Machines 

5292 

5292A 

G-5 Screw 

G-5 Bayonet 

Coln Machines 

Coln Machines 

51455 

51455A 



SYLVANIA GERMANIUM DIODES 

SYLVANIA'S line of germanium crystal components includes eight diodes, 

a duo-diode and three varistor networks. All are lightweight, compact, rugged 

circuit elements having low shunt capacity, no contact potential and requiring no 

heater supply nor mounting hardware. They have exceptional electrical stability 

and are hermetically sealed against thermal shock. 

Among the eight Germanium Diodes are types designed to withstand working 

voltages of up to 50, 80, 1 00, 150, or 200 volts in the reverse direction, to 

perform at exceptionally high efficiencies, or to possess a high conduction 

characteristic. The Duo-Diode Type 1 N35 is a mounted pair of diodes carefully 

matched for use in balanced circuits for full-wave rectification, modulation or 

demodulation. 

Sylvania Varistors, Types 1N40, 1N41 and 1N42 are 

carefully selected and matched diodes especially designed for 

lators and bridge circuits in communications modulation. In 

networks of four 

use as ring modu-

the plug-in units, 

Types 1N40 and 1N42, the crystals are mounted in a compact metal radio tube 

shell. In Type 1N41, the crystals are assembled in a rectangular metal can 

equipped with eight soldering lugs and adapted for top or sub-panel mounting. 

All Sylvania Germanium Diode types have nominal shunt capacitances of 1 ;IA 

ambient temperature range of —50° C to + 70° C and an average life of more than 

.10,000 hours. Following are principal electrical ratings for each type: 

Type Description 
Continuous Reverse 
Working Voltage 

(volts max.) 

Peak Back Voltage for 
Zero Dynamic Resistance 

(volts min.) 

Forward Current 
at + 1 volt 
(ma min.) 

Average Anode 
Current 

(ma max.) 

Recurrent Peak 
Anode Current 

(ma max.) 

Instantaneous 
Surge Current 

(ma max., 1 sec.) 
Reverse Current 

(ma max.) 

1N34 General Purpose 60 75 5.0 40. 150 500 50 ® —10v 
Diode 800 ® —50v 

1N35` Matched 50 75 7.5 22.5 60 100 10 (4) —10v 
Duo-Diode 

1N38 100-Volt 100 120 3.0 40. 150 500 6 (4) —3v 

Diode 625 ® —100v 

1N39 200-Volt 200 225 3.0 ao. 150 500 200 ® —100v 

Diode 800 ® —200v 

1N40** Plug-In 25 75 12.75 22.5 60 100 50 ® —10v 

Varistor (® 1.5 volts) 

1N41** Lug-Type 25 75 12.75 22.5 60 100 50 ® —10v 

Varistor (g 1.5 volts) 

1N42** Plug-In 100- 50 120 12.75 22.5 60 100 6 ® —3v 

Volt Varistor (® 1.5 volts) 625 (4) —100v 

1N54 High 35 75 5.0 40. 150 500 10 ® —10v 

Efficiency Diode 



TYPe Description 
Continuous Reverse 
Working Voltage 

(volts max.) 

Peak Back Voltage for Forward Current 
Zero Dynamic Resistance at + 1 volt 

(volts min.) (ma min.) 

Average Anode 
Current 

(ma max.) 

Recurrent Peak 
Anode Current 

(ma max.) 

Instantaneous 
Surge Current 

(na max., 1 sec.) 
Reverse Current 

(—a max.) 

1N55 150-Volt 
Diode 

150 170 3.0 

15.0 

4.0 

4.0 

40. 150 500 300 (a —100v 
800 (G, —150v 

1N56 High Conduction 
Diode 

40 50 50. 

40. 

200 1000 300 @ —30v 

1N57 80-Volt Diode 80 ÇN) 150 500 500 @ —75v 

1N58 100-Volt 
Diode 

100 115 40. 150 500 800 @-100v 

'Units are matched in the forward direction at + 1 volt so that the current flowing through the higher resistance unit is within 10' ; of that in the lower resistance unit. Ratings shown for each diode. 

"Consist of 4 specially selected and matched germanium diodes whose resistances are balanced within ±2.5% in the forward direction at 1.5 volts. For additional ba.ance, the forward resistances of each 
pair of varistor crystals are matched within 3 ohms. Ratings shown for each diode. 

CRYSTAL DIODE POLARITY 

There have been numerous requests for an explanation of the polarity markings 
on Sylvania crystal diodes. Figure la shows the markings as they appear on the 
Sylvania Type 1N34, and inside the body of the crystal is shown the symbol 
used to represent it in circuit diagrams. This symbol is drawn to conform to the 
accepted standard, which calls for the arrow to point in the direction of lower 
resistance. This of course will be in the opposite direction from the greatest 
electron flow. 

On sume of the early Sylvania crystal literature this standard was not followed, 
but since this has been adopted by the rest of the industry, we will be using it in 
any descriptive material dated since October 1947. 

Recent production of Sylvania crystals in the 1N34 style will be marked with 
a green band and the letters CATH to indicate the cathode end. See Figure lb. 
The polarities for a germanium diode are not the same as those for a silicon diode. 

The germanium crystal acts as a rectifier because it passes current more readily 
in one direction than in the other. It is marked with the DC polarity which 

A 
CATHOOS 

GAPER RAHO 

FIGURE 1 

TUBS CRYSTAL 

POLARITY FOR MAXIMUM CURRENT FLOW 

FIGURE 2 

would have to be applied for maximum current flow ( Figure 2). 

It happens that the polarity as read in any circuit using a crystal rectifier will 
actually be just the opposite from the markings on the crystal, as in Figures 3, 
4, and 5. 

Thus it is seen that the terminal marked i- on the crystals and 
on the circuit diagram can be considered as tu e " plate" of the 
and the terminal marked — on the 
crystal and shown as I on the circuit 
diagram can be considered as the 
cathode. 

It is easy to see how some confusion 
could arise from these markings, but they 
make good sense when looked at as we 
have in this article. 

o  
TUBC 

— 
CAT, AL 

SERIES DIODE RECTIFIER CIRCUIT 

FIGURE 3 

Ulà 
C AAAA L 

SHUNT DIODE rtcrr.rn CIRCUIT 
OR CLIPPER 

shown as --> 
crystal diode, 

FIGURE 4 

DETECTOR CIRCUIT 

FIGURE 5 



SYLVANIA Oilers the Latest in 
TECHNICAL LITERATURE 

RADIO CIRCUIT HINTS 

Helpful information on radio cir-
cuits for ready reference. Free 

RADIO EQUIPMENT HINTS 

Hints on ho 
radio testin 

RADIO 

quipment. Free 

This handy b 
tube mysteries, 

etc. 

Practic 

vic 

216 

TELEVISION TUBES 

CHARACTERISTICS FOLDER 

Characteristics of television 
picture tubes and general 
purpose cathode ray tubes 
with base diagrams. Free 

SER 

et, clear 
lains testin 

Free 

un 1 ser-
Free 

SYLVANIA 
TII•NINITTIN• 

TUB'S 

213 

TRANSMITTING TUBES 
CHARACTERISTICS FOLDER 

Characteristics of Sylvania 
tubes used in amateur and 
commercial transmitters with 
tube and base diagrams. 

Free 

TECH 
CTION 

taming 
f Tec 
May 

(May 1 

(Jan 

TECHNICAL MANUAL 

Essential tube data and circuit 
information in a convenient ref-
erence form:-

1. Fundamental properties of 
Vacuum Tubes. 

2. General Tube and Circuit in-
formation. 

Characteristics of Sylvania 
Receiving Tubes. 

D 

back is-
al Sections 
35. 

1. 1 
to Jan. 1941) 

$1.00 
Vol. 2 

41 to Jan. 1946) 
$1.00 
Vol. 3 
1946 to date) 
$1.00 

• • uN1S 
\/,‘‘,Ç 

'')1,1'\\ /"‘ \ riv 

SYLVANIA NEWS 

A publication issued regularly for 

radio service dealers and engineers 

comprising three sections. 

General Section: News and develop-

ments in the radio industry. 

Merchandising Section: New promo-

tion ideas, display suggestions, store 

and shop layouts, recommended busi-

ness routines. 

Technical Section: Technical data on 

new tubes, service hints and sugges-

tions, new applications for radio 

tubes. Use of service equipment. Free 

Order these Technical Helps NOW 
from your Sylvania Distributor or direct... 

SYLVANIA ELECTRIC PRODUCTS INC. - EMPORIUM, PENNA. 
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HOW A RADIO WORKS 
The general idea how a radio set receives signals, 

amplifies these signals, and finally changes the electrical 
impulses to sound waves, is not hard to understand. At 
the transmitters of all radio stations operating, radio 
waves are sent out and all of these waves have an effect 
on the receiving antenna. These waves really set up 
tiny voltages, and the actual amount of voltage depends 
primarily on the distance of the transmitter and the 
power of the station. 
The coil condenser combinations used for tuning the 

desired station only, serve as gates to permit only the 
wanted signal of a certain frequency to enter and keep 
out all other signals. The vacuum tubes amplify the 
signal. The signals must be increased greatly in order 
to operate a loudspeaker, but they must not be altered 
in any other way if good quality is to be obtained. 

Courtesy Mcissner Mfg. Co. 

Coils and band switch of the type 
used in multi-band receiving sets. 

At the transmitter radio frequency waves are gen-
erated with an oscillator. Audio frequencies ( the sounds 
we hear) are picked up by the studio microphone or 
phonograph pickup and increased in intensity, that is 
amplified. Next these R.F. and audio frequencies are 
combined. The R.F. are very high, for example broad-
casting stations have frequencies between 540,000 and 
1,700,000 cycles per second, 540 and 1,700 KC. The 
audio frequencies handled by the average station lie 
between 50 and 5,000 cycles, much lower than R.F. 
When these are mixed, the result is a R.F. which is 

varied in intensity in accordance with the audio (sound) 
variations. This is the wave the receiver picks up. 

In the radio frequency stages this combined signal 
is handled by the tuned stages, tubes, and other parts. 
After one or more R.F. stages in a T.R.F. receiver, the 
audio signal must be separated and used in the balance 
of the receiver. Since the R.F. alone was used only as 
a carrier of the audio signals, it will no longer be needed 
and can be by-passed; i.e. eliminated. 

This separation process, known as detection; is per-
formed in the detector stage, second detector in a sup-
erhet. After this stage only audio frequencies are 
present. 

45 

Superhet sets are similar to T.R.F. receivers, but in-
corporate several variations. There may or may not 
be a R.F. amplifier or pre-selector stage. But the real 
difference lies in the mixer-oscillator which changes all 
station frequencies, as they are selected, to a fixed new 
frequency called the I.F. 

Inside view of I.F. trans-
formers. The output type usu-
ally has four leads at the bot-
tom. The input and intentage 
types have the grid lead coming 
out of the top. 

When a station is selected by varying the condenser 
used for tuning, a gang of this condenser also changes 
the frequency of the oscillator, so that the oscillator and 
the incoming signal beat and produce the intermediate 
frequency, I.F. This may be 456 KC., but many other 
frequencies are also used. 

DIACFAXATICAL SKETCH OF A SUPERS!? 

11%.F. Pre-
Selector 

Th trouble e always to the 
riLht et the section not res 
pending to teat. 

Chart and and idea copyrighted. 

Following the mixer tube, we have one or more I.F. 
stages designed to permit the passage and amplification 
of the I.F. frequency only. In a properly operating 
receiver, this new frequency will correspond to the sig-
nal carrier altered but still having the audio frequency 
of the broadcast influencing its intensity. If the oscil-
lator stops functioning, while the balance of the set 
may be working, the station frequency will not be 
changed to the I.F. and will not get through the I.F. 
stages in its original form. 

After the I.F. stages we again have a detector ( some-
times called second detector since the mixer tube may 
be called the first detector). Following this stage, a 
regular audio amplifier is incorporated. 

If a superhet works on some stations but not on 
others, suspect alignment or the oscillator tube. Tube 
tester °I other simple tests are not dependable here, you 
better replace the mixer or oscillator tube for test pur-
poses 
Remember that all frequencies of all stations are 

present on the antenna. Only the desired station is in 
the first tuned stage and before the mixer tube. A fre-
quency of the station wanted plus the I.F. frequency 
(456 K.C. or other) present in the oscillator. Only the 
I.F. frequency in the I.F. stages. Only audio fre-
quencies after the second detector. 



WHAT GOES WRONG 
Every radio repair job is of a two fold nature: ( 1) 

the fault must be discovered and ( 2) properly repaired. 
The actual repairing is commonly a simple mechanical 
task — a part is replaced, a wire soldered, or an adjust-
ment made. But to find the fault is the big task. For-
tunately, however, the majority of radio repairs are 
quite simple and the fault can be found in most cases 
by the comparison method which is to be described in 
detail after the preliminary information. 

A great many radio faults can be easily discovered 
with a visual inspection. For example, if you noticed 
a broken radio tube in a faulty set, would you bother 
with a complete check of the circuit? No, you would 
simply replace the tube, turn the set "on," and if the 
set played right assume that the fault was repaired. 

Now here is another example of a visual inspection 
repair. "That part ( power transformer) smoked a long 
time before the set stopped playing," says the lady of 
the house. You will naturally suspect a burned out 
power transformer, probably overloaded by a faulty 
filter condenser or a power supply short. 

And here is another. Complaint: Poor tone. Push-
pull ( two tubes in a special circuit of a balanced type) 
stage in the output using type 45 tubes. One of the 
45's has no glow on the filament when the set is turned 
"on." Yes, of course, the 45 is burned out, and the 
circuit is out of balance because of this. Tube is quickly 
replaced. 

In the case of a badly burned carbon resistor, suspect 
shorted associated by-pass condenser. Both resistor 
and the faulty condenser should be replaced. Always 
consider associated parts as also being at fault. 

It is always worth while to ask the owner of the radio 
what happened before the set developed the fault. In 
the reply, many times, will be a clew to the difficulty. 
And the owner will be proud to have a chance to express 
his own opinion. 

No radio expert can tell what is wrong with a radio 
by long distance analysis. You must have an oppor-
tunity to examine and test the set for possible faults. 
There is, however, an advantage to know what may 
go wrong with radio sets, so that you will look first 
where trouble probably lies. 

Filter and by-pass condensers are the most common 
source of trouble. Usually when a condenser shorts, 
the voltage on one side of the condenser is by-passed 
to ground. If voltage is to be expected at a certain 
connection to a condenser, but is not there, suspect that 
condenser. To test, disconnect one side of the con-
denser, if the voltage will be present then, at this point, 
the condenser is bad. 

Small carbon resistors give plenty of trouble. They 
may change their values, short, open, or vary with 
voltage and temperature and appear. noisy. Sometimes 
resistors become bad because associated condensers or 
other parts short and pass excessive current through 
this resistor. Suspected resistors should be changed. A 
simple test may be made by disconnecting one end 
of the suspected resistor, and connecting in its place a 
new resistor of about the same size. For a 500,000 ohms 
you may try anything from 100,000 ohms up to 1 

megohm. 
Loose connections, poor contacts, shorts make up a 

large bulk of repairs. These may be found by visual 
inspection, changcs in volume when set is shaken, slight 
blows on the chassis giving erratic operation. Try to 
find what is making or breaking temporary contact. 
See if voltages at different points correspond to values 
indicated on the comparison diagrams. 
A few simple tube tests have already been outlined. 

A tube tester, of course, gives a more positive indica-
tion and should be used if available. The best tube 
test, under all conditions, is the replacement for a few 
moments of the suspected tube with one known to be 

good. 
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ONLY A FEW RADIO TYPES 
According to the best estimates, there are in the U. S. 

close to fifty million radio sets made up of about 20,000 
different models. There are many ways to classify these 
different sets, but if all similar types are grouped 
together, you will find only a handful of types. And 
even these types, few in number as they are, can be 
seen to have many similar sections and can be tested and 
serviced along the same lines. 

The comparison technique requires the separation 
of all radios into groups and the ability of the service-
man to make the selection of the type into which the 
radio to be serviced will fit best. You will now be 
given suggestions how to go about finding the type of 
radio you may have in your shop. 

Circuits have changed more with time than through 
any other influence. The group of early electric radios 
from about 1926 to 1929, were of the TRF type and 
used 26's or 27's for the RF and AF stages. These 
are similar triodes. A type of 27 tube was used as a 
detector. The final audio output stage used a single 
or push-pull triodes of 71A or 45 type. The speaker 
was usually dynamic type. 

Many sets sold during the depression were of the four 
tube midget variety. These were for A.C. and for 
AC-DC operation. As some of the larger TRF sets, 
these midgets employed type 47 or other pentodes in 
the output. In the A.C. midgets an 80 tube was the 
rectifier. At first types 24A or similar type 35 tubes 
were used in R.F. stages and detector. As new tubes 
were developed in 1931-32, 58 was used as R.F. and 
57 as detector. Then, of course, came other similar 
tubes in the 6.3 volt series, and in metal types. 

The early AC-DC sets used 6.3 and 25 volt tubes, 
dropping the balance of the line voltage with a line 
cord resistor or ballast tube. You will find that even 
present day small TRF sets are exactly the same as these 
early types. Complete description on each type will 
be given later in the manual. 

You must not be confused with minor variations in 
circuits or different placement of parts. Good training, 
at this point, is to examine many diagrams of radio sets 
and sort these out according to similar types. 

Also remember that the physical appearance of parts 
does not have an effect on the electrical similarity of 
radio sets. Five inch and twelve inch dynamic speakers 
while giving results which are really different, elec-
trically behave very much alike. 

While a few models of TRF sets using later tubes 
were manufactured, after 1932 practically every radio 
of five or more tubes was of the superhet type. You 
already know that one of the characteristic things about 
all superhets is the use of I.F. stages. These stages are 
basically alike, with only a few minor variations and 
sometimes different I.F. frequencies. There is complete 

similarity even in the I.F. stages of bawl.), sets, auto 
sets, and others. 

The plate power and filament supplies of all AC-DC 
type sets are similar and are readily understood while 
studying the four tube circuits. The audio sections of 
all radios are very similar. 

At this point the reader should be able to realize that 
while servicing by comparison the diagram of the nearest 
circuit will be of greatest help, sections of the radio 
requiring service may be explained in some other 
section of the manual. For example, let us say you 
are working on an AC-DC super which employs a 
ballast tube. The best information on the power supply 
may appear on page 55, while data on the ballast tube 
will be given on page 54. The actual circuit, however, 
may be discussed on page 66. This is why you must 
be familiar with the entire book to use this method 
at its best. The index will help also to find the needed 
material. 

volume control circuit 
TRF sets. 

A type of 
in all small 

used 

The oscillator-mixer stages of the early superhets were 
different from today's type. Sometimes two tubes were 
used for this application—one was the oscillator, the 
other the mixer. In special circuits, R.F. pentodes were 
sometimes used alone. The pentagrid converter tubes 
operate very much like two individual tubes combined 
in a single glass envelope. In all superhet oscillators 
the plate current must be controlled by two different 
frequencies—the incoming station frequency and the 
oscillator frequency. 

This latter frequency can be generated by the same 
tube or by another triode. The function is seen to be 
the same, but the method differs. 
To summarize, radio circuits are made up of similar 

sections usually placed together in the same manner. 
Ordinarily there are only physical variations in parts 
used and their placement, and minor differences in the 
circuits. Since new radio developments are available to 
practically all radio firms at the same time, and since 
each tries to make their sets best within a price limit, 
the resulting radios must be somewhat along the same 
lines. 
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HOW TO LOCALIZE TROUBLE 

A comparison blueprint divides the set your are serv-
icing into definite sections and suggests tests for finding 
the one section at fault. From an actual examination 
of a radio set it may be hard to see what parts actually 
make up a section of the receiver. This is because in 
construction the filter condenser of the power supply 
may be placed near the antenna coil, but the circuit 
will tell you that these parts belong to totally distinct 
sections. If the one faulty section is discovered, you 
need not search among all the parts of the radio for 
the fault, but instead you can confine your work to a 
limited number of components of this single section. 
Here is the general way for finding the section at 

fault in any radio receiver. Every section of a radio 
receiver has an influence on the stages following, leading 
up to the loud-speaker. Every stage may also be upset 
electrically by shorting a voltage present, or touching 
a sensitive part of the circuit with your finger or resistor. 
The power supply section, however, should be tested 
first by a method outlined later. 

If any stage is upset electrically as suggested, this 
change will influence the stages following and will cause 
the speaker to produce a click or other sounds. Certain 
sounds for a specific test will indicate that the stage 
being tested and all stages following are probably in 
good operating order. Lack of response or incorrect 
results, on the other hand, will suggest that one of the 
stages between the point of test and the speaker is at 
fault. Since this test may be carried at many points 
beginning at the speaker and working back to the 
antenna, the faulty stage can be isolated. 

For example, in making this test in the first audio 
stage, a certain response may be expected (see table 
below) if this stage, the following output audio stage, 
the loudspeaker, and the power supply are working 
properly. 

For the tests mentioned below and for the many 
similar tests outlined in connection with the comparison 
blueprints, a test unit made of a five cent resistor and 
two pieces of wire may be used. Use a 100 ohm, 1 watt 
resistor. The wires are used as test leads and are 
connected to the resistor. 

TEST 
LEADS 

100 ohm resistor 
Any wattage, coast se. 

It is best to test the power supply circuit first. For 
this, as well as for almost all other tests, hold one lead 
of the 100 ohm resistor test unit on the chassis of the 
radio ( this is usually B-minus of the circuit). Touch 
the other lead to a B-plus point, such as the positive 
side of a filter condenser ( red wire probably), or to the 
screen grid terminal of an output pentode tube. If 
there is a noticeable spark at the point of contact assume 
the voltage is correct. The contact must be momentary 
only. 
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Of course, a voltmeter can be used for this test with 
much greater accuracy. In AC-DC sets the voltage 
will be between 95 and 125 volts, in A.C. sets 250 to 350. 

Specific test procedure will be given in sections of 
this manual, but in general the speaker should be tested 
next. Bring an iron blade near the field if the speaker 
is of the electro-dynamic type. There should be 
magnetic attraction—none will be present if set is "off" 
or field is not getting any current. A P.M. dynamic 
does not use a field coil. 
To test voice coil operation, one prod should be held 

in contact with the chassis as mentioned before, and 
with the other lead touch the plate prong of the output 
tube. There will be a spark at the contact and a loud 
single click in the speaker. Any previously existing 
hum in the speaker will be reduced. These facts in-
dicate that the speaker probably is operating properly. 
See the chart and comparison diagrams for many other 
tests. 

LOCALIZING TEST CHART, IN FtECOMŒNDED ORDER 

First prod 

MaallalrY 
Second 
prod 

Visual 
observation 
at contact 

Aural 
response 

Where to 
look for 
faults. contact only 

Si. point 
before fill.- 
ex at recti- 
fier tube 

Chassis 
B- 

Arc made, 
wire will 
weld. 

Clicks, 
hiss, 

Rectifier 
tube, let 
filter, pwr. 
transformer 

Bt point 
after filter Chassis 

B- 
Large 
spark 

Dual 
click 

Choke, or 
field, 2nd 
filter cond. 
short in set 

Plate prong 
output tube 

Chassis 
B- 

Spark Click 
less hum 

Output 
transformer 

Control grid 
output tube 

Hold 
in hand 

None Hiss Wrong bias on 
output tube 

Triode, or 
pentode de- 
tee tor tube 
cont, grid 

Antenna 
post 

None Click, 
strong 
hiss 

Bad condenser 
or resistor 
in circuit of 
detector tube 

Control grid 
of any B.F. 
or I.F. tube 

Hold in 
hand, 
remove 
grid capil 

None 

_ 

Strong os- 
c nations, 
hum, change 

in tone 

Parts of the 
associated 
circuit. 

Occasionally trouble develops which makes the radio 
operate poorly for a time. However, a shaking of the 
cabinet, movement of the volume control, or turning 
on of an electric light in the house, will make the radio 
return to normal operation for a time. Such condition, 
known as intermittent operation, is very difficult to 
correct. Experts usually replace condensers and resistors 
one at a time until the one which may be causing the 
difficulty is found. This is about the only solution for 
this servicemen's headache. 
Many times a radio works poorly or not at all because 

the antenna wire is disconnected or the power-line cord 
is not making contact in the socket. Tube grid caps 
may be off and prevent proper operation. 



COMPARE CIRCUITS 
In using the comparison method you must first find 

the circuit which is closest to the radio you are servicing. 
To do this you must be familiar with the basic diagrams 
included on the following pages. It is easy to tell if the 
radio is of the house, battery, or auto type. Superhets 
can be found by the I.F. transformers and oscillator coils 
they use. 

Remember similar tubes. For example, the set you 
are servicing uses 6D6, 6C6, 42, and 80. The similar 
diagram blueprint shows a circuit using 58, 57, 2A5, 
and 80. The tube chart will tell you that these tubes 
are alike by types, but the radio uses tubes of the 6.3 
volt series, while the blueprint shows tubes of the 2.5 
volt series. In many cases similar tubes are listed to 
help you in this matter. 

In the same way if the radio you are trying to repair 
is similar to one of the diagrams, but has two R.F. stages 
using type 58 tubes. You are correct in assuming that 
both R.F. stages are similar and the information given 
on one, in the diagram will apply. 

As mentioned before all I.F. sections operate alike 
even if employed in entirely different type radio sets. 
Other sections of receivers may also be similar to circuits 
illustrated in other parts of the book. Special circuits 
and parts are described separately and should be looked 
up in the index. 

The circuit of an I.F. stage of an AC-DC 
superhet. 

The knack of associating the circuit under considera-
tion with the right blueprint and other tips in the text-
book will develop with time. The period of the set's 
manufacture ( date of sale will help) will enable you to 
place the radio in the right classification. 

After the circuit is checked as suggested on the page 
containing the diagram, and the part at fault is isolated, 
you should look up the specific part or repair required 
in the index. The material in other parts of the 
manual will help you to test this section or part and 
explain the operation of the related circuit. For 
example, you are servicing a simple modern super. You 
follow the tests suggested on pages 61 and 62, but also 
refer to page 56 when checking the AC-DC power 
supply. You are able to discover that the trouble lies 
in the first I.F. transformer or a near-by condenser. 
You look up the section on condensers and test the unit 
according to the method suggested. The condenser 
proves to be in good working shape and you now know 
that the fault must be with the I.F. At this point you 
look up I.F. transformers in the index and find out how 
to test this unit and replace it. 

Methods of Connecting Volume and Tone Controls 
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EARLY A.C. TRF SETS 
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Early sets o rig inn Iiy used tubes with hundred-digits 11 11 11 th ese were dropped 
Inter; I. e., type 2211 became 211. 

The first diagram shows a circuit very common during 
1926 and 1927, and used by Majestic, Atwater Kent, 
and other manufacturers of this period. In these sets 
there were several R.F. stages, using type 26 tubes. 
The detector consisted of a 27. The audio stage follow-
ing also used a type 26. The output may have been a 
single or push-pull type 12A, 71A, or 45 triodes. The 
audio stages were coupled with transformers. The 
tuning was done with a multi-gang condenser. 

In little later type sets type 27 triodes were used for 
all stages, except the output which used single or push-
pull 45's or ( then the newly developed) 47 pentodes. 
In 1929, some of these sets began using 24A tetrodes for 
the R.F. stages, but a type 27 continued to be used as 
detector. See the circuit of the screen grid TRF set on 
the next page which, however uses a 24A detector. 
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Power supplies in these early TRF radios were at 
times mounted separately. The general tests for these sets 
will be given now. Be sure plug makes connection in 
the power socket, and the antenna is connected. Turn 
the set "on." See if rectifier ( 80) tube lights. If out, 
replace with another, but watch for strong blue light 
inside. This would indicate an overload probably 
caused by bad filters. 
Most of these sets used low capacity paper condensers 

in the filter circuit. These should be replaced, when 
necessary, with 8 mfd., 450 volt, electrolytics. If the 
choke used is defective, the choke may be shorted out 
entirely. If hum is too great, add more capacity. (This 
is a good solution at any time the customer says he 
wants the hum level reduced). 



SCREEN GRID TRF SETS 
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Find highest B+ point and make a test for voltage 
as explained before. ( Use resistor, one prod on chassis, 
the other on B+ point). Examine filaments of all 
tubes to see that they are operating, glow with light. 
Remove quickly one at a time the output tubes in 

push-pull circuits. A sharp click should be heard in 
the speaker, hum should increase with only one tube 
in socket. If these results are not obtained, suspect 
filter condensers of power supply, or choke being open. 
For tests applicable to these parts, see the index. 
Now remove one tube at a time, beginning at the 

tube next to the output stage and working back to the 
antenna. Only one tube should be removed at a time 
and placed back in the socket before the next one is 
removed for test. Every tube will have a small effect 
on the response, but as a bad tube is pulled out no 
click should be heard. 

Another test is to touch with a moist finger the grid 
connections of each tube beginning with the tube next 
to the output stage. A loud hiss or hum should result. 
If you fail to get these responses, the trouble lies 
between the tube that failed to give a response and the 
one that seemed to be working right and which was 
tested just before. 
Once the section at fault is located, you may test for 

the indicated voltage with a voltmeter or with the 
simplified resistor unit suggested. The voltages obtained, 
of course, may vary considerably in different radios. 
Detailed methods for testing parts which are suspected 
to be at fault, are given in other sections of this text-
book. 

Test speaker and audio section by ale methods already 
outlined. Test the R.F. stages and detector by shifting 
the antenna. For this purpose, the antenna should be 
long and insulated from the ground. For alignment, if 
needed, see the special section included. In many sets 
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of this type, 24-A tubes may be replaced with 35's for 
better results. 

It is important to bear in mind, that only a single 
fault develops in a radio set, and only this one fault 
need to be eliminated. Let us assume that in servicing 
a radio of the type described, you isolated the fault to 
the second R.F. stage. To test the tube of this stage, 
simply interchange the first and second 24-A tubes, and 
apply the antenna test to the second stage. If still no 
response, probably the trouble is not with the tube. 
You obtained a hiss response when you touched the 

grid of the third R.F. tube's grid. Now trace this grid 
wire to the second R.F. coil ( between second and third 
R.F. tubes) and see if the very same response is obtained 
when this coil connection is touched with your finger. 
Also try the corresponding tuning condenser connection. 
This will let you know if anything is wrong with the 
wiring of this circuit. 

Short the primary connections of the R.F. coil 
described in the previous paragraph. A click should be 
heard in the speaker each time you make this contact. 
If no click, suspect open primary. To test use the 
resistor unit, hold one lead on the chassis, touch the 
other first to the plate side of the coil's primary con-
nection, then to the B+ side of the connection. If you 
get a spark in one place but not in the other, the coil 
is definitely open. If you fail to get a spark in both 
places, no plate voltage exists. Test all condensers 
connected to the same B+ line. 

Coils can be best tested with an ohmmeter. If you 
have this instrument, use it for measuring the coil 
resistance. The value will differ with coils and may be 
as low as 5 ohms, or as high as 50 ohms. But a reading 
will be obtained if the coils are in good shape. On the 
ohmmeter, an open coil will test infinity, a shorted coil 
will indicate close to zero ohms. 



ADDITIONAL FACTS ON MIDGETS 
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Very commOn Midget of the 
1931133 period. Made in 
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oix inch speakers used. 
Common faults: volume 
control, tabes, filter 
condenser section bad, 
resistor changes value. 
Complete analysis given 
on the adjacent page. 
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If pilot light is on, it will tell you that the transformer 
is in working order. If pilot light is out, try replace-
ment with a 21/2 volt type in sets using 2V2 volt tubes. 
Quickly short filament winding ( to 24 tubes) and watch 
for "hot" but short spark—this will also indicate voltage 
from transformer. 

A small electrolytic (4 mfd., 450 volt unit will do) 
with long leads makes an excellent test-unit when 
working on the power supply. Watch the polarity when 
using this condenser. Always connect the red positive 
lead to the more positive point. If this condenser is 
placed into a circuit having a voltage, for ten seconds 
or longer, and then discharged by bringing together 
the two leads, a spark will jump across. 

With this small electrolytic condenser you can easily 
test the filter condensers in any power supply (also 
AC-DC types). Connect this test condenser across one 
of the filter condensers. The connections of the filter 
section are first found. Usually one of the connections 
goes to the chassis. After you find these connections, 
you touch the test-condenser leads to the two points, 
observing polarity. Then disconnect and make the test 
described above. The size of the spark will enable you 
to judge the voltage present. Lack of voltage probably 
means a bad filter. Suspected filter condenser may be 
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disconnected and your test unit placed instead to see 
if the set will then work. 

In the same way voltage drop in the choke may be 
tested. This voltage varies in different sets, but should 
be about 70 volts in most sets. Voltages at other points 
may also be tested. Resistor unit tester may also be 
used. Better comparison will be possible with a volt-
meter. Many actual voltages are indicated on the chart. 

Filter choke may be in positive or negative leg of filter. 
Bias for output tube type 47 may be obtained with a 
resistor connected from the center of the 21/2 volt wind-
ing to ground, or from the cathode of the tube in case 
of output tubes such as 2A5, 41, 42, 43, 6F6. This 
resistor is by-passed with 5 or 10 mfd., 25 volt electro-
lytic condenser ( minus connected to chassis). 

Tests suggested for larger TRF sets will apply to 
smaller TRF sets just as well. Touching the grids 
should create a signal. Removing grid caps of type 
24A tubes should create a loud whistle. If you have a 
pair of cheap headphones, connect one of the terminals 
of the headphones cord to a .05 mfd., 600 v. condenser. 
Use the other lead of the condenser and the remaining 
phone terminal for audio tests. This simple test unit 
may be used after the detector to receive actual signals. 
You are safe in connecting this test unit anywhere in 
the set. 



4 TUBE A.C. MIDGETS 
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The diagram above shows another small TRF set 
with several differences from the previous circuit. Other 
tubes are used here. The bias for the 2A5 output tube is 
obtained with a resistor in the cathode circuit. There is 
about 16 volts across this resistor, but only 12.5 volts will 
be indicated on a 1000 ohms per volt meter. The volt-
ages as shown are only suggestive and will differ in 
sets you are servicing and wish to compare. 
The information given for other TRF sets, of course, 

applies here. We will also give you now more advanced 
tips and tests. These tests should be used if the simple 
ones fail to locate the fault. In using the tests, be 
careful to select the circuit recommended with care—it 
is an easy matter to work on an entirely wrong stage 
and obtain wrong results. 

If the set works but distorts and whistles at some 
points, try turning trimmer condensers located above 
tuning condenser's sections ( see alignment in index). 
If whistling oscillations are present on all frequencies 
and especially at the high end of the band, try shortening 
plate and grid leads. Keep these direct. Place tube 
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shields ( tight fitting type) if not used originally. These 
shields must be connected to chassis. Keep wires away 
from coils. The best place for these coils in such sets 
is away from other parts. The antenna coil is usually 
placed above chassis; the R.F. coil below chassis and at 
right angles to the antenna coil. 
To increase sensitivity and volume, run wires from 

the grid caps of 58 and 57 tubes, and keeping these 
wires insulated where they come together, twist them 
for a few turns. Do not over do this, as whistling will 
result. 
Tuning condenser plates must not touch. Even a 

single point contact will make the set dead at that spot. 
May be straighten with a knife. Reversal of a coil 
connection will diminish response and may stop opera-
tion completely. 

Rectifier tubes, such as type 80, may have a slight 
blue glow when used in large sets, none in midgets. 
Pentodes used in the output stage have a normal purple-
blue glow. Triodes should have no internal color under 
proper operation. 



INDUCTANCE AND 

RESISTANCE 

BEHAVIOR OF A.C. IN CIRCUITS 
We have already said that D.C. is of constant or 

varying intensity, but always flows in a single direction. 
This may be taken to mean that a source of D.C. 
potential always has one terminal positive and the other 
negative. Alternating current (A.C.) has a constantly 
changing magnitude and periodically changing direc-
tion. First one terminal is positive having its value ris-
ing, see chart below points A to B. Then the value be-
gins to fall, but the same terminals remain positive and 
negative as before, see B to C. At the point C, the 
voltage present is zero. After this point the voltage 

4-
0 

24/;Pee. 5;ee 
iewee 

begins to rise in the opposite direction. The terminals 
of this generator are now reversed to what they were 
before. The process is repeated with the polarity re-
versed. 
When the voltage has started from zero, has risen to 

its maximum value in one direction, returned to zero, 
risen to the maximum value in the opposite direction, 
and then returned to zero again, one complete cycle has 
been completed. The common power line frequency is 
60 cycles per second. This means that sixty such 
changes occur every second. 

1 1 1 1 I > 1 

— X c 

CAPACITY AND 

RESISTANCE 

Inductance (choke coils) opposes changes in current 
intensity. Because in an A.C. circuit the voltage is con-
stantly varying, the current also will vary in accord-
ance. But any inductance present will attempt to pre-
vent a change in the current, and the current will lag 
(fall behind) the voltage. In a pure inductive circuit 
(no resistance being present) the current will lag 90° 
behind the voltage. 
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In A.C. circuits both inductance and resistance have 
an opposing effect. Inductive opposition is calculated 
by means of a formula and is called reactance. When 
resistance is also present, it must be combined with re-
actance in a special formula, and the result is known 
as impedance. Both reactance and impedance are mea-
sured in ohms since they are similar in some ways to 
resistance. 

Capacity makes the current lead the voltage and also 
has reactance. If capacity and inductance are present 
in a circuit, they act in opposite ways, so that the re-
sulting reactance is the difference of the two. In some 
circuits they ( reactances) may completely eliminate 
each other for a definite frequency. 
The relationship between resistance R, inductive re-

actance X, and impedance Z, is shown in the drawing. 
The phase angle tells by how much the voltage and 
current are apart. 

BALLAST TUBES 

Ballast tubes are used in AC-DC radio sets and are 
resistors built to appear as tubes. A ballast tube does not 
need to have a vacuum and may be opened. These 
resistors, as they can more properly be called, are used 
to produce a voltage drop in sets having the tubes 
wired in series. For example, if the tubes used need 
69 volts total, the remaining 46 volts of the 115 volt 
line may be lost in the ballast tube. At times several 
such tubes are used in series. 

Since the ballast tube is a resistor, it may be replaced 
with a resistor of about 25 watt size and correct resist-
ance. Replacements are also available at about 25c 
each. 

In the standard series, the first letter K means that 
a 6 to 8 volt, 150 ma. pilot bulb is to be used. L means 
a similar 250 ma. bulb. The number following means 
the voltage drop in the resistor of the tube. The last 
letter designates the base wiring. 



4 TUBE AC-DC MIDGETS 

• At11 CO.1. 

R, -

R - 

R 5--

R 4 - 
R 

Pi • - 

Fz: 7 • 
R 8 - 

it 9 - 

R lo • 

AI - 8- 11-0R- 'WAVE 

IX.SWITCH 

COKT 

7SAArgt. 

1.7 1 

- 
RESISTORS 

VAL. U 

100 A. in VOL ÇOr•cr 404 

75M 

,MEG 

500m 
-•,00m -tio% 

40M •,o% 

lOIR to'. 

156 IN CORO 

300mA 056•1 

.14 0 

C --
C 

C 3. 

C 4;-

C 

b*-
C 7 - 

C 8 - 

C. 9 - 

C to - 

C 

la - 

C t - 

C 14 - 

C 

ofe 

CONDENSERS 

VALUE. 

001 MICA 

.00 . 4,00V 125%. 

05 Zoov .5o%./• 

VAR' GimeniCA, 13Amf 

.25 it 200v. - '0% • so% 

OS X M?0 V . 50% " ,0% .44,v e oo 

003 X600V ‘0% = 
DOOS MICA L. Er.JoK. - C  " 

1X a00v io% 

Z5 AZOOV t 

5 OMFO 

ZS OMFO 

0 Mr t9 

.1 X 4 o ov • U -f/. - 107. 

Similar tubes used in other sets are 
corresponding to 6D6: 78, 6K7, 12K7 

" 6C6: 77, 6J7, 12J7 
" 43:25A6, 6F6, 38 
25Z5:12Z3,25Z6, 35Z5 

• 

-Aar 

flUDIO 95" 

\ Ft 

,OP VIEW SPK St../LAEI 

PILOT LITES 
6-e vOLT.5 

R r0 

Z5Z5 

606 

- Z‘v 
CHOKE SKr ITCH ON reOLLIME 

COEIT0.01... 

110v A C OR P  C. ; 

VOLTAGES TA,gEN FROM Poi NTS 11•4 [MC AI' ED 

To 

In wiring 
(6C6 In th 
chassis po 
less than 
with a res 

c NASSIS GROUND voLumE CONTRQL ON 

OC'OviM/vot.T Mt:TCR vseo 
tubes in series, the detector 
is case) should be closest to 
tential. If pilot lights pass 
.3 amp., they must be shunted 
istor, R10 in circuit. 

All AC-DC type of radios may be operated on A.C. 
or D.C. voltage, but for D.C. operation the plug must 
be placed in the socket the correct way. Most of these 
sets are used for A.C. operation and that is why the 
rectifier tube is included—for D.C. operation no rectifier 
is needed but may be left in the circuit. 

The main difference between the AC-DC and regular 
A.C. sets lies in the power supply and the fact that the 

tubes operate with lower plate and screen grid voltages. 
Please examine the power supply circuit in the lower 
right of the blueprint. You will find the tubes connected 
in series. This requires that all tubes have the same 
current consumption, .3 amp. for the ones used in 

the circuit. If all the tubes in series do not require 
110 volts of the supply, the difference must be dropped 
in a line cord or ballast tube. To figure out this re-
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sistance, add total voltage used by all tubes and subtract 
this amount from 110. The result is the voltage to be 
lost in resistor. Divide this voltage by 0.3 ( current) 
and the answer is the resistor needed in ohms. 
No transformer is used and the voltage is applied 

directly to the rectifier tube plate ( two used in 25Z5) . 
The cathode supplies about 120 volts D.C. The actual 
voltage obtained depends on value of first filter con-
denser. The bigger this condenser, the more voltage 
obtained. One cathode of the 25Z5 serves the radio 
plate supply, while the second supplies current to excite 
the speaker field. Sometimes low resistance ( under 
1000 ohms) field is used for filter ( choke) and the two 
cathodes may be connected together. Choke also may 
be in positive leg. In this case choke supplies bias for 
output tube; in some sets a resistor in cathode circuit is 
used instead. 
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Outside of power supply, circuit is similar to any 
other small TRF set. Voltages are lower at all corre-
sponding points. No ground is to be used since chassis 
is automatically grounded through one side of the line 
(power lines usually have a ground circuit). Antenna 
lead should have a small condenser for safety. If 
antenna wire, with condenser in circuit, is touched to a 
steam or water pipe, no spark should be present. If 
spark is noticed, reverse power plug in socket. 
Two-band tuning is made possible by shorting out 

some of the turns of the coils. Most midgets of this 
type, however, are for single band reception. The fixed 
gimmicks indicated as parts of the coils, are pieces of 
wire connected to antenna terminal in the antenna coil 
and to the plate terminal in the R.F. coil. These wires 
are twisted about the coil once or twice and act as a 
small coupling condenser. 
The complete simplified process of servicing a four 

tube AC-DC midget will now be given. Many of these. 
factors have already been presented before. To begin, 
connect cord and turn the set on. Examine tube fila-
ments. If one tube is bad, all will be lacking filament 
curfent. To test for a bad tube, short circuit for an 
instant the filament of a single tube, using a piece of 
wire. When the bad tube is shorted in this manner, the 
other tubes will light. Replace bad tube. 
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If tubes light, test for plate voltage at rectifier cathode, 
positive connection of electrolytics, or SG of output tube. 
Resistor-spark test may be used. Or you can use an 
electrolytic condenser test for voltage. And, of course, 
if you have a voltmeter use it. Voltage lacking means: 
(1) bad filter condensers, ( 2) open field or choke, (3) 
bad rectifier tube but filament lights, and ( 4) some 
by-pass condenser bad. 

Disconnect suspected condensers one at a time and see 
if voltage is then present. Only one lead need to be 
disconnected, and this should be placed back before 
testing the next condenser. A small voltage ( under 
40 volts in AC-DC sets) should develop across the 
choke; test for this. Too much voltage means open 
choke, lack of voltage means short. To test for emission 
of the 35Z5, or similar rectifier tubes, disconnect leads 
from both cathodes. Touch positive lead of the test 
electrolytic condenser to one cathode and hold minus 
lead of condenser to ground. After an instant, see if 
the condenser became charged. Try the other cathode. 
Poor charge means a bad rectifier tube. 
Wire two leads to a 250,000 ohm, 1 watt resistor. 

Shunt this resistor ( in parallel) across each of the high 
value resistances, such as R 2, 12.4, R5, while the set is on. 
If some resistor is open, you may get operation with the 
replacement. 



USING SIMPLIFIED TESTS 

SIMPLIFIED COMPARISON TEST CHART 

Part in 
CIRCUIT 

Voltage 
Across 

Test with C*, R*, Rh* , F* 
Results if part is good Results if part is bad 

02 3 to 15 Test R. Maximum volume Maximum volume always 

04 30 Rh . No change distorts Works badly, open conl 

3 10 Rh. No change. Operation obtained. 

F. Hum, hiss, not much No change or loud noiee 

05 F. Click, hiss. F test, click on one 
side not on the other. 

4 50 C. Small charge_ Large charge, open R4 

C6 105 C. Large charge. No charge, shorted 06. 

R5 Rh. Little change. Operation obtained. 

Cs, C9 110 C. Powerful charge. No voltage, shorted C. 

R8 20 R. More hum. Operation. Hum. 

010, R9 15 C. Small charge. No charge, better tone 

R6 AC R. No change. Operation, voltage if 
missing before test. 

7 AC R. Tube filaments a 
little brighter 

Operation obtained. 

This chart has been included to suggest to you and 
remind you of the many simplified tests which have 
been outlined so far in the text. The suggested tests* 
indicated by C, R, Rh, and F, are familiar to you, but 
‘vill be briefly reviewed at this time. 
By the C test we mean the use of a fixed condenser 

(about one mfd. paper type) to test the presence of 
voltage. If voltage is present between two points, this 
condenser may be charged by having its terminals in 
contact with these points. 
The test using R, is the employment of a 100 ohm, 

1 watt resistor. By Rh we mean a high value resistor, 
about 250,000 ohms. These values are not critical, of 
course. 
By F we mean finger contact test. The majority of 

points in the circuit which are sensitive enough to re-
spond to contact are safe to touch. Grid caps for ex-
ample. You may also use the end of the antenna wire 
for contact tests. 

In compact AC-DC midgets the most common faults 
develop in filter condensers, pilot lights, tubes, line 
cord, volume control, and antenna coil primary. If you 
suspect the first stage, connect antenna through a .01 
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mfd. condenser to plate of first tube—this will cut out 
the first stage. If you suspect the speaker, connect head-
phones in series with a small condenser across output 

transformer secondary. Advance volume control to 
maximum. Operation with phones but not with the 
speaker will indicate fault in V.C. of speaker, or bad 
output transformer usually develops in the primary 
winding, to test connect headphones in series with con-
denser across primary. Operation indicates that primary 
winding is not open. 
The resistor 11, in the plate circuit of the rectifier 

tube ( 35Z5-GT) prevents sudden surges of current. It 
is a good idea to add a 50 ohm 1/2 watt resistor in all 
AC-DC power supplies that do not have this part. 
In some midgets which use a 35Z5 rectifier, the tap 
connection of the filament is used in conjunction with 
the pilot bulb. Part of the filament in parallel with 
the pilot bulb pass the plate current and take the place 
of the resistor described. Refer to the circuit on page 61. 

In some AC-DC sets the ground returns are made to 
a common buss, but not to the chassis. The buss and 
chassis are connected through a by-pass condenser and 
resistor of several thousand ohms. 
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The advantages of the superhet circuit were incor-
porated in circuits of the period beginning with 1930. 
Tubes of the 2.5 volt series ( numbers in the 50's) were 
available. Before pentagrid converter tubes such as 2A7, 
and the similar 6.3 volt tube 6A7, made their appear-
ance; a type 35 or 57 was used as the mixer tube, with 
a 27 or a 56 triode as a separate oscillator. In many 
sets, similar 6.3 volt tubes were also used. Sometimes 
a single pentode, in a special circuit, combined the 
function of the mixer and oscillator. 
Your knowledge of power supply and signal tests 

may be carried over to superhet circuits. Variations 
especially applicable to this circuit will now be discussed. 
The first 35 tube serves in the R.F. preselector stage. 

Many sets omit this stage. You may omit this stage in 
testing by connecting antenna lead through a .01 mfd. 
condenser to plate terminal of this 35 tube socket. The 
volume control in the AVC circuit ( lower right hand 
corner) is used to reduce the sensitivity and, thereby, 
reduce inter-station noise which is very loud between 
stations, but drops down when a station is tuned in. 
See section on AVC. page 62. 
To find out if oscillator section is working in this set, 

break plate connection of the second type 35 tube, and 
insert headphones ( no condenser) in this circuit. If 
you can receive a station on headphones, oscillator sec-
tion is not working. If no signal or whistling is present, 
probably the oscillator is okey. 
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Shorting condenser C, or C2, will eliminate AVC 
action and will increase the signal. Please notice how 
R„ serves to produce the bias of 15 volts for the 47 
output tube. 

The oscillator coil is of a special type. There is a 
grid coil, and a plate coil to feed a signal back to the 
plate. And there is a third winding used to inject the 
oscillator signal into the cathode circuit of the 35 mixer 
tube. The number of turns on the grid coil is critical, 
but the other coils are not critical. It is, therefore, 
possible to repair a coil of this type — replacéments are 
difficult to obtain. 

The oscillator section of the gang condenser has 
specially shaped plates and no padder condenser is 
needed. ( See page 60.) The order of use of the gangs 
of the condenser varies in different sets. You should 
find these sections and their trimmers by studying the 
circuit and tracing a few connections. 

The tuning meter connected in the plate circuit of 
the first type 35 tube is a 0-5 or 0-10 ma. meter of 
special design. When the radio is most accurately tuned 
to a strong carrier, the A.V.C. will develop strong bias 
on tubes controlled, including the first type 35 tube. The 
plate current of this tube will be reduced and will be 

indicated on the tuning meter. Best adjustment is in-
dicated by extreme movement of the needle to one side. 
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STEWART-WARNER MODEL R-144AS CHASSIS 
Now you are ready to study a complete circuit of a 

simple superhet. Look over the schematic diagram of 
the Stewart- Warner radio which was popular in 1936. 
Thousands of radios, using this and similar circuits of 
other manufacturers, are in use today. Observe that 
five tubes are used; notice that the filament connections 
are not shown, but are indicated by X, that they are 
to be connected to a winding on the power transformer. 
Notice that pilot-light is also placed across this trans-
former winding. A complete explanation of the circuit 
will be given now. 

Coil 16 and condenser 11, form a wave trap for the 
purpose of keeping out undesirable signals which may 
cause interference at all settings of the tuning dial. 
This wave trap is adjusted once at the factory and need 
not be touched. Switch 25 is used to give an extended 
range for police station reception. 
You already have noticed that 17 is the antenna coil 

and 18 is the oscillator coil. Both of these coils are 
tuned with the two gang condenser. This tuning con-
denser is of a cut-section type and the rotating plates of 
the two gangs are not alike. Since the section marked 
23B, used with the oscillator, has smaller plates, the 
capacity will be smaller and the frequency produced 
by the oscillator will be higher. Of course, the con-
denser and coils are so chosen that the higher frequency 
is always greater by 456 K.C., because this is the I.F. 
frequency of the radio. 
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Let us review the operation of the mixer-oscillator 
stage which uses a type 6D6 pentode and is called "1 sT 
DET. & OSC." in the drawing. We turn the variable 
condenser (23A and 23B) until the antenna coil and 
the condenser are tuned to receive the station we want. 
This station's frequency is impressed on the grid which 
is adjacent to the cathode. Observe that the grid 
return, made through the secondary of coil 17, is 
connected to a tap (junction) of the resistors used for 
cathode bias ( resistors 12 and 1). This circuit, there-
fore, places less negative grid voltage on the grid we 
are considering than on the suppressor grid adjacent to 
the plate. 
The I.F. amplifier stage uses a type 6D6 tube. The 

cathode return circuit is related to the volume control. 
Notice that the plate supply voltage of about 190 volts 
is dropped to ground through the series network of 
resistors 10, 14, and the sections of the potentiometer 
24A which is to the right of the slider. Be sure that you 
have the resistance values of these units clearly in mind. 
If the slider is all the way to the right, only resistors 
10 and 14 form a voltage divider network. Both the 
bleeder current and the plate current of the 6D6 I.F. 
tube flow through resistor 14, to ground and produce a 
negative bias from cathode to ground of 3 volts. As 
the setting of the volume control ( potentiometer 24A) 

(Continued on page 73) 



ALIGNMENT AND I.F. 

In order for a radio receiver to select the signal of a 
single station at one time, the various stages must 
operate, for any one setting of the dial, in a correct 
manner. In the TRF set all tuned sections should be 
tuned together to the desired station and must be aligned 
(adjusted) to receive the same frequency at the same 
setting of the tuning condenser. 

In the superhet the problem of alignment is a little 
different. In selecting any station, the R.F. section 
must be tuned to the frequency of this station, but the 
oscillator is tuned, at the same time, to a frequency equal 
to the incoming station frequency plus the frequency 
of the I.F. stages. For example, you tune in a station 
operating on 900 KC. Assume the I.F. of this set is 
456 KC. For proper operation at this point the oscil-
lator frequency must be 900+456, or 1356 KC. 

It is not often that a set needs alignment. For best 
results a signal generator and an output meter should 
be used for alignment. But for the broadcast band a 
passing job can be done without equipment. The 
methods will be outlined below. For use of a signal 
generator see the section on instruments, page 78. 

In practically all TRF type sets, the trimmers arc 
located above the variable condenser sections. These 
trimmers are semi-adjustable condensers. The settings 
may be changed with a small screw driver. Since the 
metal of the tool may have an effect, a special screw 
driver made of insulating material may be purchased 
or made. 
To align a TRF set without equipment, tune in a 

station on the high frequency end of the dial ( at about 
1400 KC.) and turn all trimmers until best and loudest 
reception is obtained. 

In all cases of alignment, the manual volume control 
is advanced until the signal is audible. As the alignment 
makes the set work better, the output will become 
louder. This can be corrected by reducing the volume 
with the control as need arises. In sets with AVC, 
adjust for maximum volume also, but remember that the 
automatic volume control will try to keep the output at 
a fixed level. Because of this let the amount of back-
ground hiss and noise help you judge the proper point 
of alignment. Minimum background noise with maxi-
mum volume for any setting of the volume control 
should be your guide. 

If a tuning indicator or tube is used, this may be 
employed as the indicator. The indication of correct 
tuning will also serve to indicate correct alignment. 

In a superhet, the I.F. transformers used must be set 
for the frequency of this section. At first, it is safe to 
assume that the I.F. transformers are not much off and 
may be left alone. Now tune in a strong local station 
having a frequency of about 1400 KC. Let us say in 
your locality you have a station operating at 1350 KC. 
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You turn the dial to 1350 KC., but find that the station 
will come in best at 1370 KC., or 137 on the dial. Set 
the dial on 1350 KC. anyway. Find the trimmer 
mounted above the condenser gang which tunes the 
oscillator coil. ( In multi-band sets this trimmer will 
be inside of the can housing the oscillator coil). Turn 
this trimmer until the signal comes in as loud as possible 
without changing the volume control. Turn slowly, 
observe results. 

Now turn the trimmer of the antenna section gang 
(also the R.F. trimmer, if used in the set). The set 
screw may have to be turned in one direction or another. 

Now tune in a station at around 650 KC. Find the 
padder condenser which is usually mounted near the 
oscillator coil. While the station comes in, rock the 
tuning dial a little up and back past the point where the 
station comes in, and adjust the padder for loudest 
response. If the super uses a cut section tuning con-
denser, the outside moving plate of the oscillator section 
may have to be bent a little. The metal plates of a 
condenser must not touch, however. 

Now go back to about 1400 KC. and check up on 
your work. Readjust a little. The trimmers of the 
I.F. transformers may be turned a little at this time. 
Be careful not to turn these too much. 

The illustrations above show two views of a modern 
communications receiver. Such sets are difficult to align. 
Good quality signal generator should be employed and 
factory instructions should be followed. Fortunately, 
such sets do not get out of alignment very often. 
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Many of the smaller radio sets you will service will 
correspond to the circuit shown on this page. You 
will find these sets housed in very tiny bakelite cabinets, 
or in larger plastic or wood cabinets. The loop antenna 
is incased in the rear cover, but some of these sets used 
a regular wire antenna. 

As with other sets, first check to see that filament 
power is available. If tubes are not lighted, test with 
resistor to find burned out tube. Usually the total line 
voltage is needed for the filaments connected in series 
and no dropping resistor ( or ballast) is used. 

Majority of similar sets use a P.M. speaker ( no 
field needed). Filter uses 3,000 ohm resistor. Plate 
supply for output beam power tube ( 50L6-GT in this 
case) in case resistor filter is used is taken directly from 
rectifier cathode. Test as any other AC-DC supply. 

If filaments are receiving current, and B+ available 
at test points, reduce volume control setting, place finger 
or long wire lead on control grid of output tube 50L6. 
If you need help in finding where control grid of this 
tube is, refer to schematic and find associated parts or 
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look up the base connections of this tube in charts, page 
29. If the final stage, loudspeaker, and the power supply 
are functioning correctly, hum will be heard when 
contact is made with the grid. Advance volume control 
and make the same test on the control grid of the triode 
section of 12SQ7-GT, or the tube used in the set you 
are testing in the corresponding position. Much louder 
results should be obtained. Lack of the expected results 
indicated trouble in section being tested. 

Proceed back in similar manner to antenna. Have 
volume advanced while carrying on these tests. If you 
suspect some stage, make tests for voltage with con-
denser. If you have a meter use it instead. Test for 
voltage while the set is "on" and be sure it is "off" 
when using the ohmmeter. 

Faults commonly develop in the pentagrid converter 
tube although it may test good in a tube tester. Try a 
replacement if one is available. Need for alignment 
comes about gradually, never suddenly stops the radio 
from operating. Poor sensitivity, whistling between 
stations, reception of two stations together, may be 
blamed on alignment. Refer to page 60. 



FACTS ABOUT A.V.C. 

There are numerous varieties of automatic volume 
control circuits, but they all work on the same principle. 
The A.V.C. is intended to maintain the strength of the 
signal arriving at the detector stage nearly constant, 
thus compensating for different signal strengths of 
stations and correcting the effect of fading. A.V.C. 
does this by automatically varying the sensitivity of the 
R.F. and I.F. amplifiers. Actually the A.V.C. changes 
the bias on these tubes to secure this action. The actual 
volume, of course, is not kept constant but depends on 
the sound coming through at the moment. 

The schematic above shows an A.V.C. system often 
used in up-to-date sets. Forgetting for the moment the 
grid return resistors in the R.F. or I.F. circuits, let us 
begin with the diode detector. When the signal gets 
to the detector, it has been amplified and is quite high. 
Here the signal is rectified. Current can flow only 
when the diode becomes positive and the coil must be 
considered as a generator. This will help to explain 
why the resistor R, will carry current in the direction 
of the arrow. We are assuming for this discussion that 
electric current moves from positive to negative. This 
will make the point P negative with respect to the 
cathode of this tube and the chassis. 
The current flowing between P and the chassis consists 

of a direct current component, a radio frequency com-
ponent, and an audio frequency component. The con-
denser C, has been placed across the resistor to pass most 
of the R.F. currents and the audio frequency component 
is taken off to be applied to the grid of the next audio 
tube by means of the coupling condenser C. 
The steady voltage at P, which is proportional to the 

strength of the incoming signal, must now be fed back 

to the R.F. and I.F. amplifiers. The audio component, 
however, must be kept out of the R.F. and I.F. stages, 
and steps must be taken to prevent inter-coupling be-
tween these stages. This latter requirement is accom-
plished by the network of resistors and condensers. 
Since the grids of the amplifying tubes are never drawing 
current, it does not matter, within limits, how much 
resistance is placed between point P and the individual 

grids. 
Resistor R, and condenser C2 form a resistance-capac-

ity filter which smoothes out most of the audio fluctua-

tions, and gives the A.V.C. a needed time-delay action. 
Since the condenser, which is in series with the resistor 
R,, forms a path for alternating currents, the audio 
signal ( being A.C.) will pass through C in preference to 
following the more impeding paths through R3-C3, 
R.,-C„ and R-,-05. 

If the automatic volume control action followed the 
signal instantaneously no operation would be possible. 
The action would in such case flatten out all audio 
sounds to a single volume level. The resistor Ro in 
combination with condenser C2 delay the action since a 
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-› TIME ( t) 

DISCHARGE 

Courtesy Aerovox "Research Worker" 

time passes between the charging and discharging of 
this condenser through the resistor. This delay makes 
the A.V.C. system operate from the average carrier 
intensity instead of each individual audio variation. 
The amount of time required to charge this con-

denser to 63% of its maximum value or to discharge 
this condenser to 37% of its original voltage, when 
expressed in seconds is equal to resistance in megohms 
multiplied by capacity in microfarads. 

In any radio set if the condenser, which corresponds 
to C2 in the circuit above on this page, shorts, the 
radio will play very loud on all stations and the back-
ground hiss will be present. If the resistor correspond-
ing to R2 opens, or changes greatly in value, the tone 
will be distorted and the A.V.C. may not function. 

In many sets resistor R2 is the volume control. This 
control must follow the tube used for A.V.C., because 
if the signal strength is reduced before this point, you 
can see that the A.V.C. will try to restore the output 
to the same level. 

In some of the older radios a separate A.V.C. tube 
is used ( see circuit on page 58). If you believe that is 
the case in the set you. are servicing, to test simply find 
this tube and remove it from the socket. Much louder 
operation will result. 

In some sets the A.V.C. voltage is amplified in an 
additional tube. In all sets with A.V.C. there is a loud 
hiss-noise between stations. This is due to the set 
becoming very sensitive when there is no station pro-
ducing a signal on any point of the dial. In some sets 
to overcome this, a Q tube is included. This tube 
automatically silences the radio until a carrier of a 
station is actually tuned in. 



AUTOMATIC FREQUENCY CONTROL 
In a limited number of radio sets using push button 

tuning, automatic frequency control (AFC) has been 
incorporated. This circuit permits proper reception of 
a station even when the radio is not tuned exactly. 

In any superhet receiver, the station frequency com-
bines with the oscillator frequency to produce the I.F. 
If the set is not tuned properly, the station's frequency 
will be present in reduced intensity, but the oscillator 
will produce a different frequency than that required. 
Whether the detuning is above or below the station will 
make little difference. In each case, the oscillator will 
produce either a higher or a lower frequency than 
needed to combine with the station frequency for the 
I.F. And you know, if the I.F. frequency is off, the 
intermediate frequency stages will not permit the signal 
to go through. 

If a radio is incorrectly tuned, the above described 
facts will occur and the voltage ( of the signal) in the 
I.F. stages will be reduced. But it will be reduced in a 
similar manner whether the error in tuning happens to 
be in one direction or another. 

AFC Cp asc 

r9 

Phase difference saves the day. The phase differs in 
detuning above or below the proper point. In AFC 
circuits a discriminator is used to produce a voltage in 
accordance with the amount of detuning of the radio. 
This circuit also takes into account in which direction 
the detuning is made. 
Now we must come back to our story of the superhet 

circuit action. If the set is detuned a little, the station's 
frequency will get through but will be a little reduced 
in intensity. However, the set will not work because 
the oscillator frequency will be wrong ( because of the 
detuning) to produce the right I.F. If we could change 
at this time the oscillator frequency to be different by 
the required amount to combine with the station fre-
quency and produce the proper I.F., all would be well. 

This change, of course, can be made by turning the 
padder condenser, but we want this action to take place 
automatically. You remember we have a voltage which 
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depends on how far the set is dctuned, or ( what is the 
same thing) on how much the oscillator will have to 
change its frequency to permit the set to work. 
And this voltage from the discriminator ( usually a 

diode tube like the 6H6) is just what is used for this 
purpose. But the voltage first must be changed to act 
like an inductance or capacity. 
Radio tubes shift the phase by a definite amount and 

in this respect act as inductances. The amount of shift 
can be made to depend on the bias voltage. By con-
necting a tube in a proper manner to the oscillator 
circuit of the superhet, and by controlling the bias of 
this tube from the voltage of the discriminator, we can 
realize automatic frequency control. 

IF 
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In examining the above circuit of the discriminator, 
you will notice that the I.F. tube feeds a special split-
secondary transformer. This unit with the diode circuit 
develops a voltage across points A-B, depending on the 
amount of detuning and having a relationship with the 
direction of detuning. This voltage is applied to the 
circuit of a special AFC tube and usually controls the 
grid voltage of this tube. This tube acts as shunt in-
ductance with the oscillator coil and has an effect on the 
oscillator frequency. Please notice that if the set is 
tuned correctly, the voltage developed is zero and the 
oscillator operates at the normal correct frequency. 

Courtesy Cornell-Dubilier Elec. Corp. 

Condensers and condenser-inductance combinations are 
used in interference filters to prevent man-made static 
from reaching radio receivers. 
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1   Condenser—mica, 260 mmfd.  
2 Condenser—mica, 110 mmfd  
3   Condenser mica, 510 mmfd  
4   Resistor—carbon 47,000 ohms 1/4 watt. 
5   Resistor carbon 220,000 ohms 1/4 watt 
6 Resistor—carbon 470,000 ohms 1/4 watt. 
7 Resistor—carbon 2.2 meg. 1/4 watt  
8 Resistor—carbon 68.000 ohms 1/4 watt  
9 Resistor—carbon 3.3 meg. 1/4 watt  
10   Resistor—carbon 680 ohms 1/4 watt  
11   Resistor—carbon 1200 ohms 1/4 watt  
12   Resistor-140 ohms, 1 watt W.W. 
13 Condenser—.2 mid. 600 volt (206C) 
14 . Resistor-33 ohms 1 watt W.W. 
15-17 Condenser—.05 mid. 600 volt  
16 Condenser—.01 mid. 600 volt  

A modern superhet using a separate oscillator tube 
will be explained next. Quickly examine the circuit. 
The antenna coil is in the form of a large loop and, 
thereby, serves as the coil and the source of signal pickup. 
Provisions are incorporated for connecting an outside 
antenna if desired. No outside ground should be used 
with an AC-DC type radio set. A separate oscillator 

tube, type 12J5-GT, is used. The use of a separate 
oscillator gives higher I.F. signal to noise ratio, increases 
possible gain in the mixer tube, and segregates the 
tuning circuits. Please notice that the cathode (K) of 
the oscillator tube is connected to a tap of the oscillator 
coil ( part 31) and not to the ground. The cathode 
bias resistor of the 14H7 mixer is also returned to this 
tap. The oscillator signal is, therefore, injected into 
the mixer (1sT DET.) through the cathode. You have 
probably noticed that smaller superhets do not have 
R.F. pre-selectors. 

The I.F. stage is of a standard type. Type 12SK7 
tube is used. Notice the color code used for the leads of 
the I.F. transformers. The I.F. transformer feeding the 
diode detector is of a special type with the primary and 

secondary of the transformer placed closer together. 
The type 12SQ7 tube combines a diode detector which 
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18   Condenser —.05 mid. 600 volt 
19   Resistor—carbon 1,500 ohms 1/2 watt  
20   Lamp—dial (Mazda No. 47)  
21   Transformer-2nd I.F.   
22-23-24 Condenser—.01 mid. 600 volt  
25   Condenser—trimmer (loop)   
26   Condenser—.02 mid. 600 volt  
27   Condenser—.004 mid. 600 volt  
28   Condenser—.002 mid. 600 volt  
29   Transformer- 1st I.F  " 
30A-30B . Condenser—Electrolytic A-40 mfd. 150 volt 

/ B-20 mfd. 150 volt 
31   Coil—oscillator   
32A-3213 . Condenser—variable tuning with drum 
33A-3313 . Volume Control —1 meg. (with switch) 
39   Condenser—mica, 110 mmfd. 
40   Condenser—.01 mid. 600 volt 

also supplies the AVC voltage, and besides contains 
a triode section which amplifies the audio signal. Review 
in your mind the complete action of this stage. No 
provisions have been made for grid bias in the triode 
section of the 12SQ7, but a very small voltage difference 
exists because of the fact that different materials are 
used for electron emission (cathode) and for the grid, 
and this voltage known as contact potential is sufficient 
for the bias. 

A half-wave rectifier is used. The filaments are wired 
in series and add up to about 120 volts supplied by the 
power line. Notice that the plate current and part of 
the filament current for the 35Z5-GT tube passes 
through the pilot bulb. However, if the bulb burns out, 
the filaments will still light and the plate supply voltage 
will be obtained after a small drop through a part of 
the filament of the 35Z5-GT tube. The part number 14, 
33 ohm resistor prevents surges of current through the 
rectified tube. 

Condenser 3 is the usual tone correction capacitor 
used with pentode output tubes. Switch 28 permits 
the insertion of another larger capacity condenser for 
further reduction of high frequency audio response and 
the apparent stressing of bass. 



PUSH-BUTTON TUNING 
For convenience in selecting local stations, push-button 

tuning is used. Servicemen must be able to set these 
in new sets and make changes and corrections from 
time to time. It is important, therefore, to understand 
the general principles and be able to follow instructions 
in making these adjustments. 
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There have been three different types of automatic 
tuning employed in modern sets. One type depends on 
switching-in, with the push of the button, a fixed padder 
condenser or pre-tuned coil which permits the reception 
of the wanted station. When this method of automatic 
tuning is used, the regular tuning condenser must be 
turned to minimum capacity or disconnected. 
Another type is entirely mechanical in operation. 

The pushing of a button moves a cam which revolves 
the tuning condenser to a position where the desired 
station is received. This method simply revolves the 
condenser to the exact position for the reception of 
the station corresponding to the push-button employed. 
Such automatic units are easy to adjust. The repairs 
are mechanical in nature. In trying to adjust push-
buttons on any radio, it is good policy to ask the owner 
if a set of original instructions are still available. These 
should be followed if obtained. If not, you will prob-
ably be able to figure out the method of adjustment or 
may write to the factory for such instructions. 

Illustration at the left is of a radio using mechanical 
method of push-button control. To adjust, depress one 
button, hold down and tune in a station. Next depress 
another and select another station. After five stations 
are selected tighten locking screw. 

Still another type of automatic tuning uses electric 
motor to rotate the condenser to the correct position. 
This system is used on the higher priced sets. Such 
radios ordinarily also use AFC, and a method for 
silencing thé 'radio while the tuning is taking place. It 
is difficult to figure out the repair -or adjustment for 
such systems and instructions are almost always required. 

In Admiral Model 8T and many other sets, automatic 
telephone dial selector is used. Adjustment is as follows: 
(1) Select a station and tune this station. Choose a 
button which includes the frequency of this one station. 
(2) Unscrew this button only. Now press the button 
all the way in and rock the tuning dial until a click 
is heard. Holding the button down, reset the tuning 
dial to a position where the desired station was received. 
Hold dial in this position and tighten button. ( 3) Do 
the same with other buttons for all stations. 

Another type of push-button tuning system employing 
adjustable padding condensers is illustrated. Two of 
the buttons are used for tone control. To set buttons: 
tune in a station, set middle knob to "automatic" 
position, press button which has the frequency of the 
selected station and turn the adjusting screw of this 
button until the same station is heard clearly. Repeat 
for all other buttons. Middle knob in "automatic" 
position disconnects main tuning condenser. 



LARGER, MODERN SUPERHETS 
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While the larger superhet receivers may appear more 
complex on the surface, the fault in these circuits may 
be isolated by the same simplified technique. Once 
you know in what stage the trouble lies, you work only 
on that stage and need not care how many other sections 
are a part of the same radio. 
The larger superhets have these additions to the 

superhet circuits we have covered so far: ( 1) Usually a 
R.F. stage is used, ( 2) The oscillator section may use a 
mixer and a separate oscillator tube, ( 3) Probably two 
I.F. stages although many have only one, (4) Diode 
detector and triode amplifier as separate tubes, not in 
circuit illustrated, ( 5) Usually push-pull output stage, 
(6) Tuning eye tube which may also be connected to 
any set with AVC. 
Tuned-circuits type push-buttons are also incorporated 

in this circuit. Notice that the antenna section controls 
are adjusted with capacity, while the oscillator section 
controls are adjusted by compressing the iron core 
material used. If a R.F. stage is used before the 
pentagrid converter, it is usually cut out (eliminated 
in the circuit) for push-button tuning and for the high 
frequency band if included in the set. 

Test these sets in exactly the same way as outlined 
in the text so far. After the section at fault (only a 
single fault is usually present in any radio at any one 
time) is located, test that section by methods suggested 
and outlined for other simpler circuits. 
When working on larger sets with several bands, the 

various tests should be conducted with the band-switch 
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in the broadcast hand position see page 67). 

Phase inverter tube, 6SF5 in the circuit, is used to 
obtain out-of-phase signal to operate the second tube 
of a push-pull circuit. An audio transformer may serve 
the same purpose. Notice that the grid of this tube 
receives a very small signal because of the voltage divider 
R-15 and R- I6. The ratio by which the signal is reduced 
in this voltage divider is exactly equal to the gain 
realized in the tube, so that the net result is the same 
signal strength, but a shift of phase. This circuit shows 
a push-pull parallel output stage using a total of four 
tubes. 

It is possible to test radio tubes without a tester. In 
A.C. sets pull one tube out at a time while the set is on. 
If the set has no other faults, the bad tube will fail to 
produce a loud click. If several tubes give this reaction, 
the tube nearest the speaker is at fault. In AC-DC sets, 
first place the radio in operation. Using a piece of 
wire, touch the two filament prongs of each tube with 
the bare ends of the wire. When the burned out tube 
is tested in this manner, all the other tubes will light. 
Do not keep this wire in contact very long as the other 
tubes are receiving higher voltage. 

While the radio may create internal noises, usually 
these "static" noises are due to interference picked up 
by the antenna or power line. Here is how you can tell 
which one of these two is causing the trouble. 

With a very small piece of wire, short the antenna 
connection to chassis. Advance the volume control. 

(Continued on paze 67) 



BAND SWITCHING METHODS 

All higher priced radio sets provide means for receiv-
ing broadcast stations and one or more short wave 
bands. These multi-band receivers are only different 
as far as their tuning arrangements. Usually coils for each 
application (Ant., Osc., and R.F. if used) and for each 
band are provided. All antenna type coils are grouped 
together and may be enclosed in a single shield. The 
other coils used are also grouped. By means of a switch, 
the coils for any one band can be selected at once. The 
I.F. section and audio stages, of course, need not be 
altered if the receiver is used for some other band than 
regular broadcast. 
The circuit on the right illustrates the R.F. preselector, 

mixer, and separate oscillator ( 6C5) of a modern three 
band radio. To follow the switching arrangement 
examine the chart included in lower corner. The column 
marked "Position 1" will tell you that for broadcast 
reception, terminals 1 and 2 will be in contact, and also, 
9-12, 5-8, of section one switch. Locate these in the 
drawing. Also for section two of the switch, 5-8, and 
2-11, will be in contact. Different connections will be 
made for other bands. 

Since grid and plate leads must connect to the band 
switch, the wires must be as short as possible. Usually 
the coils are grouped around the switch. In some 
midget sets for two band reception, the switching is done 
by making a connection to a tap on each coil. But the 
better sets have an arrangement similar to the one shown. 
When one of the coils is connected to the circuit, the 
others not used are short circuited to ground to eliminate 
dead spots on the band being used. Once in a while 
you will also find very unusual methods of switching, 
but in principle they are the same. 

Each coil used, of course, requires separate trimmers. 
These trimmers are shown in the circuit and are included 
in the shield of the coil or nearby. The tuning condenser 
gang may not have any trimmers at all, or they may be 
used for one band and special trimmers will be used 
for other bands. 

In multi-band radio sets, if reception can be obtained 
on any one band, you may be certain that the set is 
functioning properly and that the trouble lies in the 
coils or alignment of the bands not operating properly. 
Switch terminals may not be making contact, or a 
winding of a coil may be at fault. 
Each band of a radio set is aligned individually, but 

the I.F. transformers are aligned only once with the 
first band tackled. It is best to start with the broadcast 
band. This alignment can be carried out as suggested 
on pages 60 and 78. Of Course, when the broadcast 
band is being aligned the band switch is turned to the 
corresponding position, and only the trimmers and 
padder for this band need be adjusted. 
You must know what frequencies are covered by each 

band in order to select the correct frequency for align-
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ment work. If you are working on a medium short 
wave band which covers 7 to 2.3 megacycles, you will 
use a signal of about 6 MC. for trimmer adjustment on 
the high frequency end, and about 2.8 MC. for adjusting 
the padder. 
A signal generator must be used for short wave align-

ment. Sometimes only a single band is out of alignment, 
but more often the entire set will need realignment. The 
location of different trimmers and padders is quite a 
job in multi-band sets and a layout diagram is of great 
help. 
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(Continued from page 66) 

If the noise stops, it is picked up by the antenna. But 
if the noise continues, the trouble is due to pickup by 
the power line. Use a power line intereference filter 
or a better doublet antenna to solve these problems. 
Filters should be mounted near the source of interference 
generation, but will help even near the radio receiver. 



EARLY AUTO RADIOS 
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The big job in servicing auto sets is to get the radio 
out of the car and to get at the parts for tests. Circuits 
are similar to other superhets and so are no more 
difficult. 

In getting the set out of the car, you need not remove 
the cables controlling the volume and selector controls. 
These can be turned with a screw driver. Remove the 
battery connection at the fuse junction. The internal 
connection should go to one side of a six volt battery, 
the shield or metal frame of the radio should go to the 
other battery connection. In most sets polarity need 
not be observed. 

After the set is out of its cabinet and ready for test, 
the battery should be connected. Power supply, which 
is different from other sets, should be tested first. Vibra-
tion of the vibrator unit can be heard and felt. It must 
work and is a common source of trouble. Exact dupli-
cate can be obtained from your radio store. Using 
100 ohm resistor unit test for voltage across each half 
of the secondary of the power transformer see page 48. 
If no voltage, suspect vibrator unit or transformer. 
Next test for plate voltage after rectifier tube. In 

sets not using a rectifier tube, the test is the same. 
Charge a condenser and discharge to see if voltage is 
present. In some sets OZ4 tube is used. The tube 
requires no filament current, but is easily damaged 
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with overload. If any tube needs replacement, check 
circuit anyway before replacing set. 

In auto set power supplies there are additional by-pass 
condensers and R.F. chokes to eliminate interference 
created by the vibrator and the ignition system of the 
automobile. These additional parts increase possibility 
of faults developing in the power supply circuit. 

All other repairs are carried out in the same way as 
on regular A.C. superhets of corresponding types. Auto 
sets almost always have a R.F. stage to bring up the 
gain since the antennas used are necessarily short and 
close to the ground. 
The following corresponding types of tubes were used 

in some early auto sets: 6A7 or 6C6 as first detector; 
6D6, 78, 6K7; 75, 85, 6Q7; 41, 42, 6F6, also in push-pull, 
and using 6A6 in class B; 84, OZ4. 
The older radio sets had their controls brought out 

to a panel mounted on the dash board. Automobiles 
beginning with 1935, provided a cut-out in the dash 
for mounting custom made plates with controls. New 
sets are supplied with instructions for mounting. Follow 
these in installing new sets, and make a plan for replace-
ment work when removing a radio already used. 

Auto sets use 6.3 volt tubes and have a total drain, 
from the auto 6 volt storage battery, of 5 to 9 amperes. 

(Continued on page 74) 



VIBRATOR POWER SUPPLY 
In connection with the operation of auto radio power 

supplies, we must understand the action of vibrators. 
These units are usually enclosed in a plug-in type con-
tainer and have a vibrating armature very similar to a 
buzzer. 

A transformer will work only with changing voltage, 
A.C. type. The voltage need not be of sine wave type, 
but it must be changing. If a transformer is connected 
to a six volt battery through a switch and this switch 
is closed and opened very fast, the D.C. voltage of the 
battery will be interrupted. The voltage will change 
from zero to six volts many times per second and the 
transformer will operate. It is possible to produce this 
type of interrupted voltage even more efficiently with 
the aid of a special vibrator. 

Examine the left hand side of the illustration above. 
Notice that the D.C. (6 volts in the case of most units) 
has one lead connected to the primary center-tap. The 
other side of the D.C. is connected to the center vibrat-
ing reed and also to a small electromagnet placed near 
this reed. Now trace the circuit through and you will 
see that the current passes through one-half the primary. 
Enough current goes through to make the small electro-
magnet attract the reed to the left, completing the 
circuit between the reed and the left-side terminal. This 
action shorts the electromagnet, but increases the current 
through the upper half of the primary. Now, since 
the electromagnet has lost its attraction, the reed will 
swing back all the way and make contact with the 
right-side terminal. The current will not be present in 
the upper half of the primary, but will now flow in the 
lower half and in the opposite direction. This is very 
much like the two loops of the A.C. 

The reed is flexible and vibrates back to the center 
position. At that instant, the entire cycle repeats itself. 
This action takes place about 115 times per second, and 
we have a type of A.C. for the operation of our trans-
former. This transformer steps up the voltage to the 
required value and the balance of the power-supply is 
made up of the usual rectifier ( shown) and filter ( not 
shown). 

There are some special precautions to be taken in 
the design of vibrator systems. When the contact is 
made, there is such a sudden increase of current that 
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a high voltage peak is induced in the secondary. Fur-
thermore, sparks are likely to appear at the contacts. 
Various ways have been devised to eliminate the inter-
ference caused by the vibrator. Buffer condensers are 
generally placed across the secondary and sometimes 
across the primary. The buffer condensers used in the 
primary may be .5 mfd. 600 volt types, one across each 
half. The buffer condensers in the secondary circuit 
may be .008 mfd. tested at 2,000 volts. Other manu-
facturers connect a center-tapped resistor across the 
primary. The buffer condensers will absorb the sudden 
charges and, thereby, improve the waveform. Yet this 
alone is not sufficient to insure noise-free reception. 

The supply filter may contain an R.F. filter in addition 
to the regular filter and the filament circuit may be 
filtered too. Also the filament circuit should not have 
any part in common with the vibrator circuit except 
the battery, of course. 

SECONDARY 
BUFFER 

CONDENSER 4. 

DC 
WOW 

POTENTIAL 

—I_ I pc 

7 LOW 
POTENTIAL • 

Synchronous vibrators can be employed in auto radio 
power supplies and eliminate the need for the rectifier 
tube. The armature of a synchronous vibrator closes 
another set of contacts which serve to rectify the cur-
rent in the secondary. The figure shows this principle. 
When the armature moves downwards, it not only 
closes the primary circuit but also the secondary; when 
it moves up, the other halves of both the primary and 
secondary are closed. A buffer condenser is again 
employed in the secondary to improve the wave form. 
The usual R.F. filters and the ripple filter are used as 
in the other vibrator system. 



MODERN AUTO SETS 

Newer type auto radios mount directly behind the 
dash into a space provided for this purpose. The 
speaker grill, dial, and control knobs are at the front. 
Most of these sets have a set of push-buttons for greater 
convenience in tuning. These sets have a very good 
audio system for large power output. Sturdy con-
struction and good shielding is important in automobile 
radios. 
To keep out ignition interference, a number of by-

pass condensers and chokes are incorporated in the lead 
from the battery. The other battery connection, of 
course, is grounded to the frame of the car, and the 
radio makes this return connection with the mounting 
bolts. The vibrator is enclosed in a well shielded plug-in 
container, and the vibrator and transformer assembly 
are shielded again in another compartment. Besides 
these precautions, R.F. chokes and by-pass condensers 
are used in the leads from the transformer. 

This circuit uses a synchronous vibrator eliminating 
the need for the rectifier tube see page 69. last para-
graph). Find the lead which has the fuse and leads 
to transformer and vibrator through chokes L3 and I,. 
Make a momentary contact from this lead to chassis, 

70 

using a piece of wire. Hot spark will tell you that 
six volts supply is present. If you suspect the R.F. 
chokes, test in this way before and after the choke. 
If current is present before, but not after, choke is open. 
Now test plate voltage at electrolytic filter condensers, 
C„ in diagram. If no voltage here, disconnect con-
densers and then test, or test for voltage at secondary 
of power transformer. For this last test do not use the 
condenser, but use a low resistance R test. If no voltage 
at transformer probably the trouble is with vibrator. If 
points are badly worn, the unit will not work even if 
armature is vibrating. 
The balance of the set is a regular superhet and 

should be serviced in a similar manner. The type 6B8G 
tube is similar to a 75, but has a pentode section which 
is used for audio. The type 6K6G is used as an output 
tube in many sets, but here it is used as a driver because 
the final audio stage uses a type 6N7G tube in class B 
operation. See page 80. 
Automobile sets are designed for broadcast operation 

and use 175 KC. I.F. in many instances. In aligning 
auto sets, try to re-assemble the set as much as possible 
before making adjustments. A metal cover in place 
may change the correct point of alignment. 



"HOME" BATTERY SETS 
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No. Part No. Description 
CONDENSERS 

Cl 100-10 .05 x 200 Volts 
t.:2 129-1! . t10025 111 iça 
C3 100.33 .1- X 200 Volts 
C4 1CO 33 . 1 x 200 Volts 
C.5 129-12 .00025 Mica 
C6 100-33 . 1 x 200 Volts 
C7 129-5 .0001 Mica 
C8 120-25 .0O2 x (03 Volts 
C9 1C0-9 .05 x 200 Volts 
CIO 109-7 .005 x 600 Volts 
CI 1 119-28 5 mid, x 200 Working Voltage 
Cl2 119-28 S mfd. x 00 Woikii.g Voltage 
C13 100-33 . 1 x 200 Volts 
CI4 Illt1-34 . 1.105 it 1211) Volts 
C15 100-40 .5 mid x 200 Working Voltage 

135V. 

C17 

t 

C16 100.40 . 5 mfd. x 200 Working Voltage 
C17 100-35 .5 x 200 Volts 
C18 100.11 01 r 400 Volts 
NOTE: C11 St C12 in one unit-

RESISTORS 
RI 30-94 51.1M Ohm-1/3 Watt 
R2 30.17 10M Ohm-1/3 Watt 
R3 30.123 15M Ohm-1/2 Watt 
R4 30-121 3.2 megohm-1/3 Watt 
R5 01-56 I meg ohm-Volume Control 
R6 30-19 I meg ohm-1/3 Watt 
R7 30 241 100M Ohm- 1/3 Watt 
RS 30 II 250M Ohm-1/3 Watt 
149 01.39 I meg ohm-Tone Control 
RIO .10 17 750M Ohm-1/3 Watt 
R11 01-44 4.75 Ohm-Filament Rheostat 
R12 30.124 200 Ohm-1/2 Watt 
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CIO 

100v. ,41..utsuu T - 

3I,10"3. 
TAN 

A-
• 

MISCELLANEOUS PARTS 
C 102-38 One Section of Two Gang 
T1 111-66 Antenna Coil 
T2 110.45 Oscillator Coil 
13 108-84 Input IF.-465 Kc. 
T4 108 8,5 Output I.F.-465 Kc. 
LI 105-30 Filter Choke 
1.2 123.3 R.F. Choke Coil 
1.3 104-62 1'ower Transformer 
1.4 105-19 "A" Choke 
1.5 114-50 6" Spkr. ( Field Res. 4.2 
S 101-56 On Volume Control 
V 126-4 Vibrator Unit 

Battery operated sets of the types illustrated were 
sold during 1934-39 period. These are in use in rural 
areas not equipped with power lines. Battery type tubes 
with low filament current drain are used. The circuits 
are similar to other sets, but bias in many sets is obtained 
in the filament circuit since the filaments are also 
operated on direct current. Plate current is supplied 
by B-batteries, or from a vibrator power supply which 
is similar to the auto set power supply and works from 
the same six volt storage battery that is used for 
A-battery needs. With B-battery circuits, no filter is 
needed and bias may be obtained from separate C 
batteries. Vibrator supplies, of course, have regular 
filters. 

While servicing technique is similar, great care must 
be exercised not to place the high plate voltage on the 
filaments as the battery type tubes are easily damaged. 
Best to make tests with condenser and by touching 
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control grid circuits. If a six volt battery is used, tubes 
may be wired in series and parallel. 
The battery portables and the more modern "home" 

battery sets use similar circuits and corresponding tubes. 
These tubes are of the 1.4 volt series and may be 
operated directly from 1.5 volt batteries. These tubes 
are very economical in operation having small filament 
current drain, and give good operation with only 90 
volts on the plate (67V2 volts in some circuits). 
The A and B batteries are usually enclosed in a single 

pack and connected to the set with a plug-in connector. 
Superhet circuits usually employed. P.M. speakers are 
used. 
A-battery voltage may be tested with flashlight bulb. 

B-battery voltage may be tested with 110 volt bulb, 
but make test quickly. Use a low wattage bulb ( 10 
watts). Common source of trouble is due to batteries 

(Continued on page 72) 



BATTERY PORTABLE SETS 
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RI 
R2 
R3 
54 
R5 
116 
17 
RO 
119 
RIO 

CI 
a 

C4 

IH5G 

C7 

e R6 

RESISTORS 

20014 w. 
413 ohm-55 w. 
40113 ohm-55 w. 
3 megohm-55 w. 
megohm volume control 

5 megohm-55 w. 
5CONI ohm-16 w. 
I megohm-55 w. 
700 ohm-55 w. 
Tone Control (I klegolun) 

CONDENSERS 

2 gang variable condenser 
Antenna Trimmer on gang 
Oscillator trimmer on gang 
.00025 mica 
.05 x 200 v. 

R 

IC5G 

C5 
Cà 
C7 
co 
C9 
CIO 
C11 
Cl2 
C13 
C14 

TI 
T2 
T3 
TO 
T5 
T6 
SI 

e 8 

..-) PED evr 
-rcil 

Bt.r.i< A-

e Et-

--/--ar7B+ 
.05 x 203 v. -rc,2 
.0031 mica , 
.003 o 600 v. -1. 
.0101 mica 
.01 x 400 v. 
10 odd. x 25 w. v. 
.003 o 600 v. 
.25 x 20) T. 
.1 x 203 v. 
.0ü2 X WS V. 

PARTS 

Antenna Coil 
Oscillator Coil 
Input I. F. - 465 Irc. 
Output I. F. - 465 kc. 
Output Transformer 
6 in. P. 51. Speaker 
OIT•on switch on Volume control 

or 1A7G tube testing "good" but not oscillating. Try 
a replacement, if fault seems to lie in this stage and 
you are able to get a response of hiss or a click when 
you touch the grid of the IF. tube ( 1P5G or 1N5G in 
some sets). 

SIMPLIFIED TESTS WITH HEADPHONES AND ACCESSORIES 

Test Position of prod If this result is obtained Part bad 

RF Cap 1A7G No signal can be tuned in T1 or ant. 

RF Cap 1P5G No signal received en phone Oscillator 
not workbg 
1A7G bad 

RF Term. 5, 1H5G No reception on phones 1P5G, T4 

AF Across R5 'No reception R5 ,C6 ,1H5G 

AF Across R6 No reception 07 

AF perm. 3, 1C5G No loud reception C9' C11' 1G5 

PW A plus No click C13 , A bat 

PW B minus No click C10 

PW B plus Very loud click missing 012, B bat 
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COMBINATION PORTABLES 
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Ttt.tm 
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Le feu,: on u mete: having a tessmance ol 1000 ohms per volt 

These battery sets are best serviced with a signal 
tracer which can be made up of headphones, con-
denser, and crystal detector costing a few cents. Connect 
these as the circuits illustrated and in using keep one 
lead on A-minus or ground point. In the chart on the 
previous page, we will call circuit with crystal RF, 
with condenser AF, and just headphones PW. These 
tests may be used with all battery sets and, in many 
instances, with electric power radios. 

..441  

It  

 R.F .1 • 
el•E 

The majority of portable radios sold during the last 
few years were designed for operation from compact 
batteries and also suitable for use directly from 110 volts 
A.C. or D.C. power supply. Many of these sets are 
regular portables as described in the last section, but 
include a power supply unit to provide the A and B 
voltages of the pack. The same switch disconnect the 
batteries and places in operation the special power 
supply. A few of these power supplies use type 25Z5 
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tube, but type 117Z6 has been developed especially for 
this service and has a 117 volt filament. In a few sets, 
for the power operation the final audio tube is also 
changed so that more audio output is secured. As in 
the circuit illustrated, the rectifier for the power supply 
and the special audio tube, may be combined in a single 
type 70L7-GT. 

(Continued from page 59) 

is changed, the negative bias is increased to a maximum 
of 30 volts. Of course, the changing of the volume 
control setting also causes losses of the antenna signal 
to ground to increase, as the slider is moved to the left. 
Resistor 14 is used to guarantee a minimum required 
negative bias. 
A type 6C6 tube is used as the detector ( 2ND DET.) 

and is of the grid leak type. The audio output from the 
detector is sufficient to drive a sensitive type 41 pentode 
output tube. Condenser 20 is the usual tone correction 
condenser used with pentodes. The output tube is 
coupled to a dynamic speaker. Notice that the field 
coil of this speaker is employed as the filter choke. In 
general, the heavy lines in the circuit indicate places 
where plate voltage is present. The understanding of 
the function of the receiver will aid you in carrying 
on service work in similar sets. 



POWER SUPPLIES FOR PORTABLES 

The circuit above 
shows a RCA power 
supply for opera-
ting batterysets 

on A.C. power. 

The Zenith circuit 
on the right shows 

another power sup-
ply used for com-
bination portables. 

Power packs arc also available, similar to the RCA 

circuit illustrated, which may be used with regular 

battery portables. In all cases the B-voltages are 

obtained in the regular manner, but novel circuits have 

been worked out to get the needed A-voltage. You 

understand, of course, that the A-battery supply must 

also be filtered. 

If such a set is dead, use power from batteries and 

proceed with tests for regular battery portables. If set 

is working on power but not batteries, suspect battery 

connections or used out battery pack. If set works on 

batteries but not with power supply, the trouble lies in 

the AC-DC supply. ( Note: Most supplies are for 

AC-DC operation, the RCA pack is for A.C. operation 

only). 

Test for plate voltage in the same manner as you 
would any AC-DC power supply. You may find bad 
rectifier tube, or filter condensers, see page 55. Continue 
to trace this B+ voltage and test at several points in 
the actual receiver. You may find a break at the switch. 

Place the radio in a darkened room and try to see if 
filaments are receiving current. If not, disconnect the 
filter condensers in the A (low voltage) supply. Dis-

connect one at a time and see if this action will restore 
operation. Resistors in this circuit may be open. Test 
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these with an ohmmeter or replace them with similar 
sizes. 

If the set fails to operate on AC-DC power and a 
separate audio output tube is used for this operation, 
its circuit must be suspected. Make regular test here 
since this tube may be of the regular type used in 
AC-DC circuits. Please remember that if you obtain 
operation with battery power the trouble is not in the 
radio receiver proper. 

(Continued fionz page 68) 

The filaments are connected directly to the battery— 
through chokes in some sets. The plate supply is 
obtained with a vibrator unit and associated parts. 
Real old sets using "B" batteries should be junked. 
The genemotor supplies may be replaced. 

Ignition interference is a common fault. Make sure 
the antenna is as large as possible. If whip type, have 

it open. By-pass condenser (.25 mfd. auto type) should 
be placed on generator lead. Distributor suppressor 
should be used and it will not have an ill effect on the 
operation of the motor. While motor and radio are in 
operation, try condensers in other points such as 
ammeter connection, dome light, regulator, electrical 
operated gas indicator. Be sure good frame-grounds 
exist for set connections and leads are shielded. 



RADIO TESTERS 
The factors associated with electricity are measured 

with meters. For example, the voltage in a circuit may 
be measured by simply connecting a voltmeter, having 
the correct scale, in the circuit. To repair radio sets 
faults existing must be discovered. In a radio, which 
is not in good working condition, voltage, current, 
resistance, and other electrical quantities present are 
commonly of values that are not to be expected or 
wanted for proper operation. The discovery of an 
incorrect electrical quantity points to the trouble and 
gives an easy and quick solution. 

If a radio under test does not have power; i.e. no 
voltage is present, tubes do not light, an ohmmeter 
(resistance measuring meter) should be used. Also for 
testing resistors, coils, and other parts an ohmmeter is 
best adapted. The power switch of the radio must be 
shut off when using this unit. 
With the power on, voltage tests quickly help to find 

the source of trouble. Current measurements are taken 

The selection of the different scales 
is made with a rotary switch in some 
units. In others the selection is made 
by changing the tips of the test leads 
to a different pair of jacks. In one 
Supreme model push-buttons are used 
The figure at the right shows how to 
make continuity and short tests with 
an ohmmeter. 

only once in a while. This is so because it is required 
to actually break the circuit ( cut the wire) to measure 
current passing. For measuring voltage or resistance, 
the test prods are simply placed on terminals of parts 
to be tested. Some testers using these meters combine 
the measurements of these different quantities and also 
have several scales. 
A combination volt-ohm-milliameter, as these instru-

ments are called, is shown. The resistance scale on 
all such instruments is crowded at the high end. The 
voltage and current in most radio circuits are D.C., but 
for voltage measurements this instrument provides A.C. 
scales also. Different lead connections are used for some 
tests, and the correct setting must be made not to burn 
out the meter. The decibel scale, if used, is simply a 
specially calibrated A.C. voltage scale. The capacity 
scales measure capacitive reactance at 60 cycles, but 
indicate actual capacity. Several scales are included 
for each measurement and this gives greater accuracy. 

SHORT 
TEST 

7 1. 
CONTINUITY 
TEST\ 
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CONTINUITY 
TEST 



Courtesy Weston Electrical In.st. Corp 

RADIO TESTERS 

3 OH MS 

On the right is a schematic of a 
radio drawn to show resistance values 
expected across various parts. 

The voltages measured in radio circuits run between 

2 or 3 volts and up to 500. Current up to 100 milli-
amperes. 

The sensitivity of a voltmeter is expressed in "ohms-

per-volt" and equals the total resistance in the meter 

circuit ( meter resistance and the series resistor built in 

the unit) divided by the number of volts indicated at the 

full scale deflection. This figure indicates how much 

current is needed to operate the meter, that is deflect the 

needle of the meter all the way. The 1,000 ohms per volt 

meters have a movement of one milliampere. The greater 

the resistance per volt, the more sensitive the meter will 

76 

39 
OHMS 

1 _T 
DET. 

3 OHMS 

1 
OHM 

OSC. 

2000 
r'OHMS 

:1300 OHMS 0.11-
0.25-
MK• 

745 
MMF.,j 

e 
.04-MEG. 
80 OHMS 

3 OHMS 41 
OHMS, 

1./44. 

2000 
OHMS 

be. The more sensitive meter requires less current from 
the circuit being tested and will give more accurate 
reading if the circuit being measured has considerable 
resistance. 

To enable the serviceman to test a receiver without 
removing the chassis from the cabinet, analyzers have 
been developed. These instruments incorporate a good 
quality volt-ohm-milliameter, but besides providing con-
nections for the test leads, have an adapter plug to fit 
the sockets of all tubes. When a circuit is to be tested, 
the tube of that circuit is removed. In place of the 
tube, the plug with the correct adapter is inserted. The 
tube in turn is placed into a socket ( or socket adapter) 
provided on the panel of the analyzer. It is possible 
now to measure voltage or resistance between any two 
of the connections leading to the tube, or to break any 
single circuit and measure the current passing. This 
can be done quickly by simply turning the scale selector 
and plugging in a couple of leads. 

Several test manufacturers have released signal 
tracing units which are supposed to simplify servicing. 
This they do in a few service jobs and especially inter-
mittent reception repairs can be handled with some 
logic by means of signal tracing. These units, called 
Analysts, Channalists, and Channel Analyzers, consist 
of tuned stages ( adjustable) to correspond to the tuned 
stages of a receiver. A vacuum tube voltmeter, re-
quiring no current from the circuit under test, serves as 
an indicator. Tuning eye tubes sometimes are also in-
corporated. Servicing is done by substituting for the 
suspected stage and measuring under actual operating 
conditions. But we still say that most jobs can be 
handled without equipment, and only on rare occasions 
will you need a "signal tracer." 



TUBE TESTERS 
Although faults in vacuum tubes can be detected 

without the aid of a tube tester, to make a positive 
statement that a vacuum tube is in good operating 
condition requires the use of a good tube tester. Testing 
and replacing tubes constitutes a large amount of work 
of radio servicemen. A very large number of apparent 
radio receiver defects do not actually require any repairs, 
but merely a replacement of one or two tubes. 

Occasionally, when a tube tests defective, it will work 
quite well in a receiver tuned to a powerful local station. 
It is rather difficult in such a case to convince the owner 
that the tube needs replacing when he himself can hear 
the receiver working apparently in great style. To 
convince the receiver owner that the tube in question 
is really bad, simply place a new tube in place of the 
one mentioned. Tune in a rather weak distant station. 
Now replace the bad tube. The set will no longer be 
able to bring in the weak station. 

Different test methods for tubes may be used. In 
laboratories, a method which places the tube under con-
ditions of operation very similar to that existing in radio 
receivers is used. Since this method requires complex 
equipment and many adjustments, it is not practical for 
the service shop. 

Emission and short tests are used in practical testers. 
While this method is not absolutely fullproof, it serves 
excellently for practical purposes. 
A tube tester is provided with various sockets so that 

all tubes in use can be tested. There is a filament selec-
tor switch and this is pre-set to give the required filament 
voltage for the tube to be tested. Charts are supplied 
with tube testers to tell you the various settings for all 
tubes. Some testers also may have an adjustment to 
correct variations in line voltage. Most tube testers 
operate from 110 volts power. 

All the elements of the tube, with the exception of 
the cathode or filament, are connected together through 
the circuit of the tube tester. A small positive voltage 
is applied to this grouping of elements which now act 
as a plate. In this "plate" circuit a meter is inserted. 
The amount of current which will pass depends on the 
voltage applied, type of tube, and condition of the 
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emission of this tube. By keeping the voltage at a pre-
selected value ( unchanging), and knowing what shunt 
setting will be needed across the meter for the type of 
tube being tested, the quality of emission can be deter-
mined. This is a good simple test of the tube's quality. 
The adjustment which must be made for each tube 

to be tested, automatically corrects the reading on the 
meter for the tube under test. Similar tubes, of course, 
will have about the same setting. The meter itself is 
called English reading, and the scale is divided into a 
GOOD and BAD sections. 

Another common fault with vacuum tubes is due to 
high resistance shorts existing between the different 
elements. By following the instructions supplied with 
the tester, and rotating certain switches, you will auto-
matically place a voltage in series with a sensitive neon 
bulb across pairs of different elements. If this test is 
made on two elements which are actually shorted, the 
bulb will light. Dim light will result if there is a high 
resistance leak between the elements. 
The simplified tube testers at times fail to detect a 

faulty tube. For example, in a multi-element tube if 
one of the grid connections is broken inside the tube, 
this may not be discovered by an emission tube tester. 
The current which causes the meter to indicate GOOD or 
BAD, is the result of all currents of the different ele-
ments acting as "plates." If the individual currents of 
each grid and the plate are compared, you will find the 
plate is responsible for a large amount. And so, if 
the grid wire is broken, the total plate current indicated 
on the meter will change but little, and the tube may 
still test in the GOOD section. Gas presence in the tube 
may be detected with the leakage test. But the presence 
of gas will actually increase the plate current and 
indicate better emission. 



SIGNAL GENERATORS 

A signal generator is similar to a miniature broad-
casting station. The frequency of the output, however, 
is adjustable. The intensity of the audio signal super-
imposed on the R.F. carrier may be controlled. This is 
known as percentage of modulation. The audio fre-
quencies may be used separately if need arises. The 
amount of output is also controllable with the atten-

uator. 
The practical signal generator illustrated below covers 

frequencies from 100 KC. to 133 megacycles. This 
includes all I.F. frequencies used, and all communica-
tions frequencies including those used in modern F.M. 
sets. The coverage is obtained in seven steps, by 

making different readings on the dial. 

Cotirtory Hickok Electrico4 Inst. Co. 

In this unit audio frequencies from 100 to 10,000 
cycles are provided. Many signal generators have but 
a single 400 cycle audio frequency. These audio fre-
quencies may be taken directly from the unit or may 
be used to modulate the radio frequency carrier. 
Some signal generators operate from battery power, 

but most units are designed for power line use. Audio 
frequencies are generated by a single tube. The R.F. 
oscillator uses one or more tubes. The circuits must be 
carefully designed to produce the exactly right frequency 
at any setting of the dial. To prevent stray radiations, 
the entire unit must be enclosed in a metal container 
which acts as a shield. The signal output must be 
strong enough to permit you to align a set entirely out 

of adjustment. 
In selecting a signal generator make certain it covers 

the frequencies encountered in radio service work. Be 
sure the unit is easy to use and that it is well shielded. 
See that the audio output can be used separately and 
when used with the R.F. that the percentage modulation 
can be controlled. The error in dial reading should not 
be greater than 2% but better yet 1%. The output at 
maximum setting should be in the order of one volt. 
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A signal generator may be used for locating faults 
in radio receivers and as an aid in properly aligning all 
sets. With a signal generator you can produce a similar 
signal to the one which can be handled by any stage 
of the receiver. For example, you can generate a 
powerful audio signal to drive the output stage. Or 
you can produce a relatively weak I.F., of the correct 
frequency and with about 30% modulation, to excite 
the input to the first I.F. transformer. 
As you can see, with a signal generator you will not 

need to upset the different circuits by some simplified 
method, but will instead test each stage with the type 
of signal that stage should be able to handle. Starting 
with the speaker, you can work back to the antenna 
until the faulty stage ( failing to give a response) is 
discovered. 
By adjusting the signal generator to the I.F. frequency 

of the receiver, the I.F. transformers can be correctly 
peaked. It is best to feed the signal into the primary 

of the last I.F. transformer and adjust the trimmers for 
maximum output. You may judge by the sound repro-
duced by the speaker, but it is better to have an output 
indicator. A cathode ray oscilloscope may be used for 
exacting results, but is not essential. 

An oscilloscope is useful in 
carrying out exacting align-
ment work. It may also be 
used for tests, but is more 
adaptable in the laboratory 
than on the service bench. 

In a manner similar to the alignment procedure 
explained previously, a signal generator may be used. 
Instead of tuning in a station of about 1400 KC. and 
then one of 650 KC., these frequencies can be generated 
with the signal generator. 

In making the alignment on short wave bands, the 
same procedure is followed. However, the frequencies 
used for any one band correspond to a frequency at the 
upper limit of the band and one at the lower end. 
Separate trimmers and padder condensers are provided 
for each band. The I.F. transformers, of course, need 
not be touched once they are adjusted for any one band. 



PUBLIC ADDRESS SYSTEMS 

In serving a large group of people, public address 
equipment finds its application. Most often a speaker's 
voice is amplified to a suitable volume to be audible to 
all present. Radio programs and phonograph records 
may also serve as a means of input. In motion picture 
work, a photo-cell serves as the source of input. 

Essentially a P.A. system consists of one or more of 
the sources of input mentioned above, a suitable ampli-
fier, and one or more loudspeakers so placed as to take 
advantage of the acoustics. 

Most microphones used at present are of the high-
impedance, low-level type. These include crystal, 
velocity, dynamic, and vclotron types. The last one 
mentioned requires a polarizing voltage. All these 
microphones have a low level output in the order of 
minus 50 to 65 decibels, and require sufficient amplifica-
tion in use. This output is lower than that of a phono-
graph pickup and needs one more stage of amplification 
than is needed with the phono input of an amplifier. 

Because these microphones are of the high impedance 
output they may be coupled directly to the grid of the 
first tube. Velocity and dynamic microphones are also 
made in the low impedance types and should be used 
when the connecting lines are longer than 100 feet. 
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Low impedance microphones require a matching trans 
former at the input to the amplifier. 

Carbon microphones are used only for voice and have 
many shortcomings. These microphones are used with 
a small battery and have an output level corresponding 
to that of a crystal phono pickup. Condenser micro-
phones are not used any longer, and may be replaced 
with other low level types. 



AMPLIFIER INSTALLATION 

Phonograph pickups may be of the magnetic and 
crystal types. These are usually of the high impedance 
types and may be connected directly to the grid of a 
vacuum tube. The crystal pickups are shunted with 
a resistor in the order of one megohm. This resistor 
may be the volume control. Bass response may be 
increased by making the value of this shunt resistor 
larger. 

Radio input may be obtained by connecting the 
chassis of a radio to the frame of the amplifier, and 
connecting the output of the detector through a .01 mfd. 
condenser to the "hot" side of the phono input of the 
amplifier. 

Each input channel may be individually controlled. 
In the more economical amplifiers, two channels, which 
are usually not used at the same time, may be controlled 
with a single knob. 

The different channels are combined or mixed by 
means of resistance volume control networks or by 
means of electronic mixing. This latter method uses 
a tube of a dual type ( 6C8G may be used). The two 
channels feed the two control grids. The plates are 
connected together and the plate current is influenced 
by both grids. This permits the inputs to be mixed 
or blended. 
A public address amplifier is nothing more than a 

multi-stage, high power, audio amplifier. The stages 
may be coupled with resistance or transformer coupling. 
Various tubes suitable for audio work are employed. 
Each stage, except the final, acts as voltage amplifier. 
The final stage, of course, must deliver actual power 
to the loudspeaker. 
The output stage may use triodes in class A operation. 

This operation was used extensively in older amplifiers 
and gives good quality, but low amplification in the 
final stage and high current consumption. Type 2A3, 
45, and 50 tubes are used in such circuits. 

Pentodes, such as 2A5, 42, and 47, were used to 
overcome the shortcomings mentioned, but had more 
distortion. Class B tubes, such as 6A6, 46, and 53, are 
very economical in operation and have very little dis-
tortion at high volume levels. 

The beam power tubes (6L6, 6V6. and 25L6) are 

ideal for final amplifier stage requirements. By feeding 
back a part of the signal to one of the previous stages 
(degeneration) exceptionally fine results are possible. 
These tubes also will operate properly with almost no 
filtering of the plate supply and deliver very high power 
(55 watts for two 6L6 tubes) in special circuits. You 
will find almost all present day amplifiers using these 
tubes in the output stages. 

In most installations it is best to use only one or two 
speakers. The loudspeakers for P.A. are usually of 
12-inch size and are capable of handling 15 watts. Out-
of-doors or to serve very large areas, trumpets and 
directional baffles are used. 

The speaker location is selected with two objectives 
in mind: ( 1) to make the program sound natural to 
all present, and ( 2) to reduce the possibility of acous-
tical feedback. The loudspeakers should be placed so 
that sound originating from the actual source ( be it a 
singer or a complete orchestre.) and the sound emitted 
by the loudspeakers should reach the majority of the 
audience at the same instance. This is why two speakers 
are used in auditoriums and dance halls, one on each 
side of the stage. 

In all installations, some of the sound emitted by the 
loudspeaker will reach the microphone of the system. 
A continuous whistle known as feedback will result if 
the sound reaching the microphone is greater in in-
tensity than the original sound input. 
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Reduction of amplification will always solve the feed-
back problem. But this is a poor solution since the 
high output is usually required. At times only a 
group of frequencies cause feedback and the tone control 
may eliminate this. 

The best way to eliminate feedback is to prevent 
sound from the speakers reaching the microphone of the 
system. The speakers should be focused away from 
the microphone. Sound-absorbing materials deaden the 
sound and absorb its energy. The use of carpets, heavy 
curtains, and special materials on the walls and ceiling 
will greatly reduce feedback. 

A public address amplifier should be serviced in a 
similar manner to any audio section of a radio receiver. 
A few additional hints will be given at this time. 



SOUND AMPLIFICATION 

A hissing background noise increasing with the setting 

of a volume control in a system which is defective, 

indicates a fault of the microphone or an open mike 
line. To test, short input terminals with a piece of 
wire. If fault is a,;, mentioned above, noise will stop. 

If noise continues, see that grid caps are in place. 
Place finger on control grids of the tubes in different 
stages to find stage failing to give expected response. 
Test voltages with small resistor and "spark" reaction. 

Voltmeter may also be used. Voltages to be expected 
are the operating voltages listed in tube charts. 

Hum may be due to filament-cathode leakage in a 

tube. Try other tubes especially in the first two stages. 
Chassis should be grounded. Reversing A.C. plug may 

help. Use a 4 mfd., 450 volt electrolytic condenser as a 
shunt across the different filter condensers. Improve-
ment will be noticed when the test condenser is placed 
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ELECTRICAL VAtugS 
Condensers 

C4 10 tad., 25 volts 
C16 .01 mfd., 400 volts 
CI7 0.1 mfd., 400 voits 
C90 .25 mfd., 400 volts 
C91 15-15 mfd., 300 volts 

Resistors 
RI 50,000 ohms, 1 watt 
R5 5 megohms, Vs watt 
R6 3,000 ohms, Y2 watt 
R7 2 megohms, I watt 
R8 250,000 ohms, 1 watt 
R18 25,000 ohms, 1 watt 
1(34S 100,000 ohms, potentiometer 
R43 100 ohms, 10 watts 
R59 500,000 ohms, potentiometer 

in parallel with the faulty unit. See that the metal 

braid of shielded wires is really grounded to the chassis. 

If one of the output push-pull tubes is under par, dis-

tortion and hum will result. Speaker impedance must 

be matched to output, try several available connections 

for best obtainable results. 

The amplifier illustrated below has its circuit shown 

at the top of this page. You will observe that this unit 

has the filaments of the tubes wired in series and may 

be operated from 110 volts A.C. or D.C. Two type 

25Z5 rectifiers are wired in parallel to supply the total 

plate current. Outside of the power supply, the circuit 

employed is similar to other small P.A. amplifiers. A 

high impedance crystal or other low level microphone 

may be connected to the mike input. Since phono-

graph pickup output is of a higher volume level, it is 

connected directly to the second stage. This 

connection eliminates the extra gain pro-

vided by the first stage. The control R-59 

varies the output volume intensity. Although 

the mike and phono inputs can be super-

imposed on each other, they cannot be 

mixed in any special proportion. Separate 

volume controls are needed to accomplish 

this. Two type 25L6 beam power tubes in 

push-pull deliver 4.5 watts of audio power. 

This is enough power for a store, a small 

hall, several school rooms, a theatre hard-

of-hearing system, and other similar appli-
cations. For auditoriums, an amplifier rated 

at least 15 watts should be used. Commer-

cial amplifiers are made in various sizes. 

You will find the more powerful units using 

one more stage for voltage gain, and more 

powerful output tubes in the final stage. 



FREQUENCY MODULATION 

Radio transmission which is frequency modulated 
presents certain advantages over amplitude modulation. 
A number of broadcasting stations using this form of 
modulation are already in operation and considerable 
extension of this form of radio broadcasting is expected 
in the near future. An excellent paper on this subject 
was published in the Aerovox Research Worker for Feb-
ruary, 1940. We will reproduce much of this material 
in this lesson and extend due credit to the source. 

In explaining amplitude modulation, we have men-
tioned the presence of two side bands. At any one 
instance, if the transmitter is amplitude modulated with 
a single frequency sine wave at the moment, the energy 
radiated is made up of the carrier frequency and the 
two side bands. The frequencies of the side bands 
shift together and these side bands are always apart 
from the carrier frequency by an equal number of cycles. 
Since the side bands have their frequencies equal to the 
carrier frequency plus the modulating audio frequency 
for one and the carrier minus the audio frequency for 
the other, the frequencies of the two side bands shift 
together from moment to moment as the modulating 
audio frequency changes. 

Now suppose we have a carrier which is frequency 
modulated. It is possible to swing the frequency by 
different amounts. The amount of frequency shift will 
determine the amplitude of the audio signal at the 
detector, while its "rate of change" or speed determines 
the audio frequency. Such a signal can be shown to 
consist of a carrier plus an infinite number of side bands. 
The side bands are in pairs, symmetrically placed with 
respect to the carrier and they are separated by the 
amount of the modulating frequency. A carrier of 1,000 
KC. being frequency modulated at 1,000 cycles would 
have side bands at 1,001, 1,002, 1,003, etc., as well as 
at 999, 998, 997 KC. When the carrier is being swung, 
for instance 10 KC. to either side, the side bands sit-
uated between 990 KC. and 1,010 KC. only are of 
importance, the others becoming very weak. Therefore, 
the practical band-width of a frequency-modulated 
signal is equal to twice the frequency deviation em-
ployed and has no connection with the audio frequency. 
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Due to the wide bard required, frequency modulated 
signals have to be restricted to the high frequency 
channels. The present carrier frequency band assigned 
to F.M. extends from 88 to 106 MC. 

Since the present transmitters employ a frequency 
deviation of 75 KC., the receivers are superheterodynes 
with a band width of 200 KC. so that there will be 
some leeway for possible fluctuation of the signal fre-
quency or the local oscillator frequency due to heat 
or voltage variation. 
The receiver is shown in block diagram form. There is 

an oscillator and a converter with or without an R.F. 
stage. This is followed by two wide band I.F. ampli-
fiers usually at about 10.7 MC. Then there is the limiter 
follow ed by another set of bandpass circuits so as to cut 
out the harmonics created. Next comes the detector 
and an audio corrector circuit. This audio corrector is 
needed because the stations are using a speech amplifier 
with a rising characteristic at the high frequency end 
so as to get a better signal to noise ratio at this fre-
quency. The corrector, a type of tone control, reduces 
these excessive high frequencies to normal. This tuner 
is followed by a high-fidelity audio amplifier and a good 
speaker. 

Since the R.F. end of the receiver is no different 
from that of an amplitude modulation receiver of the 
same range, it may be dismissed briefly, with this ad-
ditional observation: the range of the receiver is usually 
from 88 to 106 MC. When the oscillator frequency is 
chosen below the signal frequency, it will fall within 
the television band. It has proven to blot out com-
pletely the image on a neighboring television receiver. 
It is better, therefore, to select the oscillator frequency 
above the signal frequency and keep the oscillations 
out of the television band. 
The intermediate frequency seems to be standard-

ized at 10.7 MC. At this frequency, it is rather simple 
to obtain the required band-width since a 200 KC. 
width at 10 MC. corresponds to a 20 KC. width at 
1000 KC. The I.F. coils are now commercially avail-
able. 
The limiter consists of a sharp cut-off pentode of the 

6S J7 type, with a low plate and screen voltage, while 

AUDIO 

AMP. 

82 



FREQUENCY MODULATION 

the bias is provided by a grid leak as shown in the 
figure. There will be a voltage drop across the grid 
leak and this may be used as A.V.C. for the preceding 
I.F. stages. The action of the limiter is illustrated by 
figures A and B. Figure A shows how the signal looks 
before it enters the limiter, and B shows how it appears 
in the plate circuit. 

There are several detectors for frequency modulated 
waves. The old system consisted in changing the fre-
quency modulation to amplitude modulation by means 
of a "slope filter" and then detecting it with circuits we 
have already studied. The slope filter can be a tuned 
circuit which is slightly out of tune with the incoming 
carrier. In the figure below, such a circuit is shown with 
its resonance curve. If the circuit is tuned so that the 

carrier falls at X, a frequency variation of the carrier 
between A and B will cause the current in the circuit 
(and the voltage drop across C) to vary between P and 
Q. So the signal now is also amplitude modulated. 
There are several disadvantages to this type of detector. 
If there is to be no distortion, the frequency can be 
varied only over the range where the side of the reson-
ance curve is approximately straight. Also, a frequency-
modulated signal results in less than 100 per cent ampli-
tude modulation which gives best results. 

The detector now generally employed for frequency 
modulation produces an audio frequency directly with-
out first changing the signal into an amplitude modu-
lated one. There are two diodes which are so con-
nected to the special transformer that their diode cur-
rents are equal when the carrier is at its normal fre-
quency. When the carrier frequency deviates in one 
direction, the current in diode A is larger than in diode 

B (see schematic diagram), while if the frequency 
deviates the other way, the current of second diode B 
is larger. The two equal load resistances are so con-
nected that their voltage drops buck each other. So, 
the voltage drop between the point P and the chassis 
is equal to the difference between the voltage drops 
across the two diode loads. When the carrier is at its 
normal frequency, there is no potential difference be-
tween P and the chassis while a frequency modulated 
signal will cause the voltage at P to vary in accordance 
with the frequency modulation. 
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The output voltage at P is proportional to the fre-
quency deviation as well as to the strength of the 
signal in the previous transformer. Since the limiter 
cuts all signals down to the same size, the output at the 
detector is practically independent of the strength of 
the incoming signal as long as it is above a certain 
minimum level. The characteristic of frequency-versus-
output of this detector is shown. To avoid distortion, 
the sloping middle part of the curve should be straight 
and long enough to accomodate the 200 KC. swing. 
This curve is illustrated on page 82. 

A 
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In (A) is the form of the voltage wave 
entering the limiter of a FM receiver. 
The output wave-form from the limiter 
is shown in ( B). 

A 
F 

A response curve of a slope filter. The 
carrier frequency corresponds to the 
point X. As the frequency swings be-
tween points A and B, the amplitude of 
the resulting signal shifts between the 
points P and Q. 

The separation of the two peaks or the length of the 
sloping part depends on the Q of the tuned circuits. 
In order to have a wide enough curve, it may be nec-
essary to employ resistance loading. The symmetry de-
pends on the correct adjustment of tuned circuits. 



TELEVISION FACTS 

The transmission of a visual scene by electrical 
(radio) means requires two fundamental processes of 
changing the light rays reflected from the item to be 
televised, to corresponding electrical energy and sub-
dividing the image into many small elements. 
The conversion of light energy to electrical current 

is performed by photo active materials—the intensity 
of light varying the current produced. If the light from 
an entire scene is televised by a single photo-cell, the 
current produced will vary with the average light pre-
sent. Light from all parts of the image will fall on the 
photo-cell and will exercise its influence. 
For intelligent television transmission it is essential 

to separate the image into many small elements and 
transmit these in a regular order. Since various parts 
of an object being televised reflect different amounts of 
light, if each one's light is permitted to act separately, 
a series of current variations will be produced in ac-
cordance with the light intensity of the elements scan-
ned. A definite order of scanning these elements must 
be carried jut, so that the image can be reconstructed 
later at the receiver. 
The process of television ( no longer used) is shown 

below. A man's head is located in a strongly illuminated 
field served by projector lamp L. The revolving Nipkow 
disc D, permits one element of the image, at a time, to 
reflect its light to the photo-cell P. The current in the 
photo-cell will vary in accord with the rays. If dark 
elements, maybe corresponding to sections of the hair, 

are scanned, low current will be created. If the light 
elements are scanned, much light will be reflected and 
the photo-cell current will Increase. These small vari-
ations can be amplified in a pre-amplifier A, and modu-
lator M, and then placed on the radio carrier produced 
in transmitter T. 
These radio waves, modulated with the electrical 

variations corresponding to the scanned picture, may 
be received by a special radio ( television) receiver and 
used to recreate the picture with a special neon glow 
tube and synchronized scanning to remain in step with 
the transmitter. The light intensity of any element 
produced will correspond to the signal strength at that 

moment. 
If a block diagram of a house is to be televised by 

means of 100 elements, we can assume that the illustra-
tion is superimposed upon ten horizontal lines each 

having ten elements. The scanning may be performed 
horizontally from line to line, or vertically from row 
to row. Horizontal method is preferred. If the scan-
ning process is started at the upper left hand corner, 
the first four elements ( 1, 2, 3, and 4) will produce 

maximum current. These elements are white and will 
reflect a maximum of light. Elements 5 and 6 reflect 
less light, being partially covered with the dark roof 
of the picture. While these elements are scanned, less 
current will be generated by the photo-cell. Again, 
elements 7 to 10 of the first line, will produce a strong 
current. These changes are illustrated graphically. Fol-
low the changes occuring as the other elements are 
scanned and check your results for the 2nd and 6th lines 
which are shown below. 
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These changes in the photo-cell current may be 
amplified and used to amplitude modulate the trans-
mitter carrier. At the receiver these amplitude changes 
will produce visual effects along similar 100 elements. 
Many details will be lost because of the small number 
of elements employed. Notice that when a change of 
shade occurs in a single elemental area, this change 
does not appear at the receiver but simply influences 
the tone of the entire element. Using 900 elements 
better definition is obtained as shown in the last illus-
tration above. 

In modern television, a cathode ray tube is used for 
pickup and the scanning is performed automatically. 
A mosaic is a mica plate having many thousands of 
photo active globules insulated from each other and 
from the back conducting plate. Each globule forms a 
tiny condenser with this back plate; the mica serving as 
the dielectric. The scene to be televised is projected upon 
the mosaic. Light sections of the image cause high 
electron emission from the photo active globules. The 
globules in the dark parts of the image emit very few 
electrons. 
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TELEVISION FACTS 
The mosaic is mounted in the tube as shown. The 

scene is focused on the mosaic by means of a lens sys-
tem in the same manner used in photography. An 
electron gun emitting a stream of electrons is made to 
scan the mosaic in a regular order. The electron spot 
falling on the mosaic covers a large number of globules 
and, in some Iconoscopes, measures 1/50 of en inch in 
diameter. The beam may be made to cover the surface 
of the mosaic in any predetermined order, but at pre-
sent 525 line scans are used, interlaced two to one, 
the field of the image being scanned 60 times per sec-
ond, and each two such fields making a complete frame 
of the image. 
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Now you will recall that light causes the photo active 
globules to emit electrons which form a space charge 
around the corresponding globules. Since each globule 
is actually one plate of a small condenser ( the metal 
deposit on the back of the mica serving as the other 
plate), the small condenser so formed will become 
charged. 
The electron stream sweeps over these charged "con-

densers" covering a number at a time and discharges 
the accumulated electrons through resistance R. The 
voltage across this resistance, therefore, will depend on 
the charge of the globules covered by the beam during 
the corresponding instant. Since the charge, in turn, 
depends on the light intensity of the image; the signal 
voltage produced will be in exact accord with the light 
of the elements covered. 
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You will see from the diagramatical illustration given 
(reprinted from the Proceedings of the Institute of 
Radio Engineers) how the synchronizing signals are 
applied to the pickup tube and are also transmitted to 
serve at the receiver. 

The actual deflection at the cathode ray tubes is ac-
complished by means of magnetic deflecting coils ( elec-
tro-static plates may also be used). Two pairs of coils 
are employed mounted at right angles to each other. 
The beam will be deflected as a varying current is ap-
plied to the magnetic yokes, and, since electrons have 
infinitesimal mass, the deflections will be instantaneous. 

Ultra high frequencies are used for transmission of 
television signals. This is essential because of the ex-
tremely wide band width needed for each channel. The 
channel frequencies are from 54 to 88 MC., and from 
174 to 216 MC. 

To the practical man, the actual function and repair 
of a television receiver is of prime importance. By divid-
ing the receiver into sections, the problem of servicing 
is greatly simplified. The television receiver may be of 
the TRF or superhet type, may or may not have the 
audio channel receiver included. In the TRF type 
unit, an entirely separate receiver is used for audio al-
though the controls may be combined. In the superhet 
type, the R.F. pre-selector and converter-oscillator are 
common to video and audio channels. If audio is not 
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included, simplification of these first stages results and 
the audio channel I.F., detector and audio frequency 
amplifiers are omitted. 

Since the majority of present day television receivers 
combine video and audio and are of the superhet type, 
we will use this type of set as the basis for our discussion. 
The Du Mont, Model 180, schematic illustrated is an 
excellent example. 

Starting at the antenna input you will notice that 
the secondary is loaded with a 3,000 ohm resistor to 
flatten the response curve. The process of loading in-
ductances is used in television equipment to permit the 
passage of extremely wide side-band. Tuning is ac-
complished by means of pre-set trimmers connected to 
a push-button switch. The local oscillations produced 
by the 6J5 tube, beat with both the video and audio 
carriers producing two different useful I.F. frequencies. 
One is used for the video IF., while the other corre-
sponds to the audio I.F. frequency. There are two 
stages of I.F. in each channel. Ordinary receiving type 
tubes are employed in the audio section, but special low 
inter-electrode capacity tubes must be employed in the 
video I.F. channel. The balance of the audio signal 
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receiving equipment is similar to the type used in regular 
radio sets. 

In the video section also, a second detector is used 
followed by a video amplifier. After the first video stage 
part of the signal is tapped off and serves the horizontal 
and vertical sweep circuits. The synchronizing signal re-
ceived simply controls the local vertical and horizontal 
oscillators and locks them in step. 
By noticing the apparent action of the image, the 

location of the fault may be detected. A few service 
hints will be given to illustrate this technique. 

If absolutely no fluorescent light is noticed it is prob-
ably that the difficulty lies in the cathode ray tube. The 
anode voltage may be shorted or missing. Emission 
may be lacking because of heater supply failure. If 
the scan is deflected completely off the screen, this 
condition may exist. If tests indicate that these faults 
are not present, the tube itself should be changed. 

Sometimes the scanning is present, but there is no 
modulation so that the entire image is of one shade. 
First suspect the final video stage, because this is the 
only stage that does not carry the synchronizing pulses 
which are operating correctly. Next proceed testing 
back to the converter tube. 



COMMUNICATIONS RECEIVERS 

A communications receiver may be used in the home 
for receiving regular broadcasts. However, the main 
function of such receivers is to permit reception on the 
commercial and amateur bands. On these bands, sep-
aration of stations operating on closer adjacent fre-
quencies is needed and the messages must be received 
at times under adverse atmospheric conditions. 

The receiver illustrated on this page and shown in 
schematic form on the next page is of a more advanced 
type, incorporating all the features ordinarily included 
in communications receivers. Please note the following 
features which are not ordinarily included in home type 
receivers: ( 1) separate gain controls for A. F. and 
R. F.; ( 2) band spread tuning controlled by a separate 
dial and employed for spreading out the frequency 
spectrum; ( 3) various degrees of selectivity controllable 
by a knob in the lower right hand corner; ( 4) a switch 
for shutting off A. V. C.; ( 5) crystal filter with manual 
control; (6) signal strength meter; and ( 7) phone jack 
which permits the direct use of headphones. The in-
sertion of the phone plug automatically shuts off the 
loudspeaker which is housed in a separate cabinet. 

This receiver will tune from 550 KC. to 42 MC., in 
six bands. Each band overlaps the adjacent ones, so 
that stations operating on frequencies which are re-
ceived near the end of any one band, may also be 
received on the next band. 

Since all communication receivers are designed for 
similar application, they have similar features and are 
operated in the same manner. Usually the "on-off" 
switch is controlled by the A.F. gain control. To use 
the strength meter, the R.F. gain control must be 
advanced all the way. The output volume can be con-
trolled with the A.F. gain control. The band wanted is 
selected. A.V.C. is left on for voice or music, off for 
code reception. A.N.L. (automatic noise limiter) is left 
on if static condition is encountered. B.F.O. may be 
placed "on" to help find operating stations—a whistle 
is heard as you tune past a station. Not needed once a 
'phone station is tuned in, may be needed for a code 
station. Crystal phasing may be used to eliminate 
closely located interfering station. Tone control ad-
justed for most pleasing results. 
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CH, Cm, Cn., Cm, Cm, Cm, Ce, Cu, 
Cm, Cao, ( ro, Cu, Cos  
 02 nad., 400 v. 

Cie. CIO, C21, Ce, Cao, C42, C56, Coi 
 02 mfd., 600 v. 

C17, Col, C20, Cal, Cie, Cu, Co,, Ceo, 
C77  05 mfd., 200 v. 

Cao, Cro, Cre  2,000 mmfd., mica 
017, C110, Coo. Coo  50 mmfd., mica 
Cu, Cm, Ceo, CU... 5-64  inmfd. ceramic 
C40. Cao 500 nunfd., mica 

40 mfd., 25 v. 
5,000 nunfd., mica 

Col  
C4a 

e; Fe: elfg 

FIXED CONDENSERS RESISTORS 

C44  10 mfd., 300 v. 
C42, C16, Coi  05 mfd., 400 V. 
C47  40 mfd., 25 y. 
CO  30 nifd., 400 y 
Cm  30 mfd., 450 v. 
Cal Cie, Cri 01 mfd., 600 v. 
Coi  250 mmfd., mica 
C24, Ci   100 mmfd., mica 
Cu  500 mmfd., silver mica 
C75, CSI, C61, Cao  . Twisted leads, 2 muid. 
Cm, Cu  10 minfd., ceramic 
Cor 25 nifd.. 200 V. 

We will now discuss important points of the re-
ceiver. Some of the circuits are eliminated on using 
the higher bands. For the majority of the bands, how-
ever, the receiver is of the double superhet type, mean-
ing that two different I.F.'s and two separate mixers 
are employed. Considerable gain is needed in the R.F. 
section in order to give the selectivity and sensitivity 
demanded in communications work. 
The audio system is of a familiar type and the power 

supply is standard. A plug is incorporated which per-
mits the connection of a battery source to supply the 
needed operating power. 

There is a special tube which is employed in the 
amplified A.V.C. circuit. Another tube, 6H6, is used 
in a noise suppression circuit. The 6J5 is a self oscillator 
serving as the B.F.O. 

Ordinarily such sets are very difficult to service, es-
pecially if alignment is needed. The tests given for 
simpler sets will apply in trying to locate the faults. 
but the alignment work requires elaborate equipment. 

8 

R4   

Rr, Ru, Rua, R 12 URRR -24, -01, -27, -4% -417, 

Reo  100,000 ohm, 1/4  W. 

R2   10,000 ohm, pot. 

Ra, Rs, RI1  300 ohm, V, w. 

25,000 ohm, Vo w. 

12r., Re, RI3, RI7, 12m, Rat, Ratt   1,000 ohm, Vo w. 

Re   6,800 ohm, 2 w. 

1210, Rte, Rio, Ibo   3,000 ohm, Vo w. 

  400 ohm, 7/2 w. 

Rie   270 ohm, Vo w. 

Roi, Ria, Re, Rm, ROI, Roo, R04... 500,000 ohm, Vo w. 

Roi   250 ohm, Vo w. 

Ru   1,800 ohm, Vo w. 

Roe   110 ohm, Vo w. 

12»   500 ohm, Vo w. 

Roo   27,000 ohm, Vo w. 

Rai   11,000 ohm, 154 w. 

  4,000 ohm, 7 w. 

Ras, 12:.-1  500,000 ohm, pot. 

Ru. Ro, Rt12, 12m, Ron  50,000 ohm, w 

R20   200,000 ohm, Vo W. 

R40, R4I, Reo  230,000 ohm, V, w. 

R42   220 ohm, 2 W. 

R4Z,   20,000 ohm, 2 w. 

R44   5,000 ohm, 10 W. 

R47    8 ohm, Vo w. 

124o, R70   I megohni, Vo W. 

R50, Roi, Rn  500 olun, w. 

Rai   20,000 ohm, 1 w. 

Ras 0  000 ohm, pot. 

Roi   35 ohm, ,% w. 

Roo   200 ohm, 5/3 w. 

Rea   1,200 ohm, w. 

Rn   5,000 ohm, 1 w. 



INTER-COMMUNICATORS 
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Courtesy Talk-A-Phone Corp. 

Inter-communicators permit direct conversation be-
tween two or more remote points and employ audio 
amplifiers. When someone, perhaps 20 years ago, 
placed the loudspeaker some distance away from the 
audio amplifier and microphone, the first inter-com-
municator was born. The loudspeaker could be located 
in a room different from the one containing the ampli-
fier and mike. By using a second system and placing 
the equipment in reverse to the first system, a two way 
conversation could be carried on. If both systems were 
left in the operating position, a loud howl would de-
velop because of the electro-acoustic feedback. Means, 
therefore, were provided for breaking the circuit of each 
system at some point. The individuals using the equip-
ment controlled these switches as the conversation 
shifted up and back between the two points. 

The realization that a magnetic or a P.M. speaker 
could serve as a microphone for voice frequencies made 
a great change in the design of inter-communicators. 
Assume you have a simple audio amplifier (see the 
schematic) incorporating a suitable input transformer 
to match the P.M. voice coil impedance to the grid and 
another transformer in the output to match the 50L6 
tube to the same type of speaker. Also, assume you 
have two identical P.M. speakers. Call these speakers 
No. 1, and No. 2. By connecting one speaker to the 
input of the amplifier, and the other speaker to the out-
put, conversation may proceed from No. 1 speaker 
(used as a mike, at this time) to No. 2 speaker. The 
No. 1 speaker may be in one room with the amplifier, 
while No. 2 speaker is connected with a long cable and 
is placed in another room. By employing a suitable 
switch, the connections of speaker No. 1, and speaker 

li 3. 

at.e. 

No. 2, could be reversed. Conversations can now orig-
inate at speaker No. 2 ( used as a mike, now), and re-
produced from speaker No. 1. The physical position 

(placement) of the speakers may remain the same. 
The controlling switch for the speaker-connections is 
included in the cabinet of the amplifier. 
The natural outgrowth from the basic system de-

scribed, is the master selective system. One amplifier 
unit with its speaker is still used at one location, but 
instead of one speaker at some other single point, sev-
eral speakers are used and each is located at a different 
desk, or room, or station. In the commercial units, fa-
cilities are provided for five such sub-stations, but any 
number less than five can be used. The Talk-A-Phone 
KR-40 system permits private two-way communication 
between the amplifier (known as Master) station and 
any of the sub-stations. The master station can call 
all sub-stations simultaneously if need for this operation 
arises. The sub-stations can answer and call the master 
station, but cannot call one another. It is possible to 
place the units as far as 3,000 feet apart from each 
other, but shorter distances are recommended. The per-
son operating the master unit, of course, must control 
the talk-listen switch. 
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SERVICING INTER-COMMUNICATORS 
A complete system may be made up of master sta-

tions only to permit great freedom and versatility of 
operation. For example, in a system made up of ten 
such master stations five two-way private conversations 

Diagrammatical illustration w hich 
shows how a single master is connected 
to several sub-stations. 

can be held simultaneously without interference or 
cross-talk. Each station can call any other regardless 
of whether the station being called has the power "on" 
or not. Such a system is known as super-selective. 

Are 

It is possible to combine master stitions, sub:stations, 
and special booster units to serve special requirements. 
You can readily understand that certain applications 
may require the master stations to have facilities to call 
any other master or any sub-station, but the sub-station 
may not require to originate the calls. Headphones may 
be incorporated for privacy of conversation. A booster 
unit is a high power amplifier which is used in con-
nection with a sub-station for louder reproduction and 
paging. 

The understanding of the basic facts about inter-
communicators is essential before any servicing can be 
successfully accomplished. Let us first consider service 
tests in locating faults that may come up in a master 
selective system. If any one sub-station cannot call the 
master, but the master can call and carry on conversa-
tion with this sub-station, the fault must lie in the third 
wire of the cable (black in diagram). To test this lead, 
or any other, use an ohmmeter or small flashlight bulb 
and a couple of dry cells. Disconnect cable from units, 
but leave in place. Short any two at one end and test 
for continuous circuit from the other end. By taking 
different combinations of two wires, the faulty wire 
(the one having the break) can be found. 

If a sub-station is suspected, remove it from its cir-
cuit and connect another one in its place. This will 
tell you if the fault lies in the sub-station or in the 
associated wires and master station circuit. If the fault 
is not in the cable and not in the sub-station, but the 
system fails to work only for one of the sub-stations, the 
fault probably is in the switch of the station selector 
in the master unit. 

The master station is simply a high gain audio ampli-
fier. For tests, it is best to connect one speaker ( from 
a sub-station) to the output transformer, and another 
speaker ( to serve as the mike) to the input. If equip-
ment will work with this arrangement, fault must lie 
in the switch or cable. Tests for faults in power supply 
as explained on page 7)6. 

PAGING EQUIPMENT 

Booster units are separate amplifiers which are excited 
from the output of the master station. These units are 
used for paging or calling. In some installations a 
powerful audio amplifier and a number of loudspeakers 
placed in various locations serve the same purpose. A 
public address system used for paging can be used for 
specific one way instructions and usually depends on the 
telephone for the response. 
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Hard-of-hearing installations use regular P.A. equip-
ment. Loudspeakers may be included, but part of the 
output serves a group of headphones connected in 
series-parallel to match the output impedance of the 
amplifier. Usually a volume control is incorporated at 
each headphone junction box to permit the individual 
using each 'phone to adjust the volume level for his own 
needs. 



ERRORS IN MEASUREMENTS 
Meter Range-250 Volts Full Scale in All Cases 

Normal Operation No Meter In Circuit 

Conditions Using 1.000 Ohms Per Volt Meter 

A voltmeter connected to make a voltage measure-

ment is always across a circuit containing resistance. 

If you will recall that batteries have internal resistance, 

you will realize that this is so even when the voltage 

of a battery is being measured. Now consider the re-

sistance-loaded plate circuit as illustrated. A plate volt-

age supply of 250 volts is indicated. The current passing 

through the 250,000 ohm resistor and plate circuit of the 

tube is 0.2 ma., or .0002 amperes. You can easily cal-

culate the voltage drop across the plate resistor as 50 

volts. This leaves 200 volts at the plate of the tube as 

measured to ground. The tube is actually a pentode 

with a plate resistance of about one megohm. 

Let us see what happens when we use a none too sen-
sitive voltmeter of 125 ohms/volt to make the measure-
ment of voltage from the plate to ground. Because the 
meter has such low internal resistance, it will pass a 
great deal of current. The IR drop in the circuit lead-
ing to the plate will increase to 223 volts. The current 
through the tube will be smaller, and the voltage at 
the plate under these conditions will be only 27 volts. 
The value will be closer to the actual votage with more 
sensitive meters, but in all cases will be somewhat smaller 
than the value actually present without the meter being 
connected in the circuit. 

You must remember when making voltage tests in 
circuits where high resistance is present, that the read-
ing will be off. By considering the circuit with the meter 
connected, you can estimate whether a much lower 
value obtained with the meter implies that the actual 
voltage is correct ( without the meter being in the 
circuit), or that a fault exists. 
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125 ofirAS/voLi 
METER READS 27 VOLTS 

Conditions Using 125 Ohms Per Volt Meter 

I..04MA 

moo omms/vou 
METER READS 192 VOLTS 

Conditions Using 20.000 Ohms Per Volt Meter 

All meters lack perfection of accuracy. In practical 
work very rough reading is usually sufficient and 5% 
accuracy is very satisfactory. The errors are due to 
several causes. The meter cannot be calibrated per-
fectly. The scales are printed from a drawing which 
is based on a typical meter of the type considered. 
However, not all bearings, springs, magnets, and coils 
are exactly alike and slight variations in responding to 
the same current always result. The same current, 
therefore, may give slightly different readings in several 
similar meters. Errors are also due to the associated 
resistors and to the width of the pointer. 



INDEX TO TOPICS 
Abbreviations   2 
AC-DC sets  55-56, 61 
Acoustics   80 
A.F.C.  63, 65 
Align-ment  60, 78 
Alternating current  12, 54 
Ampere   5 
Amplifiers  79-81 
Audio frequency  45, 78 
Auto sets  68, 70 
A.V  C  9, 62 
B batteries  4, 71 
Baffles   80 
Ballast tubes   54 
Band switching   67 
Batteries   4 
Battery sets  71-73 
Capacity   7 
Carrier wave   45 
Cathode     15 
Choke coil   10, 14 
Circuits ( general facts)   12, 49 
Coils  9, 45 
Color code   6 
Communications receivers  60, 87-88 
Condensers  7-8 
Conductors  4, 5 
Crystal microphone   79 
Current   5 
Cycle, definition   54 
Detector  45, 83 
Diagrams, explanation  2, 12, 13, 91 
Dielectric   7 
Diode   15 
Direct current  12, 54 
Electricity   4 
Electrolytic condensers   8 
Fading   62 
Farad, also mfd  7 
Faults ( general facts)  46, 48, 57, 72 
Feedback, audio  - 80 
Field coil  10, 12 
Frequency  45, 54, 60 
Frequency modulation  82-83 

Grid   15 
Rum  12, 48, 50, 81 
I.F. .  9, 45, 49, 60, 86 
Impedance   54 
Inductance    5, 9 
Insulators   4 
Inter-communicators  89-90 
Intermittent faults  48, 76 
Loudspeaker  10, 48, 80 

Magnetism   5 
Mechanics of radio 11, 14 
Meters  5, 91 
Microphones   79 
Mixers  45, 47 
Modulation  45, 82 
Ohm ( unit of resistance)  5, 6 
Ohmmeter  8, 51, 75 
Oscillators  45, 64, 78 
Padders  60, 78 
Pentode  15, 80 
Pilot lights   16, 41, 52 
Plate supply  12, 15 
Potentiometers   6 
Power   6 

Power supply  12, 54, 69, 74 
Primary ( transformer)  9, 10 
Public address  79-81, 90 
Push-buttons   65 
Radio frequency   45 
Radio types   47 
Reactance   54 
Resistance  5, 76 
Resistors    6, 14 
Rheostats   6 
Sensitivity  45, 91 
Signal generator   78 
Sockets    14, 16 
Soldering     11 
Sound   79 
Speakers  10, 48 
Storage battery   4 
Superheterodyne  45, 47, 58-59 
Switches  6, 67 
Symbols   2 
Television  84-86 
Testers   75-77 
Tone control   6, 13, 49, 80 
Transformers    10, 14 
Trimmers  60, 78 
Triodes, tubes   15 

Tubes  13, 15, 17-40, 47, 52 
Tube testers 46, 77 
T.R.F. circuits  9, 45, 47, 50-53, 60, 85 
Tuning eye tube  16 

Vibrators   69 
Voice coil   48 
Voltage  5, 12, 75, 91 
Voltmeter  51, 75, 91 
Volume control  6, 49 
Watt ( unit of power)  6 

Wiring     11 
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